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 FOREWORD

This second edition of Breast Cancer continues the tradition of the M. D. 
Anderson Cancer Care Series. The book is oriented towards the needs of 
clinicians who manage breast cancer at every stage of the disease. Chap-
ters are written by experts with a strong knowledge of research findings 
who also are active in the clinic and understand the practical needs of the 
patient and her physician.

Multidisciplinary care is a popular term today, but such care has been 
practiced at M. D. Anderson Cancer Center for decades. The physicians 
who assembled this book are experienced practitioners of multidiscipli-
nary care. The authors of each chapter carry out their clinical activities at 
our Nellie B. Connally Breast Center, where they collaborate in providing 
complete patient care services at a single site.

The chapters start, logically, with prevention of breast cancer and per-
sonalized risk assessment, including genetics. These topics are followed 
by chapters on early detection, with emphasis on a variety of sophisti-
cated imaging techniques and sampling of tissue. The various surgical 
options, including reconstruction, are thoroughly presented. Before medi-
cal oncology is introduced there are chapters dealing with the growing 
use of markers to predict prognosis and to select hormonal or chemother-
apy treatments that are likely to succeed. The book concludes with issues 
related to survivorship, including re-entering social and job-related activi-
ties and dealing with questions related to sexuality and reproduction.

I recommend this book to anyone seeking to apply the science and art 
of medicine to patients with breast cancer and to women who wish to 
prevent the disease or have survived it. Readers will become up to date 
on recent discoveries in, for example, human cancer genetics, expression 
arrays, magnetic resonance imaging, and ultrasonography, as well as 
current approaches to managing the mental and social challenges with 
which breast cancer patients must deal. Clinicians who read this book will 
become more skillful health care providers, which is the aim of each of the 
volumes in the M. D. Anderson Cancer Care Series.

John Mendelsohn, MD
President

The University of Texas M. D. Anderson Cancer Center



PREFACE

This second edition of Breast Cancer marks a milestone in the M. D. Anderson
Cancer Care Series, which now includes seven volumes. This second 
edition also serves as a reminder to us of the dramatic progress that is 
being made in molecular diagnostics and therapies for breast cancer.

A number of newer therapies have become available since the first 
edition of this book was published in 2001 and are discussed in this 
new edition. The preoperative systemic therapy approach long practiced 
at M. D. Anderson Cancer Center is now being adapted to allow rapid 
evaluation of newer therapies with small numbers of patients. To reflect
advances in the pathologic characterization of breast cancer, the first edition
chapter “Serum and Tissue Markers for Breast Cancer” has been replaced 
by two chapters: “Serum Tumor Markers and Circulating Tumor Cells” 
and “Histopathologic and Molecular Markers of Prognosis and Response to 
Therapy.” All the original chapters have been revised to include impor-
tant new information. For example, this edition includes new data on 
tamoxifen and raloxifene in breast cancer prevention, MRI screening in 
breast cancer, and the integration of bevacizumab and trastuzumab 
into current therapy—topics that highlight developments in preven-
tion, screening, and therapeutics, respectively. A number of new tables 
and figures have been added as well.

The success of this series in providing a resource to clinicians in the 
community and elsewhere is a tribute to its many contributors and also to 
M. D. Anderson’s Department of Scientific Publications, where the series 
has been carefully nurtured by Walter Pagel and many scientific editors.

Aman U. Buzdar, MD
Ralph S. Freedman, MD, PhD
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INTRODUCTION

M. D. Anderson Cancer Center has long embraced a multidisciplinary 
approach to breast cancer care. At M. D. Anderson, multidisciplinary 
care is characterized by the consistent use of a defined “best” practice, 



2 E.A. Strom, A.U. Buzdar, and K.K. Hunt

collaboration between treating physicians, and coordination of treatment 
delivery to optimize patient outcomes and convenience. These three 
 elements of M. D. Anderson’s multidisciplinary approach are exempli-
fied in the Nellie B. Connally Breast Center, the Multidisciplinary Breast 
Planning Clinic, and the institutional breast cancer treatment guidelines.

NELLIE B. CONNALLY BREAST CENTER

The Nellie B. Connally Breast Center arose from a collaborative medical 
model combined with a desire to make cancer treatment more convenient for 
patients. The Breast Center occupies approximately 30,000 sq. ft. on the fifth 
floor of the Lowry and Peggy Mays Clinic. This building was designed as a 
comprehensive outpatient facility for patients with breast, genitourinary, and 
gynecologic neoplasms. In addition to the multidisciplinary centers for each 
of these disease sites, the Mays Clinic includes comprehensive imaging and 
diagnostic services, together with outpatient surgery, interventional radiol-
ogy, and chemotherapy facilities, making the Mays Clinic a convenient treat-
ment facility for patients who do not require inpatient hospitalization. Also 
on the fifth floor of the Mays Clinic is the Julie and Ben Rogers Breast Diag-
nostic Clinic, which provides complete breast diagnostic services, including 
digital and analog mammography, sonography of the breast and regional 
lymph nodes, breast magnetic resonance imaging, and stereotactic core nee-
dle biopsy and fine-needle aspiration biopsy capabilities. Also adjacent to 
the Breast Center are the Breast Wellness Clinic and the Beth Sanders Moore 
Undiagnosed Breast Clinic. The Breast Wellness Clinic is intended for long-
term follow-up of patients who have previously been treated for carcinoma
of the breast. The Undiagnosed Breast Clinic is for assessment of patients 
who have not had a previous diagnosis of breast cancer and have clinical or 
radiographic breast abnormalities. The Plastic Surgery Clinic is also housed 
on the fifth floor of the Mays Clinic and provides reconstructive options for 
cancer survivors.

The Breast Center is staffed by surgical oncologists, medical oncolo-
gists, and radiation oncologists; the Breast Diagnostic Clinic is staffed 
by radiologists and pathologists; and the Undiagnosed Breast Clinic is 
staffed by specialists in breast cancer clinical assessment, risk evaluation, 
and risk-reduction interventions. In addition to physicians, nurses, and 
midlevel providers, the Breast Center staff also includes genetic counselors, 
research nurses, referral specialists, social workers, pharmacists, business
center staff, patient service coordinators, and volunteers. Physicians from 
the Department of Stem Cell Transplantation and Cellular Therapy who 
work in other areas of the M. D. Anderson complex are also included in 
discussions of treatment planning when appropriate. Between 2,500 and 
3,000 established patient visits and over 300 new patient and consultation 
assessments occur in the Breast Center each month.
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The close proximity of the various services involved in breast cancer care 
allows patients to have nearly all of their clinic visits in a single building and 
encourages collaboration between physicians. Informal and impromptu 
consultations between colleagues are common, thanks to the Breast Center 
physicians’ close proximity and collegial relationships. These frequent dis-
cussions about a patient’s course of treatment help to ensure that everyone on 
the treatment team is up to date and that all team members have the opportu-
nity to contribute their expertise during the overall course of treatment.

This emphasis on each individual patient’s treatment course also 
guides the center’s day-to-day operations. Whenever possible, appoint-
ments with different specialists are scheduled on the same day, and all 
appropriate tests are ordered before a patient’s initial visit so that each 
physician will have all of the information pertinent to the patient’s case 
when he or she arrives. As one can imagine, coordinating such a large 
number of patients, clinicians, support personnel, diagnostic tests, and 
treatments requires extensive planning and a certain amount of flexibility. 
In the Nellie B. Connally Breast Center, administrators, clinicians, nurses, 
and support personnel meet twice a month to discuss the center’s daily 
operations and to address problems and offer solutions. The ultimate goal 
is to develop and maintain a system that is consistent and efficient, allowing
clinicians more time to devote to the treatment of their patients.

Many aspects of this model can be reproduced on a smaller scale. In some 
centers, for example, it may be feasible to conduct planning clinics that focus 
on one or two common disease sites—such as breast, lung, genitourinary, or 
gastrointestinal tumors—in addition to a general oncology clinic for less 
common cancer types. In centers where a lower patient volume allows for 
weekly or twice-weekly planning conferences for each patient, having 
a centralized location for the delivery of patient care is less critical. Most 
important is the commitment of the care team to work together, especially 
during the planning phase, for the benefit of the patient and his or her family.

MULTIDISCIPLINARY BREAST PLANNING CLINIC

The treatment of patients with breast cancer within the Nellie B. Connally 
Breast Center is generally guided by the institutional breast cancer treatment 
guidelines (see “Breast Cancer Treatment Guidelines” and the appendix to this 
chapter). However, within the context of these general guidelines, decisions 
must often be made that require consultation between clinicians from different 
specialties. Since the early 1960s, breast cancer specialists at M. D. Anderson 
have been holding a regularly scheduled clinic during which patients who 
require multidisciplinary care are examined and have their treatment plans 
discussed by a team of physicians.

The purpose of the Multidisciplinary Breast Planning Clinic is to design 
appropriate, individualized treatment plans for all patients who require 
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multidisciplinary care. The physicians in the clinic work together to deter-
mine the most appropriate treatments for each patient (combinations of 
surgery, radiation therapy, and systemic therapy) and the best sequence in 
which to deliver these treatments.

The Multidisciplinary Breast Planning Clinic is an integral part of 
M. D. Anderson’s multidisciplinary approach to the care of breast cancer
patients. The discussions that take place in the clinic not only ensure the 
highest quality of care for each individual patient but also strengthen 
cooperation and exchange of information among the various specialties 
involved in breast cancer care.

Types of Patients Examined

Patients are examined and discussed in the Multidisciplinary Breast 
Planning Clinic if their clinical presentation or disease stage at initial eval-
uation indicates that there may be a need for specialists from all disciplines 
to assess the patient before a specific course of treatment is initiated.

Patients with early-stage disease are seen in the planning clinic if there 
is difficulty in determining the appropriate type of surgery or the proper 
sequence of surgery and radiation therapy. (Patients with early-stage 
disease who will be treated with surgery alone generally do not require 
evaluation in the planning clinic.) Patients with stage II disease who are 
candidates for preoperative chemotherapy or endocrine therapy are seen 
in the planning clinic so that the feasibility of breast conservation therapy 
(surgery plus radiation therapy) can be determined.

Also routinely discussed in the planning clinic are patients with stage 
III disease and most patients with inflammatory breast carcinoma who 
are treated with curative intent. These patients are seen in the clinic 
before chemotherapy and again after 2–4 cycles of chemotherapy to 
determine the appropriate local therapy. In selected patients with locally 
advanced breast cancer whose tumors are decreased in size by initial 
chemotherapy, breast conservation therapy may be feasible.

Schedule and Participants

The Multidisciplinary Breast Planning Clinic is held two afternoons each 
week, and up to five or six patients may be examined and discussed at 
each session. Patients are scheduled several days in advance so that all 
diagnostic evaluations can be completed before the clinic session.

Each planning clinic session includes at least one breast cancer specialist 
from each of the following disciplines: surgical oncology, radiation oncol-
ogy, medical oncology, and diagnostic imaging. While pathologists do 
not routinely attend, they are requested to participate in cases in which a 
major pathology question is anticipated. In addition, M. D. Anderson breast 
pathologists review all outside pathology slides prior to a patient’s initial 
appointment at M. D. Anderson. This pathology report is essential to good 
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treatment planning. Faculty attend the planning clinic on a rotating basis, 
and the rotation is set in advance to ensure representation from all special-
ties that may participate in treating the particular patients being discussed.

The patient’s primary physician attends, and any physician assuming 
the care of the patient at any time during treatment is also welcome to 
attend. In addition, the multidisciplinary planning clinic is open to 
fellows and trainees participating in rotations on the breast services and 
to visiting physicians.

Clinic Procedures

At the beginning of the planning clinic, the multidisciplinary team con-
venes in the conference room, and the first patient is presented to the group 
by the patient’s primary physician. The physician gives a synopsis of the 
history and treatments. The current problem is defined, and the patient’s 
radiologic studies are reviewed. The multidisciplinary team then goes to the 
examination room, where the patient is examined by a surgical oncologist, 
a medical oncologist, and a radiation oncologist. Each person is introduced 
to the patient and his or her family, and it is explained to them that the 
team is convened primarily to advise the attending physician. This avoids 
premature discussion with the patient and family before a complete rec-
ommendation is formulated. The diagnostic radiologist may also examine 
the patient to determine if any additional imaging studies may be helpful. 
After the examinations are complete, the members of the multidisciplinary 
team return to the conference room, where they deliberate about treatment 
approaches and formulate a final treatment recommendation. The patient 
waits in the clinic area during these deliberations. The patient’s spouse and 
other family members or friends are welcome to accompany the patient 
and to be present during discussions with the primary physician.

Once the team reaches a decision, the primary physician dictates the 
team’s recommendation in the patient’s medical record so that the recom-
mendation will be available to all members of the multidisciplinary team 
who encounter the patient during treatment and follow-up. The primary 
physician then goes to where the patient is waiting and relays the 
recommendation of the multidisciplinary team. Finally, the primary phy-
sician discusses the recommendation of the planning clinic with any other 
physicians involved in the patient’s care who may not have been able to 
participate in the multidisciplinary discussion.

BREAST CANCER TREATMENT GUIDELINES

For the purposes of discussing treatment, it is convenient to divide breast 
tumors into several broad categories as well as assign the tumor to a specific 
TNM stage group (Table 1–1). The categories include the nonmetastasiz-
ing in situ lesions (ductal carcinoma in situ [DCIS] and lobular carcinoma 
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Table 1–1. Staging System for Breast Cancer
Primary Tumor (T)

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
Tis (DCIS) Ductal carcinoma in situ
Tis (LCIS) Lobular carcinoma in situ
Tis (Paget’s)  Paget’s disease of the nipple with no tumor (Note: Paget’s dis-

ease associated with a tumor is classified according to the size of 
the tumor.)

T1 Tumor 2 cm or less in greatest dimension
T1mic Microinvasion 0.1 cm or less in greatest dimension
T1a  Tumor more than 0.1 cm but not more than 0.5 cm in greatest

dimension
T1b  Tumor more than 0.5 cm but not more than 1 cm in greatest 

dimension
T1c  Tumor more than 1 cm but not more than 2 cm in greatest 

dimension
T2  Tumor more than 2 cm but not more than 5 cm in greatest 

dimension
T3 Tumor more than 5 cm in greatest dimension
T4  Tumor of any size with direct extension to (a) chest wall or (b) 

skin, only as described below
T4a Extension to chest wall, not including pectoralis muscle
T4b  Edema (including peau d’orange) or ulceration of the skin of the 

breast, or satellite skin nodules confined to the same breast
T4c Both T4a and T4b
T4d Inflammatory carcinoma

Regional Lymph Nodes — Clinical (N)

NX Regional lymph nodes cannot be assessed (e.g., previously removed)
N0 No regional lymph node metastasis
N1 Metastasis to movable ipsilateral axillary lymph node(s)
N2  Metastases in ipsilateral axillary lymph nodes fixed or matted, or 

in clinically apparent* ipsilateral internal mammary nodes in the 
absence of clinically evident axillary lymph node metastasis

N2a  Metastasis in ipsilateral axillary lymph nodes fixed to one 
another (matted) or to other structures

N2b  Metastasis only in clinically apparent* ipsilateral internal mam-
mary nodes and in the absence of clinically evident axillary 
lymph node metastasis

N3  Metastasis in ipsilateral infraclavicular lymph node(s) with or 
without axillary lymph node involvement, or in clinically appar-
ent* ipsilateral internal mammary lymph node(s) and in the 
presence of clinically evident axillary lymph node metastasis; or 
metastasis in ipsilateral supraclavicular lymph node(s) with or 
without axillary or internal mammary lymph node involvement

(continued)
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Table 1–1. continued
N3a Metastasis in ipsilateral infraclavicular lymph nodes(s)
N3b  Metastasis in ipsilateral internal mammary lymph node(s) and 

axillary lymph node(s)
N3c  Metastasis in ipsilateral supraclavicular lymph node(s)
*Clinically apparent is defined as detected by imaging studies (excluding lymphoscintigra-

phy) or by clinical examination or grossly visible pathologically.

Regional Lymph Nodes — Pathologic (pN)a

pNX  Regional lymph nodes cannot be assessed (e.g., previously 
removed, or not removed for pathologic study)

pN0  No regional lymph node metastasis histologically, no additional 
examination for isolated tumor cells (ITC) (Note: ITC are defined 
as single tumor cells or small cell clusters not greater than 
0.2 mm, usually detected only by immunohistochemical [IHC] 
or molecular methods but which may be verified on H&E stains. 
ITCs do not usually show evidence of malignant activity, e.g., 
proliferation or stromal reaction.)

pN0(i-) No regional lymph node metastasis histologically, negative IHC
pN0(i+) No regional lymph node metastasis histologically, positive IHC, 

no IHC cluster greater than 0.2 mm
pN0(mol-) No regional lymph node metastasis histologically, negative 

molecular findings (RT-PCR)b

pN0(mol+) No regional lymph node metastasis histologically, positive 
molecular findings (RT-PCR)b

aClassification is based on axillary lymph node dissection with or without sentinel lymph 
node dissection. Classification based solely on sentinel lymph node dissection without 
subsequent axillary lymph node dissection is designated (sn) for “sentinel node,” e.g., 
pN0(i+) (sn).

bRT-PCR: reverse transcriptase–polymerase chain reaction.

pN1  Metastasis in 1 to 3 axillary lymph nodes, and/or in internal 
mammary nodes with microscopic disease detected by sentinel 
lymph node dissection but not clinically apparent**

pN1mi Micrometastasis (greater than 0.2 mm, none greater than 2.0 mm)
pN1a Metastasis in 1 to 3 axillary lymph nodes
pN1b  Metastasis in internal mammary nodes with microscopic disease 

detected by sentinel lymph node dissection but not clinically 
apparent**

pN1c  Metastasis in 1 to 3 axillary lymph nodes and in internal mam-
mary lymph nodes with microscopic disease detected by sentinel 
lymph node dissection but not clinically apparent.** (If associ-
ated with greater than 3 positive axillary lymph nodes, the inter-
nal mammary nodes are classified as pN3b to reflect increased 
tumor burden.)

pN2  Metastasis in 4 to 9 axillary lymph nodes, or in clinically appar-
ent* internal mammary lymph nodes in the absence of axillary 
lymph node metastasis

(continued)
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Table 1–1. continued
pN2a  Metastasis in 4 to 9 axillary lymph nodes (at least one tumor 

deposit greater than 2.0 mm)
pN2b  Metastasis in clinically apparent* internal mammary lymph 

nodes in the absence of axillary lymph node metastasis
pN3  Metastasis in 10 or more axillary lymph nodes, or in infraclavicu-

lar lymph nodes, or in clinically apparent* ipsilateral internal 
mammary lymph nodes in the presence of 1 or more positive 
axillary lymph nodes; or in more than 3 axillary lymph nodes 
with clinically negative microscopic metastasis in internal mam-
mary lymph nodes; or in ipsilateral supraclavicular lymph nodes

pN3a  Metastasis in 10 or more axillary lymph nodes (at least one 
tumor deposit greater than 2.0 mm), or metastasis to the infracla-
vicular lymph nodes

pN3b  Metastasis in clinically apparent* ipsilateral internal mammary 
lymph nodes in the presence of 1 or more positive axillary lymph 
nodes; or in more than 3 axillary lymph nodes and in internal 
mammary lymph nodes with microscopic disease detected by 
sentinel lymph node dissection but not clinically apparent**

pN3c Metastasis in ipsilateral supraclavicular lymph nodes
  *Clinically apparent is defined as detected by imaging studies (excluding lymphoscintigra-

phy) or by clinical examination.
**Not clinically apparent is defined as not detected by imaging studies (excluding lympho-

scintigraphy) or by clinical examination.

Distant Metastasis (M)

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Stage Grouping

Stage 0 Tis N0 M0
Stage I T1* N0 M0
Stage IIA T0 N1 M0
 T1* N1 M0
 T2 N0 M0
Stage IIB  T2 N1 M0
 T3 N0 M0
Stage IIIA  T0 N2 M0
 T1* N2 M0
 T2 N2 M0
 T3 N1–2 M0
Stage IIIB T4 N0–2 M0
Stage IIIC Any T N3 M0
Stage IV Any T Any N M1
*T1 includes T1mic.
Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, 

 Illinois. The original source for this material is the AJCC Cancer Staging Manual, 
6th edition (2002), published by Springer-Verlag New York, www.springer-ny.com.
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in situ [LCIS]); early-stage invasive cancer (stage I and some stage II can-
cers); operable intermediate-stage disease (stage II and most stage IIIA 
cancers); inoperable locally advanced disease (stage IIIB and IIIC cancers, 
inflammatory breast cancers, some stage IIIA cancers, and the occasional 
stage IV cancer with oligometastatic involvement); and metastatic 
carcinoma (stage IV). In addition, there are uncommon clinical presen-
tations that do not fit conveniently into this classification system. These 
include local-regionally recurrent disease and axillary involvement from 
unknown primary adenocarcinomas.

The breast cancer treatment guidelines in the appendix to this chapter 
were developed collaboratively and represent the current favored approach 
to various breast cancer scenarios at M. D. Anderson. The approach was 
developed by combining the best current practices with practices suggested 
by the outcomes of clinical trials at M. D. Anderson and was informed by 
compelling scientific evidence from other institutions. The most recent ver-
sion of the breast cancer guidelines can be found at http://www.mdanderson.
org/Cancer_Pro/CS_Resources/; the guidelines are typically updated 
every other year. The breast cancer multidisciplinary group is committed 
to ongoing collaborative research and makes a point of designing clini-
cal trials for each major category of disease. Ideally, these trials permit the 
most rapid deployment of promising basic science research into the clinical 
setting. Whenever possible, patients are encouraged to participate in these 
clinical trials. A complete listing of clinical trials available at M. D. Anderson 
can be found at http://www.clinicaltrials.org.

In Situ Lesions

For in situ (noninvasive) lesions—LCIS and DCIS—careful pathology 
review is critical to the success of the decision-making processes (see 
appendix, panel 1). For example, it is important to distinguish accu-
rately between LCIS and atypical lobular hyperplasia because the type 
of disease affects a patient’s subsequent risk of developing an invasive 
carcinoma. Similarly, it is important to distinguish accurately between 
well-differentiated DCIS and atypical ductal hyperplasia, although 
there is not universal agreement about the dividing line between these 
entities. Physicians must clearly understand the pathologic criteria for 
these distinctions before attempting to apply these treatment guidelines. 
In general, the goal of treatment is to prevent the occurrence of 
invasive disease while minimizing the side effects of therapy.

Lobular Carcinoma In Situ

LCIS is not considered to be a precursor lesion, per se, for invasive cancer. 
Instead, it represents a histologic finding that correlates with an increased 
risk for the development of an invasive breast cancer. Typically, LCIS has 
no clinical manifestations and has no pathognomonic mammographic
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signs. Although individuals with LCIS are at increased risk for the 
 development of invasive breast lesions, these cancers are more likely to 
be ductal than lobular, and the risk is the same in the index breast and the 
contralateral breast. Therefore, for most LCIS lesions—with the possible 
exception of pleomorphic LCIS, a DCIS-like entity—no specific treatment 
is indicated, even if the lesion is incompletely removed at biopsy. After 
adequate work-up, which should include bilateral diagnostic mammo-
graphy and pathology review, appropriate risk-reduction strategies are 
discussed with the patient. Patients with a finding of LCIS on biopsy 
should be approached similarly to patients with a strong family history or 
other high-risk characteristics.

Ductal Carcinoma In Situ

Patients with large (larger than 4 cm) or multicentric DCIS as evidenced by 
mammography, physical examination, or biopsy generally require a total 
glandular mastectomy. Lymph node dissection or sentinel lymph node 
evaluation is not useful for most patients with DCIS. However, because the 
risk of occult invasion increases dramatically with the volume affected by in 
situ carcinoma, it is not unreasonable to perform some type of nodal assess-
ment in patients who have extensive DCIS. In the rare cases in which tumor 
metastases are identified in regional lymph nodes, it must be assumed that 
a small invasive breast cancer is present, and these patients are treated for 
presumed stage II invasive breast cancer. Patients who require mastectomy 
are routinely offered the option of breast reconstruction in the absence of 
anatomic or medical contraindications.

Patients with unifocal DCIS of intermediate size that can be excised 
with clear margins are generally offered the alternatives of breast conser-
vation therapy or total mastectomy. These alternatives are presumed to 
be equally effective, although they have not been directly compared in 
large prospective trials. After providing adequate information about 
the probable risks and benefits, the physician largely leaves the choice of 
treatment up to the patient.

On the basis of results from a few small retrospective studies, patients 
with very small, unicentric, low-grade DCIS may be offered the additional 
option of excision alone without subsequent irradiation. Since the data about 
the appropriate management of low-risk DCIS are conflicting, individualized 
recommendations about observation versus irradiation will be necessary until 
the results of recently completed randomized trials become available. These 
and other ongoing prospective studies evaluating the role of local therapy 
and selective estrogen receptor modulators in the treatment of DCIS will be 
the primary motivators for future modifications to the current guidelines.

Tamoxifen has been demonstrated to reduce the short-term risk of local 
recurrence for patients with DCIS treated with excision and radiation 
therapy and has also demonstrated efficacy in preventing contralateral 
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breast cancer. The potential benefit of tamoxifen is weighed against the 
potential risk of tamoxifen for each individual patient.

In patients with DCIS treated with mastectomy, surveillance after 
treatment includes annual physical examination and diagnostic mam-
mographic examination of the contralateral breast. In patients with DCIS 
treated with breast conservation therapy, surveillance includes semiannual 
physical examination and annual bilateral mammography.

Early-Stage Invasive Breast Cancer

The standard work-up for patients with early-stage invasive disease (see 
appendix, panel 2) includes complete breast imaging (typically bilateral 
diagnostic mammography and sonography of the breast and regional 
nodal basins), complete blood cell count with platelet count, liver func-
tion tests, and chest radiography. Any pathology specimens from outside 
institutions are reviewed by M. D. Anderson breast pathologists. The 
tumor size, pathologic subtype, differentiation, and nuclear grade are 
determined, along with the status of the surgical margins, the presence 
or absence of vascular lymphatic invasion, and the status of the regional 
nodes. The  status of the estrogen and progesterone receptors and Her-2/neu
amplification are also assessed. For most patients, no additional staging 
is indicated. A baseline bone scan is obtained in patients with stage I dis-
ease only when they have skeletal signs or symptoms. Similarly, baseline 
 imaging of the liver is performed in patients with stage I disease only 
when they have abnormal findings on liver function tests.

Local Treatment

Initial local treatment is preferred for patients with tumors smaller than 
1 cm and a clinically negative axilla. This is appropriate since the risk 
of systemic disease in most of these patients is not sufficient to war-
rant the use of cytotoxic chemotherapy. Patients with larger tumors are 
also referred for initial local treatment if they have significant comor-
bid illnesses and if histologic evaluation of the axilla will determine 
recommendations for systemic therapy. Since multiple prospective 
randomized trials have demonstrated that mastectomy is equivalent to 
breast conservation therapy in terms of survival benefit, most patients 
are offered both of these options for primary local therapy. This appro-
priately requires extensive patient education about the relative contrain-
dications to breast conservation therapy, including prior irradiation of 
the breast (for example, for Hodgkin’s disease), evidence of gross mul-
ticentricity or diffuse microcalcifications, certain collagen vascular dis-
orders (especially systemic lupus erythematosus or scleroderma), and 
the inability to obtain clear margins of resection. In patients for whom 
mastectomy is appropriate, immediate reconstruction is considered. 
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For patients who undergo initial breast conservation therapy, lymphatic 
mapping is considered a reasonable alternative to axillary dissection and 
is preferred for patients who are clinically node negative.

Radiation therapy is used in all patients who undergo breast conser-
vation therapy. Postmastectomy radiation therapy is recommended for 
patients with four or more positive lymph nodes after mastectomy or 
advanced stages of disease. Patients with stage II breast cancer and 1–3 
positive lymph nodes may be offered postmastectomy radiation therapy 
on a selective basis. For additional information about radiation therapy, 
see chapter 9.

Systemic Therapy

The best time to develop adjuvant systemic therapy recommendations 
is after completion of initial surgical treatment and complete pathologic 
characterization of the tumor and regional nodes. Patients with highly 
favorable histologic subtypes (i.e., tubular, medullary, pure papillary, or 
mucinous) and patients with ductal and lobular carcinomas smaller than 
1 cm have a lower risk of developing systemic metastases and may not 
require systemic therapy. These patients may consider hormonal adjuvant 
therapy alone if the tumor is estrogen and/or progesterone receptor posi-
tive. The precise role of tumor markers in this most favorable subgroup 
requires further study.

In patients with tumors of at least 1 cm or axillary lymph node involve-
ment, cytotoxic adjuvant chemotherapy is appropriate. Typically, patients 
with positive lymph nodes are treated with adjuvant systemic chemo-
therapy consisting of a combination of 5-fluorouracil, doxorubicin or 
epirubicin, and cyclophosphamide and a taxane even if the tumor is 
hormone receptor positive. In patients with hormone-receptor-positive 
tumors, hormonal therapy is recommended after completion of cytotoxic 
chemotherapy. Postmenopausal patients with tumors between 1 and 2 cm 
and no axillary node metastases may be considered for hormonal therapy 
alone. Patients with T2 primary tumors and all premenopausal patients 
are treated with cytotoxic chemotherapy. For an excellent tool to assess the 
incremental benefit of cytotoxic, hormonal, and combined therapy go to 
http://www.adjuvantonline.com.

One of the important new additions to the systemic therapy arsenal 
is the use of “targeted” therapies. These are directed at specific molecu-
lar vulnerabilities of an individual tumor and typically require assess-
ment of specific tumor features. Human epidermal growth factor receptor 
2 (HER2) is overexpressed in 25–30% of breast cancers. This overexpres-
sion is most commonly the result of gene amplification. A number of stud-
ies have shown that breast cancers that overexpress HER2 have a more 
aggressive course and high relapse and mortality rates.  Trastuzumab 
 (Herceptin) is a humanized monoclonal antibody directed against the 
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extracellular domain of HER2. Single-agent trastuzumab has modest 
antitumor activity. In patients with HER2-overexpressing metastatic 
breast cancer, trastuzumab in combination with standard chemotherapies 
has demonstrated improvement in time to progression, overall response, 
duration of response, and survival compared to outcomes with the same 
chemotherapy alone. Other targeted therapies currently being tested in 
breast cancer clinical trials include gefitinib (Iressa; AstraZeneca) and 
erlotinib (Tarceva; Genentech), which inhibit the ErbB-1 tyrosine kinase; 
bevacizumab (a recombinant humanized monoclonal antibody to vascular 
endothelial growth factor receptor); and lapatinib (Tykerb; GlaxoSmithK-
line), a dual tyrosine kinase inhibitor that targets the epidermal growth 
factor receptor and HER2.

When radiation therapy is indicated (see “Local Treatment”), it is typi-
cally delivered after the completion of systemic therapy.

Surveillance

Follow-up is best performed by the team members who have cared 
for the patient. Follow-up visits include a detailed patient history and 
physical examination and selected screening tests. Mammography is 
performed 6 months after the completion of breast conservation ther-
apy and annually thereafter. Chest radiographs are obtained annually 
in patients who have undergone breast conservation therapy. The role 
of more intensive surveillance has been questioned, and the current 
American Society of Clinical Oncology guidelines suggest that the data 
are insufficient to suggest the routine use of blood cell counts, auto-
mated chemistry studies, chest radiography, or other imaging studies. 
These guidelines also state that the routine measurement of CA15-3, 
CA27.29, or carcinoembryonic antigen for breast cancer surveillance is 
not recommended.

Wellness is important to all breast cancer survivors but is especially 
important to those with favorable, early-stage breast cancer. To this end, 
assessment of the impact of estrogen deficiency is particularly important. 
Assessment of skeletal and cardiac health is appropriate, particularly in 
patients with strong family histories of skeletal and cardiac problems. 
Quality-of-life issues due to estrogen deprivation, such as depression, 
hot flashes, weight gain, and vaginal dryness and atrophy, should be 
addressed symptomatically and preferably without the use of hormone 
replacement therapy. In patients who have not had a hysterectomy, yearly 
pelvic examinations are appropriate. Women receiving ongoing tamoxifen 
therapy may require endometrial biopsies. Sonography may be consid-
ered when women have vaginal bleeding or other symptoms. Assessment 
of bone mineral density is also appropriate, especially in patients receiving 
aromatase inhibitors, because of the propensity of these agents to acceler-
ate skeletal demineralization.
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Intermediate-Stage and Advanced-Stage Breast Cancer

One of the keys to the successful treatment of intermediate-stage and 
locally advanced breast cancer (see appendix, panel 3) is to obtain a 
detailed and accurate definition of the extent of disease prior to initia-
tion of therapy. Most patients with intermediate-stage or locally advanced 
breast cancer are treated with initial (also called neoadjuvant or preopera-
tive) chemotherapy, and in such patients, the initial pathologic descrip-
tion of the disease (extent of disease in the breast and the lymph nodes) 
is not available to guide the clinician in the subsequent decision-making 
process. Therefore, the decision whether breast conservation therapy is 
appropriate is based on a careful breast evaluation both before and after 
the completion of chemotherapy. Subtle skin involvement, attachment 
of the tumor to the underlying chest wall structures, and the presence of 
satellite lesions and multicentric tumors can affect whether breast con-
servation therapy is feasible. Radiologic or clinical evidence of tumor in 
the internal mammary, axillary apical, or supraclavicular nodal basins 
has an important impact on staging of the disease and on planning of 
local therapy. The systemic staging evaluation for patients with intermedi-
ate-stage and advanced-stage breast cancers is similar to that for patients 
with early-stage disease except that a bone scan and abdominal computed 
tomography or sonography are performed even in the absence of clinical 
symptoms or biochemical abnormalities.

Advanced Stage II and Stage IIIA Disease (Operable Disease)

Patients with T2 tumors larger than 4 cm (stage IIA) and those with T3 
tumors but without fixed or matted axillary nodes (stage IIB and most 
stage IIIA cancers) are technically operable by classic criteria. Although 
total mastectomy with axillary lymph node dissection may be an accepta-
ble initial treatment choice for patients with significant comorbid diseases, 
at M. D. Anderson preoperative anthracycline-based or taxane-based 
chemotherapy is often the preferred option for initial treatment. This per-
mits observation for tumor response to the chosen regimen and allows 
some patients to subsequently undergo breast conservation therapy when 
mastectomy may have been required if surgery had been performed first. 
When breast conservation therapy is being considered, it is important to 
perform percutaneous insertion of radio-opaque markers in the tumor 
bed (typically using ultrasound guidance) to facilitate future localization 
and surgical resection.

For patients treated initially with mastectomy, adjuvant therapy using 
an anthracycline-based or taxane-based regimen is recommended for all 
patients who are medically fit. The decision-making paradigm for adju-
vant systemic therapy for stage IIB and IIIA breast cancer is similar to that 
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outlined earlier in the chapter for earlier-stage disease. Hormonal therapy 
is used for at least 5 years if the tumor expresses hormone receptors. 
Postoperative radiation therapy is generally employed after the comple-
tion of chemotherapy. Breast reconstruction is appropriate for most women
treated with mastectomy, although it is preferable to delay reconstruction
until after the completion of local therapy for patients who will require 
irradiation.

A prospective multicenter trial is evaluating whether treatment with 
luteinizing hormone-releasing hormone agonists is feasible to preserve 
ovarian function in premenopausal women during the administration of 
adjuvant chemotherapy. This study includes only women who have 
hormonal receptor-negative disease.

Posttreatment follow-up for patients with advanced stage II and 
stage IIIA breast cancer is similar to the follow-up for patients with 
early-stage invasive disease.

Stage IIIB, Stage IIIC, and Selected Stage IVA Disease (Inoperable Disease)

Patients who have classically inoperable breast cancer (inoperable stage 
IIIA disease, stage IIIB and IIIC disease, and selected stage IVA disease) 
receive chemotherapy as initial therapy. It is inappropriate to attempt 
surgical intervention first in this patient group since the risk of positive 
surgical margins is high and extensive nodal disease may lead to a higher 
rate of complications. The use of initial chemotherapy in these patients 
has several potential advantages. Our preference is to use preoperative 
chemotherapy consisting of anthracycline-based or taxane-based regi-
mens. Patients whose disease responds and becomes operable according 
to classic criteria (resolution of supraclavicular or matted axillary nodes, 
normalization of skin changes permitting complete surgical excision) are 
offered standard modified radical mastectomy. In patients whose disease 
responds dramatically, breast conservation therapy may become possi-
ble. Conversely, patients whose tumors demonstrate little or no response 
should be switched to a non-cross-resistant regimen before surgical ther-
apy is attempted. Generally, all patients with advanced breast cancer 
undergo irradiation of the breast or chest wall and regional nodes, and 
thus immediate reconstruction is discouraged. Posttreatment follow-up 
for patients with initially inoperable breast cancer is similar to the follow-
up for patients with early-stage invasive disease.

We have recently opened an Inflammatory Breast Cancer Clinic spe-
cifically for patients with inflammatory breast cancer. These patients 
have a defined imaging evaluation prior to clinical evaluation and are 
evaluated by a team of medical, surgical, and radiation oncologists. The 
goal is to facilitate integrated multimodality treatment with new inves-
tigational approaches in this group of patients with a highly aggressive 
type of breast cancer.
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Local-Regional Recurrences and Systemic Metastases

The assessment and treatment of patients with local-regional recurrences 
or systemic metastases (see appendix, panels 4 and 5) depends in some 
measure on the particular clinical scenario. Global assessment includes chest 
radiography, radionuclide bone scan, computed tomography of the 
abdomen, complete blood cell counts, and liver function tests. It is impor-
tant to have confidence that the diagnosis is correct, so it is usually appropriate 
to obtain histologic confirmation of the recurrence or metastasis—usually 
by fine-needle aspiration or core biopsy—and to perform hormone recep-
tor and Her-2/neu assays on the specimen.

Local-Regional Recurrence

When the staging work-up fails to reveal any evidence of visceral metas-
tasis and tumor is encountered only in the breast, the chest wall, or the 
regional nodal basins, it is appropriate to embark on a curative course of 
therapy. Complete imaging of the disease using mammography, sonography 
(including regional nodal assessment), and possibly computed tomog-
raphy should be performed before treatment is initiated.

Most patients who have a recurrence after breast conservation therapy 
require completion mastectomy as their local therapy. Initial chemotherapy
may be considered in patients with invasive disease whose tumor is not 
initially resectable. When the breast has not previously been irradiated 
(usually after surgery alone for DCIS), re-excision of the recurrent lesion 
followed by irradiation may be considered. Adjuvant systemic therapy is 
generally recommended after local recurrence of invasive cancer because 
of the high risk of subsequent metastasis.

While local-regional recurrences after mastectomy can occasionally 
be managed using initial surgery, it is common to find that the disease 
is too extensive to be completely encompassed within a reasonable 
surgical field. In the case of numerous cutaneous nodules or exten-
sive nodal disease, initial chemotherapy is the preferred approach. The 
choice of agents is based on the type of chemotherapy previously used, 
the interval since prior systemic therapy, and the tumor receptor sta-
tus. Once a sufficient response is achieved, residual disease is surgi-
cally excised. Patients who have not previously had radiation therapy 
undergo irradiation.

Systemic Metastases

The therapeutic goal for patients with documented visceral metastases is 
prolongation of survival and enhancement of quality of life. Since current 
approaches do not appear to be curative, it is important to balance thera-
peutic efficacy with treatment-related toxicity. Thus, when the tumor is 



Multidisciplinary Care 17

positive for estrogen or progesterone receptors and the patient is symptom 
free, hormonal therapies are the preferred initial therapy. Clinical scenarios
especially suited to hormonal therapy include disease limited to bone or 
soft tissue and limited, asymptomatic visceral disease. In premenopausal 
women, tamoxifen is the preferred initial hormonal therapy in patients 
not previously treated with this agent. In postmenopausal women with 
prior tamoxifen exposure, aromatase inhibitors, fulvestrant, progestins, or 
androgens can be employed. When the tumor responds to this initial 
hormonal maneuver, as evidenced by tumor shrinkage or long-term stabi-
lization of disease, second-line hormonal therapy should be considered at 
the time of subsequent progression.

Cytotoxic chemotherapy is indicated for patients with hormone 
receptor–negative tumors, patients with hormone-refractory disease, 
and patients with symptomatic visceral metastases, regardless of hor-
mone receptor status. A variety of regimens are considered appro-
priate, including 5-fluorouracil, doxorubicin, and cyclophosphamide 
combination therapy or taxanes in patients who have not been 
exposed to these agents and trastuzumab in patients with tumors that 
overexpress Her-2/neu. Patients should be encouraged to participate in 
clinical trials when appropriate. Supportive care should be consid-
ered when disease fails to respond to two sequential chemotherapy 
regimens or if the patient’s performance status deteriorates to Zubrod 
3 or greater.

High-dose chemotherapy and bone marrow or stem cell rescue is con-
sidered investigational for patients with systemic metastases. Patients 
with systemic metastases considering this therapy should be treated in 
the context of a clinical trial.

Frequently, patients with metastatic breast cancer develop specific clinical
scenarios for which surgery, radiation therapy, or regional chemotherapy 
may be indicated. These include brain metastases, spinal cord compression,
painful bone lesions, pathologic fractures, plexopathy and radiculopathy, 
and pleural effusions.

CONCLUSIONS

The M. D. Anderson approach to the treatment of breast neoplasms is 
centered on optimizing the effectiveness of therapy while minimizing 
the acute and long-term impact of treatment. Accurate definition of the disease,
careful assessment of the treatment options, and consideration of the 
needs and wishes of the patient and his or her family are prerequisites for 
superior care. While the guidelines outlined in this chapter describe the 
best standard care that we believe can be justified by proven clinical science,
many patients at M. D. Anderson elect to have part or all of their care 
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delivered in the context of ongoing clinical trials. Participation in clinical 
research gives patients the opportunity not only to receive state-of-the-art 
cancer care but also to potentially be the first to receive tomorrow’s treat-
ment today and to contribute to the betterment of breast cancer care for 
future patients with this disease.
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CHAPTER OVERVIEW

Breast cancer prevention recommendations are risk based, so determina-
tion of an individual woman’s breast cancer risk is a first step in designing a 
prevention and screening plan. A computerized breast cancer risk assess-
ment tool that calculates an individual woman’s risk of breast cancer is 
available for use in the clinical setting. Once a woman is identified as 
being at increased risk for breast cancer, she needs to be counseled regard-
ing her options to reduce that risk. While lifestyle modification can be 
suggested as a healthy maneuver, its benefit in reducing breast cancer 
risk remains uncertain. Prophylactic surgical strategies (oophorectomy 
and mastectomy) have been demonstrated to significantly reduce breast 
 cancer risk, but because the physiological and psychological consequences 
can be significant, these surgeries are primarily reserved for women with 
a known or suspected genetic predisposition to breast cancer. With the 
demonstration that tamoxifen can reduce breast cancer risk by almost 
half, chemoprevention became an option for women at increased risk for 
the disease. However, tamoxifen is not without risks, and it has not been 
widely accepted by primary care physicians. As a result, utilization of this 
drug has been limited. With the demonstration that raloxifene is equiva-
lent to tamoxifen in reducing breast cancer risk, postmenopausal women 
at increased risk for breast cancer now have choices for breast cancer 
 chemoprevention. Counseling is imperative so that women understand 
the potential risks and benefits of each prevention option and can make an 
informed decision. As primary prevention has evolved, so too has breast 
cancer screening; screening recommendations, like prevention recommen-
dations, are now risk based. Diagnostic algorithms are available for the 
management of clinical and mammographic abnormalities. A key com-
ponent of the diagnostic evaluation is establishing concordance between 
diagnostic imaging and pathologic findings, initial clinical examination, 
and level of suspicion.
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INTRODUCTION

The Cancer Prevention Center at M. D. Anderson Cancer Center offers a 
comprehensive array of clinical services and conducts research in the areas 
of breast, cervical, endometrial, ovarian, prostate, colorectal, skin, lung, and 
head and neck cancers. Programs include cancer risk assessment, including 
genetic counseling and testing, risk reduction counseling (promotion of a 
healthy lifestyle), nutrition counseling, tobacco cessation programs, chemo-
prevention, and cancer screening. The Cancer Prevention Center strives to 
address the cancer concerns of both individuals at average risk for cancer 
and individuals at increased risk. The Cancer Prevention Center serves as a 
gateway into M. D. Anderson and serves as one of M. D. Anderson’s links 
between healthy individuals and those affected by cancer.

The Cancer Prevention Center’s breast cancer prevention program 
provides risk assessment services, including breast and ovarian cancer 
genetic counseling and testing, risk reduction counseling, chemopreven-
tion, and screening. Diagnostic services for individuals with undiagnosed 
breast abnormalities are also offered. In addition, two programs have been 
developed for patients who already have breast cancer. One program 
provides screening for second primary tumors in appropriately selected 
breast cancer patients undergoing active treatment, with an emphasis on 
sites of increased risk determined on the basis of the history of breast can-
cer and the treatment. The other program combines surveillance for recur-
rent breast cancer with screening for second primary tumors in selected 
breast cancer survivors.

EPIDEMIOLOGY

Excluding cancers of the skin, breast cancer is the most common cancer 
among women, accounting for nearly one of every three cancers diag-
nosed in American women. The United States has the highest crude and 
age-standardized breast cancer incidences in the world: approximately 
178,480 new cases of invasive breast cancer and 62,030 new cases of in 
situ breast cancer, 85% of which will be ductal carcinoma in situ (DCIS), 
were expected to be diagnosed among American women in 2007 (American
Cancer Society, 2007).

Trends in the incidence of invasive breast cancer since 1975, when 
broad surveillance for breast cancer began, can be divided into three dis-
tinct phases. From 1975 to 1980, the incidence was essentially constant. 
Between 1980 and 1987, the incidence of invasive breast cancer increased 
4% per year. Between 1987 and 2002, the incidence of invasive breast can-
cer increased by 0.3% per year (Figure 2–1). Much of the long-term increase 
was due to the gradual increase in the prevalence of underlying risk fac-
tors for breast cancer, such as delayed childbearing and lower parity. The 
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increase seen between 1980 and 1987 was also a direct result of mammo-
graphic screening practices. The continued, but slight, increase seen after 
1987 may reflect increases in the use of mammography, in the prevalence 
of obesity, and in the use of hormone replacement therapy.

The incidence of in situ breast cancer has increased rapidly since 1980, 
largely as a result of mammographic screening.

Breast cancer is the second leading cause of cancer deaths in women; 
40,460 American women were expected to die of this disease in 2007 
(American Cancer Society, 2007). Between 1975 and 1990, the breast can-
cer mortality rate increased slightly, by 0.4% annually. Between 1990 and 
2002, the breast cancer mortality rate declined by an average of 2.3% per 
year in all women combined, with larger decreases observed in younger 
women (younger than 50 years) (Figure 2–2). This decline in breast can-
cer mortality has been attributed both to improvements in breast cancer 
treatment and to the benefits of mammographic screening. As the percent-
age of cases diagnosed at the in situ or early invasive stages of disease 
increases, death rates should continue to decline.

An important paradox is the difference in breast cancer incidence and mor-
tality rates between white and African American women (Figures 2–1 and 
2–2). The incidence is 20% higher in white women than in African American 
women. However, beginning in the early 1980s, African American women 
began having a higher death rate from breast cancer than white women, 
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Figure 2–1. Trends in female breast cancer incidence rates by race and ethnicity, 
US (SEER), 1975–2002. Rates are age-adjusted to the 2000 US standard population. 
*Incidence data do not include cases from Detroit, Hawaii, Alaska Native Regis-
try, and rural Georgia. Data source: Surveillance, Epidemiology, and End Results 
Program, 1973–2002, Division of Cancer Control and Population Science, National 
Cancer Institute, 2005.
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and by 2002, the death rate was 37% higher for African American 
women. This higher mortality rate in black women has primarily been 
attributed to inadequate screening practices in this population, which lead 
to delayed diagnosis and later-stage disease at diagnosis. However, even 
when black and white women are compared stage for stage, the mortality 
in African American women is higher. The reasons for this disparity are 
unknown but suggest a fundamental difference in the biology of breast 
cancer between African American and white women.

RISK FACTORS

There are a number of established and potential risk factors for breast can-
cer. These can be divided into seven broad categories: age, family history 
of breast cancer, hormonal factors, proliferative breast disease, irradiation 
of the breast region at an early age, personal history of malignancy, and 
lifestyle factors.

Age

Besides female sex, increasing age is the single most important risk factor 
for developing breast cancer. The greatest portion of a woman’s lifetime 
risk of developing breast cancer is due to the risks at older ages (Table 2–1).

Figure 2–2. Trends in female breast cancer death rates by race and ethnicity, US, 
1975–2002. Rates are age-adjusted to the 2000 US standard population. *Information is 
included for all states except Connecticut, Maine, Maryland, Minnesota, New Hamp-
shire, New York, North Dakota, Oklahoma, and Vermont. Data source: National 
Center for Health Statistics, Centers for Disease Control and Prevention, 2005.
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Older women, who are at greatest risk, are the least likely to know that 
older age is a risk factor for breast cancer. In contrast, women younger 
than 50 years of age are the most likely to overestimate their breast cancer 
risk and the benefits of breast cancer screening.

Family History of Breast Cancer

Women with a family history of breast cancer, especially breast cancer in 
a first-degree relative (i.e., mother, sister, or daughter), have an increased 
risk of developing breast cancer themselves. The risk is even greater if 
more than one first-degree relative had breast cancer, if the breast cancer 
occurred before menopause, or if it was bilateral. Table 2–2 shows the rela-
tive risks associated with having a first-degree relative with breast cancer. 
The relative risk ranges from 1.5 for postmenopausal, unilateral breast 
cancer to 9.0 for premenopausal, bilateral breast cancer.

Approximately 5–10% of breast cancer cases result from inherited 
mutations in breast cancer susceptibility genes, such as BRCA1 and BRCA2. 
(For more information about genetic factors, see Chapter 3.) It is very important 
to identify individuals who may have a genetic predisposition to breast 
cancer (Table 2–3) because these individuals may have a 40–60% lifetime 
risk of breast cancer—and in some families as high as an 80% lifetime risk
—and thus have unique primary prevention and screening needs.

Hormonal Factors

For many years, certain reproductive characteristics have been associated 
with an increased risk of breast cancer. Early menarche (before 12 years of 
age), late menopause (at or after 55 years of age), late age at first full-term 
pregnancy (35 years or older), and nulliparity all increase a woman’s risk 
of breast cancer by affecting endogenous reproductive hormones. The fact 

Table 2–1.  Age-Specific Probabilities of Developing Breast Cancer (Reprinted 
with permission from American Cancer Society, 2005.)

 The Probability of Developing 
If Current Age Is Breast Cancer in the Next 10 Years Isa Or 1 in
20 0.05% 1,985
30 0.44% 229
40 1.46% 68
50 2.73% 37
60 3.82% 26
70 4.14% 24
Lifetime risk 13.22% 
Among those free of cancer at beginning of age interval. Based on cases diagnosed 2000–2002. 

Percentages and “1 in” numbers may not be numerically equivalent due to rounding.
aProbability derived using NCI DevCan software, version 6.0.
American Cancer Society, Surveillance Research, 2005.
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that oophorectomy in women younger than 35 years is associated with a 
reduction in breast cancer risk of as much as 60% provides further support 
for the role of hormones in the development of breast cancer (Table 2–2).

Increased breast mammographic density and increased bone mineral 
density are also associated with increased breast cancer risk, most likely 

Table 2–3.  Family History Characteristics Prompting Referral for Counseling 
for Genetic Predisposition to Breast Cancer at M. D. Anderson 
Cancer Center

Multiple early-onset breast cancers (diagnosed before the age of 50 years)
Clustering of breast and/or ovarian cancer on one side of the family
Bilateral breast cancer or breast and ovarian cancer in the same individual
Male breast cancer
Ashkenazi Jewish ancestry and a family history of breast and/or ovarian cancer
Multiple individuals diagnosed with cancers at ages earlier than normally 
 expected in addition to a family member with breast cancer
Individuals with unusual skin findings (bumps on face or hands, pigmented 
 spots on lips, bumpy tongue) and a history of breast cancer

Table 2–2.  Determinants of Breast Cancer Risk (Modified from Marchant, 
1997. Reprinted with permission.)

Factor Relative Risk
Family history of breast cancer 

 First-degree relative 1.8
 Premenopausal first-degree relative, unilateral breast cancer 3.0
 Postmenopausal first-degree relative, unilateral breast cancer 1.5
 Premenopausal first-degree relative, bilateral breast cancer 9.0
 Postmenopausal first-degree relative, bilateral breast cancer 4.0–5.4

Menstrual history 

 Menarche before age 12 years 1.7–3.4
 Menarche after age 17 years 0.3
 Menopause before age 45 years 0.5–0.7
 Menopause at age 45–54 years 1.0
 Menopause at or after age 55 years 1.5
 Menopause at or after age 55 years with more than  2.5–5.0
  40 menstrual years
 Oophorectomy before age 35 years 0.4
 Anovulatory menstrual cycles 2.0–4.0

Pregnancy history 

 Term pregnancy before age 20 years 0.4
 First term pregnancy at age 20–34 years 1.0
 First term pregnancy at or after age 35 years 1.5–4.0
 Nulliparous 1.3–4.0
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in large part because these factors serve as physiologic measures of 
endogenous hormone levels.

Exogenous hormone use has also been linked to increased breast can-
cer risk, although this link is more controversial. Findings from an anal-
ysis of worldwide epidemiologic data showed that women who were 
current or recent users of birth control pills had a slightly elevated risk of 
developing breast cancer (Collaborative Group, 1996). This risk seemed 
to disappear 10 years after the therapy was discontinued. In contrast, 
the more recent findings from the Women’s Contraceptive and Repro-
ductive Experiences trial indicated that current and former users of oral 
contraceptives did not have an increased risk of developing breast can-
cer (Marchbanks et al., 2002).

Findings from the Women’s Health Initiative randomized trial (Chle-
bowski et al., 2003) have helped clinicians better understand the risks and 
benefits of exogenous hormone use in postmenopausal women. In one 
arm of that trial, postmenopausal women with an intact uterus were ran-
domly assigned to placebo or the combination of estrogen and progester-
one. Estrogen plus progesterone—specifically, the combination marketed 
as PremPro—increased the risk of developing breast cancer by 24% (245 vs. 
185 cases; hazard ratio, 1.24; weighted P <. 001). Of greater concern, women 
receiving estrogen plus progesterone were more likely to be diagnosed 
with a breast cancer at a more advanced stage. Although the reason for 
this is not understood, one hypothesis is that the breasts of women receiving 
estrogen plus progesterone are mammographically denser (dense breasts 
may hinder the early detection of breast cancer).

In a second arm of the Women’s Health Initiative trial (Anderson 
et al., 2004), women who had undergone a hysterectomy were randomly 
assigned to receive estrogen, specifically Premarin, or placebo. In contrast 
to the results in the estrogen-plus-progesterone arm, no increase in breast 
cancer risk was seen with the use of estrogen alone. In fact, a nonsignifi-
cant trend toward breast cancer risk reduction was observed in the women 
receiving Premarin.

In an analysis of the risks of endometrial and breast cancers in women 
with an intact uterus, the use of estrogen plus progesterone caused a 
greater increase in total cancer incidence than did the use of estrogen 
alone (Beral et al., 2005). Specifically, although endometrial cancer inci-
dence was lower in women who received estrogen plus progesterone 
than in women who received estrogen alone, breast cancer incidence 
was higher in women who received estrogen plus progesterone than in 
those who received estrogen alone, such that the total cancer incidence 
was higher in the estrogen-plus-progesterone group. In a woman with an 
intact uterus, clinical decision-making is especially complex because the 
risk of breast cancer from combination estrogen-plus-progestin therapy 
must be weighed against the increased risk of endometrial cancer from the 
use of unopposed estrogen.
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Proliferative Breast Disease

Some women with a history of breast biopsy for benign breast disease have 
an increased risk of breast cancer. The degree of increase in risk depends 
on the specific epithelial abnormality (Table 2–4). The majority of benign 
breast lesions do not exhibit proliferative changes and are not associated 
with an increase in breast cancer risk. Proliferative lesions without atypia 
are associated with a twofold increase in risk. Proliferative lesions with 
atypia (atypical ductal or lobular hyperplasia) confer a fivefold increase 
in risk. The addition of a first-degree relative with breast cancer to the risk 
profile of atypical hyperplasia doubles the relative risk to tenfold, which is 
similar to the risk conferred by lobular carcinoma in situ (LCIS).

Irradiation of the Breast Region at an Early Age

As the population of pediatric cancer survivors ages, evidence is emerging 
that therapeutic irradiation of the breast region during the first, second, and 
third decades of life increases the risk of breast cancer. The greatest risk is seen 
in individuals treated with radiation therapy before age 15 years; some studies 
suggest as great as a 35% increased risk of breast cancer in such individuals by 
age 40 years. Breast cancer screening practices may need to be instituted earlier 
in this population than is recommended for women in the general population.

Personal History of Malignancy

It is well established that a personal history of breast cancer increases 
the risk of a subsequent breast cancer. In addition, a personal history of 

Table 2–4.  Breast Lesions and Relative Risk for Invasive Breast Cancer 
(Reprinted with permission from Howell, 1995.)

 Slightly Increased  Moderately Increased Markedly Increased
No Increased Risk Risk (1.5–2.0 Times) Risk (5 Times) Risk (10 Times)
Adenosis Hyperplasia  Atypical Lobular
Apocrine  (moderate or   hyperplasia  carcinoma
 metaplasia  florid solid or   (ductal or  in situ
Cysts  papillary)  lobular) Atypical
Duct ectasia Papillomatosis   hyperplasia
Fibroadenoma    with family
Fibrosis    history of
Hyperplasia    breast cancer
 (mild)
Mastitis
Squamous
 metaplasia
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another malignancy, such as endometrial, ovarian, or colon cancer, may 
increase the risk of developing breast cancer.

Lifestyle Factors

Epidemiologic studies have identified a number of lifestyle factors that 
may influence breast cancer risk.

Diet and nutrition are controversial factors. Dietary fat has received a great 
deal of attention as a possible risk factor for breast cancer because of the high 
correlation between national per capita fat consumption and the incidence 
of the disease. In addition, a number of experiments in laboratory animals 
have suggested a link between the amount and type of dietary lipids and the 
growth of mammary tumors. However, studies addressing this issue have 
produced conflicting results. Even greater uncertainty persists regarding 
overall dietary intake and dietary supplements, such as soy, which has been 
suggested to both increase and decrease breast cancer risk. Until long-term, 
prospective studies that include more accurate and reliable assessments of 
dietary intake and supplementation are conducted, no definitive statements 
can be made regarding diet and nutrition and breast cancer risk.

Because excess weight and weight gain are modifiable risk factors, 
a significant amount of interest and study has focused on the relationship 
between weight and breast cancer risk. Several prospective and case-control 
studies found an association between obesity and breast cancer risk. In other 
studies, the relationship between body size and risk of breast cancer differed 
according to menopausal status. Postmenopausal obesity and weight gain 
have been suggested to be associated with an increase in breast cancer risk.

A variety of other lifestyle factors have also been investigated to deter-
mine whether they increase the risk of breast cancer. A slight increase in 
breast cancer risk was observed in women who reported consuming at 
least one alcoholic beverage per day, compared with nondrinkers, and 
the increase was linear with each 10-gram-per-day increase in consump-
tion. Current evidence suggests that cigarette smoking does not influence 
breast cancer risk except possibly in women who are slow acetylators of 
aromatic amines. Epidemiologic studies have demonstrated an increase 
in breast cancer incidence in women with a higher level of education or 
higher socioeconomic status, possibly related to delayed childbearing and 
lower parity. Silicone implants and abortion do not appear to be associ-
ated with increased risk. Breast-feeding may confer some protective effect 
against premenopausal breast cancer.

RISK ASSESSMENT

Several mathematical models have been developed to predict the risk of devel-
oping breast cancer. The most commonly used models are several hereditary 
models, which assess genetic and familial risk of breast cancer, and the Gail 
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model, which assesses populational risk using nongenetic factors. Specifics of 
the models for hereditary predisposition are reviewed in Chapter 3.

Risk factors included in the Gail model are age, age at menarche, age 
at first live birth (or nulliparity), family history of breast cancer in first-
degree relatives, history of breast biopsy, and history of breast biopsy 
revealing atypical hyperplasia (Gail et al., 1989). Because the incidence 
of breast cancer differs by race, the current, modified version of the Gail 
model includes race-specific data. This modified version of the Gail model 
was used in the Breast Cancer Prevention Trial (BCPT) and the Study of 
Tamoxifen and Raloxifene for the Prevention of Breast Cancer (STAR). The 
model accurately predicted the number of invasive breast cancers in the 
placebo arm of the BCPT: overall, the model predicted 159 cases of inva-
sive breast cancer in the trial, and 155 cases were observed, yielding an 
expected-to-observed ratio close to unity (1.03).

After the announcement of the results of the BCPT in 1998 and the 
subsequent validation of the modified Gail model, the National Cancer 
Institute (NCI) developed and distributed a computer program based on 
the Gail model, the Breast Cancer Risk Assessment Tool, for calculating 
the projected risk of developing breast cancer. This program is available 
online at the NCI Web site and at www.breastcancerprevention.com and 
can be used to facilitate the calculation of a woman’s breast cancer risk 
in the clinical setting. The Breast Cancer Risk Assessment Tool is the first 
multifactorial model that has been developed and made available for 
clinicians to use for estimating the risk of a specific cancer.

The NCI program prompts the user to input information about specific 
breast cancer risk factors and provides a printout showing projected breast 
cancer risk in the next 5 years and projected lifetime risk. For comparative 
purposes, the printout also includes the average 5-year and lifetime risks 
for a woman of the same age and race as the woman evaluated.

Increased risk is defined as a 5-year projected risk of 1.7% or greater. 
This is the average risk of a 60-year-old woman. This risk was chosen as 
the cutoff point for elevated risk because 60 years was the median age at 
which breast cancer was diagnosed in the United States at the time the 
model was developed.

It is important to understand the limitations of the modified Gail model. 
It is not applicable to women with a personal history of invasive breast 
cancer, DCIS, or LCIS. In calculating breast cancer risk, the Gail model makes 
no adjustment for a first-degree relative with premenopausal or bilateral 
breast cancer. In addition, the Gail model does not include genetic mutations 
in the calculation of breast cancer risk. As a result, risk may be significantly 
underestimated. For these reasons, the risk calculation cannot be interpreted 
outside the context of the patient’s overall personal and family history.

However, even with these limitations, the modified Gail model provides 
valuable information and serves as a key starting point in the evaluation 
of breast cancer risk. With the exception of women meeting the criteria for 
genetic-risk evaluation and counseling (Table 2–3), all women 35 years 
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of age and older who present to the Cancer Prevention Center for breast 
cancer screening have a risk assessment calculation performed using the 
modified Gail model. On the basis of the estimated risk, a unique, personal 
prevention program is developed. This prevention program includes rec-
ommendations for primary prevention strategies and screening appropri-
ate to the individual’s risk level.

Three variables in the modified Gail model change or may change over 
time: age, family history of first-degree relatives with breast cancer, and his-
tory of breast biopsy with or without atypical hyperplasia. Because incre-
mental increases in age produce only slight increases in the 5-year breast 
cancer risk, recalculations to adjust for age are done only periodically, 
about every 5 years unless the patient just missed the 1.7% cutoff defining 
increased breast cancer risk, in which case the risk is recalculated annually. 
However, any change in the other two variables—a new breast cancer in a 
first-degree relative and an interim breast biopsy—prompts recalculation 
because the associated increase in breast cancer risk can significantly alter 
the benefit-versus-risk ratio for chemoprevention therapy (for more infor-
mation, see the section “Chemoprevention” later in this chapter).

PRIMARY PREVENTION

Currently, three approaches have been proven to decrease breast cancer risk: 
prophylactic oophorectomy, prophylactic mastectomy, and chemopreven-
tion with tamoxifen or raloxifene. Prophylactic surgery should be consid-
ered only by women with a known or suspected genetic predisposition or a 
calculated breast cancer risk similar to that of women with a genetic predis-
position. In contrast, chemoprevention may be considered by any woman at 
increased risk for breast cancer. Lifestyle modifications have not been defini-
tively proven to reduce the risk of developing breast cancer, but because 
they can lead to better health, counseling about lifestyle modifications is 
nevertheless an important element of primary breast cancer prevention.

Lifestyle Modification

Studies exploring whether modification of lifestyle factors can reduce breast 
cancer risk have yielded inconsistent and controversial findings. However, 
regardless of their impact on breast cancer risk, lifestyle modifications can 
lead to better health and are recommended for individuals at all risk levels. 
These modifications include switching to a healthy diet with an emphasis 
on plant sources, adopting a physically active lifestyle, achieving a health-
ful weight and maintaining it throughout life, limiting alcohol intake, and 
avoiding smoking.

For women at average risk for breast cancer, the benefits of preventing 
an unwanted pregnancy are felt to outweigh the potential risks of oral 
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contraceptives. Conversely, women at very high risk for breast cancer (i.e., 
carriers of genetic mutations predisposing to breast cancer development) 
are probably well advised to consider nonhormonal forms of contraception.

Women considering hormone replacement therapy (estrogen alone or 
estrogen plus progesterone) need to carefully weigh the benefits against 
the risks. In addition, women should be counseled about nonhormonal 
alternative therapies for the management of menopausal symptoms.

Prophylactic Oophorectomy

Oophorectomy in women younger than 35 years of age has been shown 
to reduce the risk of breast cancer by as much as 60%. However, surgically 
induced menopause at this age is associated with its own risks. In the post-
menopausal period, osteoporosis escalates and there is an increased risk 
of cardiovascular disease. In addition, women with premature menopause 
can have a variety of associated symptoms that must be managed—for 
example, hot flashes, night sweats, vaginal dryness, and mood changes. 
For these reasons, prophylactic oophorectomy is typically considered only 
for women with BRCA1 or BRCA2 mutations, in whom the potential ben-
efits of this procedure are increased because of the substantial reduction 
not only in breast cancer risk but also in ovarian cancer risk.

Prophylactic Mastectomy

Prophylactic mastectomy (see Chapter 7) is an aggressive surgical proce-
dure with many physiological and psychological ramifications. For most 
women at increased risk for breast cancer, the drawbacks of prophylac-
tic mastectomy outweigh the benefits, and the procedure is therefore not 
appropriate. However, for women with a considerable risk of developing 
breast cancer—primarily women with a genetic predisposition but also, 
to a lesser extent, women with LCIS—prophylactic mastectomy remains a 
risk  reduction strategy to be considered. This is especially true given the 
90% reduction in breast cancer incidence seen after bilateral prophylactic 
mastectomy in women at moderate to high risk (Hartmann et al., 1999). 
Prophylactic mastectomy should be undertaken only after extensive coun-
seling so that the patient has a thorough understanding of her breast can-
cer risk and other available risk reduction strategies and the psychological 
issues associated with the procedure. In addition, because total mastectomy, 
without preservation of the nipple–areolar complex, is the current proce-
dure of choice, the availability of immediate breast reconstruction should 
be discussed during the counseling process. There is currently no role for 
subcutaneous mastectomy in the primary prevention of breast cancer.

It is an interesting paradox that prophylactic mastectomy is consid-
ered as a breast cancer prevention strategy while women diagnosed with 
breast cancer are given the option of breast conservation therapy. Because 
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of advances in breast cancer chemoprevention, most breast cancer pre-
vention experts are shifting the emphasis away from prophylactic sur-
gery toward chemoprevention, especially for patients with LCIS. In the 
current M. D. Anderson practice algorithm, patients with LCIS are seen 
in the Cancer Prevention Center for risk counseling and a review of the 
currently available primary prevention strategies, especially chemopre-
vention. Patients with LCIS are referred to a surgeon only if they are 
seriously considering and desiring prophylactic mastectomy.

Chemoprevention

With the publication of the findings of the landmark BCPT in 1998 (Fisher 
et al., 1998), chemoprevention of breast cancer emerged as a risk reduction 
strategy for women at increased risk for the disease. Since the unblinding 
of STAR in 2006 (Vogel et al., 2006), postmenopausal women have had a 
choice of either tamoxifen or raloxifene for risk reduction.

Tamoxifen

Tamoxifen citrate is a selective estrogen receptor modulator that competes 
with circulating estrogen for binding to the estrogen receptor. Depend-
ing on the tissue and species, tamoxifen acts as an estrogen agonist or an 
estrogen antagonist.

For more than 20 years, tamoxifen has been used in the treatment of 
breast cancer. Tamoxifen was chosen as a potential breast cancer chemo-
preventive agent because studies showed that tamoxifen given for 5 years 
reduced the incidence of recurrent breast cancer by 42% and reduced the 
incidence of contralateral breast cancer by 47%.

In 1992, the National Surgical Adjuvant Breast and Bowel Project, 
with the support of the NCI, launched the landmark BCPT, also known 
as the P-1 trial or the tamoxifen prevention trial, to investigate the value 
of tamoxifen in reducing the risk of primary invasive breast cancer in 
women at increased risk for the disease (Fisher et al., 1998). A total of 
13,388 women aged 35 years or older who were at increased risk for 
breast cancer were entered into the trial and randomly assigned to receive 
either tamoxifen 20 mg daily or placebo daily for 5 years. Increased risk 
was defined as a personal history of LCIS, a 5-year risk of develop-
ing breast cancer of at least 1.7% as calculated using the modified Gail 
model, or age 60 years or older.

Tamoxifen reduced the risk of developing invasive breast cancer by 
49%. As can be seen from Table 2–5, the risk reduction was seen for all age 
groups and all projected levels of risk. Women with a history of LCIS had 
a 56% risk reduction, and women with a history of atypical hyperplasia 
had a dramatic 86% risk reduction. The incidence of estrogen receptor–
positive tumors was 69% lower in the tamoxifen group than in the placebo
group; however, the rate of estrogen receptor–negative tumors was not 



Table 2–5.  Average Annual Rates for Outcomes in the Breast Cancer 
Prevention Trial (Adapted and reprinted with permission from 
Fisher et al., 1998.)

 Rate per 1,000 Women 
Outcome Tamoxifen Placebo Risk Ratio (95% CI)
Noninvasive breast cancer 1.35 2.68 0.50 (0.33–0.77)
Invasive breast cancer 3.43 6.76 0.51 (0.39–0.66)
Invasive breast cancer 
 by patient characteristic   

Age (years)   
≤ 49 3.77 6.70 0.56 (0.37–0.85)

 50–59 3.10 6.28 0.49 (0.29–0.81)
≥ 60 3.33 7.33 0.45 (0.27–0.74)

History of lobular carcinoma in situ   
 Yes 5.69 12.99 0.44 (0.16–1.06)
 No 3.30 6.41 0.51 (0.39–0.68)

History of atypical hyperplasia   
 Yes 1.43 10.11 0.14 (0.03–0.47)
 No 3.61 6.44 0.56 (0.42–0.73)

No. of first-degree relatives with 
 breast cancer   
 0 2.97 6.45 0.46 (0.24–0.84)
 1 3.03 6.00 0.51 (0.35–0.73)
 2 4.75 8.68 0.55 (0.30–0.97)

≥ 3 7.02 13.72 0.51 (0.15–1.55)

5-year predicted breast cancer risk (%)   
≤ 2.00 2.06 5.54 0.37 (0.18–0.72)

 2.01–3.00 3.51 5.18 0.68 (0.41–1.11)
 3.01–5.00 3.88 5.88 0.66 (0.39–1.09)

≥ 5.01 4.52 13.28 0.34 (0.19–0.58)

Invasive endometrial cancer   
 Overall 2.30 0.91 2.53 (1.35–4.97)
 Age ≤  49 years 1.32 1.09 1.21 (0.41–3.60)
 Age ≥  50 years 3.05 0.76 4.01 (1.70–10.90)

Fractures   
 Hip 0.46 0.84 0.55 (0.25–1.15)
 Hip, spine, and lower  4.29 5.28 0.81 (0.63–1.05)
  radius combined

Thromboembolic events   
 Stroke 1.45 0.92 1.59 (0.93–2.77)
 Transient ischemic attack 0.73 0.96 0.76 (0.40–1.44)
 Pulmonary embolism 0.69 0.23 3.01 (1.15–9.27)
 Deep vein thrombosis 1.34 0.84 1.60 (0.91–2.86)

Cataracts   
 Developed cataracts 24.82 21.72 1.14 (1.01–1.29)
 Developed cataracts and  4.72 3.00 1.57 (1.16–2.14)
  underwent cataract surgery

Abbreviation: CI, confidence interval.
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significantly different between the two groups. An additional benefit of 
tamoxifen suggested in the BCPT was a reduction in the incidence of osteo-
porotic fractures.

Tamoxifen is not without risks: the BCPT showed that tamoxifen was 
associated with increased risks of endometrial cancer, venous thrombo-
embolic events, cataract development, and the need for cataract sur-
gery (Table 2–5). These risks were present for all women in the trial 
but were increased only in women over the age of 50 years. Common 
side effects reported included bothersome hot flashes and bothersome 
vaginal discharge. Tamoxifen was not associated with weight gain or 
depression.

Since the unblinding of the BCPT, the findings of other tamoxifen 
prevention trials have been published: the Italian Tamoxifen Prevention 
Study (Veronesi et al., 1998), the Royal Marsden Hospital tamoxifen rand-
omized prevention trial (Powles et al., 1998), and the International Breast 
Cancer Intervention Study, or IBIS-1 (Cuzick et al., 2002). The Italian and 
Royal Marsden trials showed no benefit of tamoxifen over placebo in 
terms of reducing the incidence of breast cancer. The difference between 
the results of these two trials and those of the BCPT are most likely due 
to differences in study population (e.g., lower risk) and trial design. The 
IBIS-1 trial showed a 33% reduction in the incidence of breast cancer with 
tamoxifen, confirming the breast cancer risk reduction benefit that was 
seen in the BCPT. A meta-analysis of all the tamoxifen prevention stud-
ies demonstrated that tamoxifen reduced the risk of breast cancer by 38% 
and confirmed the serious risks of endometrial cancer and venous throm-
boembolic events (Cuzick et al., 2003).

Since 1998, tamoxifen has been approved by the Food and Drug Admin-
istration for breast cancer risk reduction. However, despite the significant 
breast cancer risk reduction conferred by tamoxifen, tamoxifen for risk 
reduction has not been widely accepted by primary care physicians, and 
therefore many women at increased risk for breast cancer are never offered 
the drug for chemoprevention. Not only the risks of tamoxifen therapy but 
also the fact that tamoxifen is a well-recognized breast cancer “treatment” 
most likely are what make primary care physicians reluctant to prescribe 
tamoxifen to healthy women at increased risk for breast cancer.

Raloxifene

Raloxifene is a second-generation selective estrogen receptor modulator. 
It was initially approved by the Food and Drug Administration for pre-
vention and treatment of osteoporosis, following publication of results 
of the Multiple Outcomes of Raloxifene Evaluation (MORE) trial, which 
demonstrated a reduction in the incidence of fractures and an increase in 
bone density with the use of raloxifene in postmenopausal women with 
osteoporosis.



Primary Prevention and Early Detection 43

The development of breast cancer was a secondary endpoint of the 
MORE trial. A separate analysis demonstrated that the incidence of breast 
cancer was 76% lower with raloxifene than with placebo (Cummings et 
al., 1999). Similar to the findings with tamoxifen, raloxifene was associ-
ated with an increase in the incidence of venous thromboembolic events. 
In contrast to the findings with tamoxifen, raloxifene was not associated 
with an increase in the incidence of endometrial cancer. However, the 
 follow-up from the MORE study was too short to permit definitive judg-
ment about this relationship, especially given that it took nearly a decade 
for the effects of tamoxifen on the endometrium to be fully understood.

The intriguing findings from the MORE study served as the basis for 
STAR (Vogel et al., 2006). Opened in May 1999, STAR enrolled 19,747 
postmenopausal women at increased risk for breast cancer. Women were 
randomly assigned to receive either tamoxifen 20 mg daily or raloxifene 
60 mg daily for 5 years.

At the unblinding of the trial in April 2006, raloxifene was found to 
be equivalent to tamoxifen in reducing the risk of invasive breast cancer 
development in postmenopausal women at increased risk for the dis-
ease (Table 2–6). Both drugs reduced the risk of breast cancer by about 
50%. While tamoxifen has been shown to reduce the incidence of LCIS 
and DCIS, raloxifene did not have an effect on the incidence of these 

Table 2–6.  Outcomes in the Study of Tamoxifen and Raloxifene (Adapted 
from Vogel et al., 2006.)

 No. of Events
Outcome Tamoxifen Raloxifene Risk Ratio (95% CI)
Invasive breast cancer 163 168 1.02 (0.82–1.28)
Noninvasive breast cancer 57 80 1.40 (0.98–2.00)
Invasive uterine cancer 36 23 0.62 (0.35–1.08)
Uterine hyperplasia 84 14 0.16 (0.09–0.29)
Hyperplasia with atypia 12 1 0.08 (0.00–0.55)
Hyperplasia without atypia 72 13 0.18 (0.09–0.32)
Hysterectomy during follow-upa 244 111 0.44 (0.35–0.56)
Pulmonary embolism (PE) 54 35 0.64 (0.41–1.00)
Deep vein thrombosis (DVT) 87 65 0.74 (0.53–1.03)
PE and DVT combined 141 100 0.70 (0.54–0.91)
Stroke 53 51 0.96 (0.64–1.43)
Fractures 104 96 0.92 (0.69–1.22)
Developed cataracts during  394 313 0.79 (0.68–0.92)
 follow-up
Developed cataracts and had  260 215 0.82 (0.68–0.99)
 cataract surgery
Abbreviation: CI, confidence interval.
aAmong women not diagnosed with uterine cancer.
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diseases. This result confirmed results reported in 2004 from the Continu-
ing Outcomes Relevant to Evista trial, a 4-year extension of the MORE 
trial designed to further assess the effect of raloxifene on breast cancer 
(Martino et al., 2004).

In STAR, the incidence of bone fractures was equivalent in the 
tamoxifene and raloxifene groups. As previously noted, raloxifene is 
approved by the Food and Drug Administration for the prevention and 
treatment of osteoporosis.

Of great interest in understanding the risks of raloxifene and tamoxifen 
is examining how these two drugs compared with respect to the inci-
dence of uterine cancer. The fact that more than half of the women who 
joined STAR had a history of a hysterectomy and therefore were not 
at risk for uterine cancer indicates that both potential participants and 
investigators were using the risk-benefit profile of tamoxifen as the basis 
for determining which women might obtain benefit from participating 
in the study. The large proportion of STAR participants who had under-
gone hysterectomy before trial entry limited the investigators’ ability to 
assess differences in the effects of raloxifene and tamoxifen on the inci-
dence of uterine cancer. The incidence of uterine cancer was 38% lower 
in the raloxifene arm. There were a total of 59 uterine cancers, 36 among 
women taking tamoxifen and 23 among women taking raloxifene (rela-
tive risk, 0.62; 95% confidence interval, 0.35–1.08). While the finding was 
not statistically significant, it was not clinically insignificant. There was 
a statistically significant difference between the groups in the incidence 
of uterine hyperplasia (with and without atypia)—this finding was 84% 
less common in the raloxifene arm, suggesting that uterine cancer is not 
stimulated by raloxifene. This resulted in more hysterectomies being 
performed in the tamoxifen group, which obscured the difference in the 
effect of raloxifene and tamoxifen on the development of uterine cancer. 
These findings provide further evidence that raloxifene does not have the 
same effect as tamoxifen on the uterus.

The incidence of deep vein thrombosis and pulmonary embolism was 
30% lower in the raloxifene arm than in the tamoxifen arm, a statisti-
cally significant finding. The incidences of strokes and transient ischemic 
attacks were statistically equivalent in the two arms; there was no differ-
ence between the arms in the incidence of death from strokes. Women at 
increased risk for stroke (those with uncontrolled hypertension, uncon-
trolled diabetes, or a history of stroke, transient ischemic attack, or atrial 
fibrillation) were not eligible to participate in STAR. The incidence of heart 
attacks was also equivalent in the two arms.

Both the incidence of cataracts and the incidence of cataract surgery 
were significantly less common in the raloxifene group.

Side effects of both tamoxifen and raloxifene were mild to moderate in 
severity, and quality of life was the same for the two drugs. Women receiv-
ing tamoxifen reported more vasomotor symptoms, vaginal discharge, 
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vaginal bleeding, genital itching or irritation, difficulty with urinary blad-
der control, and leg cramps. Women receiving raloxifene reported more 
vaginal dryness, pain with intercourse, and weight gain.

Now that the results of STAR have shown that raloxifene is effective 
and safe for breast cancer prevention, postmenopausal women have two 
options for reducing their risk of developing breast cancer. While the BCPT 
was landmark in that it was the first randomized trial to demonstrate that 
a drug could reduce the incidence of breast cancer, STAR is anticipated to 
have a greater impact on clinical practice. As previously noted, tamoxifen 
has not been widely accepted by primary care physicians. However, 
raloxifene is well accepted not only by primary care physicians but also 
by women. With the new finding of raloxifene’s breast cancer benefit, we 
now have a drug that simultaneously reduces the risk of two diseases of 
concern to women: breast cancer and osteoporosis.

Counseling before Initiation of Therapy

Women who are found to be at increased risk for breast cancer—women 
with a personal history of LCIS or a 5-year breast cancer risk of 1.7% 
or greater according to the modified Gail model—should be counseled 
regarding the benefits and risks of risk reduction therapy. Women with a 
5-year predicted breast cancer risk of less than 1.7% are unlikely to obtain 
sufficient breast cancer risk reduction benefit from tamoxifen or raloxifene 
therapy to outweigh the risks associated with these therapies. As previ-
ously noted, risk should be reassessed periodically, especially if any sig-
nificant change occurs in breast cancer risk factors.

For any individual woman at increased risk for breast cancer, an 
attempt must be made to predict whether the net benefit of risk reduction 
therapy will outweigh the net risk. The net benefit is primarily a func-
tion of the woman’s predicted breast cancer and osteoporosis risks—the 
greater a woman’s risks of breast cancer and osteoporosis, the greater 
the benefit of risk reduction therapy. (Of note, although tamoxifen and 
raloxifene were equivalent in reducing osteoporotic fractures, only 
raloxifene is approved by the Food and Drug Administration for this 
use.) Risk reduction therapy with either tamoxifen or raloxifene reduces 
the risk of breast cancer by approximately 50%, and the magnitude of 
this benefit increases as a direct function of increasing 5-year predicted 
breast cancer risk.

The net risk of risk reduction therapy is a function of the particular 
drug chosen and the woman’s age, race, and hysterectomy status. For 
any given combination of race and drug, the magnitude of the expected 
effect, be it beneficial or harmful, increases as a direct function of 
increasing age (Table 2–7). For example, a 60-year-old white woman has 
a higher risk of a vascular event than does a 40-year-old white woman. 
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Race is also an important determinant of risk. For example, depending 
on age, the baseline rates of vascular events are 1.5–2.5 times higher 
among black women than among white women. Hysterectomy status 
also affects risk: while tamoxifen is associated with an increased risk of 
uterine cancer that is not seen with raloxifene, this increased risk is not 
an issue for women who have had a hysterectomy. Other factors may 
also influence the risks of therapy and must be considered in the risk 
calculation. For example, women who have had cataract surgery with 
placement of artificial lenses do not have the risk of cataracts that is 
associated with tamoxifen therapy.

When all the factors that affect the benefits and risks of chemopreven-
tion are considered, it is possible to identify several groups of women in 
whom the positive effects of risk reduction will most likely outweigh any 
negative effects.

Premenopausal women at increased risk for breast cancer are candi-
dates for tamoxifen, as they will obtain the benefits of the drug without an 
increase in the risks of adverse events. Raloxifene is not an option for this 
group, as it is not approved for premenopausal women.

In general, postmenopausal women who will obtain a significant ben-
efit from chemoprevention are those who have a higher risk of developing 
breast cancer and have profiles that put them at a lower risk of adverse 
events. These groups include:

Table 2–7.  Annual Incidence Rates per 1,000 Woman-Years for Adverse 
Events in the Absence of Risk Reduction Therapy (Adapted 
from Gail et al., 1999.)

 Rates for White  Rates for Black
 Women of Ages Women of Ages
 40–49 50–59 60–69 70–79 40–49 50–59 60–69 70–79
Event years years years years years years years years
Strokea 0.45 1.10 3.25 7.50 1.26 3.19 7.48 9.00
Pulmonary embolismb 0.15 0.50 0.88 1.93 0.46 1.50 2.02 3.09
Deep vein thrombosisb 0.49 0.55 0.98 1.61 1.52 1.65 2.25 2.58
Endometrial cancerc 0.21 0.81 1.44 1.63 0.08 0.35 0.89 0.88
Hip fractured 0.04 1.02 2.42 7.44 0.03 0.55 0.92 2.83
aRates from Broderick JP, Phillips SJ, Whisnant JP, et al. Incidence rates of stroke in the 

eighties: the end of the decline in stroke? Stroke 1989;20:577–582.
bRates from Silverstein MD, Heit JA, Mohr DN, et al. Trends in the incidence of deep vein 

thrombosis and pulmonary embolism: a 25-year population-based study. Arch Intern Med
1998;158:585–593.

c1991–1995 Surveillance, Epidemiology, and End Results rates adjusted for the prevalence 
of intact uteri.

dRates from Melton LJ, Chrischilles EA, Cooper C, et al. How many women have osteoporosis? 
J Bone Mineral Res 1992;7:1005–1010.
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1. Women with a very high risk of breast cancer (i.e., a personal history 
of LCIS or atypical hyperplasia).

2. Women 50 years of age or older with a 5-year predicted breast cancer 
risk of 1.7% or more who have had a hysterectomy (if tamoxifen is 
being considered) and either are at low risk for vascular events (non-
smoker, not obese, not diabetic, not hypertensive, no prior history of 
a venous thromboembolic event, physically active) or are currently 
taking estrogen replacement therapy. The risk of vascular events 
from tamoxifen or raloxifene in this group is similar to the risk of 
vascular events associated with estrogen replacement therapy; thus, 
a change from estrogen to either risk reduction agent would not 
 significantly increase the risk of vascular events.

Some women may be considered for risk reduction therapy even if 
the risk-benefit assessment indicates a negative net effect. Each individ-
ual woman will have her own perception of how the various beneficial 
and detrimental effects should be weighed, and consideration should be 
given to each woman’s personal perceptions and desires. Some women 
who are at increased risk for breast cancer are willing to incur the poten-
tial risks of chemoprevention in exchange for the potential reduction 
in breast cancer risk. Health care providers should keep in mind that 
a woman’s decision to take a drug for prevention is a personal deci-
sion. Except in extreme cases, once a woman fully understands the risks 
associated with chemoprevention therapy, she should not be denied the 
opportunity to potentially reduce her risk of breast cancer if she has a 
strong desire to do so.

Care of Women Taking Tamoxifen or Raloxifene

Women receiving chemoprevention therapy should have follow-up visits 
every 6 months. Each visit should include a clinical breast examination 
(CBE) and symptom assessment. Women should also undergo annual 
screening mammography and—in women taking tamoxifen who have an 
intact uterus—an annual gynecologic assessment to ascertain if they have 
abnormal vaginal bleeding or other symptoms raising concern about uter-
ine pathology.

Symptom assessment should include inquiries about thromboembolic 
or gynecologic (for tamoxifen users) symptoms. Women should be edu-
cated about such symptoms and the need to promptly report any that 
develop. Any abnormal vaginal bleeding should be evaluated with trans-
vaginal sonography, endometrial biopsy, or other procedures as the clinical 
situation dictates. There is currently no indication for routine endometrial 
screening, either by transvaginal sonography or endometrial biopsy, of 
asymptomatic women taking tamoxifen.
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The common side effects of risk reduction therapy have been well defined. 
Hot flashes are a common reaction, seen more frequently with tamoxifen 
than with raloxifene. Hot flashes are more common among women near 
the age of menopause and women who have just discontinued estrogen 
replacement therapy, but hot flashes can occur in women of any age. Non-
hormonal management of hot flashes can involve vitamin E, evening prim-
rose oil, or other over-the-counter agents or some prescription medications 
such as venlafaxine (Effexor), gabapentin (Neurontin), or clonidine.

Some patients experience vaginal dryness, which can be managed 
with nonhormonal remedies available over the counter (e.g., Astroglide, 
Replens). Estrogen creams should be avoided because of the sustained 
systemic absorption seen with such preparations. However, Estring, a 
slow-release estrogen vaginal ring inserted every 3 months, or Vagifem 
estradiol tablets, inserted intravaginally twice a week, were allowed in the 
BCPT and STAR.

Some patients taking tamoxifen experience a clear, nonodorous, nonirri-
tating vaginal discharge. It is unusual for the discharge to be copious. Once 
other causes of vaginal discharge have been eliminated, the patient can be 
reassured that this discharge is associated with the tamoxifen therapy and is 
harmless. This discharge usually resolves after cessation of therapy.

SCREENING

The National Comprehensive Cancer Network Breast Cancer Screening 
and Diagnosis Guidelines (available at www.nccn.org/professionals/
physician_gls/PDF/breast-screening.pdf) serve as the basis for breast can-
cer screening recommendations in the M. D. Anderson Cancer Prevention 
Center. Specific breast cancer screening recommendations depend on the 
woman’s personal risk of breast cancer.

Before screening is initiated, any severe comorbid conditions that limit 
life expectancy or therapeutic intervention should be considered. Screen-
ing may not be appropriate in women with a life expectancy of less than 
10 years or those who could not tolerate or would not elect to pursue treat-
ment of any identified disease.

Individuals are stratified on the basis of their predicted 5-year breast can-
cer risk, as determined using the modified Gail model, or on the basis of a 
history of thoracic radiation therapy, history of proliferative breast disease, 
genetic predisposition, or prior history of breast cancer. Women who do not 
fall into one of these risk categories are classified as average risk and undergo 
routine screening, which consists of CBE every 1–3 years between the ages of 
20 and 39 years and annually along with screening mammography beginning 
at age 40. If the predicted 5-year breast cancer risk is 1.7% or greater, annual 
mammography and CBE every 6–12 months may be started at age 35, and 
risk reduction strategies should be considered.
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Women who received thoracic radiation therapy during the second or 
early part of the third decade of life are at increased risk for breast cancer. 
The increase in incidence begins approximately 8–10 years after radiation 
therapy. For this reason, in women who received thoracic radiation ther-
apy at a young age, CBE is recommended annually for women younger 
than 25 years of age. These women should also consider annual mammog-
raphy and CBE every 6–12 months beginning 8–10 years after radiation 
therapy but not before age 25.

Guidelines for women with a known or suspected genetic predisposi-
tion are similar to guidelines for women with a history of thoracic radia-
tion therapy except that annual screening mammography is initiated at 
age 25 for patients with hereditary breast and ovarian cancer syndrome or 
5–10 years before the earliest age at which breast cancer was diagnosed in 
a family member for patients with a strong family history or other genetic 
predisposition, but not before age 25. Annual magnetic resonance imaging 
should be considered as an adjunct to mammography and CBE. Women 
should be counseled regarding risk reduction strategies.

Women with atypical hyperplasia or LCIS should have CBE every 6–12 
months and annual mammograms from the time of diagnosis, but not 
before age 25, and should consider risk reduction strategies.

Instead of breast self-examination, M. D. Anderson is now focusing more 
on breast self-awareness. This change, although it may seem at first glance 
merely semantic, represents a paradigm shift from formal teaching of a tech-
nique for self-examination of the breasts to reinforcing the importance of a 
woman’s being familiar with her breasts, however she might accomplish 
that, and promptly reporting any change to her physician (Bevers, 2004). This 
change was implemented after findings from a trial of breast self-examina-
tion conducted in Shanghai, China, showed that mortality from breast can-
cer was not lower in women who received intensive breast self-examination 
instruction than in those who received no instruction in breast self-examina-
tion (Thomas et al., 2002). Additionally, there was no apparent stage differ-
ence between the breast cancers detected in the two groups. The finding that 
most breast cancers were detected by women incidentally while showering 
or dressing further supported the approach of breast self-awareness.

DIAGNOSTIC EVALUATION OF CLINICAL AND MAMMOGRAPHIC

BREAST ABNORMALITIES

During the course of breast cancer screening, clinical and mammo-
graphic abnormalities will be identified that require further evaluation. 
Clinical abnormalities can be divided into four categories: dominant 
mass, asymmetric thickening or nodularity, nipple discharge, and skin 
changes. Guidelines have been developed to direct the diagnostic evalu-
ation of both mammographic and clinical abnormalities.
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Mammographic Abnormality with Normal Findings on CBE

If the findings on mammography are abnormal, a diagnostic workup is 
necessary to definitively evaluate the abnormality. The American College 
of Radiology has established the Breast Imaging Reporting and Data Sys-
tem (BI-RADS) to standardize mammography reports (for more informa-
tion, see Chapter 4). BI-RADS category 0 refers to mammograms for which 
some combination of additional mammographic views, sonography, and 
comparison with prior films is necessary to determine the final BI-RADS 
category. In the screening setting, women with mammographic findings 
classified as BI-RADS category 1 (normal) or 2 (benign finding) may return 
to routine screening. Mammographic findings classified as BI-RADS cat-
egory 3, 4, or 5 necessitate additional diagnostic management.

Mammographic findings classified as BI-RADS category 4 (suspicious 
abnormality) or 5 (highly suggestive of malignancy) require tissue diag-
nosis for definitive assessment. The tissue diagnosis may be accomplished 
with the use of fine-needle aspiration, core needle biopsy, or excisional 
biopsy (more information about these techniques is provided in Chapters 
4 through 7). Establishing concordance between the pathologic findings 
on fine-needle aspiration or core needle biopsy and the findings on diag-
nostic imaging is integral in determining that the area of concern has been 
adequately assessed. Benign pathologic findings would not be concordant 
with a highly suspicious mammogram. If findings are concordant, women 
with benign results may be followed with diagnostic mammography in 
6–12 months, and women with malignant results require an oncologic 
referral. Findings of atypical hyperplasia or LCIS may warrant surgical 
excision to determine whether the lesion is benign or malignant. However, 
if the pathology and diagnostic imaging findings are discordant, reimag-
ing or rebiopsy may be indicated to achieve concordance.

Women with findings classified as BI-RADS category 3 (probably 
benign) may reasonably be cared for with close surveillance with diagnos-
tic mammograms every 6 months for 1–2 years. Stable lesions may permit 
the patient to return to routine screening; however, lesions that change 
over the course of surveillance require further evaluation by tissue diag-
nosis as just outlined. If the patient is noncompliant or highly anxious, 
further evaluation by tissue diagnosis may be indicated.

Dominant Mass

The diagnostic evaluation of a dominant mass is based on the woman’s 
age. In women 30 years of age or older, the mass should be investigated 
with mammography and sonography. In women under the age of 30 
years, breast cancers are rare, and the sensitivity of mammography and 
risks associated with mammography are of concern. In women in this 
age group, breast sonography, direct needle biopsy, and observation are 
options for the initial diagnostic evaluation of the palpable finding.
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Clinical suspicion plays a critical role in the approach to women under 
the age of 30 years who present with a dominant mass. If the risk or likeli-
hood of malignancy is determined to be low on the basis of history and 
physical examination, observation of the mass for one or two menstrual 
cycles may be the initial approach. The patient should be reevaluated after 
the appropriate interval to ascertain whether the mass has resolved. 
Persistence of the mass necessitates further evaluation with either direct 
needle biopsy or breast sonography.

Direct needle biopsy, usually by fine-needle aspiration, will yield either 
fluid, which suggests a cyst, or a cellular aspirate. When fine-needle aspi-
ration yields a cellular aspirate and pathologic evaluation of the aspirate 
suggests a fibroadenoma, a 3- to 6-month follow-up CBE is done to assess 
the stability of the mass. Alternatively, the lesion may be surgically excised 
to confirm the benign findings. Nondiagnostic or indeterminate speci-
mens necessitate reaspiration or biopsy under ultrasound guidance. If the 
level of suspicion has increased, a mammogram may be indicated prior 
to rebiopsy. If direct needle biopsy reveals cancer, regardless of whether 
the biopsy yielded fluid or a cellular aspirate, a mammogram should be 
obtained before the patient is referred for oncologic treatment if a mam-
mogram has not already been obtained.

When fine-needle aspiration yields fluid with benign cytologic fea-
tures and results in resolution of the mass, the mass is most likely a cyst; 
however, a CBE should be performed in 2–4 months to ascertain that the 
mass has not recurred. If the mass persists after fluid is aspirated, the mass 
should be further investigated with mammography and sonography to 
rule out a suspicious intracystic mass.

Finally, a dominant mass in a woman under the age of 30 years may 
be evaluated with breast sonography. This is managed in the same way 
as a dominant mass in a woman 30 years of age or older with the excep-
tion that a mammogram is obtained prior to the sonogram for the older 
age group. Sonography will reveal whether the mass is solid or cystic. 
Fine-needle aspiration is indicated if the sonographic findings are inde-
terminate for a cyst or if there is uncertainty regarding concordance 
between the sonographic findings and the mammographic abnormality. 
In addition, the cyst may be aspirated if the patient is symptomatic or the 
cyst limits future mammographic interpretation. If sonography reveals a 
solid lesion with the characteristics of a fibroadenoma, the lesion can be 
reevaluated in 6 months with CBE and the appropriate breast imaging 
study to assess stability, or the lesion can be evaluated pathologically 
with either needle biopsy or excision. Solid lesions that are indetermi-
nate or suspicious on sonography should be biopsied, preferably under 
ultrasound guidance. If an intracystic mass is identified sonographically, 
surgical excision is recommended.

In interpreting the results of the biopsy, it is important to determine 
whether the pathologic diagnosis is concordant with the findings on CBE 
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and the diagnostic imaging studies. Discordant results should prompt 
reevaluation of the clinical examination and imaging studies as well as 
the pathologic diagnosis. Repeat biopsy, either ultrasound-guided nee-
dle biopsy or excisional biopsy, may be necessary. Any biopsy that yields 
indeterminate findings or reveals atypia may necessitate excision to ascer-
tain the correct diagnosis.

Asymmetric Thickening or Nodularity

An area of asymmetric thickening or nodularity is less distinct than a domi-
nant mass, and for many health care providers it carries a slightly less omi-
nous connotation. All cases of asymmetric thickening or nodularity should 
be assessed with sonography. Mammography is considered a necessary 
part of the diagnostic evaluation only for women 30 years of age or older. 
Women under the age of 30 years should have mammography only if it is 
clinically indicated—e.g., in the case of abnormal findings on sonography.

If the findings on mammography and sonography are negative, addi-
tional diagnostic evaluation can be limited to a follow-up CBE in 3–6 
months to assess stability. In the case of stable findings on CBE, the patient 
can return to routine screening; in the case of progression of the area of 
thickening or nodularity, the lesion would most appropriately be further 
evaluated according to the guidelines for evaluation of a dominant mass.

Women with abnormal mammographic findings (BI-RADS category 3, 4, 
or 5) should undergo diagnostic evaluation as previously described (in the 
section “Mammographic Abnormality with Normal Findings on CBE”).

Nipple Discharge

It is important to characterize nipple discharge so that an appropriate 
diagnostic evaluation can be conducted. Discharge that is nonspontane-
ous and from multiple ducts should not raise suspicion of breast cancer. 
For women aged 40 years or older, diagnostic mammography should be 
done as would be recommended for any woman in this age group. Women 
with mammographic findings classified as BI-RADS category 0, 3, 4, or 5 
should be cared for according to the guidelines for evaluation of mam-
mographic abnormalities with normal findings on CBE. Women with this 
type of nipple discharge should be instructed to stop compression of the 
breast and elicitation of the nipple discharge. They should also be advised 
to report if the discharge becomes spontaneous.

The most worrisome discharge is spontaneous, unilateral discharge 
from a single duct, typically serous, sanguinous, or serosanguinous in 
nature. A diagnostic mammogram is the initial step in the diagnostic 
evaluation of this type of discharge. Lesions classified as BI-RADS 
category 4 or 5 should be evaluated according to the guidelines for 
evaluation of mammographic abnormalities with normal findings on CBE. 
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Unless breast conservation therapy is planned, a diagnosis of cancer in 
the breast under evaluation will usually end the diagnostic evaluation. If 
breast conservation therapy is planned, no malignancy is diagnosed, or 
the mammographic findings are classified as BI-RADS category 1, 2, or 
3, then ductography should be performed as the prelude to a duct exci-
sion. Duct excision not only allows a pathologic diagnosis of the etiology 
of the nipple discharge but also allows for resolution of the discharge. 
Although nipple discharge is rarely a symptom of cancer, it is important 
to rule this out as well as to manage the patient’s symptoms.

Skin Changes

Although seemingly innocuous, skin changes of the breast require careful 
evaluation. Not uncommonly, patients are seen in the Cancer Prevention 
Center for evaluation of an isolated skin change of the breast that turns 
out to be a symptom of breast cancer. These patients have frequently been 
reassured by their outside health care provider that the skin findings are 
of no consequence. Special attention should be given to any breast skin 
change in a woman over the age of 40 years. The primary considerations 
are inflammatory breast cancer—with the usual skin changes of erythema 
and peau d’orange (skin thickening)—and Paget’s disease, symptoms of 
which can include scaling, eczema, or nipple excoriation. Mammographic 
and/or sonographic evaluation is undertaken as indicated by age and 
other breast findings. Abnormalities found on diagnostic imaging should 
be evaluated according to the guidelines for evaluation of mammographic 
abnormalities with normal findings on CBE. If inflammatory breast can-
cer is a consideration and mammographic findings are benign, further 
evaluation with a skin punch biopsy or blind core needle biopsy of breast 
parenchyma is warranted. Benign findings on biopsy should prompt reas-
sessment and possible rebiopsy, depending on the level of suspicion.

CONCLUSION

The paradigm for breast cancer prevention has changed dramatically in 
the past decade. Whereas the focus was once on breast cancer screening, 
now the paradigm has expanded to include breast cancer risk assessment 
and primary prevention strategies. Women who present for breast can-
cer screening should have a risk assessment performed and be counseled 
regarding risk reduction options. Breast cancer prevention and screening 
recommendations should be risk based.

Any clinical or mammographic breast abnormality should be subjected 
to diagnostic evaluation. A key component of this evaluation is concordance 
between the results of diagnostic evaluation and the initial clinical findings 
and level of suspicion. Discordant results should prompt reevaluation.
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K E Y  P R A C T I C E  P O I N T S
● Unless a genetic predisposition is suspected, the initial step of breast cancer pre-

vention is risk assessment using the NCI Breast Cancer Risk Assessment Tool.
● Risk-based breast cancer screening recommendations should be reinforced 

regardless of the level of breast cancer risk.
● Women at increased risk for breast cancer should receive information and 

counseling about risk reduction options and the risks and benefits of risk 
reduction therapy.

● Clinical and mammographic breast abnormalities can be systematically evalu-
ated. In the diagnostic work-up, concordance between the final diagnostic 
imaging and pathologic results and the initial clinical findings and level of 
suspicion is essential.

The mission of M. D. Anderson’s Cancer Prevention Center is to pro-
vide research-based cancer risk assessment and risk reduction counseling 
as well as primary and secondary cancer prevention services for individu-
als with a cancer concern. Women with average or increased risk of breast 
cancer can be referred by their outside physician or can self-refer to any of 
the programs offered.
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CHAPTER OVERVIEW

Hereditary predisposition to breast cancer accounts for approximately 
5–10% of all breast cancers. The primary syndrome associated with an 
increased risk of breast cancer is hereditary breast and ovarian cancer 
syndrome, which is caused by mutations in the BRCA1 and BRCA2
genes. However, there are other hereditary cancer syndromes associ-
ated with an increased risk of breast cancer, including Li-Fraumeni 
syndrome, Cowden disease, Peutz-Jeghers syndrome, hereditary dif-
fuse gastric cancer, and ataxia-telangiectasia. Genetic counseling and 
testing is a key component in the identification of individuals affected 
by these hereditary breast cancer syndromes. Genetic counseling is the 
process of educating patients and their families about inherited can-
cer risks based on their personal and family history and discussing 
the benefits, risks, limitations, and possible results of genetic testing. 
Once individuals are identified as having a hereditary breast cancer 
syndrome, they can be more effectively counseled regarding specific 
screening and prevention modalities, including chemoprevention and 
prophylactic surgeries.

INTRODUCTION

Breast cancer is the most common malignancy among women and the 
second leading cause of cancer deaths among women. A woman’s lifetime
risk of developing breast cancer is about 8–10%. One of the strongest risk 
factors for developing breast cancer is a family history of the disease. 
Multiple epidemiologic studies have reported that a family history of 
breast cancer is a reproducible predictor of breast cancer risk. This risk 
is correlated with closeness of kinship with affected relatives, number of 
affected relatives, and age at onset of breast cancer in affected relatives. 
A woman’s breast cancer risk is at least doubled if she has one first-degree 
relative with early-onset breast cancer. Having more than one close relative 
with breast cancer or having a close relative with bilateral breast cancer 
increases this risk even more.

Families with three or more close relatives with breast cancer are, in 
the literature, classified as “breast cancer families.” One of the earliest 
descriptions of a breast cancer family was published in 1866. Since that 
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time, numerous pedigrees from families with an apparent inherited breast 
cancer susceptibility have been reported, and it has been established 
that ovarian cancer is frequent in many such families. Other features 
found in breast cancer families are early age at onset of breast cancer and 
bilateral disease. A number of segregation analyses have been performed 
in breast cancer families to establish the hereditary trait, and most of them 
support an autosomal dominant mode of inheritance. It is now known 
that approximately 5–10% of all breast cancer cases are associated with 
inherited cancer predisposition syndromes caused by mutations in cancer 
susceptibility genes.

Identification of breast cancer susceptibility genes has led to major 
changes in the care of women with inherited predisposition to breast 
cancer. Currently, high-risk women are counseled regarding the need for 
increased screening and surveillance and regarding risk reduction options 
such as chemoprevention and prophylactic surgeries.

This chapter provides an in-depth discussion of the hereditary cancer 
syndromes associated with an increased risk of breast cancer, an intro-
duction to the processes of cancer genetic counseling and cancer genetic 
testing, and a review of the recommended cancer screening and risk reduc-
tion options available to women who are identified as having a hereditary 
breast cancer syndrome.

HEREDITARY BREAST AND OVARIAN CANCER SYNDROME

Hereditary breast and ovarian cancer syndrome, which is associated with 
mutations in the BRCA1 and BRCA2 genes, is the most common form of 
inherited predisposition to breast cancer. Approximately 80% of cases of 
inherited breast cancer are due to mutations in either the BRCA1 gene 
(chromosome 17q12–21) or the BRCA2 gene (chromosome 13q12), which 
are responsible for approximately 60–65% and 35–40% of identifiable 
BRCA gene mutations, respectively.

BRCA1

The BRCA1 gene was localized in 1990 by Mary Claire King and colleagues.
They demonstrated that in families with early-onset breast cancer, the dis-
ease segregated with a marker on chromosome 17q. Linkage of disease to
this region was also found in families with an apparent inherited predis-
position to both breast and ovarian cancer and in families with an apparent 
site-specific inherited predisposition to ovarian cancer (i.e., an inherited 
predisposition to ovarian cancer only).

In 1994, the sequence of the BRCA1 gene was completely characterized. 
The newly discovered gene was considered to be a tumor suppressor gene 
since loss of the wild-type allele was found in more than 90% of breast 
tumors from women with a germ-line mutation in BRCA1. BRCA1 is a 
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large gene, having 5,711 base pairs, divided into 24 exons, of which 22 
are coding. With the exception of a few short regions, the gene sequence 
shows very little homology with other known human genes, and much 
of BRCA1’s function is still unknown. The BRCA1 gene encodes an acid 
nuclear phosphoprotein of 220 kDa, and smaller splice variants have been 
described. Most studies have shown that the full-length BRCA1 protein is 
localized in nuclear foci of epithelial cells.

Several functional domains have been identified in the BRCA1 gene. The 
most phylogenetically conserved region is the ring or zinc finger domain in 
the 5′ end. Studies of other human proteins with zinc finger motifs have 
suggested that this domain is a region of protein–protein interactions, 
and such motifs are found in a number of regulatory proteins. In addition 
to the ring finger, the BRCA1 terminal region of BRCA1, also known as 
the BRC domain, is evolutionarily conserved. Copies of the BRCA1 ter-
minal have been revealed in a large number of other proteins, including 
53BPI, RAD9, RAD4, CRB2, and RAPL, all of which are closely related to 
protein–protein interaction and associated with cell cycle regulation and 
DNA repair.

Expression of BRCA1 has been demonstrated in a variety of different 
human adult tissues, including testis, thymus, breast, and ovary. Several 
studies in mice have indicated that BRCA1 expression is induced before 
DNA synthesis and reaches maximal levels in the late Gl phase. In human 
adult organs, BRCA1 is expressed in differentiating epithelial cells, such 
as thymus, testis, breast, and ovary. In humans, BRCA1 expression is usually
relatively low in the epithelium of the mammary gland. However, in mice, 
BRCA1 levels are temporarily increased at puberty, when ductal growth 
and differentiation occur, and during pregnancy, when epithelial hyperplasia
of the breast takes place.

In animal model studies, mice were created that had a homozygous 
deletion of BRCA1 exons 5 and 6. They developed poorly and died after 
7.5 days of embryogenesis, showing decreased cell proliferation. Inter-
estingly, mice with a heterozygous deletion of BRCA1 exon 11 survived 
longer and showed fewer signs of inhibited cell growth; however, they 
had more malformations, such as spina bifida and anencephaly. Mice with 
heterozygous deletion of exon 11 did not have more breast tumors than 
normal. The extent to which BRCA1 findings in mice can be translated to 
humans is still uncertain.

BRCA1 and DNA Repair Interactions with RAD51

Several studies indicate that BRCA1 is involved in DNA repair. The BRCA1 
protein interacts with the RAD51 protein, which is the eukaryotic equivalent
of the bacterial recombination protein, recA, and is implicated in mitotic 
and meiotic DNA recombination and double-stranded DNA break repair. 
The BRCA1 sequence corresponding to this interaction is located in exon 11. 
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BRCA1 has also been shown to interact with BRCA2 and RAD51 in a com-
mon DNA damage-response pathway.

Several studies have shown a higher frequency of TP53 mutations in 
breast and ovarian tumors from BRCA1 mutation carriers than from 
noncarriers, and loss of TP53 function is suggested to be an important step 
in the pathogenesis of BRCA1-associated breast and ovarian tumors.

BRCA1 Germ-line Mutations in Hereditary Breast 
and Ovarian Cancer Syndrome

There are different mutations in the BRCA1 gene, and these are distrib-
uted throughout the coding regions. Almost all known BRCA1-truncating 
mutations have been shown to be associated with disease. The effect of 
missense mutations resulting in an altered but not truncated protein is 
much more difficult to interpret. However, missense mutations located in 
an evolutionarily conserved region, like the zinc finger domain, often prove 
to be deleterious. Large deletions or rearrangements may be overlooked 
with standard mutation detection methods and are rarely reported.

Somatic mutations in BRCA1 are rare. To evaluate the role of BRCA1
in sporadic breast and ovarian cancers, tumors from breast and ovarian 
cancer patients without a family history have been screened. To date, only 
one somatic mutation has been detected in a sporadic breast cancer, and 
only a few somatic mutations have been detected in sporadic ovarian 
cancers. This, however, does not rule out the involvement of BRCA1 in 
sporadic cancer. High levels of the BRCA1 protein are found in normal 
human mammary epithelium, while various degrees of reduced levels are 
found in breast cancer cells (Yoshikawa et al., 1999). Another study con-
firmed these findings and showed markedly decreased BRCA1 mRNA levels 
during the transition from carcinoma in situ to invasive cancer (Thompson 
et al., 1995). It has been suggested that in hereditary breast cancers, BRCA1
is inactivated by intragenic mutations, whereas in most nonhereditary 
breast cancers, BRCA1 is inactivated indirectly by aberrant localization in 
the cytoplasm.

Population-based Studies

Several studies have found that BRCA1 founder mutations are common in 
certain populations, especially among ethnic groups living in relative isola-
tion, such as the Icelandic or Jewish populations. Haplotype analysis has sug-
gested that these founder mutations have common ancestors. One of the most 
frequent BRCA1 mutations, found among Ashkenazi Jews, is the 185delAG 
mutation. Two other founder mutations also segregate in this ethnic group: 
BRCA1 5382insC and BRCA2 6174delT. More than 2% of the Ashkenazi Jew-
ish population have at least one of these three founder mutations, and about 
12% of Ashkenazi Jewish breast and 40% of Ashkenazi Jewish ovarian cancer 
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patients with no family history of these cancers have at least one of the three 
founder mutations. Other BRCA1 founder mutations have been demonstrated 
in the Netherlands, Sweden, and Norway. In the general population, the esti-
mated BRCA1 mutation frequency is about 0.06%.

Among women in families with BRCA1-associated breast cancer, the 
cumulative risk of breast cancer by age 70 years is up to 85%, and the 
cumulative risk of ovarian cancer by age 70 years is approximately 45%. 
In addition, BRCA1 mutations are associated with a 58-fold increased risk 
of breast cancer among men.

Clinical Picture of BRCA1 Mutation-induced Breast Cancer

The likelihood of detecting a BRCA1 mutation in a breast cancer patient is 
higher when the patient has a family history of breast or ovarian cancer, has 
a personal history of a previous breast or ovarian cancer, has bilateral breast 
cancer, is a man with breast cancer, and/or is younger than 50 years at diag-
nosis. BRCA1-related breast tumors seem to be more aggressive than non-
BRCA1-related tumors and are likely to be grade III and have high mitotic 
activity, implying that they are highly proliferating. BRCA1-related breast 
tumors are also often estrogen receptor negative and have a high frequency 
of somatic TP53 mutations, again suggesting an aggressive tumor phenotype. 
Unlike sporadic breast cancers, which exhibit relatively high frequencies of 
HER2/neu and cyclin D1 gene amplification (20–25% and 15–20%, respectively, 
on fluorescent in situ hybridization analysis), BRCA1-related breast cancers 
rarely exhibit HER2/neu or cyclin D1 gene amplification and have very low 
incidences of HER2/neu and cyclin D1 protein overexpression.

Immunophenotypic characteristics and results of cDNA microarray 
analyses suggest that the pattern of gene expression alterations differs 
between BRCA1-related and BRCA2-related cancers.

BRCA2

In 1994, a second major breast cancer susceptibility gene, BRCA2, was 
localized to 13q12–13. The complete coding sequence and exon–intron 
structure of the gene were characterized in 1996. The role of BRCA2 as a 
tumor suppressor gene in the development of familial breast cancer was 
demonstrated by the findings of germ-line mutations of this gene and 
loss of heterozygosity at the BRCA2 locus in breast tumors. BRCA2 covers 
70 kb of genomic DNA and has 27 coding exons. Exons 10 and 11 are the 
largest, encoding a protein of 3,418 amino acids with an estimated mole-
cular weight of 384 kDa. Northern blot analysis showed that the BRCA2
transcript is 10–12 kb, and it seems to be unique in the human genome, 
with no close homologues.

Germ-line manipulations have been used to create mice carry-
ing several different BRCA2 mutations. BRCA2 is indispensable during 
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mouse development, and mice embryos with a homozygous disruption 
in BRCA2 exon 11 survive only 8.5 days of embryogenesis. Mice hetero-
zygous for BRCA2 mutations are normal and have no apparent suscepti-
bility to mammary cancer, whereas mice homozygous for BRCA2 deletions 
are severely affected.

BRCA2 Germ-line Mutations in Hereditary Breast 
and Ovarian Cancer Syndrome

Most mutations in BRCA2 result in a truncated protein. Although no clear 
evidence of mutation clustering has been found, there is a trend towards a 
greater number of mutations in the 3′ half of the gene.

BRCA2 is less frequently involved in hereditary breast cancer than is 
BRCA1. The first families to be screened for BRCA2 mutations were those 
initially showing linkage to BRCA2. Of these first screened families, only half 
had disease-causing BRCA2 aberrations identified. Subsequently, several 
breast cancer families and patients have been screened for BRCA2 mutations. 
Many studies analyzing the contribution of BRCA2 to familial breast and/
or ovarian cancer have been published, but most have included a limited 
number of patients. In one study, 49 breast cancer families were screened, 
and 16% of those families had BRCA2 mutations detected (Phelan et al., 
1996). Most other studies have used patients from families with both breast 
and ovarian cancer and have found mutations in 5–15% of these patients.

Population-based studies indicate that 1–2% of patients in the general 
population with early-onset breast cancer have a BRCA2 mutation. 
Among patients with ovarian cancer who do not have cancers at other 
sites, the proportion of patients with BRCA2 mutations is around 1%.

Several BRCA2 founder mutations have been reported. Studies have 
shown that about 3–8% of breast cancers in the Ashkenazi Jewish popula-
tion are attributable to mutations in the BRCA2 gene. In Iceland, a single 
BRCA2 mutation, 999del5, accounts for more than three quarters of fami-
lies with more than four cases of breast cancer. Analysis of thousands of 
Ashkenazi Jews selected for neither family nor personal history of cancer 
revealed that approximately 1.5% carry the BRCA2 6174delT mutation.

Risk of Nonbreast Cancers among BRCA2 Mutation Carriers

Loss of heterozygosity of BRCA2 is frequently observed not only in breast 
tumors from women with BRCA2 mutations but also in tumors of the 
prostate, ovary, cervix, colon, male breast, and ureter, suggesting that 
BRCA2 is associated with an increased risk of several nonbreast cancers. 
In a study by the Breast Cancer Linkage Consortium (1999), a statistically 
significant increase in cancer risk was observed in 173 breast–ovarian cancer 
families with BRCA2 mutations. The estimated relative risks of various 
cancers were as follows: prostate cancer, 4.65; gallbladder and bile duct 
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cancer, 4.97; stomach cancer, 2.59; and malignant melanoma, 2.58. The 
relative risk of prostate cancer for men younger than 65 years was 7.33. 
Among women who had already developed breast cancer, the cumulative 
risks of a second contralateral breast cancer and of ovarian cancer by age 
70 years were estimated to be 52.3% and 15.9%, respectively.

ADDITIONAL BREAST CANCER SUSCEPTIBILITY SYNDROMES

Some of the 20% of inherited breast cancers not associated with mutations 
in BRCA1 or BRCA2 are associated with mutations in various other genes, 
such as PTEN (Cowden disease), TP53 (Li-Fraumeni syndrome), STK11/
LKB1 (Peutz-Jeghers syndrome), CDH1 (hereditary diffuse gastric cancer), 
and ATM (ataxia-telangiectasia). However, mutations in BRCA1, BRCA2,
and these other genes do not account for 100% of inherited breast cancers, 
suggesting that there are most likely still other susceptibility genes that 
have not yet been identified.

Cowden Disease

Cowden disease, also known as multiple hamartoma syndrome, is an 
autosomal dominant disorder associated with the development of hamar-
tomas and benign tumors in a variety of tissues. It has been suggested that 
women with Cowden disease have a 30–50% lifetime risk of breast cancer. 
As in other susceptibility syndromes, affected women appear to develop 
breast cancer at an early age.

The chromosomal site associated with Cowden disease was mapped by 
linkage analysis to 10q22–33. Tumors from patients with Cowden disease 
had loss of heterozygosity of this interval, suggesting that the gene is a 
tumor suppressor. The frequency of loss of heterozygosity at 10q has been 
documented to be 9–39% for sporadic breast cancer and 11% for familial 
breast cancer. The gene associated with Cowden disease has been identified 
on 10q22–33 and named Phosphatase and tensin homolog deleted on chromo-
some ten (PTEN). PTEN is comprised of 9 exons that encode a polypeptide 
of 403 amino acids that contains a protein tyrosine phosphatase domain. 
The PTEN phosphatase is a negative regulator of the phosphatidylinositol 
3′-kinase/Akt signaling pathway; thus, mutations in PTEN lead to an upreg-
ulation in this signaling pathway—an upregulation that plays a prominent 
role in oncogenesis.

Li-Fraumeni Syndrome

Li-Fraumeni syndrome is a familial syndrome involving predisposition 
to breast cancer, sarcomas, brain tumors, adrenocortical carcinomas, and 
leukemia occurring at unusually early ages. Germ-line mutations in the 
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TP53 gene have been found in approximately 50% of families with 
Li–Fraumeni syndrome.

The p53 protein was identified as a nuclear protein in the late 1970s. 
The TP53 gene is a tumor suppressor gene located on chromosome 17p12. 
Mutations in TP53 are probably the most common genetic abnormality 
found in a wide range of human cancers. Tetramers of p53 bind DNA and 
can activate the transcription of reporter genes. TP53 has been described as 
the “guardian of the genome,” and one of its functions is to stop cells from 
replicating damaged DNA. TP53 is involved in a checkpoint at the G1/S 
stage of the cell cycle, and cells lacking p53 do not undergo apoptosis.

The human epidemiologic data suggesting a relationship between TP53
mutations and cancer development are supported by in vivo and in vitro 
studies. Mice genetically engineered to have mutations in both alleles of 
the gene [TP53(−/−)] and mice with a single-allele mutation [TP53(+/−)]
have substantially increased tumor susceptibility. In vitro studies have 
also shown that mutations in the TP53 gene may lead to unregulated cell 
growth. The observation that breast tumor tissue frequently shows loss 
of heterozygosity in the region of 17p suggests that TP53 mutations are 
involved in breast cancer. Approximately 20–40% of human breast cancers 
are found to have TP53 mutations.

Peutz-Jeghers Syndrome

Peutz-Jeghers syndrome is characterized by melanocytic macules of the 
lips, multiple gastrointestinal hamartomatous polyps, and an increased 
risk of various neoplasms, including breast cancer and gastrointestinal 
cancer. The risk of various neoplasms in individuals with Peutz-Jeghers 
syndrome may be up to 18–20 times the general-population risk. The risk 
of early-onset breast cancer in individuals with Peutz-Jeghers syndrome 
appears to be five times the general-population risk. Following the dem-
onstration of chromosome 19p allele loss in intestinal hamartomas, the 
gene associated with Peutz-Jeghers syndrome was mapped to 19p13.3 by 
linkage analysis in affected patients. The gene was identified in 1998 and 
named STK11/LKB1.

STK11/LKB1 is considered to be a tumor suppressor gene, and most 
cases of Peutz-Jeghers syndrome are attributed to STK11/LKB1 muta-
tions. The STK11/LKB1 protein product is the first known protein 
kinase that predisposes to cancer when it is inactivated. Only a few 
somatic mutations in STK11/LKB1 have been found, and these have 
been found in various neoplasms, including melanoma and testicular, 
colon, pancreatic, gastric, ovarian granulosa cell, cervical, lung, soft tis-
sue, and renal tumors. Somatic mutations in the gene have not been 
found in breast cancer cases unselected for family history or age or 
in 17 breast cancer cell lines and 62 primary breast cancers. However, 
a high frequency of loss of heterozygosity (41.2%) at the STK11/LKB1
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locus has been reported in sporadic breast cancers, suggesting that loss 
of STK11/LKB1 may play a role in sporadic breast carcinogenesis.

Hereditary Diffuse Gastric Cancer

Hereditary diffuse gastric cancer is an autosomal dominant cancer suscep-
tibility syndrome characterized by early-onset lobular breast cancer and 
diffuse gastric cancer. Colorectal cancer has also been reported with this 
syndrome. The estimated cumulative risk of gastric cancer by age 80 years 
is 67% for men and 83% for women. Women who have this hereditary 
condition also have a 39% risk of breast cancer, which is typically of the 
lobular type. The majority of the cancers in individuals with hereditary 
diffuse gastric cancer occur before the age of 40 years.

The only gene currently known to be associated with hereditary diffuse 
gastric cancer is CDH1, which was cloned in 1995. The gene consists of 16 
exons that span 100 kb. CDH1 codes for the E-cadherin transmembrane 
glycoprotein, a member of the cadherin family of molecules. E-cadherin 
plays important roles in signal transduction, differentiation, gene expres-
sion, cell motility, and inflammation. Several types of human cancers (skin, 
head and neck, lung, breast, thyroid, gastric, colon, and ovarian) show 
reduced E-cadherin levels relative to levels in normal tissue, establishing 
a role for E-cadherin in tumorigenesis.

Ataxia-Telangiectasia

Ataxia-telangiectasia is an autosomal recessive disease characterized 
by cerebellar ataxia, oculocutaneous telangiectasia, immunodeficiency, 
radiation sensitivity, and predisposition to malignancy. The disease 
frequency is 1 in 40,000 to 1 in 100,000 live births. Epidemiologic studies in 
ataxia-telangiectasia families have suggested that individuals with this 
condition have a risk of developing cancer, particularly leukemia and 
lymphoma, that is 100 times the risk of the general population. Hetero-
zygous mutation carriers in such families are phenotypically normal but 
have three to four times the general-population risk of cancer. The rela-
tive risk of breast cancer in female heterozygotes in the United States has 
been estimated to be 6.8.

The ATM gene, responsible for ataxia-telangiectasia, was identified by 
positional cloning and is located on chromosome 11q22–33. In one study, 
88 breast cancer patients with a family history of breast cancer, gastric can-
cer, and leukemia or lymphoma were analyzed (Vorechovsky et al., 1996). 
Three ATM germ-line mutations were identified, suggesting that such muta-
tions are a risk factor for breast cancer in older patients. Other studies have 
confirmed that the ATM gene plays a minor role in familial breast cancer. 
Loss of heterozygosity on 11q22–33 has been found in 30–40% of sporadic 
breast carcinomas, suggesting a tumor suppressor gene in the region.



Genetic Predisposition to Breast Cancer 67

CANCER GENETIC COUNSELING

The mission of the Clinical Cancer Genetics program at M. D. Anderson 
Cancer Center is to educate our patients, their families, and other health 
care providers about inherited cancer risks and prevention strategies to 
help eliminate cancer diagnoses in families at increased risk for cancer. Key 
to the educational process is cancer genetic counseling, which includes the 
following steps:

● Educating patients about the role of genes in the development and 
transmission of cancer.

● Performing a formal risk assessment based on the patient’s personal 
and family history.

● Discussing the benefits, risks, limitations, and possible results of 
genetic testing.

● Discussing recommended cancer screening and risk reduction 
strategies.

● Providing psychosocial support throughout the genetic counseling 
and testing processes.

Education is the primary goal of cancer genetic counseling. Genetic 
counselors have specialized training that allows them to effectively con-
vey complex medical and genetic information to patients regardless of the 
patients’ education level or previous experience with genetics. By the end 
of a genetic counseling session, patients should at a minimum understand 
how genes are transmitted from generation to generation and how genes 
can affect both an individual’s and his or her family’s risk of cancer.

During a genetic counseling session, the counselor takes a detailed 
personal and family history and constructs a three-generation pedigree. 
Patients are asked to complete a family history questionnaire before their 
genetic counseling appointment to aid the counselor in completing this 
task. For each family member, patients are asked to provide gender, medi-
cal problems, current age if the family member is living, and age at death 
and cause of death if the family member is deceased. In addition, for each 
family member with cancer, patients are asked to provide the type of cancer, 
age at diagnosis, and possibly related lifestyle factors, such as occupational 
exposures and history of smoking. Unfortunately, studies have shown that 
patients’ reports of family history are sometimes inaccurate. In general, the 
most accurately reported cancers are those of the breast and colon, and the 
most inaccurately reported are those of the abdomen—especially gyneco-
logic cancers, such as cervical, endometrial, and ovarian cancer. In addi-
tion, sometimes the patient is unsure of a cancer diagnosis. Thus, medical 
records may need to be obtained to confirm diagnoses and provide the 
patient with an accurate risk assessment. Family history features associ-
ated with hereditary breast cancer include multiple generations affected 



68 K.J. Ready and B.K. Arun

with the same type or related types of cancer, individuals who have 
developed cancer at younger ages than expected in the general popula-
tion, and individuals who have developed more than one primary cancer 
in their lifetime.

On the basis of the patient’s personal and family history, the genetic 
counselor presents the patient with his or her genetic testing options, if 
any. Counselors must discuss the benefits, risks, limitations, and possible 
results of genetic testing in addition to details regarding the testing pro-
cess, such as how the test will be performed, the cost of the test, and which 
family member is the best genetic testing candidate. The ultimate goal of 
such a discussion is to allow the patient to make a fully informed decision 
regarding genetic testing.

Cancer genetic counselors also provide patients with cancer screening 
and risk reduction strategies. These include recommendations regarding 
types of screening and appropriate intervals between screening; chemo-
prevention; and prophylactic surgeries. However, the decision of which 
of these options to pursue, if any, is left to the patient, and each patient 
must choose a medical management strategy that complements his or her 
personal lifestyle factors, such as age, medical complications, geographic 
location, marital status, reproductive status, and religious beliefs.

Finally, genetic counselors are specially trained to provide psychosocial 
support for patients throughout the genetic counseling and testing pro-
cess. Patients may have a variety of emotional responses to genetic testing,
including feelings of empowerment, relief, anxiety, depression, and sur-
vivor guilt. Genetic counselors can address each of these feelings and, if 
necessary, refer patients for long-term psychological counseling.

Cancer genetic counseling is accomplished over the course of multi-
ple visits ranging in duration from 30 to 90 minutes each. However, the 
genetic counselor may need several more hours to review the patient’s 
medical records, validate the family history, discuss and confirm genetic 
testing recommendations and interpretation of results with colleagues, 
provide appropriate referrals for screening and prophylactic surgery, and 
dictate notes into the patient’s medical record. To expedite this work, can-
cer genetic counselors at M. D. Anderson work with a multidisciplinary 
team, which includes a clinic coordinator, a medical geneticist, and medi-
cal and surgical oncologists.

CANCER GENETIC TESTING

Cancer genetic testing is the process of examining an individual’s DNA for 
genetic mutations associated with an increased risk of developing certain 
types of cancer. This section reviews several pertinent issues surrounding 
genetic testing: testing procedures, interpretation of results, psychosocial 
aspects, and confidentiality.
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Testing Procedures

Cancer genetic testing is clinically available for each of the genes discussed in 
this chapter. In general, a blood sample is required to perform genetic test-
ing, but buccal swabs may also occasionally be used. The cost of genetic 
testing varies by gene and ranges from less than $500 for single-site test-
ing, which is appropriate only when a mutation has previously been iden-
tified in the family, to up to $3,000 for comprehensive gene analysis. In 
many cases, insurance companies cover at least part of the cost of genetic 
testing, and some will even cover 100% of the cost. In addition, many of 
the clinical laboratories that perform the analyses will facilitate, on behalf 
of the patient, insurance preauthorization for payment for genetic test-
ing. Finally, in accordance with recommendations from the National Insti-
tutes of Health’s Task Force on Genetic Testing, most clinical laboratories 
require the patient to sign an informed consent form for genetic testing. 
The informed consent process is usually facilitated by the cancer genetic 
counselor but may also be facilitated by another health care provider.

Interpretation of Results

M. D. Anderson, like most other institutions, encourages that cancer genetic 
test results be disclosed to the patient in person by the genetic counselor at 
the institution where the pretest genetic counseling was conducted. How-
ever, if such a face-to-face meeting is not possible, disclosure of test results 
by another qualified health care provider in the patient’s geographic area 
or, as a last resort, disclosure of results by telephone can be arranged. 
However, an in-person results disclosure is the preferred method, as it 
better allows psychosocial and educational issues to be addressed.

During a results disclosure, the results of each genetic test and the 
implications of the results are reviewed with the patient. There are three 
possible genetic test results: positive, negative, and identification of a variant
of uncertain significance.

A positive result means that a known deleterious mutation was identi-
fied in the patient and thus the patient is at increased risk for developing 
certain types of cancer. Of note, a positive result simply implies a predis-
position to the development of certain types of cancer; it does not imply 
that the patient will definitely develop cancer nor predict what type of 
cancer will develop or at what age. However, a positive genetic test result 
does allow the health care team and the patient to better understand the 
patient’s cancer risks and to consider more aggressive cancer screening 
and risk reduction options. In addition, a positive genetic test result allows 
a patient’s family members to undergo highly accurate predictive genetic 
testing, enabling determination of who in the family is at increased risk for 
developing certain cancers and who is not.

Another possible genetic test result is a negative result. There are two 
types of negative results: true negative and inconclusive negative. A true 
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negative result can occur only when a deleterious genetic mutation has 
previously been identified in the patient’s family and the patient under-
goes predictive, or single-site, genetic testing and is found not to have the 
known mutation. In the case of a true negative result, patients are coun-
seled that they do not have an increased risk for developing certain types 
of cancer; rather, their risk is equal to that of the general population. 
In contrast, an inconclusive negative result occurs when a patient under-
goes comprehensive testing and no deleterious mutations are identified. 
Inconclusive negative results can occur because a deleterious mutation 
was missed; because there is a deleterious mutation in a region of the 
gene that was not tested, such as the promoter or an intron; because an 
undiscovered gene is responsible for the cancers observed in the family; 
or because the cancers observed in the family have occurred simply by 
chance. In the case of an inconclusive negative result, an individualized 
management plan is created for the patient on the basis of his or her per-
sonal and family history.

The last possible genetic test result is identification of a variant of uncer-
tain significance—that is, a mutation with unknown clinical significance. 
Such mutations can be deleterious mutations associated with an increased 
risk of cancer, or they can be harmless polymorphisms. In the case of a 
variant of uncertain significance, testing of other affected relatives may 
help determine the clinical significance of the mutation. In the meantime, 
an individualized management plan is created for the patient on the basis 
of his or her personal and family history.

For genetic testing to provide the most information for a family, an 
affected family member must be tested first. However, if all affected family 
members are deceased or unwilling to have genetic testing, an unaffected 
family member may still be tested. If an unaffected individual wishes to 
pursue testing, the limitations of the interpretation of the result should be 
discussed beforehand. Specifically, if the results are negative, the possibility
that another member of the individual’s family has a cancer-predisposing 
genetic mutation cannot be ruled out.

Psychosocial Aspects

The psychosocial impact of genetic counseling and testing is gener-
ally greatest for individuals found to have a genetic predisposition and 
individuals in breast cancer families. Several studies have examined 
the psychological impacts in such individuals. One study showed that 
individuals who underestimated their emotional response to a posi-
tive genetic test result experienced greater psychological distress at 
6 months (Dorval et al., 2000). Another study evaluated the adverse 
psychological effects in members of BRCA1-linked and BRCA2-linked 
families who declined genetic testing (Lerman et al., 1998). This study 
revealed that the presence of cancer-related stress symptoms at baseline 
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was strongly predictive of the onset of depressive symptoms in fam-
ily members who were invited to undergo but declined testing. The 
depression rate for these individuals was not only higher than the 
depression rate for noncarriers but was also higher than the depression 
rate for mutation carriers who had decided to be tested, suggesting 
that dealing with uncertainty was more difficult than dealing with a 
positive test result.

Confidentiality

Genetic testing provides patients with information about themselves 
and their families that may affect their medical care, health, and even 
reproductive choices. At M. D. Anderson and many other institutions, 
genetic counseling visits and cancer genetic test results are documented 
in the patient’s medical record. Thus, patients may be concerned that 
improper use of their genetic information will result in increased health 
insurance or life insurance premiums, cancellation of health or life 
insurance coverage, or loss of a job or promotion. In response to these 
concerns, both federal and individual state laws have been enacted to 
protect patients against genetic discrimination. On the federal level, 
the Health Insurance Portability and Accountability Act provides the 
following protections:

● Prohibits group health insurance plans from using genetic informa-
tion as a basis for denying, canceling, or limiting eligibility for cover-
age or increasing an individual’s premium.

● Prohibits the use of genetic information as a pre-existing condition.

Most states have enacted similar laws that prohibit the use of genetic 
information in decision-making regarding health insurance coverage or 
eligibility and employment. A detailed review of each individual state’s 
laws is available at www.genome.gov/PolicyEthics/LegDatabase/
pubsearch.cfm. Of note, however, neither the federal nor the state laws 
have been formally tested in the court system. Fortunately, few, if any, 
cases of true genetic discrimination related to genetic testing of any kind 
have been reported.

GUIDELINES FOR CANCER RISK ASSESSMENT

AND CANCER GENETIC TESTING

The American Society of Clinical Oncology (ASCO) and the National Com-
prehensive Cancer Network (NCCN) have both published recommenda-
tions for cancer risk assessment and cancer genetic testing (ASCO, 2003; 
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NCCN, 2007). The ASCO recommendations cover general provisions 
for pre- and post-test counseling, the indications for genetic testing, 
informed consent, regulation of laboratories performing genetic testing, 
protection against genetic discrimination, access to and reimbursement 
for cancer genetics services, and educational opportunities. The NCCN 
recommendations include more specific guidelines regarding who 
should be offered genetic testing on the basis of personal and family his-
tory features and guidelines outlining appropriate cancer screening and 
risk reduction options.

BREAST CANCER RISK ASSESSMENT MODELS

Theoretical and population-based models have been developed to aid 
in the estimation of an individual’s breast cancer risk or an individual’s 
chance of carrying a genetic mutation that predisposes to breast and 
ovarian cancer. Specifically, the Gail and Claus models were developed 
to estimate an individual woman’s breast cancer risk, while the Myriad II 
and BRCAPRO models were developed to estimate an individual man or 
woman’s chance of having a BRCA1 or BRCA2 mutation.

The Gail model was originally developed in 1989 using population-
based data collected from the Breast Cancer Detection Demonstration 
Project, and a modified version of the Gail model was validated in the 
Breast Cancer Prevention Trial, which was reported in 1998. The Gail 
model is only appropriate for women who are older than 35 years who do 
not have a personal history of breast cancer. The model estimates a woman’s
5-year and lifetime breast cancer risk on the basis of the following risk 
factors: current age, age at menarche, age at first live birth, number of first-
degree relatives (i.e., mother, daughters, sisters) with breast cancer, and 
number and results of breast biopsies. In general, early age at menarche, 
older age at first live birth, positive family history, and atypical biopsy 
results confer a greater breast cancer risk. Even though the Gail model 
was developed several years ago, it is still relevant today and is commonly 
used to estimate a woman’s breast cancer risk. The Gail model is available 
from the National Cancer Institute at http://www.cancer.gov/bcrisktool.

The Claus model was developed in 1994 using population-based data 
collected from the Cancer and Steroid Hormone study. Like the Gail model, 
the Claus model is only applicable to women who do not have a personal 
history of breast cancer. The model estimates a woman’s total lifetime and 
remaining lifetime breast cancer risk on the basis of her current age, the 
presence of breast cancer in first-degree relatives (i.e., mother, daughters, 
sisters) and second-degree relatives (i.e., paternal and maternal aunts and 
grandmothers), and the average age at onset of breast cancer in the family. 
In contrast to the Gail model, the Claus model does not account for an 
individual’s personal medical or reproductive history.
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The Myriad II model is simply a compilation of data arranged into cat-
egorical tables that allow for the estimation of an individual’s chance of 
having a BRCA1 or BRCA2 mutation. The original data were first published
in 2002, when Myriad Genetic Laboratories had performed BRCA1 and 
BRCA2 genetic testing for approximately 10,000 individuals. However, 
Myriad continues to update the tables, which now include data on almost 
50,000 individuals who have undergone BRCA1 and BRCA2 genetic testing.
The most significant limitation of the Myriad II model is that it relies on 
patient and family history information as reported on the test requisition 
form, which may not always be accurate. The Myriad II model can be 
found at http://www.myriadtests.com/provider/mutprevo.htm.

The BRCAPRO model was published in 1998 by Parmigiani et al. The 
BRCAPRO model is a theoretical model that utilizes Bayesian analysis to 
estimate an individual’s chance of having a BRCA1 or BRCA2 mutation. 
The model performs this estimation on the basis of the following factors: 
the presence of breast and/or ovarian cancer in the proband and all first- 
and second-degree relatives, the age at onset of all cancers, the number 
of and ages of all unaffected first- and second-degree relatives, age at 
oophorectomy of anyone in the family who underwent oophorectomy, 
and the presence of Ashkenazi Jewish ancestry. The BRCAPRO model is 
frequently used in breast cancer genetic counseling but should always be 
accompanied by a clinical pedigree analysis.

SCREENING

The Cancer Genetics Studies Consortium recommendations (Burke et al., 
1997) for follow-up of individuals with an inherited predisposition to 
breast cancer include monthly breast self-examination beginning at age 
18–21 years; annual or semiannual clinical breast examination beginning 
at age 25–35 years; annual mammography beginning at age 25–35 years; 
and yearly magnetic resonance imaging (MRI) screening. It is important to 
point out that the recommendations for optimal screening modalities and 
screening frequency are not well supported by prospective studies with 
mortality endpoints and are largely based on expert opinion.

Several studies recently reported on screening of women with known 
BRCA1 and BRCA2 mutations who had at a minimum annual mam-
mography, annual clinical breast examinations, and monthly breast self-
examination. Within a median follow-up time of 2–3 years, most of the 
breast cancers detected were interval cancers—i.e., cancers detected dur-
ing the intervals between screening examinations. In one of the studies 
(Komenaka et al., 2004), 50% of the interval cancers were invasive can-
cers. The finding of ductal carcinoma in situ in mutation carriers is of 
interest since this implies the presence of a noninvasive phase in a subset 
of patients that can be identified by radiologic screening. At this point, 
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with standard annual screening, interval cancers remain an important 
problem. The reasons for interval cancers can include dense breast tissue, 
which makes it difficult to detect an already existing malignant process, 
and aggressive tumors with a high growth rate that occur after the last 
screening mammogram. Whether semiannual mammography would 
reduce the proportion of interval cancers and whether new screening 
modalities need to be developed for women at high risk are questions 
that remain to be evaluated.

A number of studies have suggested that screening with MRI may 
benefit women at high risk. In most of the studies, MRI was more sensitive 
than sonography, mammography, or clinical breast examination alone in 
the detection of breast cancers. In April 2007, the American Cancer Society 
(ACS) released their recommendations for breast MRI screening on the 
basis of some of these studies (Saslow et al., 2007). The ACS recommended 
annual MRI screening for women with a known BRCA mutation; women 
who are first-degree relatives of an individual with a known BRCA muta-
tion but have not pursued testing themselves; and women whose lifetime 
risk of developing breast cancer is 20–25% or greater, as defined by the 
BRCAPRO model or other models, such as the Gail model and the Claus 
model, that are largely dependent on family history. In some cases, data 
from screening MRI studies did not provide sufficient evidence for recom-
mendations. Therefore, the ACS relied on available inferential evidence 
and expert consensus opinion to recommend annual MRI screening for 
women who underwent irradiation of the chest between age 10 and 30 
years; women with Li-Fraumeni syndrome, Cowden syndrome, or 
Bannayan-Riley-Ruvalcaba syndrome; and first-degree relatives of those 
known to have these syndromes. The ACS stated that there was insuf-
ficient evidence to recommend for or against MRI screening for women 
whose lifetime risk is 15–20% as defined by BRCAPRO or other models 
that are largely dependent on family history; women who have a history of 
lobular carcinoma in situ, atypical lobular hyperplasia, or atypical ductal 
hyperplasia; women who have heterogeneously or extremely dense breasts
on mammography; or women who have a personal history of breast cancer 
or ductal carcinoma in situ. Finally, the ACS recommended against the 
use of MRI screening for women who have less than a 15% lifetime risk of 
developing breast cancer. However, whether MRI provides a meaningful 
clinical benefit and whether MRI improves survival remain unanswered 
questions.

BREAST CANCER RISK REDUCTION STRATEGIES

As more is understood about the biology underlying the carcinogenesis 
process, cancer risk reduction strategies have become more abundant and 
often more successful. Currently, three basic strategies are employed for 
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the prevention of breast cancer: chemoprevention, prophylactic mastec-
tomy, and prophylactic oophorectomy.

Chemoprevention

According to the National Cancer Institute, chemoprevention is “the 
use of natural or synthetic substances to reduce the risk of developing 
cancer, or to reduce the chance that cancer will recur.” Currently, over 
400 compounds are being studied for their efficacy as chemoprevention 
agents. However, very few breast cancer chemoprevention agents have 
been approved by the Food and Drug Administration. Among these are 
tamoxifen and raloxifene.

Tamoxifen

At present, tamoxifen, a selective estrogen receptor modulator, is the only 
drug approved by the Food and Drug Administration for reduction of 
breast cancer risk in high-risk individuals.

The study that led to the approval of tamoxifen was the phase III 
National Surgical Adjuvant Breast and Bowel Project Breast Cancer Pre-
vention Trial (BCPT) (Fisher et al., 1998), in which 13,388 women at high 
risk for breast cancer were randomly assigned to tamoxifen or placebo. 
To be eligible for the trial, women had to be 60 years of age or older or be 
between the ages of 35 and 59 years and have a diagnosis of lobular carcinoma 
in situ or a projected 5-year risk of developing breast cancer greater than 
1.66% according to the modified Gail model. After a median follow-up of 
54 months, a 49% reduction in the incidence of invasive breast cancer 
(P< .00001) and a 50% reduction in the incidence of noninvasive cancer 
(P < .0001) occurred among women receiving tamoxifen. However, the 
BCPT also showed that tamoxifen did not reduce the incidence of estro-
gen-receptor-negative breast cancers. Furthermore, tamoxifen increased 
the risk of endometrial cancer and the risk of thromboembolic events.

The impact of tamoxifen on women with high genetic risk, such as 
BRCA1 and BRCA2 mutation carriers, was recently evaluated in a subset 
analysis of the BCPT (King et al., 2001). In this effort, BRCA1 and BRCA2
gene sequencing was performed in all patients who took part in the BCPT 
and subsequently developed breast cancer (n = 288). Nineteen women 
were found to have a BRCA1 or BRCA2 mutation. Five of the 8 patients 
with a BRCA1 mutation had received tamoxifen, and 3 of the 11 patients with a 
BRCA2 mutation had received tamoxifen. Eighty-three percent of BRCA1-
related breast tumors were estrogen receptor negative, whereas 76% of 
BRCA2-related breast tumors were estrogen receptor positive. This study 
suggests that tamoxifen reduces breast cancer incidence in BRCA2 muta-
tion carriers but not BRCA1 mutation carriers. However, given the small 
sample size, firm conclusions cannot be drawn.
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Another study showed that tamoxifen reduces the risk of contralateral 
breast cancer in women with BRCA1 or BRCA2 mutations (Narod et al., 
2000). In that study, 209 women with a BRCA1 or BRCA2 mutation and 
metachronous bilateral breast cancer were compared with 384 women with 
a BRCA1 or BRCA2 mutation and unilateral breast cancer in a matched 
case-control study, and history of tamoxifen use for first breast cancer was 
obtained. The results revealed that tamoxifen reduced the risk of contralateral 
breast cancer by 50% in women with a BRCA1 or BRCA2 mutation.

Raloxifene and Other Potential Risk Reduction Agents

Raloxifene, another selective estrogen receptor modulator, was recently 
compared against tamoxifen in high-risk women in the Study of Tamoxifen
and Raloxifene (Vogel et al., 2006). Raloxifene was as effective as 
tamoxifen in reducing breast cancer risk and was associated with fewer 
side effects; however, raloxifene was less effective than tamoxifen in 
reducing the incidence of preneoplastic breast lesions, such as ductal 
carcinoma in situ, lobular carcinoma in situ, and atypical hyperplasia. 
Currently, no information is available about the benefit of raloxifene in 
BRCA1 or BRCA2 mutation carriers.

Other potential breast cancer risk reduction agents that are currently 
being studied in phase I and phase II trials include cyclooxygenase inhibi-
tors, retinoids, aromatase inhibitors, and statins.

Prophylactic Mastectomy

Prophylactic mastectomy for reduction of breast cancer risk has been studied in 
both retrospective and prospective studies. Although prophylactic mas-
tectomy dramatically reduces the risk of breast cancer, breast cancer can 
still develop because prophylactic surgery does not remove all glandular tis-
sue. Even though prophylactic mastectomy is usually considered only for 
genetically high-risk individuals, certain average-risk individuals might 
also consider the surgery—e.g., women with a history of multiple prior 
breast biopsies and women in whom physical and/or radiologic examina-
tion is unreliable because of nodular and dense breast tissue.

Most studies evaluating the benefit of prophylactic mastectomy have 
been carried out in individuals with breast cancer susceptibility syn-
dromes. In one study, Hartmann et al. (1999) studied 639 women with 
a family history of breast cancer who underwent bilateral prophylactic 
mastectomy. Among those, 214 women were considered at high risk and 
425 at moderate risk for the development of breast cancer. Breast cancer 
incidence in the high-risk group was compared to breast cancer incidence 
in a control group consisting of the probands’ sisters (n = 403) who had not 
undergone prophylactic mastectomy. The results showed a 90% reduction 
in breast cancer incidence in the prophylactic mastectomy group. 
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The same investigators later reported on the efficacy of bilateral prophy-
lactic mastectomy in a subset of 26 women who were found to be BRCA1
or BRCA2 mutation carriers (Hartmann et al., 2000). At a median follow-
up time of 13.4 years, none of the women had developed breast cancer.

A recently reported prospective study compared 76 women with 
BRCA1 or BRCA2 mutations who underwent bilateral prophylactic 
mastectomy and 63 women with BRCA1 or BRCA2 mutations who opted 
for surveillance (Meijers-Heijboer et al., 2001). At a median follow-up time 
of 2.9 years, no breast cancers had occurred in the women who underwent 
prophylactic mastectomy, whereas eight breast cancers had occurred in 
the surveillance group. Another prospective study examined the effect 
of bilateral prophylactic mastectomy in 194 individuals with a BRCA1 or 
BRCA2 mutation, 29 of whom opted for the prophylactic surgery (Scheuer 
et al., 2002). Even though the follow-up time was short (mean, 24 months) 
none of the individuals who underwent prophylactic mastectomy devel-
oped breast cancer, whereas 12 breast cancers were identified in the group 
who opted for surveillance.

Another study evaluated the benefit of prophylactic mastectomy in 483 
women with germ-line BRCA1 or BRCA2 mutations (Rebbeck et al., 2004). 
At a mean follow-up time of 6.4 years, breast cancer was diagnosed in 
two (1.9%) of 105 women who had bilateral prophylactic mastectomy and 
in 184 (48.7%) of 378 matched controls who did not have the procedure. 
Bilateral prophylactic mastectomy reduced the risk of breast cancer by 
approximately 95% in women with prior or concurrent bilateral prophylactic 
oophorectomy and by approximately 90% in women with intact ovaries.

Prophylactic Oophorectomy

Several studies have shown that prophylactic oophorectomy is effec-
tive in breast cancer risk reduction. Brinton et al. (1988) reported a 45% 
reduction in breast cancer risk in women who underwent prophylactic 
oophorectomy before age 40 years compared with women who under-
went natural menopause. Parazzini et al. (1997) reported a 20% risk 
reduction after prophylactic oophorectomy in premenopausal women. 
Another study reported a 50% reduction in breast cancer risk after pro-
phylactic oophorectomy in women aged less than 50 years but not in 
older women (Schairer et al., 1997). Yet another study reported reduction 
in breast cancer risk with prophylactic oophorectomy in premenopausal 
women, even among women who used hormonal replacement therapy 
(Meijer et al., 1992).

The effect of prophylactic oophorectomy has also been studied in 
genetically high-risk patients. In a small cohort, Rebbeck et al. (1999) 
reported that among women with BRCA1 mutations, breast cancer risk 
was at least 50% lower in women (n = 43) who underwent prophylactic 
oophorectomy than in women who did not (n = 79). A recent, multicenter 
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retrospective study from Rebbeck et al. (2002) revealed a 53% risk 
reduction in individuals with a BRCA1 or BRCA2 mutation who under-
went prophylactic oophorectomy. In that study, 21 (21%) of 99 women 
who underwent prophylactic oophorectomy developed breast cancer, 
compared to 60 (42%) of 142 matched controls. Recently, the results of a 
prospective study in BRCA1 and BRCA2 mutation carriers, with a mean 
follow-up of 24.2 months, were reported (Kauff et al., 2002). There were 
three breast cancers in the 69 individuals who had prophylactic salpingo-
oophorectomy, compared to eight breast cancers in the 62 individuals who 
opted for surveillance.

IMPLICATIONS FOR THE ONCOLOGIST

As more is discovered about the human genome and the genetic basis of 
cancer, the role of the oncologist must expand to include knowledge and 
awareness of hereditary cancer syndromes. Identification of individuals 
with hereditary cancer syndromes provides them with the opportunity 
for prevention and early detection of cancers associated with these 

K E Y  P R A C T I C E  P O I N T S
● Approximately 5–10% of all cancer cases, including breast cancer cases, occur 

because of inherited genetic mutations.
● Inherited genetic mutations increase an individual’s risk of developing certain 

types of cancer; however, the identification of an inherited genetic mutation 
does not indicate that cancer development is a certainty, and the type of can-
cer (should cancer develop) and age at diagnosis cannot be predicted.

● Family history features associated with hereditary breast cancer include multiple 
generations affected with the same type or related types of cancer, individuals who 
have developed cancer at younger ages than expected in the general popula-
tion, and individuals who have developed more than one primary cancer in 
their lifetime.

● Cancer genetic counseling is a complex, multistep process that aims to edu-
cate patients about hereditary cancer syndromes, facilitate the cancer genetic 
testing process, and provide psychosocial support.

● Screening modalities for the early detection of breast cancer among women 
who are at a genetically increased risk include monthly breast self-examinations,
semiannual or annual clinical breast examinations, and semiannual or annual 
mammograms and breast MRI.

● There are three basic strategies available for the prevention of breast cancer: 
chemoprevention, prophylactic mastectomy, and prophylactic oophorectomy.
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syndromes. In addition, identification of individuals with hereditary can-
cer syndromes will allow for the improvement of current screening and 
prevention strategies and, eventually, the development of more robust 
screening, prevention, and treatment options. For these reasons, cancer 
genetic counseling and other clinical cancer genetics services have become 
an integral part of the care offered at many cancer centers.
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CHAPTER OVERVIEW

Breast imaging plays an important role in screening for breast cancer, 
classifying and sampling nonpalpable breast abnormalities, and defining 
the extent of breast tumors. Randomized clinical trials and meta-analyses 
have demonstrated lower mortality rates in women who undergo mammo-
graphic screening than in unscreened controls. In the past decade, there 
have been notable improvements in mammographic image quality and 
positioning. In breast conservation therapy, mammography is used to 
define the extent of malignancy before definitive breast-conserving sur-
gery and to monitor the breast after surgery and radiation therapy. The use 
of stereotactic core needle biopsy has resulted in a decrease in the number 
of excisional biopsies performed. Mammography is also used to guide 
needle localizations, most of which, in our practice, are performed to help 
guide excision of known cancers. Magnetic resonance imaging shows great 
promise in detecting mammographically occult breast cancers and defining 
the extent of malignant disease. Magnetic resonance imaging-guided nee-
dle localization and core needle biopsy techniques have been developed 
to complement the increased utilization of magnetic resonance imaging in 
breast cancer staging. Technetium Tc 99 m sestamibi imaging has proven 
to be reasonably accurate in the evaluation of palpable breast lesions but 
is thought to have limited utility in the evaluation of nonpalpable breast 
lesions. Digital mammography systems offer opportunities for postprocess-
ing and reconfiguring of the original data. Digital mammography has been 
shown to result in improved image quality and lower call-back rates and 
is particularly effective in women with dense breasts, women less than 
50 years old, and premenopausal and perimenopausal women.

INTRODUCTION

Over the past decade, major advances have occurred in mammography. 
Mammographic positioning and film quality have improved significantly, 
and advances in stereotactic biopsy techniques have allowed for safe and 
accurate biopsy of nonpalpable lesions. These technological advances 
have occurred at the same time that breast imagers have expanded their 
roles as consultants in the diagnosis and management of breast lesions. 
Mammographers play active roles in every phase of breast lesion detec-
tion and characterization, from screening mammography to diagnostic 
work-up views to biopsy. In women with breast cancer who are being con-
sidered for breast conservation therapy (BCT), mammography is critical in 
determining whether there is multicentric or multifocal disease that might 
preclude breast conservation. The past decade has also seen expansion 
of the role of other imaging techniques in the care of women with breast
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cancer and other breast conditions. In this chapter, current mammographic
practices are reviewed, magnetic resonance imaging (MRI) of the breast 
is discussed, and radionuclide techniques (technetium Tc 99 m sestamibi 
imaging and the use of technetium Tc 99 m sulfur colloid for lymphatic 
mapping and sentinel lymph node dissection) are reviewed.

SCREENING MAMMOGRAPHY

Mammography, clinical breast examination, and breast self-examination 
are the cornerstones of breast cancer screening and early detection. In the 
United States, screening mammography is an established health service 
and is widely accepted as a standard of care in cancer prevention. The 
screening mammography program at M. D. Anderson Cancer Center 
includes a digital screening center in the Cancer Prevention Center and a 
mobile van equipped with a film-screen unit.

Efficacy of Screening Mammography

Screening mammography recommendations have been a controversial sub-
ject among epidemiologists and breast cancer specialists around the world. 
Much of the controversy centers around the efficacy of screening mammogra-
phy in women aged 40–49 years. The current United States recommendations 
for screening mammography are based on evidence gathered in seven rand-
omized controlled trials performed between 1963 and 1988 and several meta-
analyses (Shapiro et al., 1988; Mettlin and Smart, 1994; Smart, 1994; Tabar
et al., 1995; Andersson and Janzon, 1997; Hendrick et al., 1997; Smart et al., 
1997; Feig et al., 1998). These studies showed that screening mammography 
in women aged 40 years and older reduces cancer deaths by 29–45%.

In evaluating the results of the screening mammography trials, a few 
potential biases should be considered. One potential bias is lead-time 
bias, which refers to the interval between disease detection and the usual 
manifestations of the disease. The estimated lead time in cancer detection 
with mammography is 18 ± 6 months. Another potential bias is length-
time bias, which refers to differences in the rate of growth of tumors. It is 
thought that interval cancers—those detected during the interval between 
regularly scheduled annual mammographic screening examinations—are 
the fastest-growing cancers and have a worse prognosis than cancers 
detected on regularly scheduled screening mammograms. There is also 
the possibility of self-selection bias, which refers to the fact that patients 
who volunteer for studies tend to have better health awareness than the 
general population. Results of screening mammography trials may also 
be influenced by overdiagnosis, the detection of lesions that have ques-
tionable malignant potential. In breast cancer screening, one example 



86 G.J. Whitman and A.C. Kushwaha

of possible overdiagnosis is diagnosis of small-cell ductal carcinoma in 
situ (DCIS). The natural history of small-cell DCIS is unknown. In gen-
eral, small-cell DCIS and large-cell DCIS have been treated similarly, but 
some reports have questioned the invasive potential of small-cell DCIS. 
Another potential bias in some of the screening trials is cross-contami-
nation, whereby women assigned to the control groups could and did 
obtain mammograms outside the study confines. This practice may have 
diminished the observed benefits of mammography.

Some of the randomized controlled trials have been criticized for spe-
cific flaws. The Edinburgh trial has been criticized for its randomization 
techniques (Alexander et al., 1999). The Canadian trials were criticized 
for selection bias, questionable randomization practices, and poor mam-
mographic quality (Kopans and Feig, 1993; Tarone, 1995). In addition, in 
all of the randomized controlled trials, poor patient compliance, cross-
contamination, too-lengthy screening intervals, and the limitations of 
mammographic techniques in the 1970s and 1980s may have led to under-
estimation of the benefits of screening mammography.

Screening Mammography Recommendations

The M. D. Anderson recommendations for screening mammography are 
the same as those of the American Cancer Society and the American 
College of Radiology: annual mammography is recommended begin-
ning at age 40 years. Initiation of screening mammography before age 40 is 
recommended for women who are known carriers of BRCA1 or BRCA2 gene 
mutations, women with a personal history of breast cancer, and women who 
have a first-degree relative with premenopausal breast cancer or evidence 
of a high hereditary risk for breast cancer. Women with BRCA1 or BRCA2
mutations are at increased risk for the development of breast cancer at a 
young age. In women with a high risk of breast cancer based on hereditary 
factors, annual mammographic screening is usually started 10 years before 
the age of the index patient at diagnosis but not before age 25 years (i.e., a 
woman whose mother was diagnosed with breast cancer at age 43 years 
would begin annual screening mammography at age 33 years).

Initiation of screening mammography before age 40 years is also sug-
gested for women who underwent irradiation of the chest before age 30 
years. It is now known that such women are at increased risk for breast 
cancer because of possible radiation damage to the breast tissue at a geneti-
cally sensitive time in development. This increased risk appears to be dose 
and age related. The most common indication today for irradiation of the 
chest is treatment of Hodgkin’s disease. Occasionally, young women with 
other malignancies, including thyroid carcinoma and sarcomas, undergo 
chest irradiation. In women who have undergone irradiation of the chest 
before age 30 years, annual mammographic screening should start 10 years 
after the completion of radiation therapy but not before age 25 years.
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Figure 4–1. Screening mammograms showing a small tubular carcinoma. Cranio-
caudal (A) and mediolateral oblique (B) screening mammograms demonstrate 
a high-density, irregular, spiculated mass (arrow) in the upper outer left breast. 
Surgical excision revealed tubular carcinoma.
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Design of Screening Mammography Programs

The goal of a screening mammography program is to detect small (less 
than 1 cm) cancers (Figure 4–1). The mammographer’s emphasis should 
be on the detection of masses smaller than 1 cm and suspicious calcifica-
tions. If an abnormality is identified on a screening study, additional imag-
ing (i.e., diagnostic mammography; see “Mammographic Work-ups”) is 
suggested. Call-back rates below 10% in a population undergoing regular, 
annual screening are recommended. Efforts are ongoing to bolster patient 
compliance, improve efficiency, and decrease overhead costs associated 
with screening mammography programs.

Efficiency can be improved and costs can be lowered by separating 
screening mammograms from diagnostic mammograms and batch-reading 
the screening studies. At M. D. Anderson, we have two separate mam-
mography reading rooms. One room is for reading of current diagnostic 
studies and on-line monitoring of work-ups and specimen radiographs. 
The second room, where screening mammograms are read, is quieter. In 
the screening mammography reading room, there are two mammogra-
phy alternators and two digital mammography workstations. Film-screen 
images are hung on the alternators, and reporting is performed with a 
computerized system.

Mammographic screening programs should detect 6–10 cancers per 
1,000 women on the first screen and 2–4 cancers per 1,000 women on 
subsequent screens. Biopsy should be recommended in less than 2% of 
women on first screens and less than 1% of women on subsequent screens. 
Six-month follow-up mammograms to document the stability of proba-
bly benign findings (lesions classified as category 3 in the Breast Imaging 
Reporting and Data System [BI-RADS] of the American College of Radiol-
ogy [Table 4–1]) should be recommended in approximately 4–5% of cases. 
The positive predictive value of mammographic screening for patients 

Table 4–1.  American College of Radiology’s Breast Imaging Reporting 
and Data System (BI-RADS)—Mammography

Category Description
0 Need additional imaging evaluation and/or prior 
  mammograms for comparison
1 Negative
2 Benign finding(s)
3 Probably benign finding(s)—initial short-interval follow-up 
  suggested
4 Suspicious abnormality—biopsy should be considered
5 Highly suggestive of malignancy—appropriate action 
  should be taken
6 Known biopsy-proven malignancy—appropriate action 
  should be taken
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undergoing biopsy should be 25–35%. DCIS should comprise 20–35% of 
the cancers detected. At least 40% of all invasive cancers detected should 
be less than 1 cm in diameter.

MAMMOGRAPHIC WORK-UPS

At M. D. Anderson, our mammography practice is divided into two com-
ponents: screening studies and diagnostic studies. Screening mammog-
raphy is performed in asymptomatic women without a personal history 
of breast cancer. Diagnostic mammographic work-ups are performed in 
women with abnormal findings on screening studies, women with signs 
or symptoms of breast cancer, women with a history of breast cancer (both 
women treated with BCT and women treated with mastectomy), and 
women with breast implants.

The additional mammographic views obtained for diagnostic work-
ups vary according to the specific problems being addressed and, to 
some degree, according to the radiologist supervising the study. In gen-
eral, we approach diagnostic mammographic work-ups in the following 
manner:

● For calcifications, magnification views are obtained in the craniocau-
dal and the 90° lateral projections (Figure 4–2).

● Masses are evaluated with spot compression views or magnification 
spot compression views and then sonography.

● Palpable masses are imaged with tangential spot compression views 
and then sonography (Figure 4–3).

● Comparison with prior mammograms is suggested for all diagnostic 
work-ups.

In addition to the general guidelines for mammographic work-ups 
(Figures 4–4 and 4–5), we have established detailed guidelines for specific 
scenarios. In the case of multiple obscured nonpalpable masses without 
a dominant mass, if old studies are not available, most mammographers 
tend to recommend 6-month follow-up mammography to document 
stability of the findings. However, a study by Leung and Sickles (2000) 
showed that in cases of multiple obscured masses, annual mammography 
may be more appropriate than 6-month follow-up mammography. Leung 
and Sickles identified 1,440 cases of multiple masses. In this cohort, two 
interval cancers were found, for an interval cancer rate of 0.14%, lower 
than the age-matched United States incident cancer rate of 0.24%.

For analyzing and localizing densities seen only on the craniocaudal 
view, rolled views in the craniocaudal projection are helpful, especially if 
the mammographer is trying to determine whether the mammographic 
findings are real.



Figure 4–2. Screening mammograms showing cystic disease. Craniocaudal 
(A) and mediolateral oblique (B) screening mammograms of the left breast 
in a 47-year-old woman reveal faint calcifications associated with a vague mass 
(arrows). Magnification views were obtained as part of the diagnostic work-up. 
On the craniocaudal magnification view (C), the calcifications are smudgy and the 
mass is lobular (arrows). On the lateromedial magnification view (D), the calcifi-
cations (arrows) layer in the dependent portions of several round structures. The 
findings are consistent with milk-of-calcium layering in microcysts.
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Figure 4–3. Diagnostic mammograms showing cystic disease. Craniocaudal mam-
mogram (A) shows a metallic marker (arrow) that was placed on the skin in the region 
of a palpable abnormality in the upper outer left breast. On a mediolateral oblique 
view (B), a vague round density is seen in the region of the metallic marker (arrow).

If a region of increased density is seen on the mediolateral oblique view, 
obtaining a mediolateral oblique view at the same angle as on the prior 
year’s study can help in determining whether the region of increased den-
sity is due to a new lesion or due to overlap of normal structures.

Mammograms obtained after ultrasound-guided cyst aspirations can 
be used to verify that a mass seen on mammography corresponds with a 
mass seen on sonography. Alternatively, a mammogram can be obtained 
after ultrasound-guided placement of a needle in the mass to establish 
mammographic-sonographic concordance.

In evaluating cases with calcifications, the mammographer should 
carefully analyze the morphology of the calcifications. Calcifications with 
typically benign characteristics—such as the popcorn-like, coarse calci-
fications of a fibroadenoma—require no further evaluation. In contrast, 
indeterminate or malignant-appearing calcifications should be evaluated 



92 G.J. Whitman and A.C. Kushwaha

with magnification imaging to facilitate appropriate categorization and 
determination of their extent. The breast imager should consider the pos-
sibility of skin calcifications if calcifications are seen on only one view or 
if calcifications are identified close to a skin surface. At M. D. Anderson, 
skin localization procedures, designed to determine whether calcifications 
are located in the skin or in the breast parenchyma, are performed in the 
digital mammography unit with a fenestrated compression paddle.

At M. D. Anderson, diagnostic mammographic work-ups are super-
vised by an interpreting physician. Each work-up is individualized to 
answer a specific question or solve a specific problem. After the images 
have been reviewed and an assessment has been rendered, it is the radi-
ologist’s responsibility to communicate the results to the referring physi-
cian and the patient, especially in the case of unanticipated findings or 
worrisome findings for which biopsy is suggested.

Figure 4–3. (continued) A magnified spot view (C), obtained tangential to the 
metallic marker, shows an oval mass (arrows). Sonography (D) shows a thick-
walled cyst (arrows) corresponding to the mammographic finding and a smaller, 
adjacent cyst (arrowhead).
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Figure 4–4. Guidelines for evaluation of new calcifications identified on screen-
ing mammography.

Figure 4–5. Guidelines for evaluation of new masses identified on screening 
mammography.
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ROLE OF MAMMOGRAPHY IN BCT

Mammography plays an important role in BCT. Before breast-conserving 
surgery, mammography is used to evaluate the extent of the malignant 
process and to screen the contralateral breast for an unsuspected cancer. 
After surgery, mammography is used to identify residual tumor, espe-
cially in cases in which the original malignancy presented as microcal-
cifications. After radiation therapy, mammography is used to identify 
nonpalpable lesions and to help characterize palpable abnormalities.

Mammography before Breast-Conserving Surgery

Breast cancers may be detected by breast self-examination, clinical breast 
examination performed by a health care professional, mammography, 
sonography, or MRI. Once a probable malignancy has been identified, the 
extent of disease is defined with mammography and sonography or MRI. 
When a lesion suggestive of cancer (BI-RADS category 4 or 5) is detected, 
the breast imager must define the lesion in terms of its size, shape, and 
associated microcalcifications. The use of spot magnification views is rec-
ommended to help identify microcalcifications, which may be subtle and 
faint. Also, it is advisable to obtain a 90° lateral view to demonstrate the 
precise location of the lesion before stereotactic core needle biopsy (SCNB) 
or needle localization and surgical excision. Spot magnification views 
should be obtained between the malignant-appearing lesion and the nip-
ple to define the anterior extent of the malignant pro cess. In some patients, 
spot magnification views of the subareolar region with the nipple in profile 
demonstrate calcifications at the base of the nipple, raising the possibil-
ity of Paget’s disease. At some facilities, nipple–areolar involvement pre-
cludes BCT, whereas at other centers, including M. D. Anderson, central 
segmentectomies are performed, in which partial or complete resection of the 
nipple–areolar complex may be required.

When analyzing mammograms from a patient with a known or a sus-
pected malignancy, the radiologist should insist on high-quality films. 
Optimal compression and appropriate x-ray penetration are critical for 
imaging the primary lesion as well as the entire breast. Identification of 
additional lesions on mammography may indicate multicentric (two or 
more lesions in different quadrants) or multifocal (two or more lesions in 
the same quadrant) disease and necessitate tailored work-ups with mam-
mography and sonography.

In women with known breast cancer, there may be a synchronous 
cancer in the contralateral breast. It is important that the mammogra-
pher not be distracted from carefully analyzing the contralateral breast. 
All images should be reviewed, including special mammographic views 
and sonograms.
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Mammography after Breast-Conserving Surgery

In evaluating the breast after a segmental resection that revealed malig-
nancy, the radiologist’s task is to identify any evidence of residual tumor. 
The radiologist should carefully analyze the mammograms, looking for 
suspicious microcalcifications and suspicious masses. Large postopera-
tive hematomas and seromas can make visualization of the surgical site 
difficult. High-kVp techniques can be helpful in thick, noncompressible 
breasts with postoperative fluid collections. Standard mammographic 
imaging is usually performed with a kVp of 25 for film-screen systems 
and a kVp of 28 for digital systems. In underpenetrated postoperative 
breasts, the kVp may be increased by two or three, which may result in a 
slight increase in the radiation dose to the breast. Occasionally, a postop-
erative seroma is aspirated to allow for improved imaging of the surgical 
site. Re-excision should be performed if there is mammographic evidence 
of residual tumor or if there were positive margins at surgery.

Follow-up Mammography after Completion of BCT

The appropriate timing of follow-up mammography after BCT is debat-
able; the optimal regimen has not been scientifically established. At some 
centers, the treated breast is imaged 3–6 months after the completion of 
radiation therapy; at other centers, the treated breast is imaged at 6-month 
intervals; and at still other centers, mammography is performed yearly 
after the completion of radiation therapy. At M. D. Anderson, the treated 
breast and the contralateral breast are imaged 6 months after the comple-
tion of radiation therapy, and annual bilateral mammography is performed 
thereafter. Subtle clinical or mammographic changes in the conservatively 
treated breast should be carefully evaluated. Also, abnormalities in the 
contralateral breast should be analyzed in a meticulous manner because 
women with a history of malignancy in one breast are at high risk for 
developing cancer in the contralateral breast.

Typical changes on mammography after BCT include localized find-
ings at the surgical site (Figure 4–6) and more diffuse changes due to radi-
ation therapy. Postoperative fluid collections (hematomas and seromas) 
usually appear as round or oval, dense, fairly well-marginated masses, 
and they may demonstrate fat-fluid levels on the lateral view. As these 
fluid collections resolve, they may develop spiculated margins. The sur-
gical bed usually demonstrates architectural distortion, which resolves 
over time. Some scars may appear as spiculated masses at the postopera-
tive site. The center of the scar will frequently show entrapped fat, and 
scars usually demonstrate a changing appearance on different views. It is 
often helpful to obtain tangential views in women who have undergone 
BCT in order to visualize the postoperative site separately from the skin 
changes.
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In women who have undergone BCT, calcifications frequently develop 
in or adjacent to the surgical site. Benign calcifications include dystrophic 
calcifications, calcifications due to fat necrosis, and suture calcifications. 
Calcifications near the surgical site are often small and faint, making it 
difficult to differentiate recurrent tumor from benign calcifications. After 
radiation therapy, there is edema in the treated breast, and high-kVp tech-
niques may be needed because the breast is less compressible. Skin thick-
ening, trabecular thickening, and increased parenchymal density usually 
remain for 2–3 years after BCT and resolve slowly over time.

Local recurrence in the treated breast occurs at a rate of about 1% per 
year. Mammographic signs of tumor recurrence include a new mass 

Figure 4–6. Mammographically evident changes after BCT. Left craniocaudal 
mammogram (A) shows postoperative architectural distortion (arrows). Laterally 
exaggerated craniocaudal view (B) demonstrates a changed appearance at the sur-
gical site, consistent with architectural distortion, and associated skin thickening 
(arrowheads).
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Figure 4–7. Mammographic evidence of tumor recurrence after BCT. Craniocau-
dal (A) and mediolateral oblique (B) mammograms demonstrate a new, irregular, 
spiculated mass (arrow) in the upper outer aspect of the left breast. 
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(Figure 4–7), suspicious microcalcifications, enlargement or thickening of 
the scar, and an increase in breast edema. Recurrence before 18 months after 
completion of BCT is rare. In the first 6 years after BCT, recurrence is more 
likely to occur in the same quadrant as the original tumor. In the follow-up 
evaluation of women who have undergone BCT, sonography and MRI are 
employed as adjuncts to clinical examination and mammography.

MAMMOGRAPHY IN WOMEN WITH OTHER MALIGNANCIES

Mammography can detect primary malignancies that are not breast cancers,
such as primary and secondary lymphoma and metastases from other 
malignancies (Figure 4–8).

Primary breast lymphoma is defined as extranodal lymphoma in a 
patient with no history of lymphoma and no evidence of lymphoma at 
other sites. Secondary breast lymphoma, which is more common than pri-
mary breast lymphoma, is defined as involvement of the breast tissue in a 
patient who has systemic or nodal involvement elsewhere. Primary breast 
lymphoma usually presents as a mass with circumscribed or partially 
circumscribed margins.

Figure 4–7. (continued) Magnified mediolateral view (C) demonstrates the mass 
(arrow) with associated pleomorphic calcifications. Stereotactic biopsy revealed 
invasive ductal carcinoma, and a mastectomy was subsequently performed.
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Enlarged axillary lymph nodes may be identified on mammogra-
phy in patients with lymphoma or leukemia. In some cases, axillary 
lymphadenopathy identified on mammography may prompt further 
work-up, leading to the initial diagnosis of lymphoma or leukemia.

Metastases in the breast are rare. Metastases are usually solitary, ill-
defined masses in the periphery of the breast. However, metastases may 
also be multiple, and occasionally, metastatic disease may simulate inflam-
matory breast carcinoma. The tumors most likely to metastasize to the 
breast, in addition to contralateral primary breast tumors, are malignant 
melanoma (Figure 4–9) and cancers of the lung, ovary, kidney, gastrointes-
tinal tract, thyroid, and cervix. Metastases in the breast from other cancers 
have also been reported (Figure 4–10).

At M. D. Anderson, mammography is occasionally used to monitor 
treatment response in patients with known metastases to the breast. The 
decision to order a mammogram for a patient with a nonbreast primary 
cancer is made on an individual basis, and the decision to perform imaging 
should depend on the patient’s overall prognosis.

Figure 4–8. Imaging findings in metastatic ovarian carcinoma. Right mediolateral 
oblique mammogram (A) demonstrates calcified masses (arrows) in the region of 
a palpable abnormality (triangle) in a woman with a history of ovarian carcinoma. 
Sonography (B) shows calcified axillary lymph nodes (arrows) with marked shad-
owing, representing metastatic disease.



Figure 4–9. Mammographic findings in metastatic melanoma. Right (A) and left 
(B) mediolateral oblique mammograms show multiple bilateral masses, consist-
ent with metastatic disease in a patient with known melanoma. The patient was 
treated with chemotherapy, and right (C) and left (D) mediolateral oblique views 
obtained 6 months later show a marked decrease in the number of masses and the 
size of the masses, consistent with a response to chemotherapy.
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GALACTOGRAPHY

Galactography, also known as ductography, is a contrast examination of 
the ductal system of the breast. Galactography, which is performed with a 
digital mammographic unit at M. D. Anderson, is used to detect and local-
ize intraductal growths suspected because of spontaneous discharge from 
the nipple and to aid in the localization of known lesions before surgical 
excision. Preoperative galactography on the day of surgery has resulted in 
decreased operating and anesthesia times.

Spontaneous nipple discharge is defined as persistent, nonlactational dis-
charge that occurs without nipple manipulation or manual expression and 
comes from a single duct orifice. Often the patient notices a spot of discharge 
on her night clothing or on her bra. The discharge may be watery, clear, serous, 
serosanguinous, or bloody. Green or cloudy discharge is usually nonsponta-
neous and originates from multiple duct openings, indicating a benign cause, 
such as duct ectasia.

Figure 4–10. Mammographic findings in metastatic cloacogenic carcinoma. Left 
craniocaudal (A) and mediolateral oblique (B) mammograms in a woman with a 
history of cloacogenic carcinoma show a high-density mass (arrow) in the 6 o’clock
position, corresponding to a palpable abnormality.
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Before a woman is referred for galactography, a careful physical exami-
nation and a detailed history should be done to rule out benign causes of 
galactorrhea. The physician should attempt to establish the number of dis-
charging ducts, the color of the discharge, and the duration and the spon-
taneity of the discharge. Physical examination often reveals discharge from 
multiple duct openings in the symptomatic or the contralateral breast. The 
physical examination of the breast should also involve a systematic search 
for a pressure point. There may be a palpable mass or a dilated duct beneath 
the nipple. Such a finding would tend to point to an intraductal growth 
causing ductal distention. Most intraductal growths are caused by solitary 
intraductal papillomas. The differential diagnosis, however, includes duc-
tal carcinoma. Multiple papillomas are uncommon, but they are risk mark-
ers for subsequent development of breast cancer. The diagnosis of multiple 
peripheral papillomas cannot be made on the basis of imaging alone. Only 
histologic evaluation can establish the final pathologic diagnosis.

If spontaneous nipple discharge from a single duct opening is confirmed,
then a breast imaging consultation is appropriate. For women younger 
than 30 years, sonography is performed to search for a distended duct. 

Figure 4–10. (continued) Lateromedial spot magnification view (C) demonstrates 
the lobular mass at 6 o’clock (large arrows) and an adjacent satellite lesion (small 
arrows). Sonography demonstrated a hypoechoic lobular mass with internal 
echoes and some sound through-transmission. Biopsy demonstrated metastatic 
cloacogenic carcinoma.
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Antegrade or retrograde galactography can then be performed to document
an intraductal growth, its size and location, and its distance from the 
nipple. For women 30 years of age or older, diagnostic mammography is 
indicated. Focal spot compression views are often performed behind the 
nipple to search for a mass or a clue to the cause of the discharge. Rarely, 
mammography may show typical casting calcifications indicating DCIS. 
Often the mammogram is normal because the intraductal growth is too 
small to be identified without galactography. Cytologic evaluation of the 
nipple discharge to determine whether malignancy is present is not con-
sidered a reliable diagnostic test—it is associated with a relatively high 
false-negative rate. Thus, cytologic evaluation of nipple discharge is not 
routinely performed in our practice.

Galactography is performed using a small, blunt-tipped, 30- or 31-gauge 
cannula (a sialography catheter with an end hole or a specialized catheter 
designed for galactography). The woman must have expressible discharge 
on the day of the ductogram to show which of the 15–25 nipple ducts is the 
one with the discharge. The discharging duct is then targeted for galacto-
graphy. Relative contraindications to galactography include acute mastitis 
and purulent drainage. Cannulating the duct opening may be tedious, but 
the procedure is not difficult, and it should not be painful to the patient. 
The duct is filled with ionic contrast material (usually 0.5–1.0 mL) in a retro-
grade manner until the patient experiences a sensation of fullness or slight 
burning. Mammographic images are then obtained in the craniocaudal and 
the mediolateral projections. Magnification views are often obtained, espe-
cially when small intraductal filling defects are identified.

If an intraductal growth is located, the surgeon may request repeat 
galactography with injection of ionic contrast material plus methylene 
blue (to facilitate the duct excision) on the morning of the scheduled sur-
gical excision. For intraductal growths several centimeters deep to the nip-
ple, placement of a localization needle or wire adjacent to the intraductal 
growth may help to ensure excision of the appropriate region.

Most intraductal masses identified on galactography are benign, solitary 
papillomas. Malignancy is diagnosed in fewer than 10% of cases. Factors 
that are often associated with malignancy include watery discharge, male 
gender, older age, suspicious mammographic findings, positive cytologic 
findings, and irregular duct walls on galactography.

STEREOTACTIC CORE NEEDLE BIOPSY

At M. D. Anderson, in the case of small, node-negative, nonpalpable can-
cers identified by mammography, our current approach is to perform a 
percutaneous biopsy to obtain a histopathologic diagnosis before a defini-
tive, one-step surgical procedure is performed (Figure 4–11). Obtaining his-
topathologic information with percutaneous techniques allows treatment 



104 G.J. Whitman and A.C. Kushwaha

Figure 4–11. SCNB for histopathologic diagnosis before definitive surgery; needle 
localization to guide tumor excision after neoadjuvant chemotherapy. Screening 
mammography in a 47-year-old woman revealed a mass in the 2 o’clock position 
of the right breast. A straight-on scout mammogram (A) obtained before SCNB 
shows a large lobular mass with indistinct margins (arrows). SCNB demonstrated 
invasive ductal carcinoma. The patient was treated with chemotherapy. 

options to be discussed with the patient and her family before surgery. A 
definitive preoperative diagnosis of malignancy increases the chances of 
obtaining adequate margins with a single surgical procedure and can avoid 
the costs and morbidity associated with multiple surgical procedures.

Nonpalpable breast masses that can be identified on sonography are 
biopsied under sonographic guidance with either fine-needle aspiration 
or core needle technique (see Chapter 5 for more details). Suspicious calci-
fications and nonpalpable masses and areas of architectural distortion that 
cannot be identified on sonography are sampled with SCNB technique.

The introduction of SCNB technique has allowed for a reduction in the 
number of excisional (needle-localized) biopsies. SCNB is less expensive 
than excisional biopsy, is associated with less morbidity, and results in 
minimal or no scarring. SCNB is safe, quick, and efficacious.

SCNB should not be scheduled until a careful, detailed mammographic 
work-up is completed. SCNB should be considered for suspicious lesions 
(BI-RADS category 4) and lesions highly suggestive of malignancy (BI-
RADS category 5) but should not be used instead of 6-month follow-up 
mammography for lesions that are probably benign (BI-RADS category 3). 
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In addition, SCNB may be performed in cases of multiple lesions to rule 
out multicentric or multifocal disease and to facilitate surgical planning.

SCNB may be performed with add-on attachments to upright mam-
mography units or with prone biopsy tables. At M. D. Anderson, all 
SCNBs are performed on a dedicated prone biopsy table. Stereotactic sys-
tems enable targeting of a single point (with x, y, and z coordinates, deter-
mined by a computerized calculation). If the lesion cannot be targeted 
with stereotaxis (i.e., if the mass is vague or the calcifications are faint), 
then SCNB should not be performed, and needle localization and surgical 
excision should be considered (for details, see Chapter 7). Lesions near the 
chest wall, superficial lesions, and periareolar lesions may be difficult to 
biopsy with SCNB techniques. If the breast compresses to less than 3 cm, 
SCNB may not be appropriate. With some stereotactic units, the maximal 

Figure 4–11. (continued) Mediolateral oblique view (B) obtained 3 months after 
SCNB shows that the tumor (arrow) has shrunk. Three metal markers (arrowhead) 
were placed at the anterior aspect of the tumor. Needle localization was performed, 
and the tumor was excised. 
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Figure 4–11. (continued) Specimen radiographs (C) show the residual tumor 
(arrows) and the metal markers. Radiographs of the sliced specimen (D) demon-
strate an irregular mass with spiculated margins (arrow) in the middle slice of 
the second column. Pathologic examination revealed invasive ductal carcinoma, 
and there were no metastatic axillary lymph nodes (20 axillary lymph nodes were 
removed).
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compressed breast thickness that can be accommodated is 10 cm. In our 
practice, if we are unsure of the visibility of the target or if we think that 
the compressed breast thickness may be suboptimal, we perform a stereo-
tactic scout examination. During the stereotactic scout examination, the 
woman lies prone on the table, the lesion is targeted, and measurements, 
including the compressed breast thickness, are obtained to determine if 
SCNB is feasible.

SCNB is associated with few complications. Hematomas requiring per-
cutaneous or surgical drainage are rare. However, small hematomas and 
mild bruising may occur. Infection is rare, and pain is usually minimal. 
Before and during the SCNB, we administer lidocaine mixed with sodium 
bicarbonate for local anesthesia. Tumor seeding in the biopsy needle track 
is not considered to be a significant risk.

At our center, we use directional vacuum-assisted biopsy instruments 
for all SCNBs. The 9-gauge biopsy device (ATEC Breast Biopsy System, 
Suros Surgical Systems, Indianapolis, IN) is connected to a vacuum cham-
ber that draws tissue into a cutting notch. Vacuum-assisted biopsy units 
can sample calcifications in a larger area and more contiguously than 
can an automated gun. Directional vacuum-assisted SCNB has become a 
standard procedure for biopsy of microcalcifications. Directional vacuum-
assisted biopsy devices allow for more accurate histopathologic diagnoses, 
especially in differentiating DCIS from atypical ductal hyperplasia.

Surgical excision is recommended when SCNB reveals invasive car-
cinoma or DCIS. Surgical excision is also recommended when vacuum-
assisted SCNB reveals atypical ductal hyperplasia because 15% of cases of 
atypical ductal hyperplasia are found at surgery to have associated DCIS 
or invasive ductal carcinoma. In 15% of patients in whom DCIS is diag-
nosed by SCNB performed with a vacuum-assisted device, invasive ductal
carcinoma is identified at surgical excision.

An important component of SCNB is mammographic-pathologic con-
cordance. For example, if the lesion identified on mammography is an 
irregular mass with spiculated margins (BI-RADS category 5) and the 
final histopathologic diagnosis is benign, then a repeat biopsy (SCNB or 
excisional biopsy) should be performed. If the lesion identified on mam-
mography is thought to represent a radial scar, excisional biopsy should 
be considered, especially if the lesion is larger than 2 cm in diameter. 
Accurate histopathologic diagnosis of a radial scar may require complete 
removal of the entire lesion, and radial scars may be associated with mam-
mographically occult malignancies.

The use of vacuum-assisted biopsy instruments allows for the place-
ment of small (3 mm) clips. These clips are deployed after vacuum-assisted 
biopsies and serve as markers of the biopsy site in cases in which the entire 
lesion is removed at biopsy. Also, the clips show where mammographic 
follow-up studies should be focused and mark the location of lesions that 
disappear or shrink with preoperative chemotherapy.
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MAMMOGRAPHICALLY GUIDED NEEDLE LOCALIZATION

The ability of screening mammography to reveal small, nonpalpable 
lesions has necessitated the development of needle localization techniques 
to guide surgical excision of such lesions. The goal of needle localization 
procedures is to transfix the lesion with a localizing device or to place 
a localizing device alongside the lesion. Needle localizations are usually 
performed with mammographic or sonographic guidance but can also be 
performed with computed tomography or MRI guidance. In our practice, 
we perform most needle localizations with mammographic guidance.

Over the past decade, diagnostic excisional biopsies have become 
less common because of the introduction of percutaneous biopsy tech-
niques (SCNB, ultrasound-guided biopsies, and MRI-guided biopsies) 
by which a histopathologic diagnosis can be established before surgery. 
In the current practice milieu, the most common indication for needle 
localization is to help guide definitive resection (with negative margins) 
of a known cancer.

Before mammographically guided needle localization, a complete 
mammographic work-up must be performed to determine the number of 
lesions and the extent of the mammographic abnormality.

For needle localization procedures, the breast is positioned in a standard 
mammographic unit, and compression is employed using a fenestrated 
alphanumeric compression device. In nearly all cases, the patient is seated; 
however, with some procedures performed with a caudal-to-cranial approach, 
the patient is standing. Needle localizations are performed parallel to the 
chest wall. The skin surface closest to the mammographic abnormality is 
chosen as the entry point. For example, if the mammographic abnormality 
is close to the top of the breast, a cranial-to-caudal approach is used, and if 
the lesion is located in the medial aspect of the breast, a medial-to-lateral 
approach is used.

Once the mammographic abnormality is identified within the fenes-
trated compression device, the skin is cleaned in the usual sterile manner 
with povidone-iodine and alcohol. Next, lidocaine mixed with sodium 
bicarbonate is administered to anesthetize the skin and the subcutaneous 
tissues. A needle is then inserted through the skin and into the lesion. After 
appropriate needle positioning is verified on the first view, the breast is 
taken out of compression, and then the needle position is verified with an 
orthogonal view. The needle may then be retracted slightly to allow for 
the distal tip to be situated approximately 1 cm beyond the distal aspect 
of the lesion. Thereafter, a hookwire may be placed through the localizing 
needle. The outer needle may be either withdrawn or left in place. Next, 
the localizing device is either gently taped to the skin or secured to the 
skin with a bandage and tape. Also, a small cup may be placed over the 
localizing device to protect it as the patient is transferred from the mam-
mography suite to the operating room.
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Digital mammography systems have eliminated the need for film 
processing and increased the efficiency of needle localizations. With dig-
ital detectors, an image appears on a screen almost immediately after an 
exposure is taken. Thus, the amount of time that the woman’s breast is in 
compression is decreased, as is the overall procedure time.

In general, needle localization can be performed accurately, and in 
most cases, the needle or the wire can be positioned within 5 mm of the 
targeted abnormality. A number of different needles and hookwires have 
been developed for mammographically guided needle localizations.

The films confirming proper positioning of the localizing needle are 
reviewed and labeled for the surgeon, and a diagram showing the localiz-
ing device and the targeted lesion is prepared. The patient is then escorted 
to the surgical holding area with the films and the diagram. During 
surgery, the presence of the localizing device facilitates removal of the 
targeted abnormality plus a small amount of normal tissue. After surgical 
removal of the targeted abnormality, specimen radiography is performed 
with a digital imaging system to verify the presence of the lesion within 
the specimen and to document that the localizing device has been removed 
(Figure 4–11C, D). While the patient is still under anesthesia, we routinely 
obtain a radiograph of the entire specimen without compression. Then 
the specimen is sliced in the pathology laboratory, and radiographs of the 
serial slices are obtained. The sliced specimen radiographs are oriented 
and labeled to facilitate careful analysis of the margins of resection. Once 
the radiologist views the specimen radiographs, information regarding 
removal of the targeted lesion is relayed to the surgeon and the surgical 
pathologist. The information from specimen radiography is particularly 
helpful in evaluating margins in cases of known or suspected cancers. 
A finding of close or involved margins may necessitate the removal of 
additional tissue.

LYMPHATIC MAPPING AND SENTINEL LYMPH NODE DISSECTION

The status of the axillary lymph nodes is an important prognostic indicator 
in patients with breast cancer. Conventional axillary lymph node dissec-
tion is associated with sampling error and potential morbidity. Lymphatic 
mapping and sentinel lymph node dissection has recently been applied 
to axillary lymph node staging in patients with breast cancer in an effort 
to increase the accuracy and reduce the morbidity of surgical evaluation 
of the regional lymph nodes. The fundamental concept underlying lym-
phatic mapping and sentinel lymph node dissection is that the lymphatic 
effluent of a tumor drains initially to a sentinel lymph node (or to a few 
sentinel lymph nodes) before other nodes in the group receive tumoral 
drainage. The status of the sentinel lymph node(s), determined through 
careful evaluation, is thought to be an accurate indicator of regional nodal 
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involvement. If the sentinel lymph node is found to be negative (no 
evidence of metastatic disease), then the other lymph nodes in that nodal 
group are likely to be negative as well, and a more extensive lymph node 
dissection is not needed.

Filtered technetium Tc 99 m sulfur colloid is the most commonly used 
radiopharmaceutical in lymphatic mapping and sentinel lymph node dis-
section. The usual dose is 0.5 mCi, and the radiopharmaceutical is usually 
administered in 3–6 mL of saline. A higher dose (2.5 mCi) is injected if lym-
phoscintigraphy is performed on the day before surgery. The higher dose 
allows for imaging in the nuclear medicine area on the first day and intra-
operative lymphatic mapping on the second day, without the need for a 
second injection of the radiopharmaceutical. Various injection techniques 
have been reported, including intratumoral, peritumoral, periareolar, and 
subdermal injections.

At our institution, lymphatic mapping is usually performed with 
peritumoral injections. For palpable abnormalities, radiopharmaceuti-
cal injection is guided by palpation. For nonpalpable lesions, radiophar-
maceutical injection is guided by sonography or mammography. When 
mammographic guidance is utilized, one or two needles are placed 
through or adjacent to the mammographic abnormality. The needles are 
secured in place, and the patient is then escorted to the nuclear medi-
cine area, where the radiopharmaceutical is administered. Four separate 
injections are usually performed around the lesion. After lymphoscin-
tigraphy, the patient is transferred to the operating room for lymphatic 
mapping and surgical excision.

In the operating room, the surgeon usually injects isosulfan blue dye 
in the breast parenchyma at the site of the targeted abnormality, using 
the localizing needle as a guide. In most cases, the sentinel node or nodes 
are removed before the index breast lesion. However, if a patient has a 
high upper outer quadrant tumor and there is significant background 
radioactivity from the tumor making it difficult to identify a sentinel node, 
the index breast lesion is removed first. The surgeon localizes the senti-
nel lymph node(s) using a handheld radiosensitive probe. The surgeon 
performs a transverse incision over the area indicated by the probe in an 
attempt to identify a blue lymphatic channel or a blue lymph node. The 
sentinel lymph node is then excised and submitted for meticulous his-
topathologic evaluation. The excised breast lesion is carefully evaluated 
with specimen radiography and histopathologic techniques.

MRI OF THE BREAST

MRI has three main roles in breast imaging: screening in women at high 
risk for the development of breast cancer, evaluation of the integrity 
of breast implants, and evaluation of the extent of the malignancy in 
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women with known breast cancers. In a prospective study performed by 
the International Breast MRI Consortium Working Group, 367 women at 
genetically high risk for breast cancer underwent screening mammog-
raphy and screening MRI. In that study, reported by Lehman et al. (2005), 
three mammographically and clinically occult cancers were identified 
with MRI. Morris et al. (2003) retrospectively reviewed the medical 
records of 367 women with normal findings on mammography who 
were at high risk for developing cancer. In that study, fourteen cancers were 
discovered on MRI: eight cases of DCIS, four infiltrating ductal carcinomas, 
one infiltrating lobular carcinoma, and one mixed infiltrating ductal and 
infiltrating lobular carcinoma.

At M. D. Anderson, MRI is used to screen women at high risk for the 
development of breast cancer. Women who are known carriers of BRCA1
or BRCA2 gene mutations undergo annual screening MRI in addition 
to annual screening mammography. Annual screening MRI is also rec-
ommended as an American Cancer Society guideline for untested first-
degree relatives of BRCA1 and BRCA2 gene mutation carriers and for 
women with a 20–25% or greater lifetime risk of developing breast can-
cer. The American Cancer Society guidelines also recommend screening 
MRI in addition to screening mammography in women who received 
radiation therapy to the chest between the ages of 10 and 30 years, 
women with Li-Fraumeni syndrome and their first-degree relatives, and 
women with Cowden and Bannayan-Riley-Ruvalcaba syndromes and 
their first-degree relatives (Saslow et al., 2007).

MRI is more sensitive and more specific than sonography and mam-
mography in detecting intracapsular and extracapsular implant rup-
ture (MRI has a sensitivity of 94% and a specificity of 97%), and implant 
evaluation with MRI is well established. Intracapsular implant rupture 
is defined as rupture of the implant membrane with release of silicone 
gel within an intact fibrous capsule. Extracapsular rupture is defined as 
rupture of both the implant membrane and the fibrous capsule, result-
ing in extravasation of silicone gel into the adjacent breast parenchyma. 
Imaging of implants involves silicone-selective sequences, which take 
advantage of the difference between the resonance frequency of sili-
cone and the resonance frequencies of fat and water. On MRI, the most 
reliable sign of intracapsular rupture is multiple curvilinear low-
signal lines within the region of the silicone gel, the “linguini sign.” 
The curvilinear lines represent the collapsed implant membrane float-
ing within the silicone gel. The “teardrop sign” is seen when silicone 
leaks out of a ruptured implant and enters into one of the radial folds 
at the exterior of the implant. This finding can be seen in early implant 
rupture. In nearly all cases of extracapsular rupture, there is accompa-
nying intracapsular rupture.

Regarding the use of MRI for cancer staging and determination of 
the appropriate surgical treatment, we have chosen to focus first on 
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techniques that permit MRI-guided needle localization and core needle 
biopsy of lesions that are identified on MRI and not seen on mammog-
raphy or sonography. MRI can demonstrate multicentric and multifocal 
carcinoma that is not identifiable with mammography or sonography, 
especially in women with mammographically dense breasts. Morrow 
(2005) reviewed 11 studies and noted that MRI identified additional can-
cer foci in 10–54% of patients thought on the basis of clinical and mam-
mographic evaluation to have unifocal disease. Bedrosian et al. (2003) 
studied 267 patients with breast cancer who underwent MRI before 
definitive surgery. In 69 (26%) of the 267 patients, the planned surgical 
approach was modified on the basis of the MRI findings. MRI is assum-
ing a greater role in evaluation of the breast before definitive segmental 
resection and in monitoring the breast after BCT.

In addition, MRI has been shown to be effective in detecting mammo-
graphically occult cancers in the contralateral breasts of women diagnosed 
with breast cancer. Liberman et al. (2003) performed a retrospective study 
that included 223 women with known breast cancer who underwent MRI 
of the asymptomatic, mammographically normal contralateral breast. 
Clinically and mammographically occult cancer in the contralateral breast 
was detected by MRI in 12 women (5%).

Visualization of malignant breast tumors on MRI is based on rapid 
enhancement after the administration of gadolinium as well as morpho-
logic characteristics (Figure 4–12). On dynamic scans, most breast cancers 
show rapid, intense enhancement. However, benign lesions occasionally 
enhance rapidly, and some malignant tumors, including DCIS, tubular 
carcinoma, and invasive lobular carcinoma, may have slower, less intense 
enhancement patterns than typical malignancies.

While enthusiasm for the development of breast MRI techniques is quite 
high, breast MRI does have some potential disadvantages. MRI remains 
costly, and a breast MRI examination takes more time than mammogra-
phy or breast sonography. Also, women who are claustrophobic may not 
be well suited for MRI evaluation. Furthermore, from the imaging stand-
point, MRI has limited utility in the detection of calcifications.

In summary, MRI is firmly established for breast implant evaluation. 
MRI is playing a greater role in screening for breast cancer (especially in 
women with dense breasts who are at high risk for developing cancer), 
staging breast cancer, and monitoring posttreatment changes.

SESTAMIBI BREAST IMAGING

Technetium Tc 99m sestamibi breast imaging has been advocated as an 
adjunct to mammography for the evaluation of palpable and nonpalpable 
breast lesions. Currently, the precise niche for sestamibi breast imaging is 
uncertain. Although sestamibi imaging has been shown to have reasonable 
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specificity and sensitivity in determining whether palpable breast lesions 
are malignant, sestamibi imaging is thought to have limited utility in the 
evaluation of nonpalpable breast lesions, especially small (less than 1 cm) 
nonpalpable lesions.

While technetium Tc 99 m sestamibi has properties similar to those of thal-
lium, the exact mechanism of sestamibi uptake in cancer cells is unknown. 
It is believed that sestamibi tracer activity is concentrated in the mitochon-
dria. When sestamibi studies are performed, 20 mCi of technetium Tc 99 m 
sestamibi is injected intravenously in the arm (or sometimes the foot) con-
tralateral to the breast with the palpable or the nonpalpable abnormality.

Figure 4–12. MRI findings in invasive ductal carcinoma. Sagittal left-breast 
3-dimensional fast spoiled gradient echo magnetic resonance image obtained after 
administration of intravenous gadolinium in a 55-year-old woman shows an oval 
mass (arrow) in the 2 o’clock position with irregular margins and rim enhance-
ment. Ultrasound-guided core needle biopsy with an 18-gauge cutting needle 
revealed poorly differentiated invasive ductal carcinoma.
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Sestamibi imaging has been shown to be reasonably accurate in the 
 evaluation of palpable masses and large masses identified on mammog-
raphy. A sensitivity of 93.7% and a specificity of 87.8% in the identification of 
breast cancer were reported in a series of 106 lesions (85 palpable and 21 non-
palpable) in which the average lesion size on mammography was 2.3 × 1.9 cm 
(Khalkhali et al., 1995a). In that study, sestamibi imaging had a negative predic-
tive value of 97% and a positive predictive value of 76.9%.

It is thought that sestamibi breast imaging has little role in identify-
ing nonpalpable tumors smaller than 1 cm, and sestamibi imaging may 
be unable to identify DCIS. Sestamibi breast imaging has limited util-
ity for breast cancer screening because the sensitivity of sestamibi in the 
evaluation of nonpalpable breast lesions is low, ranging from 25% to 72%. 
High-resolution breast-specific gamma cameras have been developed, 
and sestamibi imaging with these cameras is likely to result in improved 
detection of small (less than 1 cm) breast cancers.

Some investigators have used sestamibi breast imaging to help catego-
rize nonpalpable mammographically detected lesions with an interme-
diate or low probability of malignancy. However, with sestamibi breast 
imaging, false-negative results will occur. Thus, a negative finding on ses-
tamibi breast imaging should not serve as a reason to cancel a biopsy in 
the presence of suspicious mammographic findings.

Hillner (1997) used a decision analysis model and determined that 
compared with core needle biopsy, sestamibi imaging would miss an 
additional 16 invasive cancers and an additional 12 in situ cancers per 
1,000 women. If sestamibi breast imaging could be developed such that 
it would help reduce the number of biopsies with benign findings with-
out increasing the number of missed cancers, the use of sestamibi breast 
imaging would be advocated. However, in recent years, the relative ease 
and safety of performing percutaneous biopsies has strengthened breast 
imagers’ interest in obtaining tissue diagnoses rather than performing 
additional imaging studies.

Sestamibi breast imaging may have a role in imaging the axillary 
lymph nodes for the presence of metastases. Because axillary lymph node 
involvement is an important prognostic indicator in breast cancer patients, 
concomitant noninvasive evaluation of the axilla and the primary breast 
lesion is an appealing concept. Taillefer et al. (1995) reported a sensitivity 
of 84% and a specificity of 91% in the detection of metastases with sesta-
mibi evaluation of the axillary lymph nodes.

Recent studies have reported that low sestamibi uptake may be associ-
ated with drug resistance in tumors. The low accumulation of sestamibi 
is thought to correlate with an overexpression of P-glycoprotein, a trans-
membrane protein that is believed to be involved in multidrug resistance. 
Further research is needed because P-glycoprotein expression may be 
heterogeneous. Studies have demonstrated that regions negative and 
positive for P-glycoprotein may coexist within the same tumor.
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DIGITAL MAMMOGRAPHY

Film-screen x-ray mammography has been proven to be effective in the 
detection and the diagnosis of breast cancers. However, current film-
screen systems are limited by a relatively narrow dynamic range, low con-
trast resolution, film noise, and film processing artifacts. It is thought that 
digital mammography systems will allow for improved image quality 
and possibly reduced radiation dose. The Digital Mammography Imaging 
Screening Trial (Pisano et al., 2005) demonstrated that digital mammogra-
phy was significantly better than film-screen mammography in detecting 
breast cancers in women younger than 50 years, premenopausal and peri-
menopausal women, and women with dense mammary parenchyma.

In film-screen mammography systems, the film serves as an image 
acquisition detector and as a storage and display device. With digital sys-
tems, the tasks of image acquisition, display, and storage are separated, 
and this arrangement allows for the potential optimization of each inde-
pendent function. Furthermore, digital mammography systems should 
allow for improved throughput because delays due to film processing are 
eliminated. With digital systems, the technologist can verify positioning 
and check image quality on a monitor nearly immediately after an expo-
sure is made. The digital image can then be routed to a workstation for 
“soft-copy” interpretation or to a printer for film printing and “hard-copy” 
interpretation. “Soft-copy” interpretation should result in fewer repeat 
studies because the window and the level settings can be modified, the 
gray scale can be adjusted, and edge enhancement can be applied. With 
digital imaging, long-term image storage can be handled electronically
and integrated into a picture archiving and communication system.

In the future, as digital technology evolves, we anticipate growth in 
telemammography, teleconsultations, and remote monitoring of diagnos-
tic work-ups. In addition, direct digital data acquisition should result in 
improved (higher sensitivity and higher specificity) computer-aided diag-
nosis algorithms. These digital computer-aided diagnosis devices serve as 
a “second reader.”

Digital mammography offers new opportunities for acquiring, process-
ing, and formatting anatomic and functional information. Three promising 
advanced digital applications are currently being developed: dual-energy 
subtraction mammography, tomosynthesis, and digital subtraction angi-
ography. Dual-energy subtraction mammography involves the acquisition of 
two digital images with different x-ray spectra. The two images are combined, 
and a subtraction image is generated on a workstation, with the overlapping 
structures removed. Tomosynthesis involves acquiring volumetric digital 
information and then performing reconstructions in a prescribed plane. 
Tomosynthesis aims to remove superimposed structures, enhance contrast, 
and increase contour definitions. With rapid frame rates, digital subtrac-
tion angiography can be performed in digital mammographic units after 
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the injection of intravenous contrast material. Angiographic techniques are 
based on the premise that breast tumors demonstrate rapid enhancement 
due to angiogenesis. It is thought that digital angiographic techniques will be 
helpful in detecting cancers and in monitoring response to chemotherapy.
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K E Y  P R A C T I C E  P O I N T S
● Screening mammography can detect small, node-negative, nonpalpable can-

cers, resulting in decreased death rates from breast cancer.
● Detailed, focused diagnostic mammographic work-ups are used to character-

ize findings identified on screening mammography and to define the extent 
of disease.

● In women who have undergone BCT, mammography is useful for monitoring 
the treated breast and screening the contralateral breast.

● Mammography can identify nonbreast primary cancers and metastases from 
other malignancies.

● Galactography is used to detect and localize intraductal lesions and to provide 
a presurgical map of the ductal system.

● SCNB is a safe and accurate technique, and stereotactic techniques have 
allowed for a reduction in the number of excisional biopsies.

● Mammographically guided needle localizations are used to help guide surgi-
cal excision of targeted lesions plus a small amount of adjacent normal breast 
tissue.

● Technetium Tc 99m sulfur colloid can be administered peritumorally with 
mammographic guidance to facilitate lymph node mapping.

● MRI is the most accurate technique for evaluating the integrity of breast 
implants, and MRI can be helpful in defining the extent of malignancy in 
women with known breast cancer.

● While technetium Tc 99m sestamibi imaging has demonstrated reasonable 
sensitivity and specificity in determining whether palpable breast lesions are 
malignant, the role of sestamibi imaging in the evaluation of nonpalpable 
breast lesions is limited.

● Digital mammographic systems should allow for improved image quality, 
a lower recall rate, and possibly reduced radiation dose. In addition, three 
advanced digital applications are being developed: dual-energy subtraction 
mammography, tomosynthesis, and digital subtraction angiography.
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CHAPTER OVERVIEW

Sonography (US) is routinely used in breast imaging centers as an essential 
complement to physical examination and mammography in the evaluation 
of breast masses. US not only differentiates cystic from solid masses but 
also aids in discrimination between benign and malignant solid masses. In 
a patient with a newly diagnosed breast cancer, US of the regional nodal 
basins (with US-guided fine-needle aspiration of suspicious nodes) can 
significantly alter the pretherapeutic stage. US can be used to evaluate 
the treated breast and to detect and diagnose local recurrence. US is rou-
tinely used at M. D. Anderson Cancer Center to quantify the response 
of breast tumors and nodal metastases to neoadjuvant chemotherapy. US 
cannot demonstrate microcalcifications, and its accuracy is very opera-
tor dependent. Although US can detect some nonpalpable carcinomas 
missed by mammography, its efficacy in breast cancer screening remains 
to be proved. Because of its unique real-time capability, US has become the 
modality of choice for guiding percutaneous interventional procedures on 
breast masses, from needle biopsy to ablation.

INTRODUCTION

Sonography (US) is currently the best adjunct to mammography in the 
diagnosis of breast diseases. In addition to differentiating cystic from 
solid breast masses, US can reveal some breast lesions that are not vis-
ible on mammography and can distinguish benign from malignant lesions 
by providing information that cannot be obtained with mammography 
(Georgian-Smith et al., 2000; Taylor et al., 2002). At M. D. Anderson Cancer 
Center, for over a decade, we have also used US to examine the regional 
nodal basins as part of pretherapeutic staging and to monitor the effects 
of neoadjuvant (preoperative) chemotherapy. Because of its unique real-
time capability, US is the best modality to guide interventional procedures 
on breast masses, mostly percutaneous needle biopsy and localization of 
nonpalpable breast masses. This chapter reviews in detail the many cur-
rent applications of breast US at M. D. Anderson.
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INSTRUMENTATION

US examination should be performed with state-of-the-art equipment, 
which includes high-frequency linear-array transducers that operate at 
peak frequencies of up to 15 MHz. Such transducers now allow visualiza-
tion of tumors as small as a few millimeters.

The “extended-field-of-view” technology allows the operator to build a 
static picture with a field of view much wider than that available with stand-
ard real-time transducers (Fornage et al., 2000a). With this technology, the 
operator can obtain a global sonogram of the breast that includes both the 
lesion and the nipple and can directly measure the distance between them 
for optimal correlation with mammograms (Ghate et al., 1999) (Figure 5–1).

Other image processing techniques have become available over the 
past decade and can be useful in some cases (Fornage, 2000). Whereas 
real-time compound scanning has proved useless in our daily experience, 
tissue harmonic imaging occasionally helps boost the contrast resolution 
and clear spurious echoes from some cysts (Rosen and Soo, 2001). Three-
dimensional US remains investigational. Elastography is a promising 
method for displaying the hardness of a breast lesion on a color scale in 
quasi-real time (Konofagou, 2004).

The sensitivity of color and power Doppler imaging systems has dra-
matically increased over the past decade as well. The newer systems allow 
not only detection of the presence of Doppler signals within or around 
an indeterminate mass but also detailed mapping of the tumor-associated 
vascularity, making it possible to distinguish between types of vascularity 
that tend to be associated with benign lesions and types of vascularity that 
tend to be associated with malignant lesions.

Figure 5–1. Extended-field-of-view sonogram of the breast, including the nipple, 
allows accurate measurement of the distance (12 cm) between the markedly 
hypoechoic carcinoma located at 1 o’clock and the nipple (N).
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Another technological advance is the development of US contrast 
agents. The use of contrast agents with harmonic imaging has shown 
promising results (Fornage et al., 2000b; Forsberg et al., 2004), but these 
agents remain investigational in the United States.

TECHNIQUE OF EXAMINATION

When a breast mass is evaluated, efforts must be made to have the physical 
examination, mammography, US, and—if needed—percutaneous needle 
biopsy performed during a single visit to the breast center. Except in very 
young patients, US of the breast should not be done without the benefit of 
a thorough review of recent mammograms. In addition, it is good practice 
to perform a targeted physical examination before starting the US study.

Scans should be obtained longitudinally, transversely, and also radially 
around the nipple, along the orientation of the ducts. Altering the amount 
of compression applied to the breast with the transducer is a key step of 
the real-time US examination. This maneuver clears or confirms the pres-
ence of artifacts and demonstrates the compressibility of a lesion and its 
mobility in relation to the surrounding tissues, important diagnostic fea-
tures that can be assessed only with real-time US.

Whenever a mass is demonstrated on US, conventional color and power 
Doppler imaging should be used to assess its vascularity.

The concordance between US and mammographic findings must be 
the constant preoccupation of the sonologist. The lesion’s size, shape, 
and location (clock position, distance from the nipple, and depth) and 
the appearance of the surrounding tissues (fat vs. glandular tissue) must 
correlate well on sonograms and mammograms, although minimal differ-
ences in size—less than 10%—due to mammographic magnification and 
slight differences in clock location—1 to 2 h—due to differences between 
the two modalities in breast positioning and compression are acceptable.

Although some have recommended that the US examination be lim-
ited to the area of concern at palpation or on mammograms (“targeted 
examination”), at M. D. Anderson we scan the entire breast. This allows us 
to determine whether a cancer is unifocal or multifocal or multicentric—
information that may alter the treatment plan dramatically. In addition, at 
M. D. Anderson, the US examination includes systematic examination of 
the ipsilateral axilla and internal mammary chains (Fornage, 1993).

SONOGRAPHIC DIAGNOSIS OF BREAST CANCER

The improved resolution of state-of-the-art US equipment allows better 
discrimination between benign and malignant solid masses, although 
some overlap in their sonographic appearances will always remain, neces-
sitating a percutaneous needle biopsy for definitive diagnosis.
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Ductal Carcinoma In Situ

Typically, ductal carcinoma in situ (DCIS) is nonpalpable and is 
detected as microcalcifications on mammography. At this early stage, 
the volume of the intraductal lesion is usually too small to allow its 
clear depiction on US. However, as the tumor expands within a duct, 
the duct, which becomes distended and filled with hypoechoic tumor 
and calcifications, may become visible on US (Figure 5–2). In addition, 
color Doppler US may demonstrate some vascularity associated with 
the intraductal tumor. However, diagnosis of DCIS remains the domain 
of mammography.

Invasive Ductal Carcinoma

Invasive carcinomas, even those presenting as masses less than 1 cm in 
diameter, are easily identified on sonograms. Invasive ductal carcinomas 
of the classic (“not otherwise specified”) type typically appear as a focal 
hypoechoic mass with irregular or spiculated margins that disrupts the 
architecture of the breast. Because of the dense fibrosis present, invasive 
ductal carcinomas are often associated with acoustic shadowing (Figure 5–3).
Real-time scanning can demonstrate the attraction (pulling) of the adjacent 
tissues toward the tumor’s core. Lack of compressibility and adherence of 
the tumor to the surrounding tissues during palpation are important clues 
suggesting malignancy.

In contrast to fibroadenomas and other benign solid masses, carcino-
mas are often grossly rounded, and they may even exhibit a “taller-than-wide” 

Figure 5–2. Ductal carcinoma in situ. Power Doppler sonogram shows a vague 
area of decreased echogenicity with numerous microcalcifications corresponding 
to those seen on the mammograms. Note the diffusely increased vascularity.
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shape, with the tumor’s longest diameter being perpendicular to the skin 
(length-to-anteroposterior-diameter ratio less than 1) (Fornage et al., 
1989; Stavros et al., 1995) (Figure 5–4). This shape is highly characteris-
tic of carcinoma, although carcinomas may also be elongated like benign 

Figure 5–3. Typical invasive ductal carcinomas. (A) Sonogram shows a 1-cm 
mass with irregular margins disrupting the architecture of the breast. Note the 
distal shadow. (B) Sonogram shows a spiculated tumor associated with massive 
shadowing.
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masses. An echogenic rim reflecting the desmoplastic reaction around 
the tumor is often present (Figure 5–4A). If the mass is sufficiently large, 
some heterogeneity of the echotexture may be noted. Intratumoral 
clustered microcalcifications appear as minute bright echoes within the 
hypoechoic tumor (Figure 5–5). However, US cannot demonstrate the 

Figure 5–4. (A) Invasive ductal carcinoma. Sonogram shows a 1-cm mass with 
irregular margins interrupting the normal tissue planes of the breast. Note the 
taller-than-wide shape, highly suggestive of malignancy. Note also the thin echo-
genic rim. (B) Typical fibroadenoma (for comparison). Sonogram shows a smoothly 
marginated, homogeneous, hypoechoic, solid mass, the long axis of which is par-
allel to the skin.
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size, shape, number, density, or distribution (ductal versus lobular) of the 
microcalcifications as well as mammography does.

Abnormal Doppler signals reflecting hypervascularity have been 
reported in the majority of malignant tumors but also in a significant 
number of benign masses. However, unlike the vessels of fibroadeno-
mas, which are straight or curved and drape around the mass or course 
along internal septa, malignant neovessels are typically tortuous and 
disorganized and penetrate the tumor at a 90-degree angle (Lee et al., 
2002) (Figure 5–6).

Currently, there is no single Doppler spectral analysis parameter (e.g., 
resistance index, pulsatility index, or peak systolic velocity) that can dis-
criminate between benign and malignant masses. With the combination of 
pulse inversion harmonic imaging and the use of contrast agents, detailed 
analysis of the flow distribution inside a tumor in conjunction with flow 
quantification techniques should facilitate differentiation between benign 
and malignant lesions. Studies of the correlation between vascular density 
depicted on color Doppler imaging and microvascular density measured 
at microscopic examination have yielded conflicting results, but there 
does not seem to be a significant correlation between the sonographic and 
microscopic findings.

Figure 5–5. Invasive ductal carcinoma with microcalcifications. Sonogram shows 
a 1-cm solid mass with irregular margins disrupting the architecture of the breast. 
Note the presence of bright internal dot echoes representing microcalcifications.
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Invasive Lobular Carcinoma

Invasive lobular carcinomas are difficult to identify on US, as they are 
on mammography. The significant distortion and fibrosis seen on mam-
mograms of invasive lobular carcinomas appear on sonograms as areas 
of marked shadowing without a discrete mass (Figure 5–7). It has been 

Figure 5–6. Appearance of invasive ductal carcinoma on power Doppler sono-
graphy. (A) Power Doppler sonogram of invasive ductal carcinoma shows typical 
malignant internal hypervascularity with tortuous, branching neovessels pen-
etrating the mass at a 90-degree angle. (B) Power Doppler sonogram of a typical 
fibroadenoma (for comparison) shows only two straight internal vessels.
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shown that US is more sensitive than mammography in the diagnosis of 
invasive lobular carcinoma (Paramagul et al., 1995; Selinko et al., 2004).

Circumscribed Carcinomas

Circumscribed carcinomas include the medullary, mucinous (or colloid), 
and papillary carcinomas. These carcinomas can be well circumscribed, 
sometimes to such a degree that they have a benign appearance on imag-
ing (Chopra et al., 1996; Lam et al., 2004). Medullary carcinomas may be 
markedly hypoechoic with significant sound through-transmission and 
thereby mimic a cyst; however, on closer inspection, the margins of med-
ullary carcinomas are irregular and microlobulated, and low-level internal 
echoes are present. More important, the demonstration of internal vascu-
larity, especially internal vascularity with a malignant appearance, con-
firms that the mass is a neoplasm (Fornage, 1995). Mucinous carcinomas 
of the pure type may not show any internal vascularity and may mimic an 
inspissated cyst (Figure 5–8). Papillary carcinomas arise in cysts or ducts. 
Intracystic papillary carcinomas are easy to demonstrate on US. They often 
infiltrate through the wall of the cyst into the adjacent pericystic tissues.

Other Types of Breast Malignancies

Carcinoma of the breast in men usually presents as a firm nodule, and its 
US appearances are not different from those of breast cancer in women. 
Rare cases of intracystic papillary carcinomas of the male breast have been 
reported (Figure 5–9) (Anan et al., 2000; Andres et al., 2003).

Figure 5–7. Invasive lobular carcinoma. Extended-field-of-view sonogram of the 
breast shows a wide area of shadowing without a well-defined mass.
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Like mammography, US has limited utility in the diagnosis of inflam-
matory breast cancer. However, in the case of inflammatory breast 
cancer, US has greater potential than mammography to identify one or 
more masses that can be subjected to confirmatory percutaneous needle 
biopsy; US demonstrates well the thickening of the skin and the involve-
ment of the subdermal lymphatic vessels; and US is useful in revealing 

Figure 5–8. Mucinous carcinoma. Sonogram shows a rounded, hypoechoic mass. 
Note the faint sound through-transmission. This appearance is similar to that of 
an inspissated cyst.

Figure 5–9. Intracystic papillary carcinoma in a man. Sonogram shows the 
lobulated tumor in the lumen of the large cyst.
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the frequent axillary involvement. On US examination in a patient with 
inflammatory breast cancer, the architecture of the breast is diffusely 
disorganized, and there is significant skin thickening (the skin may be 
up to 1 cm thick) (Gunhan-Bilgen et al., 2002). Power Doppler US shows 
increased vascularity in the thickened dermis and the absence of flow in 
the multiple subdermal communicating tubular structures, which repre-
sent lymphatic vessels distended with tumor (Figure 5–10).

Metastases to the breast from extramammary primary cancers are rare. 
Such metastases usually derive from melanoma or lung cancer or, more 
rarely, from renal cell carcinoma or gastrointestinal tract malignancies 
(Yeh et al., 2004). Any new solid breast mass in a patient with a history 
of an extramammary malignancy should raise the possibility of a metas-
tasis, especially if the mass grows fast. On sonograms, breast metastases 
appear as rounded, solid, hypoechoic masses, often with relatively well-
circumscribed margins; on Doppler imaging, there is often internal hyper-
vascularity (Figure 5–11). Breast metastases usually indicate disseminated 
metastatic disease and are associated with a poor prognosis.

Any new breast mass in a patient with a history of lymphoma or 
leukemia should be considered to possibly represent secondary involve-
ment of the breast. Such involvement can be focal or can be diffuse, with 

Figure 5–10. Inflammatory breast cancer. Power Doppler sonogram shows 
increased vascularity in the thickened dermis and the absence of flow in the mul-
tiple subdermal lymphatic vessels distended with tumor.
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extensive infiltration of the breast by markedly hypoechoic and hyper-
vascular tumor.

SCREENING US FOR THE DETECTION OF BREAST CANCER

The accuracy of screening mammography in the detection of masses is 
severely limited in patients with dense breasts. In such patients, although 
mammography can still detect microcalcifications, it can miss even large 
masses. US of dense breasts can detect nonpalpable breast carcinomas not 
seen on mammograms, and thus US has been considered as an adjunct 
to mammography in the screening of patients with dense breasts (Gordon
et al., 1995; Kolb et al., 1998). However, the cost-effectiveness of this appli-
cation of US remains to be evaluated, especially in the United States, 
where the cost of US is much higher than anywhere else in the world. 
Other issues that call into question the appropriateness of US for mass 
screening in women with dense breasts include the technical difficulty of 

Figure 5–11. Metastasis to the breast from a primary lung cancer. Sonogram 
shows a rounded, hypoechoic, homogeneous mass (M) adjacent to a breast pros-
thesis (P).
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the examination, especially in patients with large breasts, and the opera-
tor dependence of the accuracy of US. In addition, the use of US for mass 
screening in women with dense breasts would result in the detection of a 
huge number of nonpalpable, mammographically occult, probably benign 
solid masses, and the additional tests (including biopsies) required to con-
firm their benign nature would be associated with even higher costs.

In Asian countries, where the average size of the female breast is smaller 
than it is in the United States and Europe, making US easier (and mam-
mography more difficult) to perform, and where the fee for US examina-
tion is approximately one tenth the fee in the United States, US has shown 
promise in the detection of invasive carcinoma.

However, because US cannot detect DCIS, the earliest and most curable 
form of breast cancer, screening US should be proposed not as a primary 
screening modality but as a supplement to screening mammography for 
a subset of high-risk patients with dense breasts, including those with a 
previous history of breast cancer.

US FOR LOCAL-REGIONAL STAGING OF CANCER

The size of the primary breast tumor and the extent of lymphatic spread 
at presentation are the most important prognostic factors assessed during 
the local-regional staging of breast cancer. US can be helpful in assessing 
both of these factors.

Local Staging

In general, the size of the primary breast tumor can be accurately measured 
with US. However, in the case of poorly defined tumors like invasive lobu-
lar carcinoma, accurate size measurement with US may be quite difficult.

When breast conservation therapy is planned, it is critical to rule out 
unsuspected multifocal or multicentric disease. Whole-breast US exami-
nation can reveal additional foci of cancer not seen on mammography, 
especially in dense breasts. US permits precise mapping of the lesions and 
accurate measurement of the distances between lesions, allowing differen-
tiation between multifocal disease, in which two or more foci are present 
in the same quadrant or within 3–5 cm of one another, and multicentric 
disease, in which two or more foci are found in different quadrants or 
more than 3–5 cm from one another, a situation that precludes breast con-
servation surgery.

Regional Staging

For the past 15 years, M. D. Anderson sonologists have included the ipsi-
lateral axilla and the ipsilateral internal mammary nodal chains in the 



Breast Sonography 135

US breast examination of patients who have or have had breast cancer. 
If suspicious nodes are demonstrated in the axilla, the examination of the 
nodal basins is extended to include the supraclavicular fossa and the low 
neck. Our practice is motivated by several factors: One is that US is more 
sensitive than physical examination in the detection of axillary nodal 
metastases. Another is that US overcomes the limitations of palpation and 
mammography, which cannot detect involvement of small or high axillary 
and infraclavicular lymph nodes and cannot be used to assess the internal 
mammary nodal chains.

Normal axillary lymph nodes appear on US as relatively large (up 
to 2–3 cm), elongated structures that are nearly completely replaced 
by echogenic fat. Minute metastases of only a few millimeters can be 
detected if they develop at the periphery of a totally echogenic node or 
if they produce a focal bulge at the surface of a node (Figure 5–12). As 
replacement of normal nodal tissue with tumor progresses, metastatic 
nodes appear as rounded or grossly deformed nodes that are markedly 
hypoechoic with only a small residual or no fatty hilum (Figure 5–13). 
The presence of microcalcifications within a node, especially if the pri-
mary tumor also contained microcalcifications, is highly suggestive of 
metastatic involvement.

Figure 5–12. Minute axillary lymph node metastasis. Sonogram shows an elon-
gated, mostly fat-replaced, echogenic node (arrowheads) with a focal, eccentric, 
markedly hypoechoic area indenting the central fat (arrows) and representing a 
focal metastatic deposit.
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The internal mammary chains constitute the second pathway for lym-
phatic drainage of the breast. Normal internal mammary nodes are not 
visible on US. US examination of the parasternal region is a simple, fast, and
effective method of detecting internal mammary lymphatic involvement 
(Scatarige et al., 1989). Any hypoechoic node along the internal mammary 

Figure 5–13. Axillary lymph node metastases. Sonogram shows multiple grossly 
deformed and completely hypoechoic nodes well demarcated from the surround-
ing echogenic fat.

Figure 5–14. Internal mammary lymph node metastasis. Longitudinal sono-
gram of the second space obtained along the internal mammary vessels shows an 
abnormal hypoechoic mass (M) representing a metastasis to an internal mammary 
lymph node. C, sternocostal cartilage.
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Figure 5–15. Metastasis to the pectoralis major muscle. (A) Sonogram shows a 
poorly defined focal area of decreased echogenicity in the muscle close to its inser-
tion onto the sternum. (B) Cytologic examination of the specimen obtained by fine-
needle aspiration shows malignant cells among muscular fibers.

chains in a patient with breast cancer should be viewed as a potential 
metastasis (Figure 5–14).

The impact on breast cancer staging of US detection of clinically occult 
regional-nodal-basin metastases is substantial. For example, detection of a 
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metastasis in an axillary lymph node classifies the disease as at least stage II, 
and detection of a metastasis in an ipsilateral infraclavicular node (N3a), an 
ipsilateral internal mammary node and an axillary node (N3b), or an ipsilateral 
supraclavicular node (N3c) classifies the disease as stage IIIC (UICC, 2002).

Lymph node metastasis is readily documented with US-guided fine-
needle aspiration (FNA); usually, only a single needle pass is necessary 
because lymph nodes are highly cellular and easy to aspirate.

US detection and US-guided FNA confirmation of a nonpalpable metas-
tasis in an axillary node has a critical impact on the care of the breast cancer 
patient: it makes axillary node dissection mandatory, sparing the patient 
an unnecessary lymphatic mapping and sentinel lymph node biopsy pro-
cedure (De Kanter et al., 1999; Deurloo et al., 2003).

Detection of Metastases Outside the Regional Nodal Basins

In the process of surveying the regional nodal basins, it is not unusual to 
detect metastases from the breast carcinoma in the soft tissues of the chest 
wall—for example, in the pectoralis major muscle (Figure 5–15)—and in 
the bones. Exceptional cases of metastasis to the thyroid gland and to the 
submandibular glands have also been encountered.

US AFTER TREATMENT OF BREAST CANCER

Postsurgical Changes

Changes after Vacuum-Assisted Needle Biopsy

In the few days and weeks after a vacuum-assisted large-core core nee-
dle biopsy (CNB), US shows the small biopsy cavity filled with a mildly 
echogenic hematoma (Figure 5–16). Power Doppler imaging fails to dem-
onstrate any vascularity within that small mass. Metallic clips that are 
placed at the time of needle biopsy to mark the location of the index lesion 
are inconsistently visualized. US often demonstrates the needle track 
between the biopsy site and the needle entry site on the skin, confirm-
ing that the change seen is a postbiopsy change. A few weeks later, the 
small hematoma is replaced with a small scar, which, before it gradually 
resolves completely, may mimic a small residual carcinoma.

Changes after Lumpectomy

US examination performed soon after a lumpectomy shows an irregular, 
fluid-filled postoperative cavity; if the examination is performed within 
1 or 2 weeks after surgery, the cavity occasionally contains a small quan-
tity of residual air. At that early stage, any mass detected at the edge of the 
postoperative cavity should be considered to represent residual recurrent 
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disease until proven otherwise, especially if color Doppler US shows the 
presence of vessels within the mass.

The echogenicity of the serohematoma fluctuates over time. In the 
majority of cases, the initially echogenic fluid collection becomes a smaller 
anechoic fluid collection and eventually resolves completely. In parallel, 
the postoperative cavity shrinks and turns into a scar with irregular mar-
gins that are concave outward. In a few cases, however, the postoperative 
cavity is filled with an organized hematoma with anechoic fluid, echogenic 
clots, and internal septa. This type of organized postoperative collection 
may not resolve spontaneously. In the case of a postoperative collection, 
power Doppler imaging should never demonstrate any internal vascu-
larity. The least internal Doppler signal (confirmed by spectral Doppler 
analysis) should raise the possibility of residual or recurrent disease.

Depending on the surgical technique that was used for the lumpec-
tomy, deep scarring may be found at some distance from the cutaneous 
scar and extend over a long distance. Internal scars are often associated 
with shadowing and exhibit irregular margins, which—in contrast to the 
convex margins of an expanding neoplasm—are usually concave. To dis-
tinguish between a scar and recurrent tumor, it is important to examine the 
suspected scar dynamically by changing the compression with the trans-
ducer and making the adjacent tissues slide laterally over the scar: scars

Figure 5–16. Changes after vacuum-assisted core needle biopsy (CNB). Sono-
gram obtained 3 weeks after CNB shows the residual biopsy cavity filled with a 
clot, which contains a thin metallic clip (arrow) placed at the time of CNB to mark 
the location of the index lesion. The needle track is seen between the cavity and 
the skin (arrowheads).
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will usually deform along with the adjacent tissues more readily than 
recurrent tumors will. Also, scars are usually avascular on power Doppler 
imaging. Correlation of postoperative US patterns with mammograms 
and any other previous imaging studies is of paramount importance for 
detecting any interval changes in a scar. On rare occasions, a CNB of the 
scar is necessary to completely rule out a recurrence.

Local recurrences after breast conservation therapy are not rare. US can 
demonstrate any local recurrence that appears as a small mass, and US is 
superior to mammography in detecting such recurrences in dense breasts 
or breasts with implants. The US appearance of a local recurrence is not 
substantially different from the US appearance of a primary breast cancer. 
A local recurrence can be confirmed expeditiously with FNA.

Changes after Modified Radical Mastectomy

After modified radical mastectomy without reconstruction, the US exami-
nation can demonstrate and confirm via US-guided FNA any local recur-
rence in the chest wall or nodal basins.

US of the Reconstructed Breast

In patients who have undergone breast reconstruction, US is effective in 
assessing the soft tissues surrounding the tissue expander or implant. 
The most common indication for this use of US is to detect or rule out an 
abnormal postoperative seroma or abscess.

We at M. D. Anderson have found that color Doppler imaging of the 
anterior abdominal wall or of the buttock is useful for assessing the loca-
tion and size of the perforator vessels prior to reconstruction with a deep 
inferior epigastric free perforator flap or superior gluteal artery free per-
forator flap, respectively. Marking the location of these vessels on the skin 
before surgery speeds up the surgical dissection and makes it much easier 
to find the perforator vessels intraoperatively (Giunta et al., 2000).

We also used color and spectral Doppler US to successfully confirm the 
viability of a buried free flap in a case in which the implanted Doppler probe 
had erroneously suggested vascular occlusion (Rosenberg et al., 2006).

Mammography is not usually performed on reconstructed breasts 
because of the theoretically very low risk of local recurrence. However, one 
study found a recurrence rate of 7% in patients with early-stage breast can-
cer who underwent mastectomy and transverse rectus abdominis myocuta-
neous (TRAM) flap reconstruction, with a mean interval of 5 years between 
mastectomy and diagnosis of recurrence (Kroll et al., 1999). Palpable breast 
masses that develop after TRAM flap breast reconstruction most commonly 
represent fat necrosis, which appears on US as an ill-defined area of variable 
echogenicity, often associated with calcifications, and on power Doppler US 
as having variable vascularity. The presence of a small oil cyst within the 
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solid mass is typical. In a series of women with recurrences in breasts recon-
structed with myocutaneous flaps, our group found that 34 (87%) of the 
39 cancers had a US appearance similar to that of primary breast cancer, 
and there were no false-positive US diagnoses. However, some recurrences 
did have a benign US appearance mimicking fat necrosis or a postoperative 
fluid collection (Edeiken et al., 2003).

Because local recurrence in the TRAM-flap-reconstructed breast is not 
exceptional and because of the possible overlap between the US appear-
ances of malignancy and fat necrosis, it is prudent to confirm the diagno-
sis of any indeterminate solid mass in a TRAM-flap-reconstructed breast 
with US-guided FNA.

US Evaluation of Response to Neoadjuvant Chemotherapy

For 15 years, US has been used routinely at M. D. Anderson to quantify 
the response of breast cancers and any regional nodal metastases to neo-
adjuvant chemotherapy. US is used to measure the volumes of both the 
primary tumor in the breast and the metastatic nodes before, during, and 
after treatment (Fornage et al., 1990a). The formula for calculating the 
volume of a prolate ellipsoid (0.52 times the product of the three long-
est perpendicular diameters) is used to calculate the volumes of the pri-
mary tumor and the metastatic nodes, which are compared with those 
calculated on the previous study. This allows the breast imager to provide 
the clinician with a percentage decrease in volume that accurately reflects 
the response of the tumor to chemotherapy. Usually, the nodal metastases 
regress faster than the primary tumor does.

INTERVENTIONAL US

US has become the standard guidance technique for percutaneous inter-
ventional procedures involving nonpalpable breast masses.

US-Guided Percutaneous Needle Biopsy of Nonpalpable 
Breast Masses

The goal of imaging-guided percutaneous needle biopsy is to obtain a 
100% reliable tissue diagnosis of nonpalpable breast lesions and thereby 
reduce the number of unnecessary surgical biopsies. Virtually any non-
palpable breast lesion that is clearly demonstrated on sonograms can be 
sampled with a needle under US guidance. Both FNA and CNB are effec-
tively guided by real-time US (Fornage et al., 1990b; Parker et al., 1993). 
The basic requirement for optimal US visualization of the needle and its 
tip is that the needle, which is inserted from one end of the transducer, be 
aligned with the scanning plane (Figure 5–17).
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In the case of lesions that have been detected with mammography, 
the US-guided needle biopsy must be performed only after a meticulous 
review of the questionable mammograms to ensure that the lesion tar-
geted on US is the same one that was demonstrated on the mammograms. 
Review of prior imaging studies is also required for lesions detected with 
other imaging modalities, such as magnetic resonance imaging or even 
positron emission tomography.

US-guided needle biopsy should be performed only after all imag-
ing has been completed to avoid the risk of misinterpreting a postbiopsy 
hematoma or any other postbiopsy changes on imaging performed after 
the biopsy.

Before any US-guided needle biopsy is performed, informed consent is 
obtained, and the patient is asked about medications and possible impair-
ment of coagulation. The skin is prepared with alcohol (for FNA) or povi-
done-iodine (for CNB), which also serves as an acoustic coupling medium. 
Depending on the location of the tumor, the patient is placed in a dorsal 
decubitus or oblique lateral position to spread the breast on the chest wall 
and thus reduce the thickness of the breast parenchyma and consequently 
the length of the needle’s pathway.

Figure 5–17. Sonogram obtained during ultrasound-guided fine-needle aspira-
tion of a small carcinoma shows the echogenic needle (arrows), whose tip has 
reached the center of the lesion.
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Fine-Needle Aspiration

Although much less popular than CNB in the United States, FNA, when 
performed by experienced practitioners and interpreted by well-trained 
cytopathologists, remains a powerful problem-solving tool in the evalua-
tion of many breast masses. US-guided FNA of nonpalpable breast masses 
was first reported in the mid-1980s (Fornage et al., 1987a).

For FNA, we typically use a 20-gauge, 1.5–inch hypodermic needle. A longer 
(2 inches), 21-gauge needle may be needed in the case of a deep lesion or large 
breast. The freehand technique allows reorientation of the needle at different 
angles and therefore permits sampling of a larger volume.

FNA of breast carcinomas usually yields highly cellular cytologic smears; 
in our experience, in the majority of cases the diagnosis of ductal carcinoma 
is established with examination of cytologic material from a single pass. 
Other forms of breast malignancy, such as medullary and mucinous car-
cinomas, lymphomas, and metastases to the breast from extramammary 
primary cancers, can also be correctly diagnosed cytologically.

Although tests for hormone receptors (estrogen receptor and proges-
terone receptor), proliferation markers (e.g., Ki-67), and Her-2/neu are 
usually performed on a CNB or surgical specimen, these tests can also be 
performed on fine-needle aspirates, if necessary.

Nondiagnostic (insufficient) US-guided FNA specimens are rare, but 
they do occur, especially when lesions are very fibrotic or paucicellular. 
An insufficient smear represents a complete failure of the FNA proce-
dure and should prompt another pass. Should repeat FNA also fail, CNB 
should be performed. The rate of nondiagnostic FNAs should be less than 
5% (Boerner et al., 1999).

Core Needle Biopsy

Interest in CNB has been revived with the advent of automated spring-
loaded devices that activate a 14- to 18-gauge Tru-Cut-type cutting needle 
in a fraction of a second. Numerous commercially available devices pro-
vide automatic propulsion of a cutting needle with a fixed throw and a 
sampling notch of a little less than 2 cm. Although 14-gauge Tru-Cut-type 
CNB is considered standard in the United States, needles as fine as 18 
gauge yield cores of diagnostic quality (Fornage, 1999). The golden rule 
of US-guided CNB is that the pathologist must be comfortable with the 
amount of material submitted. Over the past decade, our pathologists 
have been satisfied with cores obtained with 18-gauge cutting needles.

Before US-guided CNB, a generous amount of local anesthetic is 
administered. The small skin incision required when a 14-gauge needle 
is used is not needed with 18-gauge needles, which are easily advanced 
through the skin. Because of its throw, the CNB needle must be inserted 
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as parallel to the chest wall as possible to avoid any injury to the chest 
wall, especially in women with small breasts or if the lesion is located 
very deep in the breast. Because the needle is advanced automati-
cally in a fraction of a second, the postfiring position of the needle tip 
must be anticipated before the biopsy “gun” is triggered. Thus, CNB 
requires more experience in US guidance of needles than does FNA, 
especially when very small lesions are targeted in small breasts or 
close to the chest wall or to an implant. Under US guidance and with 
the freehand technique, the tip of the needle is brought into contact 
with the mass. The perfect alignment of the needle with the scan plane 
is verified, and a hard copy of the prefiring position of the needle is 
printed. The biopsy gun is then fired, and a postfiring hard copy show-
ing the needle traversing the target is also printed. The transducer 
is swiveled 90 degrees, and a hard copy is printed of the transverse 
sonogram showing the cross-section of the needle inside the target 
(Figure 5–18) (Fornage et al., 2002). The needle is then withdrawn, and 
the tissue core is recovered. The procedure is repeated in different areas 
of the tumor until a sufficient number of satisfactory cores (usually 
three or four) have been obtained. To avoid repeat passage through and 
trauma to the subcutaneous tissues when multiple cores are obtained, 
especially when large-gauge needles are used, a coaxial technique can 
be used with an introducer inserted through the skin to the surface 
of the lesion; this permits rapid reinsertion of the needle for multiple 
passes and may also reduce the risk of seeding malignant cells along 
the needle track.

Recently, there has been a trend toward the use of new larger-gauge, 
vacuum-assisted biopsy devices, the prototype of which was the Mam-
motome (Ethicon Endosurgery, Cincinnati, Ohio). The advantages of 
these devices over traditional CNB needles include the need for only 
a single insertion, convenient automatic core retrieval, the ability to 
obtain multiple large contiguous samples, and the potential for com-
plete removal of small masses (Johnson et al., 2002). Disadvantages 
of the vacuum-assisted and other rotational biopsy systems include 
the large size of the cannula (and thus greater associated trauma) and 
high cost. Although such vacuum-assisted core biopsy devices and the 
large volume of the cores they yield are well adapted to stereotactically 
guided biopsy of microcalcifications, they are not necessary for the tis-
sue diagnosis of a breast mass.

FNA Versus CNB

The major advantages of US-guided FNA include pinpoint accuracy, 
excellent tolerability by patients, and the fact that it allows the opera-
tor to either aspirate or inject fluid or air. Also, results can be obtained 
within minutes. The disadvantages of US-guided FNA include the 
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absolute requirement for an expert cytopathologist, failure to yield 
adequate material for diagnosis in cases of fibrous or paucicellular 
tumors, and inability to differentiate between invasive and noninva-
sive breast carcinomas (this requires histopathologic examination of a 
tissue core).

Figure 5–18. Ultrasound-guided core needle biopsy of a breast carcinoma per-
formed using an automated 18-gauge biopsy device. (A) Longitudinal postfiring 
sonogram shows that the echogenic cutting needle has traversed the targeted mass. 
(B) Confirmatory sonogram obtained after swiveling the transducer 90 degrees 
shows the brightly echogenic needle in cross-section in the center of the tumor.
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False-negative cytologic diagnoses are rare. They occur mainly with 
paucicellular and markedly desmoplastic tumors such as infiltrating lobu-
lar carcinomas. Tubular carcinomas have also been reported as having the 
potential to mimic a fibroadenoma cytologically. False-positive cytologic 
results are even rarer; they have been reported mainly in cases of hyper-
cellular benign lesions such as papillomas, some tubular adenomas, and 
atypical ductal hyperplasia. Radiation-induced changes can also mimic 
recurrent carcinoma cytologically.

The advantages of CNB, on the other hand, include a nearly 100% rate 
of recovery of adequate tissue (even in fibrous masses) and the fact that 
CNB allows assessment of the invasiveness of the cancer.

FNA and CNB are two complementary approaches to the same pro-
cedure, percutaneous needle biopsy of the breast. At institutions where 
an expert cytopathologist is available, the radiologist should be expert in 
both techniques and must determine for each patient whether the lesion 
should be sampled with FNA or CNB (Fornage et al., 2002). Whenever 
there is a possibility that the lesion might be fluid filled, FNA should be 
performed first. Although some benign masses—like fibroadenomas, fat 
necrosis, and intramammary nodes—can easily be diagnosed via FNA 
by an experienced cytopathologist provided with an adequate specimen, 
some solid benign masses, such as hyalinized fibroadenomas or fibrous 
masses, cannot be adequately diagnosed with FNA.

Because only CNB can determine invasiveness, CNB is required to 
diagnose breast cancer before treatment planning begins. However, FNA 
is ideal for the diagnosis of metastatic lymph nodes and can be used for 
diagnosing a recurrence. The goal to be kept in mind is that at the end of 
the biopsy procedure, a definitive tissue diagnosis must be available so 
that decisions can be made about patient care.

Keys to Success of US-Guided Biopsy

US-guided needle biopsy is not without difficulty, and experience in every 
step is needed to yield optimal results. The success of US-guided biopsy of 
the breast depends on the skill of the operator in hitting the target lesion; 
successful tissue extraction, which depends on the operator’s technique 
and the nature of the tumor; adequate preparation of the specimens; and 
interpretation by an expert pathologist or cytopathologist. Any factor 
compromising the success of any step will jeopardize the overall success 
of the procedure.

US-guided interventional procedures require excellent eye–hand 
coordination and a significant amount of practice before the mandatory 
100% accuracy in hitting the target can be reached. Practicing with easy-
to-make phantoms shortens the learning curve of beginners. Similarly, 
making an accurate cytologic diagnosis requires considerable experience. 
Implementation of US-guided percutaneous needle biopsy in the general 
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medical community may be associated with substantial difficulties if these 
prerequisites are not met.

US-guided needle biopsy of nonpalpable breast lesions requires team-
work. Progress can be made and experience can be accumulated only 
through ongoing communication between all members of the team.

The golden rule in breast biopsy is that there must be concordance 
between the biopsy results and the findings on imaging and clinical exam-
ination. Any discrepancy—e.g., a negative result on needle biopsy in the 
face of a single suspicious finding on physical examination, mammogra-
phy, US, or any other imaging modality (e.g., magnetic resonance imag-
ing, positron emission tomography)—should be carefully reevaluated and 
should not delay surgical excision.

Other US-Guided Interventional Procedures

Percutaneous Galactography

When cannulation of a duct that is responsible for nipple discharge is not 
technically feasible and the dilated duct can be demonstrated on US, ante-
grade galactography can be performed by direct percutaneous injection of 
contrast medium into the duct (Rissanen et al., 1993).

Preoperative and Intraoperative Localization of Nonpalpable Masses

US can be used to help surgeons locate nonpalpable breast masses. 
US-guided localizations can be performed either preoperatively or 
intraoperatively.

For preoperative localization, a localizing device, usually a hookwire, is 
inserted through the mass under US guidance. Placement under US guid-
ance ensures the shortest distance from the entry site of the localizer to 
the mass, which is an advantage for the breast surgeon. In general, when 
a nonpalpable tumor has been visualized on both mammography and US, 
US-guided localization is preferred because it is faster and therefore bet-
ter tolerated by the patient than mammographically guided techniques. 
Masses detected by US alone must be localized with US.

At M. D. Anderson, an intraoperative localization technique has been 
used for more than a decade with remarkably good results. Because the 
procedure is done with the patient placed in the operating position, the risk 
that the localizing needle or hookwire will be dislodged is eliminated. The 
localization is done while the patient is under anesthesia (general or local), 
which avoids stress and discomfort for the patient. Transportation-related 
delays between the radiology and the surgery departments are avoided.

Another significant advantage of intraoperative localization is that it 
allows the radiologist and the surgeon to communicate directly and dis-
cuss the real-time images of the tumor. Most localizations in small- to 
medium-sized breasts are done by simply marking the projection of the 
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mass on the skin with an X and indicating the depth of the lesion to the 
surgeon (Fornage et al., 1994a). Insertion of a hookwire is needed only in 
rare cases—e.g., if the surgeon thinks that the large size of the breast may 
make it difficult to locate the lesion.

US of the Surgical Specimen

Sonographic confirmation of successful excision of a lesion that was 
detected by US but not by mammography (and for which radiography 
of the specimen is therefore not relevant) can be obtained by scanning the 
freshly excised specimen placed in a container filled with saline. Failure to 
visualize the mass in the specimen should prompt the radiologist to scan 
the area of the open wound using a gowned transducer to identify the 
residual mass and further guide the surgeon.

Marking of Tumors Responding to Neoadjuvant Chemotherapy

At M. D. Anderson, metallic markers are implanted under US guidance in 
and/or adjacent to breast carcinomas that are responding dramatically to 
neoadjuvant chemotherapy (Edeiken et al., 1999). The goal of this practice 
is to allow the surgeon to locate and excise the tumor bed if the tumor dis-
appears completely during chemotherapy. Markers are implanted as soon 
as the tumor is no longer palpable (usually after two courses of chemo-
therapy) but while it is still clearly seen on sonograms.

For markers, we have used commercially available platinum embolization 
coils (MCE-35P-1-2-VA coil; Cook Group, Inc., Bloomington, IN) that are well 
visualized on US (Figure 5–19). Smaller metallic clips, such as the UltraClip 
(Inrad, Inc., Kentwood, MI), which are more difficult to visualize with US, can 
be used if subsequent localization will be done using mammography.

US-Guided Peritumoral Injections of Radiotracer and Dye 
for Lymphatic Mapping and Sentinel Lymph Node Biopsy

Lymphatic mapping and sentinel lymph node biopsy involves the injection 
of technetium-labeled sulfur colloid near the primary tumor a few hours 
prior to the biopsy. Radiotracer can be accurately injected at the periph-
ery of nonpalpable carcinomas with real-time US guidance. However, the 
need for peritumoral injections has recently been questioned since it has 
been shown that intradermal injections of technetium sulfur colloid are 
just as accurate as peritumoral injections in identifying the sentinel lymph 
node (Lin et al., 2004).

Placement of the MammoSite Device

The MammoSite radiation therapy device (Cytic, Inc., Palo Alto, CA) offers 
a new minimally invasive method of administering brachytherapy after 
a lumpectomy for breast cancer. This system consists of a small balloon 
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catheter that is inserted into the postoperative cavity and then inflated 
with saline and a contrast agent to conform to the margins of the cavity. 
The insertion of the device into the lumpectomy cavity is facilitated by the 
use of real-time US monitoring (Zannis et al., 2003).

US-Guided Percutaneous Ablation of Breast Masses

The various modalities that are currently available to ablate breast masses, 
including cancer, employ devices that are inserted percutaneously into the 
breast to either heat or cool the tumor sufficiently to cause complete cell 
death. Techniques of percutaneous ablation fall into two general categories: 
thermotherapy—in which hyperthermia is induced by application of radio-
frequency current, laser irradiation, microwave irradiation, or insonation 
with high-intensity focused ultrasound waves—and cryotherapy.

It is important to bear in mind that all previous applications of percuta-
neous ablation, such as radiofrequency ablation (RFA) or cryoablation of 
liver tumors, cryoablation of prostate cancer, and RFA of bone metastases, 
were for palliation and improvement of quality of life, not for cure.

Today, percutaneous ablation is being tested in clinical trials as a treat-
ment option for breast cancer. However, use of percutaneous ablation for 

Figure 5–19. Metallic marker placed in a tumor responding to neoadjuvant chem-
otherapy. Sonogram shows the brightly echogenic C-shaped embolization coil in 
the small hypoechoic residual tumor.
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treatment of small breast tumors raises an ethical issue: patients who are 
eligible for such treatment already have an excellent prognosis with the 
standard treatment options. Therefore, if percutaneous ablation fails, these 
patients may have compromised their best chance for a cure. This ethical 
concern must be considered in the development of clinical trials for mini-
mally invasive therapy for breast cancer. Besides the ethical issues, there 
is a so-far unsolved technical problem: inability to assess the margins of 
the ablated volume pathologically and thereby confirm the success of the 
treatment.

Radiofrequency Ablation. In a pilot “ablate and resect” study at M. D. 
Anderson, we investigated the feasibility and safety of using US-guided 
RFA in the local treatment of small (T1) invasive breast cancers (Fornage 
et al., 2004). A meticulous pre-RFA US study was performed in each case 
to ensure that the tumor was unique, small, and well visualized on US 
and that its margins were well demarcated from the adjacent tissues. In 
addition, to be eligible for the trial, patients had to have at least a 1-cm dis-
tance between the tumor and the skin and also between the tumor and the 
underlying chest wall. Prior to the RFA procedure, CNB was performed to 
establish the definitive pathologic diagnosis and to test the tumor tissue 
for hormone receptors and other factors, such as Her-2/neu.

A standard RFA generator (RITA Medical Systems, Fremont, CA) 
was used with a multiple-array needle-electrode. After the target 
lesion was located, the needle-electrode was inserted percutaneously 
through the tissues until its tip abutted the lesion. The prongs were 
then deployed through the mass over a length of 3 cm under full real-
time three-dimensional US monitoring. Then the needle-electrode was 
connected to the generator, and the target temperature was set at 95°C. 
The target temperature, once reached, was maintained for 15 minutes. 
No specific changes were evident in tumor US appearance that reli-
ably reflected the pathologic changes induced by RFA or contributed to 
determining the extent of the thermal lesion. After the procedure, how-
ever, color Doppler US showed complete disappearance of any preex-
isting vascularity in and around the tumor. Refinement in US imaging 
will be needed to permit determination of the “margins” of the RFA 
thermal lesion—ideally during or soon after the procedure—and thus 
better adjust the treatment parameters. This might involve the use of 
contrast agents or elastography.

The target lesion was completely ablated in all of our 21 cases 
(Figure 5–20). However, in the case of one tumor that had been down-
staged preoperatively by neoadjuvant chemotherapy to a small residual 
tumor of about 1 cm, RFA successfully ablated the minute tumor residue, 
but pathologic examination of the specimen revealed extensive residual 
invasive and in situ carcinoma around the residual visible tumor. Conse-
quently, patients who have undergone neoadjuvant chemotherapy should 
be excluded from any protocol of RFA of breast cancer.
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Figure 5–20. Ultrasound-guided radiofrequency ablation of a small breast carci-
noma. (A) View of the multi-array needle-electrode with its prongs deployed. 
(B) Preprocedure sonogram shows a small carcinoma (arrows and calipers). 
(C) Sonogram after placement of the electrode into the lesion shows the deployed 
prongs (arrows). 
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Cryoablation. Cryoablation, once a popular technique for treating liver 
metastases and currently used to treat prostate cancer, is regaining favor 
as a treatment for breast lesions, especially fibroadenomas (Littrup et al., 
2005). This is due in part to the advent of new, compact, easy-to-use cryo-
ablation equipment that uses argon gas, which reaches freezing tempera-
tures faster than liquid nitrogen does. Because the very cold temperatures 
achieved in cryoablation are anesthetic, this procedure can be performed 
safely under local anesthesia with little or no sedation of the patient.

The thermal variables that influence the efficacy of cryotherapy include 
the cooling rate, temperature gradient, freezing interface velocity, final 
freezing temperature, holding time at final temperature, warming (thaw) 
rate, and number of freeze-thaw cycles. Cellular damage increases with 
increasing cooling rates because of the higher probability of intracellular 
ice formation with more rapid cooling. A double freeze-thaw cycle signifi-
cantly increases cell damage and is sufficient for complete cell destruction 
at a final temperature of −40°C for a 25°C/min cooling rate and a final 
temperature of −20°C for a 50°C/min cooling rate (Rui et al., 1999).

Cryoablation is well suited for use under US guidance because the 
hyperechoic front edge of the ice ball that is created appears sharp on 
US. This allows accurate real-time visibility and control of the extent of 
the cryolesion, which is not possible with RFA. As a result, US-guided 
cryoablation is easily tailored to the size of the lesion. If needed to protect 

Figure 5–20. (continued) (D) View of the resected specimen shows the ablated 
lesion (arrows) surrounded by a rim of hyperemia (arrowheads).
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the skin, sterile saline can be injected under US guidance at the periphery 
of the ice ball.

In a study of 16 breast cancers with a mean (± standard deviation) size 
of 2.1 ± 0.8 cm that were treated with a 3-mm cryoprobe inserted under US 
guidance for two freeze-thaw cycles, each consisting of a 7- to 10-minute 
freeze and a 5-minute thaw, the mean diameter of the ice ball after the sec-
ond freezing cycle was 2.8 ± 0.3 cm. Five tumors smaller than 1.6 cm showed 
no residual invasive cancer after treatment, but two of them were associated 
with DCIS in the surrounding tissues. Tumors 2.3 cm or larger, however, 
showed incomplete necrosis (Pfleiderer et al., 2002). In another study of nine 
patients with small invasive cancers treated with cryoablation 2–3 weeks 
prior to lumpectomy, two patients (22%) had residual cancer at the posterior 
surgical margin (invasive in one case and DCIS in the other). No residual 
invasive cancer was found in tumors 17 mm or smaller or tumors without 
spiculated margins on US. Histologic examination of the lumpectomy spec-
imens also revealed extensive areas of coagulative necrosis, fat necrosis, and 
scars (Roubidoux et al., 2004). In a multi-institutional trial including 29 US-
guided cryoablations of primary invasive breast cancer 2.0 cm or smaller, 
there were two technical failures. Cryoablation successfully destroyed all 
cancers 1.0 cm or smaller; for tumors between 1.0 and 1.5 cm, cryoablation 
successfully destroyed tumors only in patients with invasive ductal carci-
noma without a significant DCIS component. For unselected tumors 1.5 cm 
or larger, cryoablation was not reliable (Sabel et al., 2004).

After cryoablation, there is local edema, and the inflammatory cas-
cade is initiated. This leads to macrophage invasion and resorption of the 
lesion. At this point, antigen presentation and the activation of specific 
T-cell and B-cell responses to tumor antigens may occur. Such immune 
responses induced by the residual tumor mass after cryoablation may 
inhibit the growth of tumor foci distant from the primary tumor. Such 
a cryoimmunologic benefit, which might reduce the risk of recurrent or 
metastatic disease, would be an added value for cryoablation (Sabel and 
Edge, 2001).

At M. D. Anderson, we have performed cryoablation of fibroadenomas 
using argon-based cryoablation systems with a cryoprobe that is 2.4 mm in 
diameter (Visica system; Sanarus Medical, Inc., Pleasanton, CA) or 1.5 mm 
in diameter (Oncura; Galil Medical, Yokneam, Israel). The latter, 17-gauge 
cryoprobe is easily placed under US guidance. Two cycles of freezing 
separated by one cycle of thawing are usually applied, and the duration 
of these cycles is determined on the basis of the initial size of the fibroad-
enoma and the size of the ice ball to be generated, which must encompass 
the fibroadenoma and a small additional volume of surrounding normal 
breast tissue (Figure 5–21). After cryoablation of fibroadenomas, there is 
swelling of the treated region for a few weeks, and then the fibroadenoma 
starts to shrink gradually; one study found an 89% median volume reduc-
tion at 12-month follow-up (Kaufman et al., 2004).



Figure 5–21. Ultrasound-guided cryoablation of a fibroadenoma. (A) Prepro-
cedure sonogram shows the fibroadenoma. (B) Longitudinal sonogram shows 
the echogenic cryoprobe in place. (C) Longitudinal sonogram obtained during the 
procedure shows the echogenic anterior edge of the ice ball and the massive acous-
tic shadow. 
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Limitations and Issues in Percutaneous Ablation of Breast Cancer. It 
appears that the key to success for any ablation technique is the careful 
and proper selection of patients. No attempt should be made to use abla-
tive techniques to treat tumors that are poorly defined on imaging; infil-
trating lobular carcinomas; or invasive carcinomas associated with a large 
DCIS component.

It is not clear whether standard imaging (mammography and US) and 
physical examination will be sufficient for patient follow-up after RFA or 
cryoablation. Will they show the ablated tumor well enough to be able 
to guide needle biopsy of the lesion’s periphery to verify the absence of 
residual or recurrent disease? The role (and cost) of magnetic resonance 
imaging and positron emission tomography in follow-up after ablation 
will have to be addressed.

It seems intuitive that long-term cosmetic results after RFA or cryoabla-
tion will be excellent. However, the extent of tissue retraction and tissue 
fibrosis and the ultimate effect of radiation therapy (should it be required) 
on a thermally treated area are difficult to predict and may vary from 
patient to patient.

Another critical issue in percutaneous RFA and cryoablation of breast 
cancer is that the success of these technically challenging US-guided proce-
dures is operator dependent. In terms of technical difficulty, percutaneous 
ablation techniques are often compared by breast surgeons to US-guided 
CNB. There is, however, a significant difference between the two: in CNB, 

Figure 5–21. (continued) (D) Longitudinal sonogram obtained during the proce-
dure shows the echogenic hypodermic needle (arrowheads) used to inject luke-
warm saline between the ice ball and the skin to prevent cold burn.
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the operator has to hit the target anywhere (even at its periphery) only 
once in several attempts to be successful; in percutaneous ablation, the 
operator must place a device through the geometric center of the tumor. 
There is no room for error in the placement of an ablative device when 
treating breast cancer. Three-dimensional imaging, especially with US, 
is not easy and requires considerable practice and knowledge of pitfalls 
and artifacts. This is why percutaneous ablation is best performed by the 
breast imager and the treating surgeon working cooperatively to obtain 
the optimal outcome for the patient.

After the percutaneous ablation is completed, the status of the axilla 
must still be verified.

The most important end point for future trials designed to evaluate 
percutaneous ablation as an alternative to lumpectomy will be long-term 
local control. It is unknown whether either thermoablative or cryoabla-
tive techniques will be as effective as surgical excision is in ablating car-
cinoma and whether percutaneous ablation will result in at least similar 
if not better long-term local control. Because the expected 5-year recur-
rence rate is only a few percent, large-scale studies will be needed to 
detect any statistically significant difference between the different treat-
ment modalities.

Finally, which patients will benefit from and should be offered percuta-
neous ablation as an alternative to surgery for treatment of breast cancer is 
still unknown. Therefore, we should encourage surgeons and breast imag-
ers to participate in clinical trials investigating these ablative therapies 
to determine the appropriate candidates. Until percutaneous ablation is 
proven to be equivalent to breast-conserving surgery in terms of long-term 
local control, potentially curative ablation should be limited to patients 
who are poor candidates for or ineligible for surgery and elderly patients 
with slow-growing tumors and a very low risk of recurrence. Percutane-
ous ablation could also be considered for treatment of local recurrence 
in selected patients. One might also consider performing percutaneous 
ablation of a tumor before surgical excision to minimize dissemination of 
tumor cells during surgical manipulation or using percutaneous ablation 
in conjunction with other minimally invasive procedures such as percuta-
neous excision.

CONCLUSION

US examination of the breast has recently come to maturity with the avail-
ability of high-frequency transducers. The technique is now routinely used 
in breast imaging centers as an essential complement to physical examina-
tion and mammography in the evaluation of breast masses. Today, US not 
only differentiates cystic from solid masses but also narrows down the 
differential diagnosis between benign and malignant solid masses.
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US has proved invaluable in the imaging of dense breasts, an application 
for which mammography is very limited. Studies are under way to evaluate 
the diagnostic accuracy of US used as a screening tool for breast cancer.

In patients with a known breast cancer, US of node-bearing areas (with 
US-guided FNA of equivocal nodes), which has been used at M. D. Anderson 
for more than 15 years, can significantly alter pretherapeutic staging.

US has become the standard imaging method for guiding percutaneous 
needle biopsy of breast masses. US is being used to guide new experimental
techniques designed to ablate nonpalpable breast tumors, opening the 
door to a new field of applications.
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CHAPTER OVERVIEW

Currently, nonpalpable breast lesions are sampled using image-guided 
biopsy—either needle localization excisional biopsy or image-guided fine-
needle aspiration or core needle biopsy—to obtain a tissue diagnosis. Ten 
percent to 30% of nonpalpable lesions are found to be malignant. Accurate 
diagnosis is essential for the appropriate management of these early-stage 
lesions. The diagnostic accuracy of image-guided biopsy is dependent on 
standardization of biopsy procedures, familiarity with common diagnos-
tic challenges, and correlation of the histopathologic findings with the 
prebiopsy imaging and clinical findings.

INTRODUCTION

The widespread use of screening mammography has resulted in an increase 
in the rate of detection of nonpalpable breast lesions and an increase in the 
number of biopsies done to evaluate such lesions. Traditionally, nonpal-
pable breast lesions were evaluated using needle localization excisional 
biopsy. Today, the preferred method of sampling nonpalpable breast 
lesions is image-guided percutaneous needle biopsy—either core needle 
biopsy (CNB) or fine-needle aspiration (FNA).

Both needle localization excisional biopsy specimens and CNB speci-
mens present surgical pathologists with diagnostic challenges in daily 
practice. In the case of needle localization excisional biopsy specimens, 
the needle localization and any percutaneous needle biopsy procedure 
performed before biopsy induce changes that may influence interpre-
tation of the biopsy results. Familiarity with these changes is necessary 
for accurate pathologic assessment. In the case of CNB specimens, breast 
lesions are often present in incomplete form and sometimes present in dis-
rupted form, making pathologic evaluation difficult. Accurate pathologic 
assessment of nonpalpable breast lesions requires standardized biopsy 
techniques, standardized methods of evaluating pathologic specimens, 
and an understanding of the diagnostic problems associated with CNB 
specimens.

The first part of this chapter describes needle localization excisional 
biopsy and CNB and how specimens obtained by these techniques are 
handled. Next, the merits of CNB and FNA are compared, and the methods
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used to report biopsy results are discussed. The second part of the chap-
ter discusses some of the problems most commonly encountered in the 
evaluation of specimens obtained by CNB and discusses the use of immu-
nohistochemical techniques as an adjunct to other methods of pathologic 
evaluation of such specimens.

PROCESSING AND EVALUATION OF NEEDLE LOCALIZATION

EXCISIONAL BIOPSY SPECIMENS

Accurate evaluation and diagnosis of nonpalpable breast lesions excised 
using needle localization excisional biopsy requires the coordinated efforts 
of the surgeon, pathologist, and radiologist. The biopsy specimen must be 
carefully oriented and the presence of the breast abnormality within the 
specimen must be confirmed before processing begins. Our approach to 
handling and evaluating needle localization excisional biopsy specimens 
is illustrated in Figure 6–1.

After the needle localization excisional biopsy specimen is delivered to 
the pathologist, the surgeon orients it with respect to location and margins 
of excision. A radiograph of the intact specimen is obtained and imme-
diately compared with the preoperative mammogram or sonogram. If 
the lesion in question is not visible on mammography, sonography of the 
specimen is performed instead. The purpose of this initial step is to con-
firm the presence of the suspicious microcalcifications or atypical soft-
tissue density within the excised specimen.

The surface of the oriented specimen is then marked with multiple 
colors of ink to identify the six margins: lateral, medial, inferior, superior, 
anterior, and posterior.

The specimen is then sectioned sequentially from one pole to the opposite 
pole in 3– to 5–mm intervals along a plane parallel to the chosen oppos-
ing orientation sites. If the radiograph (or sonogram) of the intact specimen 
shows the area containing suspicious microcalcifications or the atypical soft-
tissue density, the radiograph (or sonogram) can be used to select the opti-
mal opposing orientation sites (poles) farthest from the area of concern.

The serial sections are examined grossly. The individual tissue sec-
tions are then placed in order on a radiographic plate (with orientation 
maintained between sections), and a second radiograph is obtained and 
compared with the preoperative mammogram or sonogram. (If the target 
lesion or lesions are apparent and well defined on gross examination of 
the serial tissue sections, radiographs [or sonograms] of the serial sec-
tions may not be necessary.) If this second radiograph, of the sequential 
tissue sections, fails to show the targeted mammographic abnormality, 
the surgeon and radiologist must relocate the suspicious abnormality 
within the breast tissue, and additional excision is required. If suspicious 
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microcalcifications or an atypical soft-tissue density appears close to or at 
a tissue margin on the radiograph, the surgeon is notified, and additional 
tissue is obtained from this area to ensure an adequate margin.

Once the presence of the targeted abnormality within the excised 
specimen has been confirmed, sections of the specimen are submitted 
for permanent section evaluation. (Frozen section evaluation is not rec-
ommended for diagnosis of microcalcifications; nonpalpable, grossly 
inapparent radiographic soft-tissue densities; or lesions less than 1 cm in 
diameter.) For each section submitted, the location of that section on the 

*If lesion is at or close to margin, additional tissue is removed and submitted as a new
margin.

Intact specimen 
Measure, inspect, perform radiography or sonography
Compare with preoperative mammogram or sonogram

Ink margins of resection 

Serially section at 3- to 5-mm intervals with orientation maintained 
Perform gross examination 

Obtain radiograph or sonogram of serial tissue sections 
Compare with preoperative mammogram or sonogram 

Lesion of interest    Lesion of interest 
identified* not identified

Submit tissue in      Further surgical 
sequential cassettes, labeled intervention
to allow correlation with

mammogram or sonogram

Figure 6–1. M. D. Anderson approach to pathologic evaluation of breast speci-
mens obtained by needle localization excisional biopsy.
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radiograph of the serial sections is noted. For specimens less than 5 cm in 
diameter, all of the sections are submitted for permanent section evalua-
tion. For specimens 5 cm in diameter or larger, all areas of the specimen 
containing microcalcifications or atypical soft-tissue densities should be 
submitted for permanent section evaluation. Areas containing margins 
closest to microcalcifications and areas of fibrosis should also be submit-
ted. If examination of permanent sections from a larger specimen reveals 
only carcinoma in situ or atypical hyperplasia, additional sampling of any 
residual specimen is recommended.

TECHNICAL CONSIDERATIONS IN CNB

The goals of CNB in the evaluation of breast lesions are to identify benign 
lesions with a high degree of accuracy, thus eliminating unnecessary sur-
gery in the majority of cases; to distinguish carcinoma in situ from inva-
sive carcinoma; to identify high-risk lesions; and to obtain the information 
necessary to determine appropriate therapy. To attain these goals, how-
ever, many standards must be met with regard to the size of the needle, 
number of cores, type of biopsy device, specimen handling procedures, 
and correlation of pathologic and radiologic findings.

Needle Size

The gauge of the biopsy needle is an important determinant of the success of 
CNB. Early in the practice of CNB, it became apparent that small-gauge nee-
dles (i.e., 20- or 18-gauge) produced insufficient tissue samples. As a result, 
Parker (1994) advocated the use of 14-gauge needles for breast biopsies. In a 
study of 57 surgically removed mass breast lesions that were sampled using 
a short-throw, automated biopsy gun with 18-, 16-, and 14-gauge needles, 
Nath et al. (1995) found that samples obtained with 14-gauge needles were 
associated with the most accurate diagnoses.

The length of the needle excursion into the mass is also important. 
A short-throw needle results in shorter tissue cores than a long-throw 
needle (1.3 vs. 2.3 cm). In a study by Liberman et al. (1997), the likeli-
hood of missing carcinoma because of insufficient tissue sampling was 
60% when biopsy was performed with a short-throw needle compared 
to 18% when biopsy was performed with a long-throw needle, and this 
difference was statistically significant.

At M. D. Anderson Cancer Center, for sampling calcifications under 
stereotactic guidance, we use 9-gauge needles and a vacuum-assisted 
biopsy instrument. For ultrasound-guided CNB, we use 14-, 16-, or 
18-gauge long-throw needles. With these technical parameters, our 
specimen adequacy rates with both stereotactic CNB and ultrasound-
guided CNB approach 100%.
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Number of Cores

Multiple tissue cores are needed to assess nonpalpable breast lesions. The 
number of cores obtained may vary from case to case, but on average, four 
tissue cores are adequate for accurate diagnosis of solid masses, whereas 
10 tissue cores are needed for accurate diagnosis of microcalcifications. 
In a study of 145 mammographically detected lesions (53 calcifications 
and 92 masses) sampled with stereotactic CNB performed using 14-gauge 
needles (Liberman et al., 1994), the authors found that material sufficient 
for diagnosis was present in the first core in 70% of the lesions and that 
obtaining more cores increased the diagnostic yield. Obtaining five cores 
enabled a diagnosis in 87% of the cases of calcifications and 99% of the 
cases of masses. When the number of cores obtained was increased to six, 
the diagnostic yield increased for calcifications but did not increase for 
masses. On the basis of these findings, the authors recommended that a 
minimum of five cores be obtained in cases of masses and 10 cores be 
obtained in cases of microcalcifications. Several other studies have resulted 
in similar findings.

Type of Biopsy Device

Two types of biopsy devices are used for CNB: spring-loaded devices and 
directional vacuum-assisted biopsy devices, the prototype of which was 
the Mammotome (Ethicon Endosurgery, Cincinnati, OH).

Spring-loaded devices, which activate a 14- to 18-gauge needle in a 
fraction of a second, are used for ultrasound-guided CNB. Spring-loaded 
devices are much easier to use than the traditional Tru-Cut biopsy needle.

Directional vacuum-assisted biopsy devices use a 9-, 11-, or 14-gauge 
needle connected to a vacuum chamber that sucks tissue into a cutting 
notch. The biopsied tissue is then transported through a probe without the 
need for withdrawal of the needle after each pass.

The directional vacuum-assisted device has several advantages over 
automated spring-loaded devices. The improved performance of direc-
tional vacuum-assisted biopsy devices has been attributed to the ease 
with which a large number of specimens can be obtained, higher average 
specimen weights, a higher percentage of breast tissue versus clotted blood 
per specimen, and the ability to obtain contiguous breast tissue samples. 
Burbank (1997) compared the results of two stereotactic CNB protocols. 
One protocol used an automated spring-loaded device to obtain a mean 
of 17 and 19 specimens per atypical ductal hyperplasia (ADH) and DCIS 
lesion, respectively. The other protocol used a directional vacuum-assisted 
device to obtain a mean of 27 and 26 specimens per ADH and DCIS lesion, 
respectively. Fourteen-gauge needles were used in both protocols. Burbank 
found that use of the directional vacuum-assisted device essentially elim-
inated underestimation of ADH or DCIS with no clinical complications. 
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Eight of the 18 lesions diagnosed as ADH using an automated spring-
loaded device were found at surgery to be breast cancer (DCIS or invasive 
ductal carcinoma), whereas none of the eight lesions diagnosed as ADH 
using a directional vacuum-assisted device were found at surgery to be 
breast cancer. Nine of the 55 lesions diagnosed as DCIS using an automated 
spring-loaded device were found at surgery to be invasive ductal carci-
noma, whereas none of the 32 lesions diagnosed as DCIS using a direc-
tional vacuum-assisted device were found at surgery to be invasive ductal 
carcinoma. Other studies have shown similar results using directional vac-
uum-assisted devices; however, in those studies, underestimation of ADH 
and DCIS could not be totally eliminated.

Specimen Handling Procedures

When CNB is performed in a woman with suspicious calcifications, it 
is essential to confirm that calcifications are indeed present in the CNB 
specimen. For this purpose, CNB specimens are placed in a petri dish and 
kept moist with a drop of sterile saline on a small TELFA pad (Kendall Co., 
Milford, OH). After magnification radiography, the tissue cores with cal-
cifications are either marked with India ink before fixation in 10% normal 
buffered formalin (Figure 6–2) or placed in a separate container to permit 
localization of the calcifications for pathologic correlation. Multiple tissue 
levels of the CNB specimen are often required for histologic examination. 
We routinely obtain six levels and use the first and last levels for histologic 

Figure 6–2. (A) Specimen radiograph demonstrating the presence of calcifications 
in some of the tissue cores. 
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evaluation, reserving the unstained slides for any marker studies that may 
be needed. If calcifications are not found on specimen radiography as 
expected, a repeat biopsy should be done.

If more than one mammographically detected lesion is biopsied, tissue 
cores from each lesion should be submitted and evaluated separately.

Figure 6–2. (continued) (B) Core needle biopsy specimen with India ink indicat-
ing the tissue cores with calcifications. (C) Corresponding tissue section showing 
ductal carcinoma in situ with calcifications. The black ink at the edge of the tissue 
section corresponds to the core with calcifications identified in panel B.
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CNB VERSUS FNA

As previously mentioned, two different procedures are available for per-
cutaneous needle biopsy of nonpalpable breast lesions: CNB and FNA. 
This section reviews the evidence from clinical trials comparing the two 
biopsy techniques, summarizes the advantages and disadvantages of CNB 
and FNA, and describes current percutaneous needle biopsy practices at 
M. D. Anderson.

Results from Clinical Trials

Comparisons of CNB and FNA should be done in the same breast lesions, 
but this practice has been documented in only a few studies.

Dowlatshahi et al. (1991) reported 250 cases of nonpalpable breast 
lesions that were sampled under stereotactic guidance using 20-gauge 
biopsy needles (Franzen-type device for FNA; Biopty [Bard Urological, 
Covington, GA] and Monopty devices [Radiplast, Uppsala, Sweden] 
for CNB). About 54% of the cancers were diagnosed using both FNA 
and CNB, 41% with CNB alone, and 32% with FNA alone. Of 125 lesions 
characterized as slightly suspicious, 85 (68%) were definitively diag-
nosed using 1 or both of these techniques. FNA was more accurate than 
CNB in diagnosing mammographic calcifications: the false-negative 
rates were 45% for CNB and 10% for FNA. The authors concluded that 
FNA and CNB are complementary; that both FNA and CNB are highly 
specific for low-risk lesions; and that high-risk lesions should be sam-
pled by needle localization excisional biopsy even when FNA and CNB 
results are negative.

In a multi-institutional study conducted by the Radiology Diagnostic 
Oncology Group (RDOG-5) (Pisano et al., 1998), 377 breast lesions were 
sampled using 22- to 25-gauge needles for FNA and 14-gauge needles for 
CNB. Sampling was performed under stereotactic or ultrasound guidance. 
Among 18 participating institutions, the insufficient sample rate averaged 
33% (range, 3–82%). The rate varied significantly by lesion type, method of 
imaging guidance, and histologic diagnosis, with calcified lesions associ-
ated with a significantly higher rate of insufficient sampling than masses 
and with benign lesions associated with a significantly higher rate of insuf-
ficient sampling than malignant lesions. Because FNA could not be consist-
ently applied in multiple practices around the United States using the same 
protocol, the National Cancer Institute’s RDOG-5 Data Safety and Moni-
toring Board convened to oversee the progress of the study and decided 
to stop enrolling patients in the FNA arm of this trial. Unfortunately, this 
decision meant that FNA was discontinued even at those institutions with 
insufficient sample rates of less than 10%. In the discussion section of the 
published report of this study, the authors indicated that FNA should be 
limited to sampling of solid lesions amenable to ultrasound-guided biopsy.
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In a study from our institution (Ballo and Sneige, 1996), 124 palpable 
breast carcinomas were sampled with FNA and CNB performed in suc-
cession by the same operator. For FNA, an average of three needle passes 
was made with a 23- or 25-gauge needle. For CNB, three biopsies were 
performed on each lesion using an 18-gauge needle (Monopty device). 
Three additional cores were obtained if the first three were deemed 
inadequate after examination of frozen sections. Both FNA and CNB 
showed a specificity of 100% in the diagnosis of breast cancer when con-
sideration was given to the accepted limitations of each method—that 
is, FNA cannot establish the presence of invasive disease, and CNB 
cannot determine relative amounts of invasive or in situ carcinoma. 
A specific diagnosis of carcinoma was made in 114 specimens by FNA 
and in 112 specimens by CNB. The sensitivity of CNB in the diagnosis of 
breast cancer was 90% (lesions viewed as “suspicious” after FNA were 
considered positive for the calculation of sensitivity). Twelve lesions 
were associated with false-negative diagnoses. For three lesions, both 
CNB and FNA diagnoses were false-negative. For the other nine lesions, 
CNB results were false-negative and FNA results were either positive 
(six lesions) or suggestive of malignancy (three lesions). On the basis 
of our findings, we concluded that FNA is more sensitive than CNB in 
detecting malignancy in palpable breast lesions. We suggested several 
potential reasons for the higher false-negative rate we observed with 
CNB. Among these were that lesions close to the chest wall necessitate 
a longer needle pathway for CNB (i.e., parallel to the chest wall) than 
would normally be used for FNA and that in the case of small lesions, a 
coring device (unlike a 23- or 25-gauge needle) may, in effect, push the 
lesion out of the needle biopsy pathway.

Other studies have also shown that FNA is equal or superior to CNB in 
detecting carcinoma. Reports from the late 1970s and early 1980s showed 
that CNB was more reliable than FNA in evaluating palpable breast 
lesions; however, these reports are likely to have been influenced by the 
fact that FNA was a new procedure at that time.

Advantages and Disadvantages of CNB and FNA

Proponents of CNB state that CNB permits a more specific diagnosis 
than does FNA for most benign breast abnormalities. However, results 
from a large multi-institutional study of CNB found that diagnoses of 
benign abnormalities on CNB (41% of the lesions in the series were 
diagnosed as fibrocystic change, 20.6% as fibroadenoma, and 19% 
as other disease) were not in fact more specific than diagnoses typi-
cally yielded by FNA and interpreted by experienced cytopathologists 
(Parker et al., 1994). Furthermore, no histologic or adequate clinical 
follow-up was available to determine the specificity of the benign diag-
noses rendered.
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Proponents of CNB also state that CNB eliminates problems seen 
with FNA with respect to misdiagnosis of cancer as atypia. However, 
diagnoses of atypia rendered on the basis of CNB specimens are no less 
problematic than those rendered on the basis of FNA specimens. In one 
CNB series (Jackman et al., 1994), ADH was diagnosed in 3.6% of the 
cases, but at excision, 56% of the cases thought to be ADH were found to 
be malignant. In another CNB series (Liberman et al., 1995a), ADH was 
diagnosed in 9% of cases, and 52% of those turned out to be malignant 
at excision. Recent advances in CNB and the development of directional 
vacuum-assisted biopsy devices have markedly reduced but have not 
eliminated the rate of misdiagnosis of ADH as DCIS or invasive car-
cinoma. Because a diagnosis of ADH on CNB is associated with a sig-
nificant false-negative rate, it is recommended that needle localization 
excisional biopsy be performed in such cases. In FNA series reported by 
Mitnick et al. (1996) and Boerner and Sneige (1998), a cytologic diagnosis 
of atypia was reported in 9.5% and 8% of cases, respectively. Similar to 
findings in the CNB series, 60% of the cases diagnosed as atypia were 
found to be malignant on subsequent excisional biopsy, indicating that 
a diagnosis of atypia on FNA, like a diagnosis of atypia on CNB, should 
be followed by excisional biopsy.

Proponents of CNB note that CNB, unlike FNA, can generally distin-
guish invasive from in situ carcinoma. However, CNB cannot reliably 
indicate the absence of invasive disease when only DCIS is found. Liber-
man et al. (1995b) reported that CNB had 92% accuracy in predicting inva-
sive disease. In that series, with respect to prediction of the absence or 
presence of invasive carcinoma, the authors reported one false-positive 
result; three false-negative results; and one case with no residual tumor 
on excisional biopsy (total mastectomy was required). In other studies of 
CNB, up to 30% of the “DCIS” cases were found to be invasive cancer on 
subsequent excisional biopsy. It should also be noted that while FNA can-
not distinguish in situ from invasive carcinoma, it is not necessary to make 
this distinction in the FNA specimens from the primary tumor if FNA of 
axillary lymph nodes shows metastatic carcinoma.

Another advantage of CNB cited by its proponents is the fact that 
CNB eliminates the added cost of having a cytopathologist on site. 
However, when the costs of CNB needles and histologic tissue prepa-
ration are compared with the costs of FNA needles and cytologic smear 
preparation, the savings realized with FNA are enough to cover the 
cost of having a cytopathologist on site for immediate interpretation. 
At M. D. Anderson, the cost of CNB is similar to the cost of FNA with 
an on-site cytopathologist who performs immediate assessment of 
FNA material.

From a technical point of view, clinicians skilled in both FNA and CNB 
favor FNA because FNA is better tolerated by patients, is less invasive 
(it uses finer needles: 20- to 25-gauge vs. 14- to 18-gauge), and is safer in 
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cases in which lesions are close to the chest wall. In addition, FNA allows 
the clinician to maintain tactile sensitivity, which enhances the accuracy of 
lesion localization.

Current Practice at M. D. Anderson

At M. D. Anderson, nonpalpable breast masses that can be visualized on 
sonography are sampled by radiologists using ultrasound-guided FNA; 
ultrasound-guided CNB is reserved for cases that require determination 
of tumor invasiveness and cases with insufficient or nondiagnostic aspi-
rates. Microcalcifications and mammographic abnormalities that cannot 
be visualized on sonography are sampled under stereotactic guidance 
using a vacuum-assisted biopsy device.

FNA material obtained at biopsy is immediately smeared, stained, and 
evaluated as to specimen adequacy while the patient is still in the clinic. In 
the case of a nondiagnostic aspirate, CNB is performed to obtain a defini-
tive diagnosis. Because only CNB can determine invasiveness, CNB is also 
performed on all cancer cases before treatment planning begins.

When findings on FNA or CNB do not correlate with mammographic 
and clinical findings, a needle localization excisional biopsy is performed.

REPORTING OF PATHOLOGY RESULTS

For both needle localization excisional biopsy and CNB, the pathologist 
must provide not only the main diagnosis but also certain other informa-
tion that will be used to guide future therapy.

Needle Localization Excisional Biopsy Specimens

For needle localization excisional biopsy specimens showing DCIS or 
invasive ductal carcinoma, margin status and the closest distance from 
the DCIS or invasive carcinoma to the margin is reported. Tumor vol-
ume or extent of disease is described in terms of the number of tumor 
blocks involved by tumor as well as the largest dimension of tumor on 
the glass slide. If CNB was performed before excisional biopsy and no 
residual tumor or only small areas of residual tumor remained after CNB, 
the extent of the lesion (DCIS or invasive cancer) is best described in terms 
of the maximum dimension of the lesion on CNB or excisional biopsy, the 
number of cores and slides involved, and the correlation between these 
findings and the description of the lesion on mammography.

Invasive carcinomas are categorized according to histologic type, nuclear 
grade (Table 6–1), size or extent of the invasive component, and presence or 
absence of vascular involvement. Hormone receptor status (estrogen and 
progesterone receptor status) and tumor proliferation rate are evaluated by 
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immunohistochemical techniques, and the results are reported as the per-
centage of positive tumor nuclei. Staining percentages for hormone receptors 
as low as 1% are reported. The recommended categories for classification 
of estrogen and progesterone receptor results are 0%, negative; 1–9%, low 
positive; and 10–100%, positive (Diaz and Sneige, 2005). The proliferation
rate is categorized as low (less than 17% of tumor nuclei stained), inter-
mediate (18–34%), or high (more than 34%). HER-2/neu status is evaluated 
initially by immunohistochemistry as a first-line test. Cases that are positive 
for membranous staining are confirmed for gene amplification by fluores-
cence in situ hybridization (Hoang et al., 2000).

DCIS is categorized according to nuclear grade (Table 6–1); presence or 
absence of necrosis (defined by the presence of ghost cells and necrotic debris 
and categorized as central or punctuate); architectural pattern (i.e., comedo, 
cribriform, papillary, micropapillary, or solid); size or extent (number of sec-
tions containing DCIS as well as the largest dimension of DCIS on the glass 
slide); margins of resection (the closest margin is recorded; if re-excision 
was performed, the new margin is described as being positive or negative 
for DCIS); and the presence or absence of calcifications.

When axillary lymph nodes, including sentinel lymph nodes, are pro-
vided as part of the specimen, lymph node status is also evaluated. All 
excised lymph nodes are serially sectioned perpendicular to the long axis 
of the node at 2- to 3-mm intervals and submitted for histologic evalu-
ation. Immunohistochemical studies for cytokeratin are performed on 
sections with atypical cytologic findings and on all negative-appearing 
sentinel lymph nodes to confirm or rule out the presence of malignant 
cells within the node.

Table 6–1. Modified Black’s Nuclear Grading System
     Number of
 Nuclear Size in    Mitoses per
 Relation to Nuclear   10 High-
Grade Normal Duct Shape Chromatin Nucleoli Power Fields
I Similar, minimal  Mono- Uniform,  — < 1
  enlargement   morphic  fine
  (1.5–2.0 times)  round
II Twofold variation;  Round,  Uniform,  Micronuclei 2–5
  uniformity is   smooth  fine  may or
  the rule with     may not
  only slight     be present
  variation
III Threefold  Markedly Hyper- Macronuclei > 5–10
  variation in   pleo-  chromatic,   may or
  nuclear size   morphic,   coarse  may not
  (> 2.5)  irregular   be present 
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CNB Specimens

For CNB specimens revealing invasive or in situ carcinoma, the histologic 
evaluation should include determination of the histologic type and nuclear 
(histologic) grade of the tumor. Because of the limited tissue sampling 
with CNB, the extent of tumor invasion cannot be reliably determined in 
CNB specimens. At M. D. Anderson, prognostic/predictive marker stud-
ies (e.g., for estrogen and progesterone receptors, proliferation rate [MIB-1],
and HER-2/neu status) are performed on CNB specimens from patients 
who are considered candidates for preoperative chemotherapy. Reports 
comparing the results of histologic evaluation and standard prognostic 
marker studies performed on CNB specimens and excisional biopsy speci-
mens showed that tumor type could be accurately determined on CNB 
in most cases, whereas histologic grade was discordant in a substantial 
minority of cases (approximately 30%). Discrepant results were usually 
due to tumor heterogeneity. On the other hand, results of marker studies 
on CNB specimens showed excellent correlation with results of marker 
studies on excisional biopsy specimens.

On microscopic examination of tissue sections from blocks containing 
microcalcifications, the microcalcifications should match those observed 
on the specimen radiograph. A marked disparity in the quantity of micro-
calcifications often indicates the need for deeper sections within the block 
to reach and evaluate the area of greatest concern. In some cases, the initial 
histologic sections of the breast specimens may fail to reveal microcalcifica-
tions. There are several possible explanations for this. First, the microcalci-
fications may be composed of calcium oxalate rather than the usual calcium 
phosphate. Both types of calcium deposits appear as microcalcifications 
on mammograms, but they appear differently when examined histologi-
cally. However, calcium oxalate calcifications are readily demonstrated in 
specimens examined under polarized light. If, after examination under 
polarized light, there is still no microscopic evidence of calcifications, other 
possibilities must be considered. For example, the blocks may not have 
been cut deeply enough to provide histologic sections that demonstrate 
the calcifications. To investigate this possibility, the blocks can be radio-
graphed, and any blocks containing calcifications can be cut more deeply 
until calcifications are microscopically identifiable. Finally, in some cases, 
calcifications may shatter out of the block during sectioning; in such cases, 
calcifications will not be demonstrable on histologic sections.

The location of calcifications within the breast tissue (i.e., benign acini, 
blood vessels, stroma, or ducts) should be specified. In CNB specimens, 
calcifications visualized on specimen radiography are not always 
identifiable at pathologic analysis. For instance, in a study by Mainiero 
et al. (1996), calcifications identified on radiography were seen on histologic
examination in only 86% of cases. As stated earlier, there are a number 
of possible explanations for the absence of calcifications on pathologic 
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evaluation. In addition, calcifications may dissolve within 3 days when 
specimens are preserved in aqueous solutions such as 10% formaldehyde. 
A mixture of 74% ethanol plus 10% propanol can retain calcifications for 
up to 2 weeks.

Histologic findings in CNB specimens should always be correlated 
with imaging findings. A copy of the specimen radiographs together with 
a form indicating the radiologic findings (Figure 6–3) should be provided 
to the pathologist with each specimen.

DIAGNOSTIC CHALLENGES PRESENTED BY CNB SPECIMENS

Because the results of a CNB often determine the next step in patient care, 
it is essential that CNB specimens be properly assessed so that an accu-
rate diagnosis can be made. Generally, when a pathologist evaluates CNB 
specimens, the following questions must be addressed: Is the specimen 
adequate? Is the lesion malignant or benign? If malignant, is it invasive or 
in situ? If in situ, is it ductal or lobular? Some diagnoses are particularly 
challenging, as discussed in the following sections.

Tubular Carcinoma versus Adenosis

Tubular carcinomas are being encountered with increasing frequency as a 
result of the growing use of mammography. In the Breast Cancer  Detection 

Figure 6–3. Prototype of the radiology evaluation form accompanying core nee-
dle biopsy specimens submitted to the pathology laboratory.
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Demonstration Project (Baker, 1982), 8% of invasive carcinomas 1.0 cm or 
smaller in diameter were of the tubular variety. In CNB specimens, it can 
be difficult to distinguish between tubular carcinoma and adenosis.

On mammographic examination, most tubular carcinomas are spicu-
lated; rounded lesions (i.e., densities with indistinct borders or  calcifications 
in the absence of a mass) rarely prove to be tubular carcinoma. The mean 
patient age at diagnosis of tubular carcinoma is 46 years (range, 24–83 
years), which is slightly younger than the mean patient age at diagnosis 
of breast cancer in general. Most tubular carcinomas are 2 cm or smaller 
in diameter.

Microscopically, tubular carcinoma is composed of small glands 
or tubules distributed largely haphazardly within a reactive-appear-
ing, fibroblastic stroma. The tubules may have virtually any shape, but 
angulated and rounded forms with distinctly open lumina are common. 
Typically, these structures are formed from a single layer of neoplastic 
epithelial cells; myoepithelial cells are absent. The cells are cuboidal or 
columnar with round or oval hyperchromatic nuclei. Mitoses are rare to 
nonexistent. Apical snouts are often evident at the luminal cell border. 
The cytoplasm is usually amphophilic. Intracytoplasmic mucin droplets 
are rare but may be found. Almost all tubular carcinomas are positive for 
estrogen receptors.

In cases of tubular carcinoma, the stroma between the glands is char-
acterized by the presence of dense collagenous tissue, abundant elastic 
tissue, or both. Although notable elastosis has been regarded as a hall-
mark of tubular carcinoma, elastosis may also be a prominent feature of 
some benign lesions, particularly those with the radial scar pattern. Other 
stromal features of tubular carcinoma may include fibroblastic, reactive-
appearing, or loosening stroma due to accumulation of metachromatic 
ground substances.

Calcifications are found microscopically in at least 50% of tubular car-
cinomas, either within the lumens of the neoplastic tubules or within the 
stroma. Intraductal carcinoma has been described in 62–84% of cases of 
tubular carcinoma. Intraductal carcinoma associated with tubular carci-
noma typically has a papillary, cribriform, or mixed papillary-cribriform 
pattern. Lobular neoplasia is present in the immediate vicinity of the tubu-
lar lesion in a median of 15% (range, 0.7–40%) of cases of tubular carcinoma. 
Associated pretubular or columnar cell hyperplasia, a recently described 
finding, is commonly found in association with tubular carcinoma.

The primary consideration in the differential diagnosis of tubular carci-
noma is sclerosing adenosis, a lesion composed of varying proportions of 
compressed glands with interlacing spindly myoepithelial cells. In contrast 
to tubular carcinoma, sclerosing adenosis has a lobulocentric proliferation 
pattern (best appreciated on low-power magnification) and is not infiltra-
tive. The glands of sclerosing adenosis are compact, whorled, elongated, and 
largely compressed and have interlacing spindly myoepithelial cells that can 
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Figure 6–4. Comparison of (A) tubular carcinoma, (B) sclerosing adenosis, and (C)
microglandular adenosis. These three lesions are distinguished on the basis of a 
combination of histologic features and immunohistochemical characteristics (see 
Table 6-2). (D) In the case of tubular carcinoma, immunostains for smooth muscle 
actin show the absence of the myoepithelial cell layer. (E) In the case of sclerosing 
adenosis, prominent myoepithelial cells surround the epithelial structures. (F) In 
the case of microglandular adenosis, as in the case of tubular carcinoma, immu-
nostains for smooth muscle actin show the absence of the myoepithelial cell layer. 
(G) Microglandular adenosis showing positive staining for S100 protein. A normal 
lobular unit in the center is negative for S100.

be easily highlighted by immunohistochemical stains for smooth muscle 
actin (Figure 6–4; Table 6–2).

Some tubular carcinomas are entirely composed of round or oval glands 
of mostly uniform caliber. These cases may be mistaken for microglandular 
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Figure 6–4. (continued)
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Figure 6–4. (continued)

Table 6–2.  Comparison of Features of Tubular Carcinoma, Microglandular 
Adenosis, and Sclerosing Adenosis

Tubular Carcinoma Microglandular Adenosis Sclerosing Adenosis
Stellate lesion with  Random nonlobular Expanded lobular architecture
 defined margins  
Distended oval to  Rounded open ducts Elongated compressed ducts
 round or angular   
 ductules (majority)  
No myoepithelial  No myoepithelial layer Prominent myoepithelial 
 layer   layer
Apocrine snouts Clear epithelial cells Crowding of ducts and stroma
 Colloid-like secretion
Marked elastosis No stromal reaction Thickened basement membrane
Smooth muscle  S100 protein positive Smooth muscle actin positive
 actin positive
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adenosis, which is extremely rare and can be distinguished from tubular 
carcinoma on the basis of the following characteristic of microglandular 
adenosis: absence of stromal reaction, presence of characteristic clear-cell 
changes, and presence of luminal secretion. Myoepithelial cells are 
absent in both tubular carcinoma and microglandular adenosis; how-
ever, microglandular adenosis is characteristically positive for S100 protein 
(Figure 6–4; Table 6–2).

Papillary Carcinoma versus Papilloma

Distinguishing between papillary carcinoma and papilloma is another 
common diagnostic challenge in the evaluation of CNB specimens.

Papillary lesions can be divided into two categories: those that can be 
seen grossly and those that are evident only microscopically. The line of dis-
tinction with respect to size is usually in the range of 3–5 mm. The grossly 
evident lesions are papillomas and intracystic papillary carcinomas. The 
microscopic lesions are papillomatosis and intraductal carcinoma of a pap-
illary or micropapillary type. About 1–2% of breast carcinomas in women 
and slightly fewer breast carcinomas in men can be classified as papillary. 
Although the majority of papillary carcinomas are noninvasive, a distinction 
should be made between invasive and noninvasive papillary carcinoma.

Studies show that women with intracystic papillary carcinoma of the breast 
range in age from 63 to 67 years and are thus older than patients with other 
types of breast cancer. Nearly 50% of papillary carcinomas arise in the central 
part of the breast; as a consequence, nipple discharge has been described in 
22–34% of patients. Bleeding from the nipple occurs in a higher percentage of 
patients with papillary carcinoma than patients with papilloma. The average 
size of an intracystic papillary carcinoma is 2–3 cm in diameter.

Papillary carcinoma often appears on mammograms as a rounded, cir-
cumscribed lesion, and the appearance of papillary carcinoma on sonograms 
is characterized by the presence of a solid, irregular area in a  hypoechoic 
cystic lesion. Calcifications are not abundant, and when present, they tend 
to be punctate. Coarse, irregular calcifications may develop in areas of scle-
rosis or resolved hemorrhage.

The neoplastic growth pattern is predominantly frond-forming, but 
other minor arrangements may include micropapillary, cribriform, reticu-
lar, and solid appearances. Solid papillary carcinoma is a variant of papil-
lary carcinoma in which the papillary character is determined on the basis 
of the presence of a supporting network of fibrovascular stroma; separate 
epithelial fronds are minimal or absent.

Microscopically, the distinction between a papilloma and a papillary 
carcinoma is based primarily on the criteria of Kraus and Neubecker (1962). 
However, of these criteria, the presence in papillomas of a myoepithelial 
cell layer documented by immunoreactivity for smooth muscle actin is the 
only reliable distinguishing feature. In papillomas, myoepithelial cells are 
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regularly distributed along the branches and at the base of the epithelium. 
In contrast, in papillary carcinomas, myoepithelial cells are absent except 
in areas where multiple papillomas are present and associated with ductal 
or papillary cancer.

Apocrine metaplasia is commonly encountered in papillomas; when 
apocrine metaplasia is present in a papillary carcinoma, there are usually 
cytologic atypia consistent with the rest of the tumor and therefore differ-
ent from the bland foci of apocrine metaplasia.

Some papillary carcinomas may exhibit, in addition to eosinophilic colum-
nar cells, cuboidal cells with abundant clear or faintly eosinophilic cytoplasm 
that mimic myoepithelial cells. These clear cells are of epithelial origin with 
no reactivity for S100 protein or smooth muscle actin. Other features of 
papillary carcinomas include the presence of conspicuous intracytoplas-
mic mucin vacuoles or apical snouts. Mucin may accumulate between the 
papillary fronds (Figure 6–5).

Atypical papilloma is defined as a benign papilloma with foci of ADH 
or DCIS. A previous study indicated that among papillomas with foci of 
ADH, the ADH usually occupies a small portion of the papilloma (less 
than 25%) (Page et al., 1996). This study also demonstrated atypical hyper-
plasia in the surrounding breast tissue in 63% of cases in which there was 
ADH in a papilloma. In another study, it was noted that among papillo-
mas with ADH, the ADH tended to involve less than 50% of the papilloma 
and was usually unevenly distributed (Raju et al., 1989). Furthermore, in 
that study, the risk of subsequent cancer was confined to the ipsilateral 
breast, in contrast to the bilateral risk associated with atypical hyperpla-
sia and nonlesional breast tissue. Thus, papillomas with atypia appear to 
represent precursor lesions rather than markers of a generalized increase 
in breast cancer risk. It would therefore seem prudent to recommend com-
plete excision for papillary lesions with foci of atypia.

Because of the difficulty in distinguishing papillary carcinoma from 
papilloma on CNB specimens, most pathologists believe that a diagnosis 
of papilloma on CNB should always be followed by an excisional biopsy to 
obtain a more definitive diagnosis. The critical question, however, is whether 
excisional biopsy is necessary in patients in whom a CNB specimen reveals 
definitive findings consistent with a benign intraductal papilloma. Recent 
data from our institution and others suggest that CNB is accurate in the 
diagnosis of benign papillary lesions, and therefore, patients with benign 
papillomas may be followed without excisional biopsy if imaging findings 
are concordant. On the other hand, the finding of any ADH in a papillary 
lesion diagnosed on CNB necessitates surgical excision, as a significant pro-
portion of these lesions contain in situ or invasive carcinoma.

The diagnosis of true stromal invasion in papillary carcinoma may be dif-
ficult, especially in CNB specimens. Many papillary carcinomas are bounded 
by zones of fibrosis, recent or resolved hemorrhage, and chronic inflamma-
tion with entrapped glandular or epithelial cells. Similar alterations may also 
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Figure 6–5. Comparison of papillary carcinoma and papilloma. (A) Core needle 
biopsy specimen showing papillary fragments with atypical cell proliferation. The 
limited biopsy material precludes further categorization. (B) Papillary carcinoma 
showing absence of myoepithelial cells demonstrated by negative immunostain-
ing for smooth muscle actin. 

occur within the lesion. Stromal invasion is, therefore, best evaluated in com-
pletely excised specimens and not on samples obtained via CNB.

Mucocele-Like Tumor versus Mucinous Carcinoma

Mucocele-like tumors may have an appearance similar to that of mucinous 
carcinoma on CNB specimens. It is essential not to misdiagnose mucocele-
like tumors as mucinous carcinoma.



Image-Guided Biopsies of the Breast 185

Most mucocele-like tumors of the breast present as palpable tumors 
that appear well circumscribed and lobulated on mammography. How-
ever, small, nonpalpable mucocele-like tumors have been detected on 
mammography alone because of the presence of calcifications.

Histologically, mucocele-like tumors are made up of multiple aggre-
gated cysts containing viscous, often transparent mucinous material. The 
cysts may rupture, resulting in discharge of the viscous material into the 
adjacent stroma. The epithelium that lines the cysts in the typical mucocele-
like tumor is largely flat or cuboidal, but low columnar and minor papil-
lary elements may be present. Detached epithelial cells are almost never 
found in mucinous material discharged into the stroma from a mucocele-
like tumor. However, histiocytes and inflammatory cells may be present 
in the extruded mucin. In some cases, mucocele-like tumors are associated 
with ADH, DCIS, or mucinous carcinoma.

Mucinous carcinoma usually presents as a palpable, moderately firm 
to soft lesion. On mammography, mucinous carcinoma appears as a lobu-
lated mass lesion. Pure mucinous carcinoma accounts for 2% of mammary 
carcinomas, and focal mucinous differentiation may be found in up to 2% 
of other carcinomas. Mucinous carcinoma is characterized by the accumu-
lation of abundant extracellular mucin around invasive tumor cells. The 
proportions of mucin and neoplastic epithelium vary from case to case. In 
a recent study, the proportion of extracellular mucin in tumors classified 
as pure mucinous carcinoma varied from slightly less than 40–99.8%, and 
the mean percentage was 83.5%. Delicate bands of fibrovascular connec-
tive tissue are evident within the mucus lakes. Tumor cells are arranged in 
a variety of patterns in the mucinous secretion, including strands, alveolar 

Figure 6–5. (continued) (C) Benign papillary lesion confirmed by the presence of a 
myoepithelial cell layer along the branches and at the base of the epithelium.
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nests, papillary structures, and large sheets, which may have cribriform 
areas or focal comedo necrosis.

In CNB specimens, mucin should be distinguished from interstitial 
fluid, necrotic debris, or myxoid stroma. The presence of individual or 
detached strands of bland-appearing cells reflects the epithelial lining of 
disrupted ducts and is characteristic of mucocele-like tumors. If the 
epithelium was hyperplastic, there may be nests of cells. Invariably, how-
ever, in some of these nests, the myoepithelial cells are readily apparent or 
may be detected by immunostain for actin. The presence of adjacent ducts 
in various stages of disruption is a helpful clue that a lesion is a mucocele. 
Because mucocele-like tumors may contain areas of ADH, DCIS, or inva-
sive mucinous carcinoma, complete excision of these lesions is essential to 
rule out mucinous in situ or invasive carcinoma.

It is essential not to mistake mucocele-like tumor for mucinous carci-
noma. A diagnosis of mucinous carcinoma should be based on the finding 
of several clusters of cells or cell balls surrounded by pools of mucin with 
the characteristic branching capillary vessels within the mucinous stroma.

Fibroadenoma versus Phyllodes Tumor

Cellular fibroadenoma may mimic phyllodes tumor on CNB specimens. 
Conversely, stromal heterogeneity in CNB specimens of phyllodes tumor 
may cause these lesions to be miscategorized as fibroadenoma. Dershaw 
et al. (1996) reported that three of seven cases in which a CNB specimen 
was interpreted as fibroepithelial tumor were found at excision to be phyl-
lodes tumors. In an M. D. Anderson series of 20 CNB specimens diagnosed 
as fibroadenomas, two were found at excision to be low-grade phyllodes 
tumors. When CNB specimens have features that suggest the possibility 
of phyllodes tumor (e.g., noteworthy stromal cellularity or mitosis and aty-
pia of stromal cells), excisional biopsy is recommended. In one study (Jacobs 
et al., 2005), all lesions with CNB specimens showing mildly increased 
cellularity were found to be fibroadenomas at excision, and all lesions 
with CNB specimens showing markedly cellular stroma were found to 
be phyllodes tumor. Among 20 lesions with CNB specimens showing 
moderate stromal cellularity, 12 were found to be fibroadenomas and 
eight phyllodes tumors, and only the presence of stromal mitoses was 
discriminatory histologically—stromal proliferation indices were sig-
nificantly higher in CNB specimens from phyllodes tumors than in CNB 
specimens from fibroadenomas.

Spindle Cell Carcinoma

Spindle cell carcinoma can easily be mistaken for fasciitis, fibromatosis, 
or low-grade sarcoma of the breast. However, these other conditions are 
very rare and should be diagnosed only after the possibility of spindle cell 
carcinoma has been excluded.
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Spindle cell carcinoma of the breast is a rare neoplasm in which the 
spindle cell component predominates. This tumor resembles a low-grade 
sarcoma or a reaction process such as fasciitis or tissue granulation. In a 
study by Wargotz et al. (1989) in which 100 samples of spindle cell carci-
noma were evaluated, 83 samples contained an overt carcinoma compo-
nent (65 invasive ductal carcinoma, 7 pure DCIS, and 11 pure squamous 
carcinoma), and 17 samples consisted of bland spindle cell proliferations 
and were keratin positive but had no overt carcinoma component. The 
spindle cell components were predominantly fibrocollagenous, with the 
spindle cells arranged in wavy, interlacing, and overlapping fascicles that 
often resembled the feathered pattern of fasciitis in some areas and the 
storiform pattern of dermatofibrosarcoma protuberans and malignant 
fibrous histiocytoma in others. Some neoplasms resembled cellular exam-
ples of fibromatosis or low-grade fibrosarcoma with finger-like extensions 
into adjacent fat. Areas appearing to be angioid, fibromyxoid, or both 
were frequently occurring minor components and were the predominant 
component in a few spindle cell carcinomas.

The cases of spindle cell carcinoma seen at M. D. Anderson (Sneige 
et al., 2001) (30 in all) are similar to those reported by Wargotz et al. and 
Gobbi et al. (1999). However, whereas those authors reported no cases of 
metastasis from spindle cell carcinoma, our series includes two patients 
who had lung metastases within 3 years after diagnosis of the initial breast 
lesion. Therefore, we believe that spindle cell carcinomas should be treated 
as having the potential for distant metastasis.

Spindle cell carcinoma can easily be confused with fasciitis, fibromatosis,
or a low-grade sarcoma of the breast. One third of the patients with spindle 
cell carcinoma referred to M. D. Anderson for consultation had originally 
been diagnosed with a benign condition. Immunoreactivity studies for 
cytokeratin should establish the correct diagnosis. Keratin-positive cells 
are seen as cords or sheets of polygonal cells with a few isolated epithe-
lioid cells. Immunoreactivity with smooth muscle actin is often confined 
to the intervening reactive stromal cells, with the epithelioid cells being 
negative. Strong co-expression of keratin and smooth muscle actin may be 
noted in a minority of cases.

Cellular pleomorphism in spindle cell carcinomas is usually minimal. 
Focal inflammatory cells—lymphocytes and plasma cells—are often found 
along the periphery of the lesion. The concentration of mitotic figures in 
the spindle cell component ranges from 0 to 11 per ten high-power fields; 
abnormal forms are rarely found.

Lobular Carcinoma In Situ versus Ductal Carcinoma In Situ

In situ carcinoma of the breast is categorized histologically as either DCIS 
or lobular carcinoma in situ (LCIS), depending on the cytologic features 
and growth pattern. With the advent of screening mammography, the 
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reported incidence of noninvasive lesions, especially DCIS, has increased 
markedly. In the Breast Cancer Detection Demonstration Project, for exam-
ple, 31% of the cancers detected only by screening mammography were 
noninvasive. It is now well recognized that the natural histories of DCIS 
and LCIS are different: whereas DCIS is associated with the development 
of invasive cancer at or near the biopsy site in the ipsilateral breast, LCIS 
appears to be a marker for increased risk of developing invasive cancer at 
any site in either breast, and the rates of subsequent development of inva-
sive cancer in the ipsilateral and contralateral breasts are nearly equal.

Although distinguishing between DCIS and LCIS is usually not diffi-
cult, there is overlap between these two types of lesions: DCIS may extend 
into recognizable lobules, and LCIS may involve extralobular ducts. Some 
lesions may have cytologic features intermediate between these two disor-
ders. Accurately categorizing such lesions on the basis of CNB specimens 
is challenging, especially since the introduction of the pleomorphic variant 
of LCIS. Recent studies have shown that immunostaining for E-cadherin 
is useful in distinguishing between DCIS and LCIS; however, long-term 
studies are needed to determine the clinical significance of these findings. 
We recommend that an excisional biopsy be done when lesions cannot be 
categorized with confidence as DCIS or LCIS after examination of CNB 
specimens.

Carcinoma In Situ versus Invasive Carcinoma

On histologic examination of CNB specimens of carcinoma, it is essential 
to distinguish between patients with pure carcinoma in situ and patients 
with stromal invasion because these two groups of patients generally 
require different treatments.

Most of the mistaken diagnoses in cases of carcinoma are overdiagnoses 
of in situ lesions as invasive or microinvasive carcinoma. Lesions and con-
ditions that commonly lead to an incorrect diagnosis of invasive or micro-
invasive carcinoma include DCIS involvement of lobules (cancerization of 
lobules); branching of ducts; distortion or entrapment of involved ducts 
or acini by fibrosis; inflammation obscuring involved ducts or acini; crush 
or cautery artifacts; artifactual displacement of DCIS cells into the sur-
rounding stroma or adipose tissue due to tissue manipulation or a prior 
percutaneous needle biopsy procedure; and DCIS or LCIS associated with 
benign sclerosis, such as radial scars, complex sclerosing lesions, and scle-
rosing adenosis.

There are a number of ways to distinguish the lesions or conditions that 
mimic stromal invasion from true stromal invasion. Obtaining additional 
sections from the tissue block is often useful in defining the nature of the 
process. Immunohistochemical staining to identify myoepithelial cells is the 
most useful and reliable method of determining the absence or presence 
of invasion. In our experience, as well as that of others, the use of smooth 
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muscle actin antibodies can reliably identify myoepithelial cells. The pres-
ence of myoepithelial cells around nests of tumor cells confirms an in situ 
tumor. However, caution must be exercised in the interpretation of actin 
stains because myofibroblasts will also stain positive. Some researchers 
have recommended the use of more specific markers, such as calponin and 
the smooth muscle actin heavy chain, for identifying myoepithelial cells.

When CNB specimens are used, a conservative approach to the diag-
nosis of stromal invasion, especially microinvasion, should be exercised. 
If the pathologist is in doubt, the final determination is best made after an 
excisional biopsy is performed.

NONMALIGNANT LESIONS DIAGNOSED ON CNB SPECIMENS:
TO EXCISE OR NOT TO EXCISE?

Although the subsequent care of patients with invasive cancer, DCIS, 
and most benign lesions diagnosed on CNB specimens follows specific 
defined pathways, certain types of benign lesions diagnosed on CNB pose 
dilemmas with regard to the most appropriate clinical management after 
CNB. These include ADH, lobular neoplasia, radial scars, columnar cell 
lesions, papillomas, fibroepithelial lesions, and mucocele-like tumors. The 
first four lesion types will be addressed in the following sections; the other 
three lesions were addressed earlier in the chapter.

Atypical Ductal Hyperplasia

When ADH is encountered in CNB specimens obtained because of a mam-
mographic abnormality (most often microcalcifications), the major con-
cern is whether carcinoma may be present along with ADH.

Studies performed using the automated biopsy gun method and 14-
gauge needles have shown that ADH represents an underdiagnosis in 
many cases: carcinoma is found in 33–87% of patients with a CNB diag-
nosis of ADH who go on to have the lesion excised. In about two thirds 
to three fourths of these cases, the carcinoma found at excision is DCIS, 
but in the remainder of the cases, an invasive cancer is identified. These 
observations have led to the recommendation that surgical excision be 
performed in all cases of a diagnosis of ADH on CNB.

More recent series using the Mammotome have shown a lower rate of 
underdiagnosis of carcinoma among patients with a diagnosis of ADH on 
CNB, presumably resulting from the more extensive tissue sampling and the 
greater likelihood of complete removal of the radiologically targeted lesions 
afforded by the Mammotome. In a comprehensive review of the literature, 
Reynolds et al. (1996) found that the underdiagnosis rate was 41% with use 
of the automated biopsy gun and 15% with use of the Mammotome.
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Some authorities have suggested that some cases of ADH diagnosed on 
CNB do not require surgical excision—in particular, cases in which CNB is 
performed using an 11-gauge Mammotome and the mammographic lesion 
is completely excised. Ely et al. (2001) found that the likelihood of finding 
carcinoma at excision was related to the extent of ADH in the CNB speci-
men. In their study of 47 cases of ADH diagnosed on CNB in which surgi-
cal excision was subsequently performed, none of the 24 cases in which 
ADH involved two or fewer foci (a focus was defined as involvement of a 
large duct or a single terminal duct lobular unit) had carcinoma at exci-
sion. In contrast, 13 (87%) of the 15 cases with four or more foci of ADH on 
CNB had carcinoma at excision (DCIS in 12 cases and invasive carcinoma 
in one). Of the eight cases with three foci of ADH on CNB, four (50%) had 
carcinoma at excision (DCIS in three cases and invasive carcinoma in one). 
Our experience with ADH on CNB is similar to that reported by Ely et al.: 
the likelihood of finding carcinoma at excision was related to the extent of 
ADH on the CNB specimen (Sneige et al., 2003). On the basis of our find-
ings, we concluded that a diagnosis of ADH confined to less than three 
lobular units in CNB specimens obtained by Mammotome biopsy does 
not necessitate excision provided that most of the mammographic calcifi-
cations have been removed.

Lobular Neoplasia

Lobular neoplasia—atypical lobular hyperplasia (ALH) and LCIS—is 
relatively uncommon: the incidence ranges from 0.5% to 3.9% in surgical 
series and is less than 2% in most CNB series. The appropriate manage-
ment of ALH and LCIS remains controversial.

The published series of women who have undergone follow-up surgical 
excision after a CNB finding of ALH or LCIS are extremely confusing, for 
a variety of reasons. First, in most such series, ALH and LCIS were found 
along with other lesions—such as ADH, radial scar, or phyllodes tumors—
that would prompt surgical reexcision whether or not they coexisted with 
lobular neoplasia. Second, not all women with lobular neoplasia in the pub-
lished series underwent surgical excision, and the criteria used to determine 
who was referred for surgery are not reported (Dershaw, 2003).

Reviewing published series in which LCIS was detected without other 
high-risk lesions and was excised surgically, Dershaw (2003) concluded 
that a diagnosis of LCIS rarely represents an underestimation of inva-
sive lobular carcinoma: only 5% (4/77) of the cases with a CNB diagnosis 
of LCIS were found at excision to be malignant. Dershaw’s review also 
showed that if cancer is missed on CNB when LCIS is discovered, the 
cancerous lesion is usually ductal, and suggested that women with a per-
sonal history of breast cancer and with calcium in the lobular lesion may 
be at highest risk for coexisting carcinoma. However, in one study (Arpino 
et al., 2004), there were no mammographic or clinical features that could 
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distinguish patients with malignant findings on excisional biopsy from 
patients without malignant findings after a CNB diagnosis of ALH or LCIS.

In our series (Ivan et al., 2004), lobular neoplasia accounted for 1.5% of 
CNB diagnoses. Of 35 patients diagnosed with lobular neoplasia on CNB, 
17 underwent excisional biopsy. Invasive carcinoma was detected at exci-
sion in six of those patients (35%): four with ALH and two with LCIS. All 
six of these patients had masses on mammographic examination.

At M. D. Anderson, our approach to patients with ALH or LCIS diag-
nosed on CNB is similar to that reported by Liberman et al. (1999b): the 
patient should undergo surgical excision if there is radiologic-pathologic 
discordance, suggesting that the targeted lesion was not in the CNB speci-
men; if another lesion that by itself would be an indication for surgical 
excision (e.g., ADH) is also present in the CNB specimen; or if the ALH or 
LCIS has histologic features that make it difficult to distinguish the lesion 
from DCIS (see the section “Lobular Carcinoma In Situ versus Ductal 
Carcinoma In Situ” earlier in this chapter).

Radial Scars

Radial scars are not commonly encountered in CNB specimens, perhaps 
in part because at many institutions, patients in whom radial scars are 
suspected are preferentially referred for surgical excision. Reynolds et al. 
(1996), in their review of the CNB literature, found an incidence of radial 
scars of only 0.1%. As a consequence, there are only a few retrospective 
studies with very limited numbers of cases that describe the findings at 
surgical excision of radial scars without atypia diagnosed on CNB. The 
largest study, reported by Brenner et al. (2002), included cases from 11 
institutions, both academic and private. That study included 157 nonpal-
pable lesions diagnosed as radial scar on CNB and subsequently surgi-
cally excised (n = 102) or followed up with mammographic surveillance 
after biopsy for at least 24 months (n = 55). Carcinoma was found at exci-
sion in 28% of the lesions with associated ADH on CNB specimens (8 of 29 
lesions) and 4% of the lesions without associated atypia (5 of 128 lesions). 
Among the lesions without associated atypia, carcinoma was found at 
excision in 3% of masses, 8% of architectural distortions, and 0% of micro-
calcifications. Malignancy was missed in 9% of lesions biopsied with a 
spring-loaded device and in 0% of lesions biopsied with a directional 
vacuum-assisted device; malignancy was also missed in 8% of lesions 
sampled with fewer than 12 specimens per lesion and 0% sampled with 12 
or more specimens. On the basis of these findings, the authors concluded 
that a diagnosis of radial scar on CNB is likely to be reliable when there 
is no associated ADH at CNB, when there are at least 12 CNB specimens, 
and when mammographic findings are concordant with histologic find-
ings. When lesions diagnosed as radial scar on CNB do not meet these 
criteria, excisional biopsy is indicated.
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Columnar Cell Lesions

Lesions characterized by columnar epithelial cells lining the terminal duct 
lobular units are being encountered with increasing frequency in both exci-
sional biopsy specimens and CNB specimens obtained because of mam-
mographic microcalcifications. Published descriptions and illustrations 
suggest that columnar cell lesions of the breast represent a morphologic 
spectrum of lesions that have in common the presence of columnar epithe-
lial cells lining variably dilated terminal duct lobular units, ranging from 
those that show little or no cytologic or architectural atypia to those that 
show sufficient cytologic and architectural features to warrant a diagnosis 
of ADH or DCIS. A number of studies have provided evidence for a rela-
tionship between some columnar cell lesions—particularly flat epithelial 
atypia—and low-grade DCIS, and for a relationship between some colum-
nar cell lesions and invasive breast cancer, particularly tubular carcinoma. 
This evidence includes the coexistence of columnar cell lesions and DCIS 
or invasive cancer in the same breast, as well as cytologic, immunopheno-
typic, and genetic similarities between the lesions.

To date, only two follow-up studies have been reported that directly 
addressed the clinical significance of lesions characterized as flat epithe-
lial atypia. In a review of more than 9,000 breast biopsies that initially 
resulted in benign diagnoses, Eusebi et al. (1994) retrospectively identified 
25 patients with so-called clinging carcinoma of the flat, monomorphic 
(low nuclear grade) type. Only one of these patients (4%) was reported 
to have developed a local recurrence after an average follow-up period 
of 19.2 years. However, the local recurrence in this patient consisted of a 
clinging carcinoma histologically identical to the original lesion, and thus 
it was not possible to determine whether this lesion reflected persistence of 
the original lesion due to inadequate excision or a true local occurrence. Of 
note, none of these 25 patients developed an invasive breast cancer during 
the follow-up period. In another study (Bijker et al., 2001), 59 patients with 
clinging carcinoma of low nuclear grade were identified among the patients 
entered into European Organization for Research and Treatment of Cancer 
trial 10853, a randomized clinical trial comparing excision plus radiation 
therapy versus excision alone for the treatment of women with DCIS. At 
a median follow-up time of 5.4 years, there had been no local recurrences 
among those 59 patients. Thus, the very limited available data suggested 
that among patients with so-called clinging carcinoma of the lower nuclear 
grade/monomorphic type (lesions that would be characterized as flat epi-
thelial atypia using the World Health Organization  terminology), the 
likelihood of progression to invasive breast cancer is exceedingly low, at 
least during the follow-up times covered by these two studies.

The management recommendations for a patient whose breast biopsy 
shows columnar cell lesions are somewhat controversial. On the basis of the 
limited available data, neither additional pathology work-up nor excision 
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is required when either columnar cell change or columnar cell hyperplasia 
without atypia is encountered in a CNB specimen. In contrast, recent data 
have suggested that when a columnar cell lesion with atypia/flat epithelial 
atypia is encountered in a CNB specimen, subsequent excision shows a more 
advanced lesion in about one fourth to one third of cases—a high enough 
proportion that excision should be recommended as a matter of routine in 
such cases. In our experience, none of 25 cases of flat epithelial atypia limited 
to less than three ducts or lobules was found to be associated with a higher-
risk lesion at subsequent excision. Additional studies, however, are needed 
to address the appropriate management of columnar cell lesions diagnosed 
on CNB.
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CHAPTER OVERVIEW

Over the past decade, the surgical management of breast cancer has evolved 
significantly, and the trend has been towards less invasive approaches. The 
introduction of stereotactic core needle biopsy has allowed less invasive 
diagnosis of nonpalpable breast lesions. Breast-conserving surgery fol-
lowed by radiation therapy (“breast conservation therapy”) has become 
accepted as an alternative to mastectomy for most patients with ductal 
carcinoma in situ or early-stage invasive breast cancer. The use of preop-
erative chemotherapy has made breast conservation therapy feasible for 
selected patients with large primary tumors and locally advanced breast 
cancer. The use of sentinel lymph node surgery has allowed surgeons to 
avoid standard axillary lymph node dissection and its associated morbid-
ity in many patients with early-stage breast cancer. Postoperative hospi-
tal stays have shortened such that most patients now recuperate at home 
after a short observation period in the hospital.

INTRODUCTION

Breast cancer remains a major cause of mortality in women. It is crucial for 
surgeons and oncologists to keep pace with the rapidly changing diagnos-
tic approaches and treatment strategies for breast cancer. This chapter will 
summarize the basic algorithm for surgery and the rationale for the surgi-
cal approaches used at M. D. Anderson Cancer Center. We believe similar 
treatment approaches would be beneficial to patients receiving treatment 
outside a comprehensive cancer center.
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SURGICAL APPROACH TO DIAGNOSTIC BIOPSIES

The widespread use of screening mammography has led to increased 
detection of nonpalpable mammographic abnormalities. The traditional 
approach to diagnosis of such lesions is needle localization excisional biopsy. 
Recently, stereotactic core needle biopsy (SCNB), a less invasive technique, 
has been introduced as the preferred approach for diagnosis.

Stereotactic Core Needle Biopsy

The introduction of SCNB has altered the diagnostic approach to both non-
palpable and palpable abnormalities of the breast. The use of SCNB has been 
shown to shorten the time from detection of a mammographic abnormality 
to pathologic diagnosis, reduce the incidence of positive margins and the 
re-excision rate, and reduce cost per patient compared with the routine use 
of needle localization excisional biopsy (Lind et al., 1998). In addition, a 
recent review of patients treated at National Comprehensive Cancer Net-
work institutions (Edge et al., 2005) has provided evidence that core needle 
biopsy is the preferred approach to the diagnosis of breast cancer. In this 
study, breast cancer patients who had excisional biopsy for their diagnostic 
procedure were more likely than those who underwent core needle biopsy 
to require additional surgical procedures to obtain negative margins and to 
establish nodal stage. In addition, patients diagnosed with excisional biopsy 
required on average 45 days to complete their definitive surgical treatment for 
breast cancer, whereas those diagnosed with core needle biopsy required 30 
days or less to complete their definitive surgical treatment (Edge et al., 2005).

At M. D. Anderson, SCNB is the preferred method of diagnosis for non-
palpable mammographic abnormalities that are not visualized on breast 
sonography. These include microcalcifications, areas of parenchymal 
distortion, and mass lesions that are not visualized on sonography. Core 
needle biopsy is also the preferred diagnostic approach for palpable breast 
lesions because it can establish the diagnosis of invasive cancer and thus 
facilitate surgical planning (Figure 7–1). However, among patients with 
palpable breast lesions who also have palpable axillary lymph nodes or 
suspicious-appearing lymph nodes on sonography of the regional nodal 
basins, core needle biopsy is used for biopsy of the breast mass and 

Figure 7–1. Approach to diagnostic biopsies for palpable breast masses.
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fine-needle aspiration biopsy is used for biopsy of the lymph nodes. Nonpal-
pable lesions that are visualized on sonography are best approached with 
sonographically guided core needle biopsy.

Some patients cannot undergo core needle biopsy and must have exci-
sional biopsy instead. SCNB cannot be performed in patients who weigh 
more than the weight limit of the stereotactic system. Patients who can-
not remain prone or cannot cooperate for the duration of the procedure 
are also not candidates for SCNB. Bleeding disorders and concomitant 
use of anticoagulants are relative contraindications for SCNB; however, 
with appropriate planning, anticoagulants can be discontinued before 
the planned SCNB just as would be done in the case of an excisional 
breast biopsy. Patients who have very small breasts or mammographic 
abnormalities immediately under the skin surface or close to the chest 
wall are usually referred for needle localization excisional biopsy since 
the stereotactic system does not allow for biopsy in these locations.

When small mammographically detected lesions are biopsied with a 
stereotactic approach, a metallic marker is placed at the time of the biopsy. 
This approach facilitates localization of the lesion area in cases in which 
microcalcifications or a mass lesion are completely removed at SCNB. 
A specimen radiograph is performed on all SCNB specimens to confirm 
removal of the targeted abnormality.

The pathologic diagnosis obtained by evaluation of the SCNB specimen 
dictates whether further intervention is needed (Figure 7–2). Approxi-
mately 50% of patients with an SCNB diagnosis of atypical ductal hyper-
plasia and 20% of patients with an SCNB diagnosis of radial scar are found 
to have a coexistent carcinoma near the site of the SCNB. Therefore, these 
diagnoses in the SCNB specimen should be followed by excisional biopsy 
for definitive diagnosis. During operative planning, it should also be kept 
in mind that 20% of patients who have an SCNB diagnosis of ductal car-
cinoma in situ (DCIS) are found to have invasive carcinoma on excisional 
biopsy. This may influence the surgeon’s decision whether to use sentinel 
lymph node surgery, especially in patients undergoing mastectomy.

Mammographic 
abnormality

Compare with 
old mammograms
± perform
sonography

Candidate for 
stereotactic core 
needle
biopsy  (SCNB)?

Needle localization 
excisional biopsy

No

SCNB Benign

Atypical 
ductal 
hyperplasia 
or
radial scar

Malignant

Follow-up 
mammogram in
6-12 months

Needle localization 
excisional biopsy

Definitive surgery

Yes

Figure 7–2. Approach to diagnostic biopsies for mammographically detected 
breast lesions.
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Excisional Biopsy

When SCNB or sonographically guided core needle biopsy cannot be per-
formed, when further evaluation is required because of an SCNB diagnosis 
of atypical ductal hyperplasia or radial scar, or when the SCNB findings 
are discordant with findings on imaging studies, an excisional biopsy is 
performed for diagnosis and potentially for treatment as well. The goal of 
excisional biopsy is to resect the lesion with a margin of normal tissue so 
that the biopsy can also serve as definitive local therapy.

For nonpalpable lesions that can be visualized on sonography, intra-
operative sonographic localization can be used to guide the excisional 
biopsy. For nonpalpable lesions that cannot be visualized on sonography, 
preoperative needle localization with a self-retaining hookwire is per-
formed under mammographic guidance. The guidewire usually is placed 
in the breast at an angle several centimeters from the lesion with the hook 
of the wire around the lesion. Good communication between the radio-
logist and surgeon helps the surgeon determine the location of the lesion 
in the breast with respect to the wire.

After excisional biopsy, the surgeon orients the specimen and hand-
delivers it to the pathology department. The pathologist inks the lateral, 
medial, superior, inferior, superficial, and deep margins of the speci-
men in a color-coded fashion. A radiograph of the specimen is obtained 
to confirm the adequacy of the excision. Rarely, the targeted mass or 
microcalcifications will not be visualized on the specimen radiograph. 
This may occur when the breast parenchyma in the excised specimen is 
very dense. In this scenario, the mammographic abnormality can usu-
ally be demonstrated if the specimen is sectioned serially and repeat 
specimen radiographs are obtained. If the mass or microcalcifications 
are not noted on radiographs of the serial sections, further excision is 
performed. It is our standard at M. D. Anderson to obtain radiographs 
of both the whole specimen and the serial sections to permit assess-
ment of the relationship between the mammographic abnormality and 
the margins of excision.

Great care is taken to ensure the best possible cosmetic outcome after exci-
sional biopsy. To optimize the cosmetic outcome, biopsy incisions in the upper 
breast are oriented in a curvilinear fashion, and biopsy incisions in the lower 
breast are oriented in a radial fashion. The incision is placed directly over the 
lesion being excised since this results in less removal of uninvolved normal 
breast tissue. The biopsy incision may be placed so that it can be encompassed 
in a future mastectomy incision if mastectomy is ultimately necessary. The 
breast tissues—especially the skin edges—are handled gently to avoid forma-
tion of excessive scar tissue. Care is taken to ensure meticulous hemostasis 
of the biopsy cavity because a postoperative hematoma not only will affect 
the cosmetic result but also may make follow-up with physical and radiologic 
examinations more difficult. After hemostasis is achieved, the incision is closed 
with dermal and subcuticular sutures.
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SURGICAL MANAGEMENT OF DCIS

DCIS can be successfully treated with total mastectomy or the combina-
tion of breast-conserving surgery and postoperative radiation therapy 
(“breast conservation therapy”). In addition, in carefully selected patients 
treated with breast-conserving surgery, postoperative radiation therapy is 
not necessary.

The traditional treatment for DCIS is total mastectomy, and cure rates 
with this approach are near 100%. However, because breast conservation 
therapy was shown to produce survival rates equivalent to those after 
mastectomy in patients with early-stage invasive breast cancer, the need 
for mastectomy in patients with DCIS was questioned.

The National Surgical Adjuvant Breast and Bowel Project (NSABP) 
B-17 trial demonstrated that patients with localized DCIS can be suc-
cessfully treated with breast conservation therapy (Fisher et al., 1998). In 
the B-17 trial, at a median follow-up of 90 months, the rate of ipsilateral 
breast tumor detection after breast conservation therapy for DCIS was 1.9 
cases per 100 patients per year. Thirty of the 47 ipsilateral breast tumors 
were noninvasive; the other 17 were invasive. In addition, the literature 
to date indicates that the choice of treatment for DCIS—mastectomy ver-
sus breast conservation therapy—does not influence overall survival. The 
European Organization for Research and Treatment of Cancer 10853 trial 
has also confirmed that breast-conserving surgery plus radiation therapy 
results in superior local control compared with breast-conserving sur-
gery alone for the treatment of DCIS (EORTC Breast Cancer Cooperative 
Group et al., 2006).

A study by Silverstein and colleagues suggested that postoperative 
radiation therapy after resection of DCIS with negative margins may 
not be necessary (Silverstein et al., 1999). This retrospective study evalu-
ated the outcomes of 469 patients with DCIS who had been treated with 
breast-conserving surgery with or without radiation therapy according 
to the choice of the patient and her physician. Among patients with 
negative margins of at least 10 mm, postoperative radiation therapy 
did not lower the local recurrence rate. Among patients with negative 
margins of 1–10 mm, the relative risk of local recurrence in patients 
who did not receive radiation therapy compared with patients who did 
was 1.49 (P = .24); when the margin width was less than 1 mm, the rela-
tive risk was 2.54 (P = .01). In contrast, in the NSABP B-17 trial, even 
on reanalysis, all patient cohorts benefited from radiation therapy regard-
less of clinical or mammographic tumor characteristics. The differ-
ences between the Silverstein data and the NSABP data may be due 
to the extent of processing of the surgical specimen—Silverstein and 
colleagues evaluated the specimen much more extensively than is usu-
ally done in community pathology laboratories or in multicenter trials 
such as the NSABP study.
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Selection of Therapy

At M. D. Anderson, the surgical treatment plan for patients with DCIS 
is based on several factors, including tumor size, tumor grade, margin 
width, mammographic appearance, and patient preference.

Breast-conserving surgery alone is considered in selected patients with 
small (less than 1 cm) lesions of low nuclear grade that have been excised 
with margins of at least 5 mm.

Most patients with DCIS are candidates for breast-conserving surgery 
and radiation therapy. Patients for whom postoperative radiation therapy is 
planned are evaluated by the radiation oncologist before surgery if they have 
potential contraindications to irradiation.

For patients with collagen vascular disease or previous radiation ther-
apy, postoperative radiation therapy is contraindicated, and total mastec-
tomy is a more appropriate surgical treatment option. Mastectomy is also 
indicated in patients with diffuse, malignant-appearing calcifications in 
the breast and in patients with persistent positive margins after repeated 
attempts at surgical excision. Although certain histologic subtypes of DCIS 
are associated with an increased likelihood of multicentric disease, his-
tologic subtype alone is not used to determine surgical treatment. Large 
tumor size is not an absolute indication for mastectomy; however, mas-
tectomy is often preferred for patients with high-grade DCIS larger than 
3–4 cm. Few studies have addressed the efficacy of breast conservation 
therapy for DCIS larger than 4 cm. In all patients who require or elect to 
undergo total mastectomy, immediate breast reconstruction is considered. 
(For more information, see Chapter 8 and “Breast Reconstruction after 
Mastectomy” in this chapter.)

Patient preference is an important factor in the choice of surgical treat-
ment. The benefits and risks of mastectomy and breast conservation 
therapy are discussed in detail with each patient. As previously stated, 
compared with mastectomy, breast conservation therapy is associated with 
a higher risk of local recurrence, including a higher risk of development 
of invasive breast cancer within the treated breast. However, the choice 
of treatment—mastectomy versus breast conservation therapy—does not 
influence overall survival. Thus, in patients who are eligible for both total 
mastectomy and breast conservation therapy, the choice of treatment is 
based on the patient’s concerns about the need for ongoing surveillance 
of the treated breast in the case of breast conservation therapy and the 
projected impact of a mastectomy (possibly followed by breast reconstruc-
tion) on the patient’s self-esteem, sexuality, and quality of life.

Technique

Most patients with DCIS present with microcalcifications on mammogra-
phy. In such patients, SCNB is the preferred diagnostic approach. Definitive 
surgical treatment consists of either breast-conserving surgery following 
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preoperative needle localization of the microcalcifications or total mastectomy. 
In some patients, axillary lymph node surgery may be considered.

Breast-Conserving Surgery

Breast-conserving surgery is performed in a manner designed to ensure 
the best possible cosmetic outcome. The incision is placed directly over the 
microcalcifications since this minimizes removal of uninvolved breast tis-
sue. An effort is made to center the microcalcifications within the specimen, 
and the surgeon excises the microcalcifications plus a margin of normal 
breast parenchyma around them circumferentially, with the goal of achiev-
ing wide negative margins. A specimen radiograph is obtained while the 
patient is still in the operating room. If the radiograph demonstrates that 
microcalcifications extend to the cut edge of the specimen, further excision 
is performed during the same surgery. The wound is usually closed in two 
layers. Deep parenchymal sutures may be used for selected patients who 
undergo large-volume excisions. If a large skin or parenchymal defect is 
anticipated before surgery, a plastic surgery consultation is obtained before 
surgery to plan for the use of oncoplastic techniques.

To facilitate postoperative radiation therapy planning and mammo-
graphic follow-up, the extent of the surgical cavity is marked by the sur-
geon with radio-opaque clips. In patients with extensive calcifications, a 
postoperative mammogram is obtained before the initiation of radiation 
therapy. If the mammogram reveals residual calcifications in the breast, a 
re-excision is performed. Re-excision is also indicated if the margins are 
deemed inadequate (tumor less than 2 mm from the margin) on final path-
ologic analysis; postoperative radiation therapy should not be used as a 
substitute for good surgical treatment.

Mastectomy

Patients who have mastectomy for treatment of DCIS are considered for 
skin-sparing mastectomy and immediate breast reconstruction. Extensive 
DCIS is not considered a contraindication for the skin-sparing approach. 
However, in patients with DCIS close to the skin surface, excision of the 
overlying skin may be considered. In patients with extensive DCIS, a radi-
ograph of the sliced mastectomy specimen is obtained while the patient 
is still in the operating room to confirm the adequacy of the margins of 
excision. If the radiograph demonstrates microcalcifications on the super-
ficial (anterior) aspect, further subcutaneous tissue or skin can be excised 
during the same surgery.

Axillary Lymph Node Surgery

The role of axillary dissection in the treatment of DCIS is limited. In 
theory, because DCIS is noninvasive, lymph node involvement would not 
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be expected. However, because DCIS diagnosed by core needle biopsy 
is associated with concomitant invasive cancer in 20% of cases, sentinel 
lymph node surgery is routinely considered for patients with DCIS under-
going mastectomy and for highly selected patients with large, high-grade 
DCIS undergoing breast-conserving surgery. (For more information, see 
the section “Sentinel Lymph Node Surgery” later in this chapter.)

Postoperative Surveillance

In patients who are treated with breast-conserving surgery and postopera-
tive radiation therapy, a new baseline mammogram of the treated breast 
is obtained 4–6 months after the completion of radiation therapy. After 
all treatment is complete, patients have twice-yearly physical examina-
tions and annual mammography for 5 years and annual physical exami-
nations and mammography thereafter. Patients treated with mastectomy 
have twice-yearly physical examinations and annual mammography of 
the contralateral breast for 5 years and annual physical examinations and 
mammography thereafter.

The use of tamoxifen to reduce the risk of ipsilateral breast cancer recur-
rence and for chemoprevention of contralateral breast cancer should be 
discussed with patients who have estrogen-receptor-positive DCIS. Post-
menopausal patients with estrogen- or progesterone-receptor-positive DCIS 
treated with breast-conserving surgery and radiation therapy were the 
subject of study in the NSABP B-35 trial, a randomized clinical trial com-
paring anastrozole with tamoxifen. This trial recently completed accrual, 
and the data have not yet been reported.

SURGICAL MANAGEMENT OF EARLY-STAGE INVASIVE

BREAST CANCER

Early-stage invasive breast cancer (stage I or II disease) can be success-
fully managed with either mastectomy or breast conservation therapy. 
The efficacy of breast conservation therapy for early-stage invasive dis-
ease has been studied in several prospective trials, one of the most widely 
cited of which is the NSABP B-06 trial (Fisher et al., 1989). In this trial, 
women with tumors up to 4 cm with N0 or N1 nodal status were ran-
domly assigned to one of three treatment strategies: modified radical 
mastectomy, breast-conserving surgery and axillary lymph node dis-
section followed by radiation therapy, or breast-conserving surgery and 
axillary lymph node dissection alone. Patients who had breast-conserving 
surgery specimens with positive margins were excluded. There were no 
differences in overall survival between the three treatment groups. How-
ever, patients who had radiation therapy in addition to breast-conserving 
surgery and axillary dissection had significantly lower local recurrence rates
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than did patients treated with breast-conserving surgery and axillary dis-
section alone. Long-term follow-up data (20 years) from this trial were 
recently published and continued to demonstrate equivalent survival 
rates among the three groups of patients (Fisher et al., 2002). Long-term 
results from other randomized trials also show equivalent survival rates 
for mastectomy and breast conservation therapy in women with early-
stage breast cancer.

Selection of Therapy

Because mastectomy and breast conservation therapy appear to be equiv-
alent in terms of patient survival, the choice of surgical treatment for 
patients with stage I or II breast cancer is individualized.

Tumor-related factors are a critical consideration in the selection of 
surgical treatment for early-stage breast cancer. A key factor in determin-
ing whether breast conservation therapy is feasible is the relationship 
between tumor size and breast size: the tumor must be small enough in 
relation to the breast to permit the tumor to be resected with adequate 
margins and acceptable cosmesis. Breast conservation therapy is gener-
ally reserved for tumors smaller than 4 cm; however, it can be performed 
for larger tumors in patients with larger breasts. In addition, the use of 
preoperative chemotherapy may decrease the tumor size sufficiently to 
permit breast-conserving surgery in patients who would not otherwise 
appear to be good candidates for such surgery. This strategy is used com-
monly at M. D. Anderson. Another strategy for patients with tumors that 
are large in relation to the size of the breast is to use local tissue rearrange-
ment or pedicled myocutaneous flaps (e.g., a latissimus dorsi flap) to fill 
the defect resulting from breast-conserving surgery. Thus, a multidisci-
plinary approach optimizes the chance of breast conservation in patients 
with larger tumors. Patients with multicentric tumors are usually served 
best by mastectomy because recurrence rates may be higher with such 
tumors and it is difficult to perform more than one breast-conserving sur-
gery in the same breast with acceptable cosmesis. Although high nuclear 
grade, presence of lymphovascular invasion, and negative steroid hor-
mone receptor status have all been linked to increased local recurrence 
rates, none of these factors are considered absolute contraindications to 
breast conservation.

Patients who desire breast conservation must be willing and able to 
attend postoperative radiation treatment sessions, must be willing to 
accept the risks and long-term sequelae of radiation therapy, and must be 
willing to undergo close postoperative surveillance of the breast. These 
patients must also be willing to accept a 10–12% long-term risk of local 
recurrence. Patients interested in breast conservation therapy are referred 
to a radiation oncologist before the planned surgery. A mastectomy is rec-
ommended for patients who have contraindications to radiation therapy.
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Breast Reconstruction after Mastectomy

Many patients with early-stage breast cancer who undergo mastectomy 
at M. D. Anderson elect to undergo breast reconstruction. Most of these 
patients are candidates for immediate reconstruction, which allows for a 
better cosmetic result than can be achieved with delayed reconstruction 
and also provides substantial psychological benefit to the patient. Either 
an autologous tissue flap or implants may be used for reconstruction, 
although flap reconstruction generally provides the optimal cosmetic 
outcome. A skin-sparing mastectomy is often performed because preser-
vation of the breast skin envelope allows for a more natural contour of 
the reconstructed breast. No increase in the risk of local recurrence has 
been found with the use of the skin-sparing technique in patients with 
early-stage disease (Kroll et al., 1999). Nipple–areolar preservation is con-
sidered selectively for patients who are planning to undergo immediate 
reconstruction and who have tumors remote from the nipple and features 
conducive to extended skin preservation. Mastectomy skin incisions are 
planned in consultation with the plastic surgeon to provide optimal local 
control and superior cosmesis. For more information about breast recon-
struction, see Chapter 8.

SURGICAL MANAGEMENT OF LOCALLY ADVANCED BREAST CANCER

Patients who present with large primary breast tumors or locally advanced 
breast cancer—a tumor 5 cm or larger (T3), a tumor that involves the skin 
or chest wall (T4), or fixed or matted axillary lymph nodes (N2)—have 
traditionally been treated with modified radical mastectomy in addition 
to chemotherapy and radiation therapy. However, we have found that 
with the use of preoperative chemotherapy, up to 25–30% of patients with 
locally advanced breast cancer at presentation can be converted to candi-
dates for breast conservation therapy.

Breast Conservation Therapy after Preoperative Chemotherapy

In M. D. Anderson’s initial feasibility study of breast-conserving surgery in 
patients with locally advanced breast cancer, the mastectomy specimens of 
143 patients with locally advanced disease who received preoperative chem-
otherapy were analyzed for extent of disease on pathologic  examination 
(Singletary et al., 1992). Of these 143 patients, 33 (23%) had complete reso-
lution of skin edema, had a residual tumor smaller than 5 cm, had lesions 
that were not multicentric, and had no extensive lymphatic invasion and no 
extensive suspicious microcalcifications. These 33 patients were felt to be 
appropriate candidates for breast-conserving surgery and axillary lymph 
node dissection rather than a modified radical mastectomy.
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In our current practice, patients with large primary breast tumors or 
locally advanced breast cancer are examined by a multidisciplinary team at 
presentation and then begin preoperative chemotherapy. Clinical response 
to preoperative chemotherapy is monitored after each cycle of chemother-
apy. Patients are usually converted from inoperable to operable status after 
three or four cycles of chemotherapy: patients whose tumors do not respond 
after 3–4 cycles are considered for alternate chemotherapeutic regimens.

Patients with an initial tumor size of 2 cm or less and those whose 
tumors have a significant decrease in the size of the primary tumor after 
the first or second chemotherapy cycle undergo sonographically guided 
placement of metallic markers to facilitate subsequent localization of the 
tumor under sonographic or mammographic guidance at the time of 
planned surgical resection. At the conclusion of preoperative chemother-
apy, patients undergo repeat breast imaging and are then re-evaluated by 
the multidisciplinary team to determine the options for local treatment.

Patients who desire breast conservation therapy and have had an adequate 
response to preoperative chemotherapy are considered for breast-conserving 
surgery. It is preferable that for patients undergoing breast-conserving sur-
gery the residual tumor size after preoperative chemotherapy be 4 cm or 
less, but the size of the tumor in relation to the size of the breast is also 
taken into consideration. Patients who have extensive microcalcifications 
on mammography, multicentric disease on physical examination or imag-
ing, or persistent skin edema on physical examination are not considered to 
be optimal candidates for breast conservation therapy.

Recently, we reviewed the experience with breast conservation therapy 
after preoperative chemotherapy at M. D. Anderson (Chen et al., 2004). 
Approximately 28% of the patients had stage I or IIA disease at presen-
tation, and approximately 72% had stage IIB or stage III disease. At a 
median follow-up time of 73 months, ipsilateral breast tumor recurrence-
free survival rates and local-regional recurrence-free survival rates were 
94% and 90%, respectively. These results confirm that selected patients 
with locally advanced breast cancer at presentation can undergo breast 
conservation therapy after preoperative chemotherapy with acceptable 
risk of local recurrence.

Modified Radical Mastectomy and Plastic Surgery for Breast 
Reconstruction and Repair of Chest Wall Defects

If preoperative chemotherapy does not result in sufficient tumor shrink-
age, patients with locally advanced breast cancer are considered for sur-
gical resection (Figure 7–3) or radiation therapy followed by surgical 
resection.

The goal of surgery in patients with locally advanced breast cancer 
is to achieve the best possible local control in order to avoid chest wall 
recurrence. In most patients, local control can be achieved with a standard 
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Figure 7–3. Mastectomy for locally advanced breast cancer. (A) Locally advanced 
breast cancer that showed minimal response to preoperative chemotherapy. 
(B) Resected specimen demonstrating an 11-cm invasive ductal carcinoma. 
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modified radical mastectomy. For some stage IIIB tumors, however, 
invasion of the skin or chest wall may necessitate a more extensive skin 
excision or an en bloc chest wall resection. These more radical surgical 
resections are possible because M. D. Anderson has a highly skilled 

Figure 7–3. (continued) (C) Defect after modified radical mastectomy with en 
bloc pectoral muscle resection. (D) Closure of the mastectomy defect with a rota-
tional flap.
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reconstructive surgery team that can carry out immediate repair of the 
skin or chest wall defect.

Most soft tissue and skin defects are repaired with the use of autolo-
gous myocutaneous flaps. When the defect is limited to the skin, simple 
skin grafts can theoretically provide adequate coverage, but this approach 
has two disadvantages: a poor cosmetic outcome and an extended heal-
ing period for both the donor and recipient areas, which may delay ini-
tiation of postoperative adjuvant therapy. Thus, myocutaneous flaps are 
preferred for most patients.

The two flaps most commonly used for breast reconstruction are the 
latissimus dorsi flap and the transverse rectus abdominis myocutaneous 
(TRAM) flap. The latissimus dorsi flap is associated with less donor site 
morbidity than the TRAM flap and has a reliable blood supply; however, 
the latissimus dorsi flap is limited in size. The TRAM flap can be much 
larger owing to the laxity of abdominal wall skin. The pedicled TRAM 
flap relies on perforators from the superior epigastric vessel for viabil-
ity. Alternatively, a free TRAM flap can be used; with this option, blood 
supply is based on the deep inferior epigastric vessels, and a microvas-
cular anastomosis is performed to establish blood flow to the flap. Other 
autologous-tissue flaps that can be used when anatomically feasible are 
the muscle-sparing TRAM flap, deep inferior epigastric perforator flap, 
and superficial inferior epigastric flap. The flap loss rate for free flaps at 
M. D. Anderson is less than 1%.

When a chest wall resection is performed, pedicled flaps are preferred 
to avoid complications that could occur in the rare scenario of loss of a 
free flap. A latissimus dorsi flap is the best choice for small defects, and 
a pedicled or bipedicled TRAM flap is used for larger defects or defects 
low on the chest wall. Reconstruction of the rib cage is usually not neces-
sary if only one or two ribs are removed. For larger defects, Marlex or 
Prolene mesh is used to reconstruct the chest wall, and the participation 
of a thoracic surgeon may also be required. This multispecialty surgical 
approach optimizes the chance for margin-negative resection of chest wall 
tumors and thus optimizes the chance for local control. For more informa-
tion about breast reconstruction, see Chapter 8.

AXILLARY STAGING

Axillary lymph node staging has two major goals: to obtain prognostic 
information and to obtain information that can affect decisions regarding 
treatment.

Axillary lymph node status—whether lymph node metastases are present 
and, if they are present, the number of lymph nodes involved and the extent 
of the involvement—is a powerful prognostic factor. The prognostic value of 
axillary lymph node status is not diminished in patients who have received 



212 K.K. Hunt and F. Meric-Bernstam

preoperative chemotherapy. With our increasing understanding of cancer 
biology, several molecular markers that are prognostic have been identified, 
but no single marker or combination of markers to date reliably predicts 
patient prognosis as well as axillary lymph node status does.

The information obtained at axillary staging can affect decisions about 
treatment. For example, patients with tumors smaller than 1 cm are not 
usually offered chemotherapy on the basis of the primary tumor charac-
teristics alone. However, if the axillary nodes are found to contain met-
astatic disease, such patients are offered chemotherapy. In addition, if 
axillary staging reveals macroscopic extracapsular extension or involve-
ment of four or more lymph nodes, the patient would be treated with 
radiation therapy in addition to surgery because these findings are known 
to increase the risk of local–regional recurrence.

Axillary staging is performed in all patients with invasive breast cancer, 
and axillary staging is considered for patients with DCIS who have large, 
high-grade lesions and are undergoing breast conservation therapy and 
for most patients with DCIS who are undergoing mastectomy. In patients 
with small (less than 1 cm) tubular carcinomas or carcinomas of other 
favorable subtypes, axillary involvement is rare; however, axillary staging 
is still considered for all such patients.

Axillary staging has traditionally been accomplished with standard 
axillary lymph node dissection. However, axillary staging can now be 
accomplished with sentinel lymph node surgery, which entails removal of 
fewer lymph nodes and does not compromise nodal staging.

Standard Axillary Lymph Node Dissection

Standard axillary lymph node dissection involves the removal of the 
level I and II axillary lymph nodes. The level III axillary nodes were once 
routinely included in the dissection but are no longer included because 
removal of these nodes increases the risk of lymphedema without provid-
ing significant additional prognostic information. Level III lymph node 
involvement occurs in fewer than 1% of patients when no metastases are 
detected in the level I or II lymph nodes.

The need to perform a level I and II axillary lymph node dissection 
in all patients with invasive breast cancer has been questioned since the 
1990s for several reasons. First, standard axillary dissection is associated 
with more potential morbidity than any other part of breast surgery. 
The most common complications are lymphedema, decreased range of 
motion in the shoulder, and sensory deficits in the upper arm due to 
disruption of the intercostobrachial nerves. Second, standard axillary 
dissection necessitates the use of drains and can lead to the formation of 
recurrent seromas within the axilla. Third, because of advances in screen-
ing mammography, the rate of detection of DCIS and small invasive 
cancers, which have a very low rate of axillary lymph node metastases, 
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is increasing. Finally, decisions regarding the use of adjuvant chemo-
therapy and hormonal therapy are increasingly being made on the basis 
of the size of the primary tumor, regardless of the regional nodal status. 
Many patients are now treated with preoperative chemotherapy on the 
basis of primary tumor factors alone.

The introduction of sentinel lymph node surgery allows for a more selec-
tive approach to the axilla and avoids the need for complete axillary lymph 
node dissection in all patients. Standard axillary dissection is reserved for 
patients who have biopsy-proven metastases to the axillary nodes.

Sentinel Lymph Node Surgery

The first node or nodes to receive lymphatic drainage from a specific area 
of the breast are termed the sentinel lymph nodes. These nodes are the 
nodes most likely to contain metastases if the tumor has indeed metasta-
sized. Thus, when sentinel lymph nodes are properly identified, whether 
they contain metastases should indicate whether metastases are present 
in the regional lymph node basin. Feasibility studies have confirmed the 
proof of concept, and numerous subsequent studies have shown that the 
technique is accurate.

Sentinel lymph node dissection allows the selective use of standard axil-
lary lymph node dissection: patients with positive sentinel lymph nodes 
undergo standard axillary lymph node dissection, but patients with nega-
tive sentinel lymph nodes can be spared standard axillary dissection and 
the associated morbidity. Furthermore, the sentinel lymph node technique 
may increase the likelihood that metastases, if present, will be detected. 
With an axillary lymph node dissection, detailed analysis of all the lymph 
nodes removed is usually not feasible. In contrast, because the sentinel 
lymph node technique involves removal of a smaller number of nodes, it 
is feasible to perform a detailed pathologic analysis of each lymph node. 
In addition, the sentinel lymph nodes are the nodes most likely to have a 
positive yield.

Careful analysis of sentinel lymph nodes requires step-sectioning of each 
node. Immunohistochemical techniques can further enhance sensitivity by 
allowing detection of micrometastases. Reverse transcriptase–polymerase 
chain reaction has also been used to detect metastases in sentinel lymph 
nodes. However, the clinical relevance of micrometastases or small tumor 
deposits detected by immunohistochemical techniques alone or reverse 
transcriptase–polymerase chain reaction is not yet fully understood.

Technique

Sentinel lymph node surgery consists of three steps: preoperative lympho-
scintigraphy, intraoperative lymphatic mapping, and sentinel lymph node 
dissection.
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In almost all patients undergoing sentinel lymph node surgery, regard-
less of the tumor location, preoperative lymphoscintigraphy is performed 
the day before the surgical procedure (Figure 7–4). The preoperative lym-
phoscintigram can provide information on the specific nodal basins draining 
the primary tumor, the number of sentinel nodes in each nodal basin, and 
the amount of time required after radiocolloid injection before a node can 
be detected within the basin. For preoperative lymphoscintigraphy, filtered 
sulfur colloid labeled with 0.5–1.0 mCi of technetium is injected around the 
tumor into the breast parenchyma. In patients with nonpalpable tumors, the 
radiolabeled colloid is often delivered under sonographic or mammographic 
guidance. Approximately 15–30 minutes after radiocolloid injection, lym-
phoscintigrams are obtained at 30- to 60-minute intervals until the sentinel 
nodes become apparent. The time between injection of the radiolabeled col-
loid and the first identification of a lymph node in the nodal basin on preop-
erative lymphoscintigraphy is recorded and used to help plan the timing of 
the sentinel node surgery after injection of radiolabeled colloid on the day of 
surgery. If preoperative lymphoscintigraphy demonstrates drainage to internal 
mammary lymph nodes, an internal mammary lymph node biopsy can be con-
sidered. Failure of preoperative lymphoscintigraphy to demonstrate a sentinel 
node does not preclude the success of intraoperative lymph node mapping.

On the day of surgery—1 to 4 hours before the surgical procedure is 
scheduled to begin, depending on how much time it took the radiocolloid 
to reach the sentinel nodes on preoperative lymphoscintigraphy—tech-
netium-labeled sulfur colloid is again injected around the tumor into the 
breast parenchyma (Figure 7–5), under sonographic or mammographic 
guidance if necessary. Alternatively, to avoid the inconvenience for the 
patient of having technetium-labeled sulfur colloid injections performed 
on two separate days, a higher dose (2.5 mCi) of technetium can be injected 
for the lymphoscintigraphy performed the day before surgery, eliminating 
the need for a repeat technetium injection the day of the operation.

One to 4 hours after the radiocolloid is injected (or at the scheduled 
time of surgery if the patient received just one technetium injection, on 
the day before surgery), the patient is brought into the operating room. 
There, 5 mL of vital blue dye (lymphazurin) is injected peritumorally, and 
then the injection site is massaged to facilitate passage of dye through the 
lymphatics. Numerous studies have demonstrated that the use of both 
radiocolloid and blue dye—as opposed to the use of just one or the other 
of these agents—results in the lowest possible false-negative rate.

Next, transcutaneous localization of an area of increased radioactivity 
in the nodal basin is attempted with a handheld gamma probe. If such an 
area is identified, an incision is made in the axilla over this area. Localiza-
tion of an area of increased activity may be difficult due to background 
radioactivity at the injection site, especially if the injection site is located in 
the upper outer quadrant of the breast. In such cases, an incision is made 
in the axilla at the site of a standard axillary lymph node incision below 
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Figure 7–4.  Sentinel lymph node surgery for breast cancer. (A) Peritumoral injec-
tion of blue dye. (B) Blue dye draining into the sentinel lymph node.
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Figure 7–4. (continued) (C) Sentinel lymph node biopsy and wide local excision 
of the primary tumor. (D) Skin closure at the conclusion of sentinel lymph node 
surgery and breast-conserving surgery.
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the axillary hairline, and localization of an area of increased radioactivity 
is again attempted with the handheld gamma probe. If such an area is found,
the surgeon begins dissection in this area. If no such area is found, the 
surgeon relies on visualization of blue dye alone to identify the sentinel 
node. The surgeon traces the path of the blue-stained lymphatics leading 
away from the tumor to the first blue-stained node. Dissection is done 
carefully to avoid prematurely disrupting the afferent lymphatic channel 
and staining of the surgical field with blue dye or blood. If a blue-stained 
lymphatic channel cannot be identified, a segmental mastectomy is 
performed to remove the site of injection of the radiolabeled colloid and 
decrease the background “shine through” radioactivity, thus facilitating 
localization of the sentinel node with the handheld gamma probe.

Figure 7–5. Lymphoscintigram demonstrating drainage into two axillary lymph 
nodes.
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In most cases, blue-stained sentinel nodes are also highly radioac-
tive, as demonstrated by the gamma probe. Once the sentinel node or 
nodes are removed, the axilla is checked again to confirm that the level 
of radioactivity has decreased. A high level of radioactivity after dissection 
may indicate that additional sentinel nodes remain in the nodal basin 
and that additional dissection is required. Most studies have demon-
strated an average of 2.5 sentinel nodes per patient.

Surgeons experienced in performing sentinel node surgery can identify 
a sentinel node in more than 95% of patients. The false-negative rate for 
sentinel node surgery ranges from 0% to up to 10%, as reported in the 
NSABP B-32 trial (Krag et al., 2004). Proficiency in sentinel node surgery 
requires a learning period, and surgeons must not perform sentinel node 
surgery without standard axillary dissection until they have become pro-
ficient in the sentinel node surgery technique.

Patient Selection

Our current practice at M. D. Anderson is to perform sentinel lymph node 
surgery in all patients with clinically negative axillary nodes.

Patients who present with clinically positive axillary nodes are evalu-
ated with axillary sonography and fine-needle aspiration of their axillary 
nodes. If axillary metastasis is confirmed, patients are treated with stand-
ard axillary node dissection and considered for preoperative chemother-
apy. If axillary involvement is not confirmed by fine-needle aspiration, 
patients are offered sentinel node surgery, during which any suspicious 
palpable nodes would be excised.

Some early studies showed that patients who have undergone previ-
ous excisional biopsy of the primary tumor are less likely to have a sen-
tinel node identified at sentinel node surgery. The lymphatics may have 
been disrupted by the biopsy, and theoretically the drainage pattern of 
the area surrounding the excisional biopsy site might be different from 
the drainage pattern of the original tumor. However, more recent stud-
ies suggest that sentinel node surgery remains reliable after excisional 
biopsy; thus, a prior excisional biopsy is not considered a contraindica-
tion to sentinel node surgery at M. D. Anderson. Ideally, this scenario 
should be avoided from the start by the use of core needle biopsy for 
diagnosis, which allows for planning of sentinel node surgery at the time 
of tumor excision.

Sentinel node surgery has been reported to be less accurate in patients 
treated with preoperative chemotherapy. In our experience, however, 
patients who present with clinically node negative disease prior to chemo-
therapy as indicated by findings on physical examination and sonography 
of the regional nodal basins remain appropriate candidates for sentinel node 
surgery at the completion of chemotherapy. A meta-analysis of the pub-
lished studies on sentinel node surgery after chemotherapy suggested that 
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this technique is relatively accurate, with a false-negative rate of 12% (Xing 
et al., 2006). This false-negative rate compares favorably with that observed 
in patients who undergo sentinel node surgery before other treatment in 
multicenter trials. Patients who have documented node-positive disease at 
the initiation of chemotherapy are best treated with standard axillary lymph 
node dissection at the time of surgery for the primary tumor.

PROPHYLACTIC MASTECTOMY

Prophylactic mastectomy can reduce the risk of breast cancer in women 
who are at high risk for the disease, and it can reduce the risk of contralat-
eral breast cancer in women who have already been diagnosed with uni-
lateral breast cancer. However, the degree of benefit depends on patient 
and tumor factors. Careful evaluation of the potential risks and benefits 
and careful patient counseling are essential in the case of any woman con-
sidering prophylactic mastectomy.

Bilateral Prophylactic Mastectomy in Women 
at High Risk for Breast Cancer

The efficacy of bilateral prophylactic mastectomy was demonstrated by 
Hartmann and colleagues in a study published in 1999. In this retro-
spective study, 639 women with a family history of breast cancer who 
had undergone bilateral prophylactic mastectomy were followed for a 
median of 14 years. The women were divided into two groups, high risk 
and moderate risk, on the basis of family history. According to the Gail 
model, 37.4 breast cancers were expected in the moderate-risk patients; 
4 breast cancers actually occurred in this group (a risk reduction of 
89.5%). Women in the high-risk group were compared with their sisters 
who had not undergone prophylactic surgery, and a risk reduction of 
approximately 90% was found.

Survival Benefit

Although breast cancers have been reported after bilateral prophylactic 
mastectomy, it is clear that this surgery is indeed effective in decreasing 
the risk of breast cancer in young women at high risk. Using a decision 
analysis model, Schrag and colleagues (1997) calculated that on average, 
a 30-year-old woman who carries a BRCA1 or BRCA2 mutation gains 
between 2.9 and 5.3 years of life expectancy from prophylactic mastec-
tomy. In this analysis, gains in life expectancy were expected to decline 
with age and were minimal for women 60 years of age or older. In another 
decision analysis, quality-of-life adjustment was performed, taking into 
account the perceived negative features of prophylactic surgery (Grann 
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et al., 1998). For a 30-year-old high-risk woman, the improvement in sur-
vival with bilateral prophylactic mastectomy was calculated to be 2.8–3.4 
years, with 1.9 quality-adjusted life-years saved compared with surveil-
lance alone.

In young women with mutations in BRCA1 or BRCA2, the survival ben-
efit from prophylactic mastectomy—taken together with the paucity of 
data regarding the efficacy of chemopreventive agents and the difficulty of 
surveillance owing to the denser breasts usually seen in young women—
suggests that bilateral prophylactic mastectomy may be a valid preven-
tive option. However, patients should be advised that alternatives may be 
available in the near future.

In patients with a moderate risk of breast cancer, the benefit of bilateral 
prophylactic mastectomy decreases with decreases in predicted cancer 
risk. In the study by Hartmann and colleagues (1999), 33.4 cancers were 
prevented among the 425 women at moderate risk for breast cancer who 
underwent prophylactic surgery.

The lower the expected breast cancer risk, the more bilateral prophylac-
tic mastectomies must be performed to prevent one case of breast cancer. 
In any clinical scenario, a woman’s decision as to whether she wishes to 
undergo bilateral prophylactic mastectomy depends on how much risk 
she is willing to assume.

Patient Counseling

Prophylactic mastectomy may be appropriate for women with a genetic 
predisposition for breast cancer development or women with certain 
other high-risk features.

At M. D. Anderson, women who are interested in genetic testing to 
find out if they have an inherited predisposition to breast cancer devel-
opment undergo extensive counseling before and after such testing (for 
more information, see Chapter 3). If a genetic predisposition is confirmed 
by genetic testing or is highly suspected on the basis of analysis of the 
patient’s pedigree, the possibility of prophylactic bilateral mastectomy is 
raised, and the potential benefits and risks of the surgery are explained. 
The individual preferences of women with an inherited predisposition to 
breast cancer for bilateral prophylactic mastectomy versus close obser-
vation can be affected by several factors, including the patient’s age, 
education, occupation, self-image, cultural and religious beliefs, and prior 
experience with surgery and disease.

Patients who are identified as being at increased risk for breast 
cancer because of a diagnosis of lobular carcinoma in situ or atypi-
cal ductal hyperplasia are counseled regarding their increased risk and 
given advice on close surveillance and chemoprevention. Prophylactic 
surgery is presented as an option but is usually not encouraged. This 
approach is supported by a survey of 370 women in the National 
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Prophylactic Mastectomy Registry. In this study, regrets about pro-
phylactic surgery were found to be most common among women with 
whom discussion about prophylactic mastectomy was initiated by a 
physician (Borgen et al., 1998).

Surgical Approach

Most patients who undergo bilateral prophylactic mastectomy choose to 
undergo immediate reconstruction. In such cases, a skin-sparing mastec-
tomy is performed to achieve a better cosmetic outcome. The breast tissue 
left behind after a skin-sparing mastectomy has not been found to be dif-
ferent from the breast tissue left behind after a standard total mastectomy 
in terms of the associated breast cancer risk. The role of preservation of 
the nipple–areola complex, which can further enhance cosmetic outcome, 
remains to be determined.

Elective Contralateral Mastectomy

Elective contralateral mastectomy can be performed in women diagnosed 
with unilateral breast cancer to reduce the risk of cancer development in 
the contralateral breast.

Survival Benefit

The survival benefit of elective contralateral mastectomy depends on the 
risk of cancer development in the contralateral breast and on the prognosis 
associated with second breast tumors. The risk of developing carcinoma 
in the contralateral breast is estimated to be 0.5–1% per year from the time 
of the initial diagnosis of breast cancer. In a review of 1,036 patients with 
operable breast cancer treated at M. D. Anderson, the prognosis of patients 
with bilateral disease (synchronous in 44 cases and metachronous in 17 
cases) was similar to the prognosis of patients with unilateral carcinoma 
(Berte et al., 1988).

The only group identified to date in which elective contralateral mastec-
tomy may confer a significant survival benefit is young patients who are 
diagnosed with early-stage ipsilateral disease and who are at high risk for 
contralateral disease because of a genetic predisposition. It has been predicted 
that a 30-year-old woman with lymph node–negative breast cancer associ-
ated with a mutation in BRCA1 or BRCA2 would gain 0.6–2.1 years of life 
expectancy with elective contralateral mastectomy (Schrag et al., 2000). Older 
age and higher-risk primary breast cancer would attenuate the gains.

Invasive lobular carcinoma has been reported to be associated with an 
increased risk of contralateral breast disease. However, we do not routinely 
recommend contralateral mastectomy for patients who present with inva-
sive lobular disease in the index breast. Patients diagnosed with unilateral 
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invasive lobular carcinoma are generally followed closely after treatment 
is complete, and this close follow-up should facilitate the timely detec-
tion of any contralateral breast cancer. Given the possibility of recurrence 
and death from the original carcinoma, elective contralateral mastectomy, 
while it will most likely reduce the risk of contralateral breast cancer, is not 
likely to significantly affect survival in most patients.

Patient Counseling

In patients diagnosed with unilateral breast cancer, it is important to dis-
cuss the risk of contralateral breast cancer and its potential impact on sur-
vival. In patients whose initial tumor is hormone receptor positive, the 
use of endocrine therapy will reduce the risk of cancer development in the 
contralateral breast. For most patients, careful surveillance with physical 
examination and annual mammography is a reasonable plan. However, 
elective contralateral mastectomy may be used selectively on the basis of 
the emotional needs of the patient. In young women with a genetic predis-
position, elective contralateral mastectomy may be considered, as it can 
offer a significant survival benefit.

At M. D. Anderson, 239 patients with unilateral breast cancer and 
negative findings in the contralateral breast on physical examination 
and mammography chose to undergo elective contralateral mastectomy 
and immediate breast reconstruction between 1987 and 1997. On careful 
review of patient records, factors that appeared to influence the use of 
prophylactic surgery were family history of breast cancer (58.6%), family 
history of any cancer (54%), anticipated difficulty with contralateral breast 
surveillance (48%), associated lobular carcinoma in situ (16.3%), multicen-
tric primary tumor (28.9%), and failure of mammography to reveal the 
primary tumor (13.8%) (Goldflam et al., 2004).

Surgical Approach

In women who do not require postoperative radiation therapy as part of 
their breast cancer treatment, elective contralateral mastectomy is per-
formed at the same time as the mastectomy performed for treatment of 
breast cancer.

In women who do require postoperative radiation therapy and desire 
breast reconstruction, reconstruction is usually deferred until radiation 
therapy is complete. Such patients may elect to undergo elective contral-
ateral mastectomy at the time of delayed breast reconstruction.

In some patients, plastic surgery considerations may influence the deci-
sion of whether to undergo elective contralateral mastectomy. Women 
treated with mastectomy for breast cancer at M. D. Anderson often choose 
to undergo reconstruction with a TRAM flap, which can produce excellent 
cosmetic results. When TRAM flap reconstruction is performed, patients 
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with large breasts may need a reduction mammoplasty of the contralateral 
breast to achieve symmetry with the reconstructed breast, and patients with 
small breasts may need a breast augmentation of the contralateral breast to 
achieve symmetry. Women who require a surgical procedure on their con-
tralateral breast may opt for an elective contralateral mastectomy and breast 
reconstruction to decrease their risk of contralateral breast cancer.

Bilateral TRAM flap reconstructions are possible, but only if both 
breasts are reconstructed at the same time. To reduce the possibility 
of subsequently developing contralateral breast cancer and having to 
undergo breast reconstruction with a different technique, some patients 
choose to undergo elective contralateral mastectomy with bilateral TRAM 
flap reconstruction.

OUTPATIENT SURGERY FOR BREAST CANCER

Over the past decade, hospital stays after most operative procedures have 
continued to decrease. Prior to the early 1990s, patients often remained in 
the hospital until their drains were removed, which generally occurred 
2–3 weeks after surgery. In 1988, Edwards and colleagues examined the 
M. D. Anderson experience and found that institution of a policy by 
which patients were admitted to the hospital on the day of surgery and 
discharged on the fourth postoperative day resulted in a 34% reduction 
in hospital charges. The results of this study resulted in a change in the 
preoperative and postoperative stays for patients undergoing breast can-
cer surgery. In 1993, M. D. Anderson established a 23-hour “short stay” 
program for patients undergoing breast surgery.

Currently, patients who undergo axillary dissections are observed 
for a short time (generally less than 24 hours) before being discharged 
to recover at home. Patients who undergo segmental mastectomy with 
sentinel node surgery or without an axillary procedure are treated on an 
outpatient basis. Patients who undergo immediate breast reconstruction 
usually require longer hospital stays to allow for monitoring of the tissue 
flaps used in the reconstruction. Preoperative admissions are reserved for 
patients with underlying major medical problems necessitating preopera-
tive management and stabilization.

The success of the short-stay program is due in large part to the pre-
operative teaching and counseling process. Patients and their caregivers 
attend preoperative classes during which they receive instructions about 
the preoperative and postoperative care plan, including a video presenta-
tion on postoperative incision and drain care. Patients also receive general 
instructions about postoperative diet and ambulation and specific instruc-
tions regarding arm exercises and lymphedema precautions. Patients and 
caregivers who will be unable to manage the postoperative care are 
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identified, and in such cases, arrangements are made for the assistance of 
a home-health nurse.

Immediately after surgery, patients are admitted to short-stay observation 
units. After the observation period, patients are discharged home provided 
they have stable vital signs, intact wounds, an acceptable volume of output 
from their drains, and adequate pain control and that they are able to ambulate, 
void on their own, and tolerate food. Hospital discharge may be delayed in 
patients with underlying medical problems or special social circumstances. In 
a review of 187 patients treated in the ambulatory setting at M. D. Anderson, 
17 patients (9.1%) were hospitalized longer than the planned 23-hour observa-
tion period. The major reasons for extended hospitalization were management 
of postoperative nausea and vomiting, pain control, and social factors.

A theoretical concern whenever duration of hospitalization is decreased 
is the impact of early discharge on quality of care and patient safety. After 
axillary procedures, the most worrisome postoperative complication 
is that of postoperative bleeding. In the review of the M. D. Anderson 
experience, the incidence of postoperative bleeding was found to be 2.7%. 
Most instances of postoperative bleeding occurred within 4 hours of the 
operation, and all occurred within 8 hours of the operation. These results 
confirm that patients can indeed be discharged home after a period of 
observation without compromise of patient safety.

Evaluation of our short-stay program at M. D. Anderson has shown 
that most patients are highly satisfied with their overall experience. In 
a survey, 52 patients were interviewed 24–72 hours after discharge and 
again 7–10 days after discharge (Burke et al., 1997). Most patients reported 
no difficulty with drain and incision care (84%), reported adequate pain 
control with the prescribed analgesic regimen (more than 95%), and felt 
prepared to leave the hospital on the first postoperative day (85%). These 
findings indicate that the practice of ambulatory surgery for breast cancer 
is well accepted by patients.

SPECIAL SITUATIONS

The following special situations represent interesting management 
problems.

Patients with Prior Breast Augmentation

Patients who have undergone prior breast augmentation represent a spe-
cial group with regard to both diagnostic and therapeutic planning. Mam-
mographic screening is more difficult in patients who have had previous 
breast augmentation, especially if the implant was placed in a retroglan-
dular rather than a submuscular position. Magnetic resonance imaging 
can be especially helpful in detecting implant-related problems such as 
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prosthesis rupture or silicone leakage. Once an abnormality is detected 
in a woman with breast implants, the diagnostic approach needs to be 
carefully selected to avoid injury to the implant. In most patients, image-
guided needle biopsy can be used for diagnosis. Real-time sonography 
allows for continuous visualization of the needle during insertion and 
sampling, with pinpoint accuracy and safety (Fornage et al., 1994). Other-
wise, excisional biopsy would be the diagnostic approach of choice.

After breast cancer is diagnosed in a woman with implants, a choice 
needs to be made between mastectomy and breast conservation therapy. 
Breast conservation therapy may be problematic because of the high risk 
of capsular contracture with postoperative radiation therapy—as high as 
65% in one study (Handel et al., 1996). Patients with implants who desire 
breast conservation need to either accept the higher risk of cosmetic failure 
and the possibility that subsequent revisions will be needed or consider 
implant removal before radiation therapy.

Patients with Bilateral Breast Cancer

Women with breast cancer have an increased risk of developing a second 
primary breast cancer in the contralateral breast. The incidence of meta-
chronous contralateral cancer is estimated to be 0.5–1% per year. Careful 
physical examination and mammography of the contralateral breast are 
crucial elements of the preoperative assessment in all patients with pri-
mary breast cancer.

Patients with synchronous bilateral breast cancer may choose the 
option of bilateral mastectomy with or without reconstruction. This 
option decreases both the risk of local recurrence and the risk of a sub-
sequent new primary cancer. In patients who strongly desire breast con-
servation therapy, this approach can be pursued but should be reviewed 
with the radiation oncologist to be certain that bilateral breast irradia-
tion is feasible.

Patients with metachronous bilateral breast cancer also may be treated 
with either mastectomy or breast conservation therapy. Of 1,328 patients 
treated with breast conservation therapy at M. D. Anderson between 
1958 and 1994, 63 either had synchronous contralateral breast cancer (8 
patients) or developed metachronous contralateral breast cancer at a 
median of 63 months after the first tumor was diagnosed (55 patients) 
(Heaton et al., 1999). The contralateral tumor tended to be smaller than 
the ipsilateral tumor at the time of diagnosis. Breast conservation therapy 
was the preferred method of treatment for the contralateral tumor. Of the 
45 patients in whom breast conservation therapy was judged appropriate, 
39 (87%) elected this method of treatment for their contralateral tumor. 
Five of the 18 patients who had mastectomy chose to have a simultane-
ous prophylactic mastectomy. Recurrence rates for patients who under-
went breast conservation therapy for a second tumor were not different 
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from recurrence rates for patients who had breast conservation therapy for 
an initial tumor. Therefore, both breast conservation and mastectomy are 
acceptable treatment options for bilateral breast cancer, and the treatment 
choice should be individualized.

Patients with Other Malignancies

Diagnosis of a breast mass in a patient with another known malignancy 
raises two issues. First, the origin of the breast mass must be determined 
to exclude the possibility of metastasis to the breast. Second, decisions 
regarding the extent of treatment for the breast mass must take into con-
sideration the patient’s other malignancy.

In a series of 1,034 breast fine-needle aspiration biopsies performed 
at M. D. Anderson, 389 revealed malignancy, and in 20 cases (5.1%), the 
breast lesion represented metastasis to the breast from another site (Sneige 
et al., 1989). In patients with metastasis to the breast, the most common 
primary cancers, in decreasing order of frequency, are contralateral breast 
cancer, melanoma, lymphoma, ovarian cancer, and lung cancer.

On physical examination, metastases in the breast are often superficial 
and mobile. On mammography, they may be well circumscribed and thus 
resemble a benign process. Metastases in the breast may also be infiltra-
tive, suggesting a primary breast carcinoma. Multiple or bilateral nodules 
of uniform size and density are especially suggestive of metastatic disease. 
Accurate diagnosis relies on pathologic evaluation and requires commu-
nication of the patient’s history to the pathologist. Review of the patient’s 
previous pathologic samples is invaluable.

Metastasis to the breast usually indicates diffuse metastatic disease and 
poor prognosis. Accurate diagnosis of metastatic disease is important to 
avoid unnecessary radical surgery. The outcome of patients with metas-
tasis to the breast is dependent on the nature of the underlying primary 
tumor.

Similarly, the treatment of a primary breast cancer in a patient with 
another active malignancy should be tailored to the expected outcomes of 
both diseases.

Patients with Nipple Discharge

Nipple discharge in women, although a frequent cause of concern, is rarely 
due to breast cancer. In contrast, nipple discharge in men is very sugges-
tive of malignancy. The evaluation of nipple discharge starts with a care-
ful history, during which information is elicited regarding the duration 
of the discharge; whether it is unilateral or bilateral, persistent or cyclic, 
induced or spontaneous; any other symptoms; and medication use. Nip-
ple discharge that is persistent, spontaneous, unilateral, and from a single 
duct is of special concern. Next, a physical examination is performed. In 
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addition to palpating the breast and nodal basins, the physician should try 
to induce the discharge and localize the breast quadrant and duct associ-
ated with the discharge. Testing of the discharge for hemoglobin may be 
helpful, but the presence of hemoglobin does not necessarily indicate a 
malignancy. Nipple aspirate cytology is often of low yield in the detection 
of breast cancer. Mammography and sonography should be performed, 
along with ductography of the producing duct. Ductography may reveal 
an intraductal lesion. Even if a lesion is not identified on ductography, 
however, a duct excision biopsy is indicated in patients with bloody or 
persistent discharge.

Duct excision biopsy is facilitated by injecting methylene blue into the 
duct before surgery. The nipple should be coated with collodion to pre-
vent egress of the blue dye during the surgical procedure. The operation 
is started with a periareolar incision and elevation of the areola to allow 
identification of the blue duct. The identified ductal system with surround-
ing breast tissue is removed. The extent of the excision can be tailored to 
encompass the findings on the preoperative ductogram. If a single ductal 
system cannot be identified before surgery, the ducts emanating from the 
quadrant of the breast identified can be excised, or, in patients who do 
not plan to nurse children in the future, a subareolar central biopsy can 
be performed.

Inflammatory Breast Cancer

Inflammatory breast cancer is a rare but especially aggressive form of 
locally advanced breast cancer. Patients with inflammatory breast can-
cer present with an erythematous, warm, edematous breast. The clinical 
picture is often confused with cellulitis or mastitis, leading to a delay in 
diagnosis. The presentation is due to involvement of the subdermal lym-
phatics with tumor emboli, and the diagnosis can be made with biopsy of 
the involved skin.

Treatment of inflammatory breast cancer begins with chemotherapy. 
Patients who have significant resolution of the erythema and edema 
with chemotherapy proceed to surgery and then radiation therapy. 
Patients who do not experience significant improvement in the skin 
and breast with preoperative chemotherapy receive an alternate chem-
otherapy regimen.

Breast Cancer in Men

Men with breast cancer usually present with a palpable mass. Breast 
cancer needs to be differentiated from gynecomastia, the most frequent 
abnormality in the male breast. A thorough history, covering medication 
and drug use and family history of breast cancer, is crucial. Diagnosis can 
be made with a core needle biopsy.
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For men with obvious lymph node involvement, surgical treatment is 
usually a modified radical mastectomy. For men who present with clini-
cally negative lymph nodes on physical examination and sonography, 
sentinel node surgery is the preferred method of nodal staging (Boughey 
et al., 2006). If there is chest wall invasion, en bloc chest wall resection 
may be necessary to achieve negative margins. Adjuvant radiation ther-
apy is considered for tumors that invade the skin or chest wall. In the 
absence of clinical trials addressing breast cancer in men, the criteria 
used for making decisions about adjuvant chemotherapy and hormonal 
therapy in men are the same as the criteria used in women. Of note, male 
breast cancer is strongly associated with deleterious mutations in BRCA2
and, to a lesser extent, BRCA1, and even in the absence of a family his-
tory, male breast cancer patients would benefit from consultation with a 
genetic counselor.

Paget’s Disease of the Nipple

Paget’s disease of the nipple most often presents with erythema and 
scaly eczematous change in the nipple and areola. This may be accom-
panied by a change in sensation of the nipple and nipple discharge. 
The diagnosis of Paget’s disease is obtained with full-thickness biopsy 
of the nipple or nipple–areola complex. Mammography, sonography, 
and a thorough physical examination of the underlying breast are 
required because of the high rate of ipsilateral carcinoma in cases of 
Paget’s disease.

The surgical treatment needs to be tailored according to whether 
ipsilateral carcinoma is present and, if so, its location. Paget’s disease 
of the nipple is treated with a central segmentectomy for local control. 
Associated ipsilateral breast carcinoma can be treated with a central 
segmentectomy rather than a mastectomy if there are no contraindica-
tions to breast conservation therapy (Kawase et al., 2005). Postoperative 
radiation therapy is recommended in patients who elect to undergo 
breast-conserving surgery.

Cystosarcoma Phyllodes

Phyllodes tumors usually present as a palpable breast mass in women 
in their forties. Mammography and sonography often demonstrate fea-
tures suggestive of a fibroadenoma. The surgical treatment of choice is a 
wide local excision with negative margins. Larger tumors may necessitate 
a total mastectomy. Axillary lymph node surgery is not indicated for phyl-
lodes tumors. About 20–25% of phyllodes tumors are malignant. Adjuvant 
radiation therapy should be considered in patients with malignant tumors 
if margins are inadequate. Adjuvant chemotherapy is usually reserved for 
patients with recurrent disease.
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INTEGRATION OF SURGERY WITH OTHER TREATMENT STRATEGIES

Many patients treated with surgery for breast cancer also receive chemo-
therapy or radiation therapy or both. In such patients, the timing of sur-
gery in relation to the other therapies is an important consideration.

Over the past two decades, the role of adjuvant chemotherapy in the 
treatment of breast cancer has been expanding. Adjuvant systemic chemo-
therapy is now recommended not only for patients with positive lymph 
nodes but also for patients with negative lymph nodes if their tumor is 
invasive and larger than 1 cm.

Another area of change is the sequencing of adjuvant chemotherapy 
and surgery. Preoperative chemotherapy has become the standard of care 
for inoperable locally advanced breast cancer. The trend at M. D. Anderson 
has been to also deliver preoperative chemotherapy to patients with 
operable breast cancer. Preoperative chemotherapy has three advan-
tages. First, it can decrease the size of the primary tumor, which can 
allow breast-conserving surgery in patients who otherwise would have 
required a mastectomy. Second, preoperative chemotherapy offers treat-
ment of micrometastases without the delay necessary for recovery after 
surgery. Third, use of preoperative chemotherapy makes it possible to 
assess the tumor’s response to treatment clinically, after several courses 
of chemotherapy, as well as pathologically, after surgical resection. A 
pathologic complete response to chemotherapy has been shown to corre-
late with improved survival. Thus, the use of preoperative chemotherapy 
can allow for testing of new chemotherapy regimens in the preoperative 
setting, using pathologic complete response as an end point. Further-
more, this approach may allow for identification of novel biomarkers of 
response or alterations in biomarkers that can serve as pharmacodynamic 
markers of response to different therapeutic regimens.

Preoperative chemotherapy at M. D. Anderson has resulted in excellent 
response rates (Figure 7–6). A 1988 study at M. D. Anderson found that 
three preoperative cycles of 5-fluorouracil, doxorubicin, and cyclophos-
phamide produced a complete pathologic response in 16.7% of patients 
and a partial response in 70.7% of patients (Hortobagyi et al., 1988). Disease 
progression during preoperative chemotherapy is rare; thus, the oppor-
tunity for definitive surgical treatment is not lost by giving preoperative 
chemotherapy to patients with operable tumors. With the use of targeted 
therapies for selected patients (e.g., trastuzumab for patients with HER-
2/neu-overexpressing tumors), pathologic response rates can be markedly 
increased (Buzdar et al., 2005).

Surgery performed after preoperative chemotherapy is as safe as 
primary surgery. Rates of postoperative wound infection, flap necro-
sis, and delays in postoperative adjuvant therapy do not differ between 
patients who are treated with mastectomy after preoperative chemo-
therapy and patients who are treated with mastectomy first (Broadwater 
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et al., 1991). Surgery is usually performed 3 weeks after the comple-
tion of preoperative chemotherapy to allow for recovery from chem-
otherapy-induced bone marrow suppression. White blood cell and 
platelet counts are routinely measured preoperatively. If the absolute 
neutrophil count is less than 1,500 per µL at 3 weeks after completion of 
preoperative chemotherapy, consideration is given to the use of filgras-
tim (granulocyte colony-stimulating factor) to facilitate bone marrow 
recovery.

Chemotherapy can be resumed 3 weeks after surgery, although our 
routine practice is to deliver all chemotherapy in the preoperative setting. 
Hormonal therapy, if appropriate, is initiated after surgery.

Most patients who undergo breast-conserving surgery for DCIS or 
invasive breast cancer at M. D. Anderson receive postoperative radiation 
therapy. In patients treated with mastectomy, adjuvant postoperative chest 
wall irradiation is considered if the patient had a T3 or T4 primary tumor, 
4 or more positive lymph nodes (1–3 positive lymph nodes in selected 
high-risk patients), positive ipsilateral supraclavicular lymph nodes, fixed 
or matted (N2) axillary lymph nodes, or macroscopic extranodal exten-
sion. Preoperative radiation therapy is usually reserved for patients with 
inoperable locally advanced breast cancer with progression of disease 
during preoperative chemotherapy.

Figure 7–6. Decrease in size of a primary breast cancer with preoperative chemo-
therapy. The arrowheads point to the tumor on mammograms obtained before 
(left) and after (right) chemotherapy.
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The sequencing of postoperative radiation therapy and postoperative 
chemotherapy has received significant attention. Delaying postop-
erative chemotherapy raises concern about increased risk of systemic 
relapse, while delaying postoperative radiation therapy raises concern 
about local failure. In two studies, the outcome in patients who received 
postoperative chemotherapy followed by radiation therapy was com-
pared with the outcome of patients who received postoperative radiation 
therapy followed by chemotherapy (Buzdar et al., 1993; Buchholz et al., 
1999). In both studies, delay of irradiation in an effort to reduce the risk of 
systemic relapse was not associated with an increased risk of local failure. 
Currently at M. D. Anderson, for patients who are scheduled to receive 
postoperative chemotherapy, radiation therapy is deferred until the com-
pletion of chemotherapy.

IN SITU TUMOR ABLATION

A new treatment approach—in situ tumor ablation—is being actively 
investigated at M. D. Anderson as well as other institutions. Options being 
investigated for in situ tumor ablation include radiofrequency ablation 
and cryotherapy. These techniques are aimed at in situ destruction of a 
tumor detectable by an imaging modality (sonography, magnetic reso-
nance imaging, or computed tomography), along with a surrounding rim 
of normal tissue. In situ ablation has the potential to result in better cos-
metic outcomes than are seen with surgery; its disadvantage is that it does 

K E Y  P R A C T I C E  P O I N T S
● Preoperative diagnosis with image-guided core needle biopsy can assist in 

operative planning and decrease re-excision rates.
● In patients with DCIS, mastectomy is reserved for large, high-grade tumors 

and multicentric tumors; most other tumors are treated with breast conserva-
tion therapy.

● Preoperative chemotherapy may achieve enough primary tumor shrinkage to 
make breast conservation therapy feasible in selected patients with large pri-
mary tumors and locally advanced breast cancer.

● Skin-sparing mastectomy results in improved cosmetic outcome with no 
increase in local recurrence rates.

● Sentinel lymph node surgery provides accurate staging of the lymph node 
basin in patients with early-stage disease.

● Increased understanding of breast cancer biology and advances in genetic 
testing may allow us to determine which patients are most likely to benefit 
from prophylactic mastectomy.
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not allow pathologic confirmation of cell death and negative margins. 
Surgical treatment is the gold standard against which in situ tumor abla-
tion will be compared. The exact role for in situ ablation techniques in the 
treatment of breast cancer remains to be determined.
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CHAPTER OVERVIEW

Breast reconstruction is available today to almost any woman undergoing 
total or partial mastectomy for breast cancer. Several methods are available 
for reconstructing the breast either at the same time as breast cancer surgery 
(immediate reconstruction) or months or even years later, when the patient 
chooses (delayed reconstruction). A new breast mound can be reconstructed 
using autologous soft tissues from the abdomen, back, or buttock or by using 
a prosthetic implant. Immediate reconstruction generally results in a better 
cosmetic outcome than does delayed reconstruction. Autologous tissue-
based reconstruction, especially when it is performed using flaps of lower 
abdominal skin and fat, generally produces more natural-looking, more 
natural-feeling, and longer-lasting breasts than does implant-based recon-
struction. The skin-sparing approach to mastectomy has facilitated imme-
diate breast reconstruction and resulted in improved cosmetic outcomes 
without increased risk of recurrence. Radiation therapy after reconstruc-
tion can adversely affect the cosmetic outcome of breast reconstruction, and 
chemotherapy can delay completion of breast reconstruction; thus, careful 
preoperative planning is essential to ensure the best cosmetic outcome.

INTRODUCTION

Breast reconstruction after surgery for breast cancer is one of the most satis-
fying surgical procedures in practice today. Because of conceptual and tech-
nical advances in breast reconstructive surgery over the past two decades, 
surgeons can now create a very natural-appearing breast after a total or par-
tial mastectomy, effectively restoring the natural form, shape, color, texture, 
and feel of the breast. Today, many patients with breast cancer choose to 
have breast reconstruction instead of living with a flat or depressed chest 
wall or, in the case of partial mastectomy, with a defect in the breast.

CURRENT STATUS OF BREAST RECONSTRUCTION

IN THE UNITED STATES

Over the past two decades, there has been a gradual but significant shift 
in breast cancer treatment such that restoration of patients’ psychologi-
cal and physical well-being is now considered an important part of their 
overall treatment.



Breast Reconstruction 237

The use of breast reconstruction in the United States has increased 
dramatically over the past 15 years. A total of 62,930 breast reconstruc-
tions were performed by plastic surgeons in 2004. This represents an 
increase of 113% over the number of breast reconstructions performed in 
1992 (Plastic Surgery Information Service, 2005). Our experience at M. D. 
Anderson Cancer Center reflects these national trends. We performed 448 
breast reconstructions in 2005, up from only 32 in 1986. In 2005, we per-
formed 716 mastectomies, 345 immediate breast reconstructions, and 103 
delayed breast reconstructions. Therefore, approximately 48% of patients 
who had mastectomies at M. D. Anderson in 2005 had immediate breast 
reconstruction. The estimated national average rate of immediate or early 
(within 4 months) breast reconstruction was 16% in 2002 and has been less 
than 20% since the modern era of breast reconstruction began in the 1970s 
with silicone implant-based reconstruction (Alderman et al., 2006).

The importance of breast reconstruction has been acknowledged at the 
federal and state levels in the form of laws requiring insurance compa-
nies to cover the costs of breast reconstruction. The Women’s Health and 
Cancer Rights Act of 1998 mandates that insurance companies cover not 
only breast reconstruction for women undergoing breast cancer surgery 
but also the procedures necessary to restore symmetry between the recon-
structed breast and the opposite, natural breast (WHCRA, 1998). Despite 
this recognition of the importance of breast reconstruction, only 16% of 
women in the United States who had a mastectomy between 1998 and 
2002 also had breast reconstruction (Alderman et al., 2006).

OPTIONS FOR BREAST RECONSTRUCTION

Breast reconstruction can be performed with prosthetic implants, autolo-
gous tissues, or combinations of these materials. Although each method 
of reconstruction has advantages and disadvantages, reconstruction with 
autologous tissues tends to produce consistently superior outcomes.

Use of the patient’s own tissues tends to provide the most natural recon-
structed breast in terms of shape, contour, fullness of the upper breast, 
and, especially, softness of the breast. Use of implants generally cannot 
reproduce the natural shape and feel of the breast as well as use of the 
patient’s own tissues can.

Use of the patient’s own tissues also tends to be associated with lower 
long-term costs of reconstruction. Initially, the implant approach costs less 
than the autologous-tissue approach in terms of both time invested by the 
patient and resources supplied by the health care system. Thus, recon-
struction with implants is attractive to health maintenance organizations 
and other third-party payers. However, M. D. Anderson statistics show 
that within 4 years after reconstruction, the cost of reconstruction with 
implants begins to overtake the cost of reconstruction with autologous 
tissues (Kroll et al., 1996). One reason for this is that in the first 5 years, one 
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in three patients with implant-based breast reconstruction will require an 
unanticipated operation for some problem related to the breast implant 
(Gabriel et al., 1997).

Today, many candidates for breast reconstruction are focused on 
obtaining the best possible long-term functional and cosmetic results and 
minimizing the potential for additional surgery to correct complications. 
Reconstruction with autologous tissues generally provides the best chance 
of achieving these goals (Figure 8–1).

Reconstruction with Implants

Breast implants are filled with either saline or silicone gel, and they are 
available in a variety of shapes—round, oval, or anatomic (teardrop 
shaped). Regardless of their internal composition, all implants have an 
outer silicone rubber shell. The shell can be smooth or “textured,” which 
means that the shell has a roughened surface.

Figure 8–1. Bilateral skin-sparing mastectomy and immediate free transverse 
rectus abdominis myocutaneous flap breast reconstruction. (A) Preoperative 
markings. (B) Postoperative result after reconstruction including nipple reconstruc-
tion and areolar tattooing.
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Technique

In most cases, reconstruction with implants requires several stages because 
the chest wall skin and underlying muscle must be expanded to create 
a space large enough for the implant. This expansion is accomplished 
with the use of a tissue expander, which looks and feels very much like 
an implant but has a thicker silicone rubber shell. The tissue expander is 
placed under the chest wall skin and pectoralis major muscle at the begin-
ning of the reconstruction process. The expander’s outer silicone rubber 
shell contains a metal port into which saline solution is injected percuta-
neously, usually on a weekly basis. The chest wall skin and underlying 
muscle are expanded over several weeks to months to a size somewhat 
larger than that necessary for the reconstruction. At a subsequent outpa-
tient surgery, the tissue expander is exchanged for a softer saline or sili-
cone implant. The size and location of the implant are planned with the 
goal of achieving symmetry with the opposite breast (Figure 8–2).

If the patient wishes to avoid multiple operations with a tissue expander, 
reconstruction with an implant in combination with autologous tissues 
may be an option. The most common example of this option is the use of a 
latissimus dorsi myocutaneous flap with an implant. The implant defines 
the shape and projection of the breast, while the muscle of the flap pro-
vides an insulating and protective cover for the implant.

Recommendations for Achieving Optimal Outcomes

In general, immediate implant-based reconstruction results in better cos-
metic outcomes than does delayed implant-based reconstruction. Recon-
struction with an implant results in a breast with the same color and 
texture as the natural breast, whether the procedure is done on an imme-
diate or delayed basis. However, with immediate reconstruction with a 
skin-sparing mastectomy (for more information on this procedure, see the 
section “Immediate Reconstruction” later in the chapter), the additional 
skin available facilitates expansion of the chest wall skin and underlying 
muscle to an appropriate size for the implant. The redundant breast skin 
can drape over the subpectoral tissue expander with minimal skin tension,
minimizing the potential for mastectomy skin flap necrosis.

Careful patient selection is necessary to ensure successful outcomes 
of implant-based reconstruction. In addition to the criteria discussed in 
the section “Patient Selection” at the end of this chapter, the patient’s 
breast characteristics should be taken into account. Patients with smaller 
nonptotic breasts or previous cosmetic breast augmentation are the best 
candidates for reconstruction with implants because these patients have 
the highest likelihood of long-term symmetry between the reconstructed 
breast and the natural breast. Furthermore, patients undergoing bilateral 
reconstruction are usually better candidates for implant-based reconstruction
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Figure 8–2. Implant-based breast reconstruction. (A) Patient with left mastectomy 
defect and augmented right breast. (B) Same patient after tissue expansion and 
placement of an implant.
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than patients undergoing unilateral reconstruction because with bilateral 
reconstruction it is easier to obtain breast symmetry.

Implant-based reconstruction is generally not recommended for 
patients who have been treated with radiation to the breast and chest 
wall. The irradiated area has permanently diminished capacity to heal and 
fight infection, leading to increased risk of complications such as implant 
exposure and infection necessitating removal of the tissue expander or 
breast implant. Radiation also typically causes the skin and soft tissues of 
the breast and chest wall to have decreased pliability and elasticity. This 
makes tissue expansion less effective and makes it more difficult to obtain 
a natural breast contour with implant-based reconstruction.

In most cases, a breast reconstructed using an implant is more round 
and spherical and has greater upper breast fullness than a natural breast. 
Silicone gel-filled implants are softer than saline-filled implants but still 
are not as soft as most natural breasts. The reconstructed breast often will 
not gain ptosis and may gradually rise higher on the chest wall because 
of tightening of the internal scar capsule surrounding the implant. Fur-
thermore, asymmetry between the breasts may become more pronounced 
over time as the natural breast continues to droop due to the effects of 
gravity on Cooper’s ligaments within the breast.

In patients with small breasts, the breasts will be symmetrical after 
several months if the implant is positioned carefully. In patients with 
larger or ptotic breasts, symmetry between the breasts is more difficult 
to achieve unless the natural breast is reduced in size or lifted to bet-
ter match the shape and position of the reconstructed breast. (When the 
patient wears a bra, however, the symmetry often appears better because 
the natural breast supported by the bra gains upper fullness to better 
match the shape of the reconstructed breast.) In patients who undergo 
bilateral reconstruction, the final size, shape, and position of the breasts 
can be determined by factors such as the chest size and width in propor-
tion to the patient’s height and are not limited by the need to match a 
natural opposite breast. Therefore, breast symmetry and overall results of 
implant-based breast reconstruction are often better with bilateral recon-
struction than with unilateral reconstruction.

Capsular Contracture, Rupture, and Other Concerns with Implants

Although reconstruction with implants can produce good cosmetic out-
comes, complications requiring additional surgery occur in 34% of patients 
over the first 5 years after reconstruction (Gabriel et al., 1997). Problems 
such as infection, implant exposure, capsular contracture, seroma, and 
rupture or deflation of the implant can occur and can adversely affect the 
cosmetic outcome and increase the long-term costs by necessitating 
further surgery and hospitalization.
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Capsular contracture refers to tightening of the implant capsule over 
time. In mild cases, this causes the reconstructed breast to become more 
firm and stiff. In moderate cases, capsular contracture can make the recon-
structed breast become more round and spherical and rise in position on 
the chest wall. In severe cases (Figure 8–3), capsular contracture can cause 
breast and chest wall pain and restrict shoulder and arm range of motion.

Capsular contracture can be released with an outpatient surgical pro-
cedure if the soft tissue covering the implant is not too thin. However, in 
the majority of patients, the capsular contracture will recur to some extent 
within several months to a year. Rarely, a patient with severe capsular 
contracture will request removal of the implant to relieve the pain.

Another concern related to reconstruction with implants is the potential 
for rupture of the implant and leakage of the saline or silicone gel it con-
tains. The risk of implant rupture is roughly estimated to be on the order 
of 1–2% per year for implants used for breast reconstruction (Gabriel 
et al., 1997). Implant rupture can be caused by “fold failure,” which refers 
to development of a crack or hole at the site of repeated creasing or folding 
of the implant’s outer silicone rubber shell. Fold failure is most common in 
saline implants that have been underfilled, often in an attempt to create a 
softer reconstructed breast. Rupture of silicone implants has been associ-
ated with a maneuver called “closed capsulotomy,” which involves force-
ful manual efforts to break up the implant capsule to soften and improve 
the appearance of the breast. Closed capsulotomy is a nonsurgical outpa-
tient procedure that is generally not practiced anymore.

Silicone implant rupture is usually asymptomatic, as the silicone gel 
is typically contained within the surrounding scar capsule. However, if 

Figure 8–3. Severe capsular contracture in the right breast.
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the silicone gel escapes into the surrounding soft tissues, silicone granulo-
mas, inflammation, and local chest wall pain can develop. Older silicone 
implants (more than 15–20 years old) have a thinner shell and are known 
to be more susceptible to shell fatigue and rupture. The current genera-
tion of silicone implants are filled with “cohesive” gel that is described as 
having the consistency of the candy known as “gummy bears.” Cohesive 
gel is not fluid like the gel in earlier generations of silicone implants and 
will not leak out of a crack or hole in the shell of an implant. Cohesive gel 
implants are the only type of silicone implant currently available for new 
patients in the United States.

Rupture of a saline implant results in an obvious loss of implant volume 
over several hours to several days as the saline that escapes is absorbed 
by the body. Deflation of a saline implant is not of any health concern, but 
most patients choose to have a new implant placed during an outpatient 
surgical procedure.

Yet another concern related to reconstruction with implants is the poten-
tial for calcification of the implant capsule. Calcification of the capsule 
can occur with both saline and silicone implants and is associated with 
older-generation implants, longer duration of implantation, and implant 
rupture (Peters et al., 1998). An obvious concern about calcifications is that 
they will make tumor detection difficult.

Finally, during the 1980s and 1990s, lawsuits were brought against 
implant manufacturers alleging that silicone gel-filled implants caused 
autoimmune diseases. The plaintiffs were successful in a number of cases, 
and in 1992 the Food and Drug Administration effectively banned the use 
of silicone implants in the United States. However, the Institute of Medicine 
of the National Academy of Sciences reviewed the scientific data on silicone 
breast implants and reported in 1999 that “Evidence suggests that [connec-
tive tissue diseases, cancer, neurological diseases, or other systemic com-
plaints or conditions] are no more common in women with breast implants 
than in women without implants” (Bondurant et al., 1999). In November 
2006, the Food and Drug Administration reversed its 1992 decision and 
approved the general use of silicone breast implants. Despite this, implants 
have developed a reputation for potentially causing autoimmune or degen-
erative diseases, and as a result, many patients now distrust breast implants 
and prefer reconstruction with autologous tissues.

Reconstruction with Autologous Tissues

In breast reconstruction, autologous tissues can be used alone or in combina-
tion with an implant. At M. D. Anderson, the gold standard for reconstruction 
of the breast, especially since the innovation of the skin-sparing mastectomy, 
is use of the free transverse rectus abdominis myocutaneous (TRAM) flap 
(Figure 8–4A). However, a variety of other flaps can also be used for breast 
reconstruction and are described in this section (Figure 8–4B, C).
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Figure 8–4. Immediate breast reconstruction with lower abdominal flaps after 
skin-sparing mastectomy: cosmetic results and comparison of muscle harvest 
at the donor site. (A) Unilateral free transverse rectus abdominis myocutaneous 
(TRAM) flap reconstruction of the left breast. (B) Bilateral deep inferior epigastric 
perforator (DIEP) flap reconstruction. (C) Unilateral superficial inferior epigas-
tric artery (SIEA) flap reconstruction of a large right breast. (D) Free TRAM flap 
donor site showing entire width of left rectus abdominis muscle removed with the 
flap. (E) DIEP flap donor site showing incisions into rectus abdominis muscles but 
no removal of muscle. (F) SIEA flap donor site showing neither incision nor exci-
sion of rectus abdominis muscle or fascia.
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Pedicled TRAM Flap

The TRAM flap, which is taken from the lower abdomen, is the most con-
venient and expendable tissue flap used for breast reconstruction. The 
TRAM flap is considered ideal for breast reconstruction because the donor 
scar at the lower abdomen is concealed under clothing, including a bath-
ing suit. In addition, the donor area is easily accessible, meaning that the 
patient does not have to be repositioned during surgery. The TRAM flap 
is ideal if the patient has enough redundant skin and subcutaneous fat 
in the lower abdominal or midabdominal region, ideally just below the 
umbilicus. In the TRAM flap procedure, often referred to by patients as 
the tummy tuck procedure, this redundant skin and fat is removed, leav-
ing a flatter and more youthful-appearing abdomen. This extra tissue is 
then used to reconstruct the breast.

The pedicled TRAM flap was first described in 1982 (Hartrampf et al., 
1982). It is a pedicled flap of lower abdominal skin and subcutane-
ous fat that is transferred to the chest for breast reconstruction by tun-
neling the flap under the upper abdominal skin while the flap remains 
attached to the lower portion of the rectus abdominis muscle. The pedi-
cled TRAM flap relies on the superior epigastric blood supply of the rec-
tus abdominis muscle. The blood must traverse multiple vessel branch 
points with successively more narrow vessels within the muscle before 
reaching the subcutaneous tissue of the flap. This restricts perfusion of 
the flap and limits the quantity of tissue that can be transferred. The 
pedicled TRAM flap procedure also requires sacrifice of an entire rectus 
abdominis muscle, which weakens the abdominal wall and decreases 
abdominal motor strength.

Free TRAM Flap

To maximize blood supply to the flap and to minimize abdominal wall 
weakness, many surgeons experienced in microvascular surgery have 
turned to the free TRAM flap based on the deep inferior epigastric vascu-
lar system, which is the dominant blood supply to the lower abdominal 
skin and fat. Reconstruction with a free TRAM flap requires removal of only 
a portion of a rectus abdominis muscle (Figure 8–4D). Muscle-sparing free 
TRAM flap reconstruction is a technical variation that involves removal of 
only a small plug of rectus abdominis muscle containing several perforat-
ing blood vessels that supply the skin and fat of the flap. The free flap is 
transferred to the breast area, where an anastomosis is created between 
the blood vessels of the flap and, typically, the thoracodorsal or internal 
mammary vessels.

Free flap reconstruction requires more operative time than pedicled 
flap reconstruction, is more labor-intensive, and is associated with a 1–5% 
risk of total flap loss secondary to vessel thrombosis, particularly during 
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the first few days after surgery. However, in the hands of experienced 
microsurgeons, these drawbacks are outweighed by the advantages of 
free TRAM flaps, which are several. First, the increased vascular supply to 
these flaps maximizes the amount of flap tissue usable for the reconstruction
and reduces the risk of partial flap loss and fat necrosis. Second, compared 
with the pedicled TRAM flap procedure, there is less injury to the abdominal 
wall because less rectus abdominis muscle is removed. Third, there is less 
interference with the breast inframammary fold, which often results in a 
more aesthetic breast reconstruction (Figure 8–4A).

Deep Inferior Epigastric Perforator Flap

Deep inferior epigastric perforator (DIEP) flap reconstruction is a varia-
tion of free TRAM flap reconstruction in which the same paddle of lower 
abdominal skin and fat is transferred for breast reconstruction but no rec-
tus abdominis muscle is removed (Allen and Treece, 1994; Blondeel, 1999) 
(Figure 8–4B). Instead, the branches of the deep inferior epigastric pedicle 
vessels that perforate through the rectus abdominis muscle to supply the 
overlying skin and fat are carefully dissected away from the muscle fibers. 
Typically, one, two, or three perforating vessels are selected. This results in 
no removal of rectus abdominis muscle or fascia, and therefore less injury 
to the abdominal wall (Figure 8–4E). The trade-off is decreased blood sup-
ply because fewer perforating blood vessels are included than are included 
with a free TRAM flap. Some patients do not have perforating blood vessels 
large enough in caliber or sufficient in number and arrangement to ade-
quately supply the volume of flap tissue required for breast reconstruction. 
Therefore, the DIEP flap cannot be used in every case.

The lesser abdominal wall injury with DIEP flap harvest than with free 
TRAM flap harvest results in measurably less abdominal wall weakness 
in patients who undergo DIEP-flap-based reconstruction. However, it is 
not clear that this difference is noticed by patients in everyday life (Bajaj 
et al., 2006). Therefore, this advantage of DIEP flaps may not be clinically 
significant and is controversial.

Superficial Inferior Epigastric Artery Flap

Superficial inferior epigastric artery (SIEA) flap reconstruction is a 
recently popularized alternative method of transferring the same paddle 
of lower abdominal skin and fat as is transferred with free TRAM and 
DIEP flaps (Chevray, 2004) (Figure 8–4C). The vascular pedicle of the SIEA 
flap is the superficial inferior epigastric artery, which originates from the 
femoral vessels in the groin and does not travel through any muscle. The 
advantage of using the SIEA flap is that the rectus abdominis muscle and 
fascia are not excised or incised and thus abdominal strength is not 
compromised (Figure 8–4F). The disadvantage of using the SIEA flap is 
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the anatomic variability of its pedicle vessels, which allows its use in only 
approximately 30% of patients.

Issues Common to Breast Reconstruction with Lower Abdominal Flaps

All the lower-abdominal-flap techniques described above can produce 
excellent outcomes, and in general, cosmetic outcomes achieved with 
lower-abdominal-flap reconstruction techniques are aesthetically superior 
to outcomes achieved with implant-based techniques (Kroll and Baldwin, 
1992). The pedicled TRAM flap, free TRAM flap, DIEP flap, and SIEA flap 
techniques each have advantages and disadvantages that may make one 
method better suited than the others for an individual patient.

Free TRAM, DIEP, and SIEA flaps from the lower abdomen are now 
commonly revascularized to the internal mammary vessels at the chest. 
Until 2002, the thoracodorsal vessels in the axilla were the primary recipient 
vessels for free flap breast reconstruction. However, between 2000 and 
2005, the internal mammary vessels gradually became more widely used 
than the thoracodorsal vessels for two reasons: first, plastic surgeons at 
M. D. Anderson became more familiar and comfortable with preparing 
the internal mammary vessels, and second, the use of sentinel lymph node 
biopsy increased and thus the use of standard axillary dissection, which 
results in exposure of the thoracodorsal vessels, decreased (Kronowitz et al.,
2006b). We and others have found that the internal mammary vessels 
are superior to the thoracodorsal vessels as recipient vessels because the 
internal mammary vessels are not affected by previous or future axillary 
dissection; they are easier to expose widely, which makes microvascular 
surgery easier; and they allow more freedom in positioning the free flap 
on the chest wall.

Recovery from a lower-abdominal-flap reconstruction procedure 
usually takes about 6–8 weeks. Most patients are quite active during 
this period, focusing on nonstressful modes of exercise, like walking. 
Most patients are back to work within 6–8 weeks, depending on the level 
of physical activity involved in their particular routine. The most impor-
tant restriction is to avoid lifting, pulling, or pushing more than 
about 15 pounds during the first 6 weeks to minimize the strain on 
the abdomen. Persistent stress on the abdomen due to excessive physi-
cal effort during the early healing period can result in the formation of 
a bulge or, rarely, a true hernia. A bulge or hernia can develop in the 
abdomen after any lower-abdominal-flap procedure, with the possible 
exception of SIEA flap procedures, but such complications are not com-
mon. A number of other problems—such as infections, partial loss of 
the transferred tissues, scarring, asymmetry, and loss of the belly but-
ton—can also occur after lower-abdominal-flap reconstruction, but major 
problems are unusual. These complications may necessitate another rela-
tively minor revision or repair operation.
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Latissimus Dorsi Flap with an Implant

Another common method of reconstructing the breast after mastec-
tomy is use of the pedicled latissimus dorsi flap in combination with an 
implant. The latissimus dorsi muscle flap can include a paddle of sub-
cutaneous fat and overlying skin that can contribute some soft tissue 
for breast reconstruction. However, the volume of flap tissue is typi-
cally not sufficient to reconstruct an entire breast, and a breast implant 
is needed.

The flap is harvested from the midback on the same side as the affected 
breast. Once separated from its origin from the posterior lower ribs and 
posterior iliac crest, the myocutaneous flap is tunneled through the axilla 
into the mastectomy defect. The flap donor site at the back is closed pri-
marily, restoring the normal back contour. Although the side where the 
muscle is removed becomes thinner than the opposite side of the back, 
there is no overt depression in the area of the harvested muscle. The donor 
site incision is usually approximately 15 cm long and is frequently made 
along the transverse bra-strap region to minimize the visibility of the scar 
(Figure 8–5B). The scar is not readily apparent to the patient since it is at 
her back, and it thus tends to be more acceptable.

The skin and fat of the flap improve the shape, softness, and projection 
of the reconstructed breast compared to reconstruction with an implant 
alone. The muscle tissue of the flap is used to cover and protect the under-
lying implant. It is the implant which provides the overall shape and the 
majority of the projection of the reconstructed breast.

The advantages of this reconstructive option are the relative ease of 
the operation and the shorter operating time compared to reconstruc-
tion with lower abdominal flaps. The disadvantage is that the shape 
and feel of the reconstructed breast is determined by the shape and 
feel of a breast implant. The average long-term cosmetic result is supe-
rior to that achieved using a breast implant alone but inferior to that 
achieved using a lower abdominal flap. Nevertheless, reconstruction 
with a latissimus dorsi flap plus an implant, which was very popular in 
the late 1980s, can produce excellent long-term results in many patients 
(Figure 8–5).

This technique is most appropriate for patients with small- to medium-
sized breasts, in whom the implant will not be very large. This technique 
can be used in patients who have undergone irradiation because the non-
irradiated latissimus dorsi flap provides the wound-healing capacity and 
infection-fighting capacity that are decreased in the irradiated chest and 
breast tissues.

For most patients, the recovery time after reconstruction with a latis-
simus dorsi flap plus an implant is limited to several weeks, and the most 
common restriction is the need for a drain at the donor site on the back for 
up to 3–4 weeks.
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Figure 8–5. Skin-sparing mastectomy and immediate breast reconstruction with 
a latissimus dorsi myocutaneous flap and implant. (A) Appearance before surgery. 
(B) Postoperative photograph shows donor scar within bra line. 

Extended Latissimus Dorsi Flap

For patients with smaller breasts, the latissimus dorsi muscle can some-
times provide the volume of tissue necessary for the entire breast recon-
struction (Chang et al., 2002). The “extended” latissimus dorsi muscle flap 
used in such cases includes as much of the surrounding subcutaneous fat 
and overlying skin as is practical to provide a larger volume of tissue with 
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which to shape a projecting breast and provide for any missing external 
skin. The extended flap is most appropriate for patients who have smaller 
breasts, have a higher percentage of body fat and thus more subcutaneous 
fat, and would like to avoid using an implant.

Other Tissue Flaps Used in Breast Reconstruction

For patients in whom prior abdominal surgery prevents use of flaps from 
the lower abdomen or back, a few second-line, lesser-used autologous 
tissue flaps are sometimes options.

The gluteal region is sometimes a good donor site if the patient does 
not object to the scarring, asymmetry, and possible deformity that can 
result from harvesting a flap from only one buttock. The superior gluteal
artery perforator free flap and the inferior gluteal artery perforator free 
flap consist of a paddle of skin and subcutaneous fat, without muscle, 
harvested from the upper or lower buttock, respectively (Shaw and Ahn, 
1993). Other flaps that may be used for breast reconstruction include 
the Ruben’s flap, from the outer hip area (occasionally usable even after 
a TRAM flap procedure) (Hartrampf et al., 1994); the transverse upper 
gracilis myocutaneous free flap, from the medial thigh; or the anterola-
teral thigh free flap, from the anterior thigh. Dissection of some of these 
flaps is more difficult and time consuming than dissection of lower 
abdominal flaps or latissimus dorsi flaps, and the tissues are often less 
abundant and more difficult to shape into a breast. Nonetheless, for the 
patient who prefers to avoid an implant and who is not a candidate 

Figure 8–5. (continued) (C) Appearance after breast reconstruction without nipple 
reconstruction.
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for reconstruction using the lower abdominal donor site, these flaps can 
offer a practical solution.

Issues Common to Breast Reconstruction with Autologous Tissues

In patients who undergo breast reconstruction with autologous tissues, 
adequate blood supply to the tissue flap is critical. If more tissue is used 
in the breast reconstruction than can be adequately vascularized, the risk 
increases that some fraction of the fat making up the reconstructed breast 
will necrose and become firm and fibrotic during healing, a complication 
referred to as fat necrosis. These firm areas, if found in the reconstructed 
breast, are usually small and sometimes resolve on their own. However, 
all persistent firm masses occurring after reconstruction require careful 
evaluation, sometimes including biopsy, to exclude recurrent breast 
cancer. Areas of fat necrosis larger than 2–3 cm are usually excised because 
complete resolution of the fibrotic fat is unlikely.

Inadequate flap vascularization can also lead to skin necrosis. Necrosis 
of both skin and fat of a portion of the reconstructed breast flap is referred 
to as partial flap loss. In such cases, a breast revision surgery is usually 
necessary, the extent of which is directly related to how much of the flap 
is lost. If the entire flap is lost, reconstruction with another pedicled or 
free flap can be considered, or reconstruction with a tissue expander and 
implant may be selected.

In most patients who undergo breast reconstruction with autologous 
tissues, a breast revision procedure is necessary to perfect the breast shape 
or size and breast symmetry. This procedure is usually performed no 
sooner than 2–3 months after the reconstruction. Limited liposuction, 
scar revision, and reduction of the reconstructed breast can be done as 
outpatient procedures.

The next step, which can sometimes be done at the same time as the revi-
sion procedure, is reconstruction of the nipple. The nipple can be formed 
from the tissue over an implant or from the flap tissue itself. Small, delicate 
flaps of tissue are raised from the appropriate location on the new breast 
and then shaped into a projecting nipple. After a period of about 6 weeks to 
allow healing of the nipple flaps, the nipple and the surrounding area can 
be tattooed with an appropriate color of pigment to create the appearance 
of an areola. Since the reconstructed nipple and central area of the recon-
structed breast usually are insensate, the tattoo procedure is not painful.

TIMING OF RECONSTRUCTION

Breast reconstruction can be performed at the same time as breast cancer 
surgery (immediate reconstruction) or months or even years later, when 
the patient chooses (delayed reconstruction). Until the early 1990s, there 
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was a misconception that breast reconstruction must be delayed for at 
least 2 years after mastectomy because reconstruction might prevent or 
delay detection of a local recurrence. If no recurrence was detected after 
2 or more years of close follow-up, the patient was considered eligible for 
reconstruction. Of course, breast cancer can recur at any time after a mas-
tectomy, regardless of reconstructive status, so patient self-examination 
and careful postoperative follow-up are strongly urged. However, several 
longer-term follow-up studies at M. D. Anderson have shown that recon-
struction does not delay or prevent detection of tumor recurrence (Kroll 
et al., 1991; Singletary, 1996; Newman et al., 1998). Nevertheless, because 
of the historical concerns about immediate reconstruction, many patients 
with breast cancer who are facing surgery today are unaware that their 
breasts can be reconstructed at the same time as the mastectomy.

Immediate Reconstruction

Immediate breast reconstruction after mastectomy—especially immediate 
reconstruction using autologous tissues—has become more established 
since the introduction of the skin-sparing mastectomy in the early 1990s (for 
more information on this procedure, see later in this section). This approach 
to mastectomy minimizes the incisional scars on the breast, and the good 
cosmetic outcome has convinced many breast cancer patients to view 
mastectomy with reconstruction as a viable and positive treatment choice.

At M. D. Anderson, for patients interested in breast reconstruction, we 
recommend immediate reconstruction as often as possible because it is 
more efficient, is more cost-effective, is more convenient for the patient, 
and generally provides more cosmetically pleasing results than those typi-
cally achieved with delayed reconstruction. Both autologous tissue-based 
reconstruction and implant-based reconstruction are available to patients 
who are considering immediate reconstruction.

Patients undergoing immediate reconstruction also have a reduced risk 
of anesthesia-related complications because anesthesia is induced only 
once, not twice, and patients have the added convenience of one hospitali-
zation instead of two. Many patients who undergo immediate reconstruc-
tion state that they would not likely have come back for reconstruction at a 
later time because the experience would have been too strong a reminder 
of their original cancer ordeal and the recovery would have seemed too 
great a challenge once they had recovered from the mastectomy.

Immediate reconstruction also has psychological benefits for the patient. 
With immediate reconstruction, the patient awakens from breast surgery 
with an intact breast. Thus, the patient never has to live with chest wall 
deformity. In the past, breast reconstruction was sometimes delayed with 
the goal of making the patient more anxious for, and appreciative of, breast 
reconstruction. This practice is now considered outmoded and unacceptable.
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Studies have confirmed that immediate reconstruction preserves normal 
body image, self-esteem, and sexual functioning (Dean et al., 1983).

The resource savings possible with immediate reconstruction in com-
parison with delayed reconstruction are significant. One study from 
M. D. Anderson’s Department of Plastic Surgery compared hospital 
charges for patients who underwent immediate (n = 219) or delayed (n = 57) 
reconstruction with autologous tissues (Khoo et al., 1998). The mean total 
resource cost of mastectomy with delayed reconstruction was 62% higher 
than the mean total resource cost of mastectomy with immediate recon-
struction. The savings came primarily from less total operating time and 
fewer days of inpatient hospitalization.

One of the most compelling advantages of immediate reconstruction 
is the superior appearance of the reconstructed breast (Figure 8–1). The 
superior cosmetic results are due in large part to use of the skin-sparing 
approach to mastectomy, in which as much of the patient’s own breast 
skin is preserved as is oncologically safe. The skin-sparing technique, 
first described by Toth and Lappert in 1991, is designed to facilitate and 
simplify breast reconstruction after modified radical mastectomy. During 
immediate reconstruction, the preserved breast skin guides restoration of 
the overall size and shape of the breast and, especially, the position of the 
breast on the chest wall relative to that of the natural breast.

The skin-sparing approach reduces visible scarring and reduces the 
color and texture mismatch that can occur with delayed reconstruction, 
especially when the immediate reconstruction is done with autologous 
tissues. Even in the case of reconstruction with implants, immediate 
reconstruction generally results in better cosmetic outcomes because the 
extra skin preserved with the skin-sparing approach facilitates subse-
quent expansion of the skin for placement of the final implant and allows 
for more breast ptosis. In delayed reconstruction, expansion of the flat and 
foreshortened chest wall skin and muscle can be challenging because of 
the scarring of the chest wall and soft tissues.

Skin-sparing mastectomy requires more time and expertise on the part 
of the surgical oncologist than does conventional mastectomy. The deli-
cate breast skin flaps must be elevated carefully, and even with meticulous 
technique, the flap skin closest to the nipple–areola complex often becomes 
necrotic because of poor vascularity. Given the risk of skin loss, the plastic 
surgeon must examine the skin flaps at the time of surgery to check for 
nonviable areas. Any such area that is detected should be excised before 
the breast reconstruction is completed. Ensuring the viability of the skin 
flaps is especially important when reconstruction is accomplished with 
the use of an implant. In this situation, the implant or tissue expander will 
have to remain covered by muscle, skin, and subcutaneous tissue. If the 
implant or expander becomes exposed, it usually becomes infected and 
must be removed.
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Concerns have been raised about the long-term risk of tumor recur-
rence after skin-sparing mastectomy. An M. D. Anderson study examined 
the incidence of local recurrence in patients with early breast cancer (stage 
T1 or T2) who had undergone skin-sparing or non-skin-sparing mastec-
tomy and immediate breast reconstruction and had been followed up for 
at least 6 years (Kroll et al., 1999). There was no significant difference in 
the incidence of local recurrence between the skin-sparing mastectomy 
and non-skin-sparing mastectomy groups. Although patients were not 
randomly assigned to skin-sparing or non-skin-sparing mastectomy, the 
results suggest that skin-sparing mastectomy is oncologically safe.

When patients have had radiation therapy before mastectomy, as in the 
case of previous breast conservation therapy, more than the usual amount 
of breast skin must be removed during skin-sparing mastectomy because 
the viability of this skin is predictably poor. More abdominal skin of the 
autologous tissue flap must then be used to replace the greater area of skin 
excised from the breast envelope. Thus, in the breast reconstructed after 
radiation therapy, much of the external shape and contour of the breast is 
formed by abdominal flap skin and tissue.

Timing of Reconstruction in Patients with Locally Advanced 
Breast Cancer

Immediate reconstruction is oncologically safe even in patients with locally 
advanced breast cancer. A study at M. D. Anderson compared 50 patients 
with locally advanced breast cancer who underwent modified radical mas-
tectomy and immediate breast reconstruction between 1990 and 1993 with 
72 patients with locally advanced breast cancer who underwent modified 
radical mastectomy without reconstruction during the same period (New-
man et al., 1999). No significant differences in local or distant relapse rates 
were observed between the two groups over the 58–month mean follow-up 
period. Among patients who underwent immediate breast reconstruction, 
35 (70%) had reconstruction with autologous tissue flaps, and 15 (30%) 
had reconstruction with implants. In the autologous tissue group, there 
were two partial flap losses but no complete flap losses. In the implant 
group, seven patients (47%) required removal of the implants because of 
infection or capsular contracture after radiation therapy.

This study suggests that immediate breast reconstruction can be per-
formed in patients with locally advanced breast cancer with acceptable 
morbidity and suggests that these patients have a risk of local disease 
recurrence or distant relapse similar to that of patients who do not 
undergo reconstruction. In addition, the study showed that outcomes of 
immediate reconstruction in patients with locally advanced breast cancer 
are better when the reconstruction is accomplished using autologous tis-
sues. The reason for this finding is that a high percentage of patients with 
locally advanced breast cancer need radiation therapy, which may cause 
problems with implants and eventual loss of the implant.
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Nevertheless, at M. D. Anderson today, we recommend that patients 
with locally advanced breast cancer avoid immediate breast reconstruction 
even though immediate breast reconstruction is probably oncologically 
safe. There are three important reasons for this current recommendation.

First, nearly all patients with locally advanced breast cancer will have 
postmastectomy radiation therapy recommended.

Second, radiation therapy can degrade the cosmetic outcome of breast 
reconstruction with TRAM flaps. An M. D. Anderson study showed that 
32 (78%) of 41 breasts reconstructed using TRAM flaps lost symmetry 
with the opposite breast after postoperative radiation therapy (Tran et al., 
2000). In addition, these 41 irradiated TRAM-flap-reconstructed breasts 
were significantly worse cosmetically—in terms of flap contracture, firm-
ness, fat necrosis, and skin hyperpigmentation—than 1,443 nonirradiated 
TRAM-flap-reconstructed breasts (P < .0001).

Another study from M. D. Anderson compared outcomes after immedi-
ate breast reconstruction with free TRAM flaps followed by radiation ther-
apy with outcomes after delayed breast reconstruction with free TRAM 
flaps after mastectomy and radiation therapy (Tran et al., 2001). The rates of 
contracture, volume loss, and fat necrosis in the reconstructed breast (late 
complications) were significantly higher in the patients who had immedi-
ate reconstruction followed by irradiation (P < .0001).

The third reason that we recommend that patients with locally 
advanced breast cancer avoid immediate reconstruction is that the 
presence of a reconstructed breast mound can compromise the effec-
tiveness of radiation therapy or increase the complications of radiation 
therapy. A recent study from M. D. Anderson showed that 52% of 112 
patients receiving radiation therapy after mastectomy and immediate 
breast reconstruction had compromised radiation treatment planning. 
Stage-matched contemporaneous patients undergoing radiation therapy 
after mastectomy without reconstruction had only a 7% rate of compro-
mised radiation treatment planning. This difference was statistically sig-
nificant (P < .0001) (Motwani et al., 2006).

For these reasons, we advise patients with locally advanced breast 
cancer to delay breast reconstruction. This avoids the risk of having an 
immediately reconstructed breast be degraded or ruined by radiation and 
allows optimal delivery of radiation therapy.

Delayed Reconstruction

Breast reconstruction can be accomplished months or years after a mastec-
tomy. The advantage of so-called delayed breast reconstruction is that the 
overall complication rate, regardless of the particular reconstruction method 
used, is lower than the complication rate seen with immediate reconstruction. 
The main disadvantage of delayed reconstruction is that the majority of 
the breast skin has been removed at the time of mastectomy, and as a result, 
there is inadequate breast skin to cover a future reconstructed breast mound. 
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Therefore, in delayed reconstruction, if the patient’s own tissues are used, the 
skin of the flap is used to replace much of the breast or chest wall skin, 
predominantly on the lower half to two thirds of the reconstructed breast 
mound. The flap skin is typically different in color from the natural 
breast skin, and this contrast is usually readily visible on the reconstructed 
breast (Figure 8–6).

Figure 8–6. Delayed transverse rectus myocutaneous flap breast reconstruction. 
(A) Result after mastectomy. (B) Result after reconstruction.
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The main clinical differences between immediate and delayed recon-
struction with implants are that in the case of delayed reconstruction, the 
chest wall skin and soft tissue are tighter at the beginning of the expan-
sion, and the soft tissue scarring caused by the prior mastectomy some-
what inhibits the expansion process. This makes it difficult to obtain a 
well-shaped reconstructed breast with any ptosis.

REPAIR OF DEFECTS RESULTING FROM PARTIAL MASTECTOMY

Many women diagnosed with breast cancer are good candidates for breast 
conservation therapy—i.e., partial mastectomy (also known as lumpectomy
or segmental mastectomy) plus lymph node evaluation and subsequent 
radiation treatments.

With breast-conserving surgery, as much of the breast is preserved as is 
oncologically safe, including the nipple and areola. Breast-conserving sur-
gery also leaves intact most of the original breast skin sensation. Breast-
conserving surgery does not, however, completely avoid breast deformity. 
Depending on the amount of skin and breast tissue that is excised, some 
permanent visible irregularity or deformity causing asymmetry between 
the breasts will most likely occur after a period of healing, wound con-
traction, and subsequent radiation therapy. The breast contour may have 
depressions or irregularities. The nipple–areola complex is often distorted 
and pulled toward the partial mastectomy incision as the resection cavity 
collapses and scar contracture occurs.

At M. D. Anderson, when the amount of tissue to be removed dur-
ing partial mastectomy is likely to cause substantial deformity and breast 
asymmetry after radiation therapy, the present standard of care is to pre-
operatively refer the patient to a plastic surgeon for consultation regarding 
immediate repair of the defect. Of course, before any planned repair pro-
cedure is undertaken in a woman undergoing breast-conserving surgery, 
the surgical specimen is examined thoroughly to ensure that the margins 
are negative. At M. D. Anderson, these specimens are routinely examined 
with whole-specimen radiography in conjunction with pathologic exami-
nation of frozen sections.

Timing of Partial Mastectomy Defect Repair

Plastic surgeons usually prefer to complete any planned reconstructive 
procedure at the same time as the partial mastectomy because the tissue 
is better vascularized and no scarring or contractures are present. If repair 
of a defect resulting from partial mastectomy is delayed until after the 
patient’s breast and axillary areas have been irradiated, repair is much 
more difficult because of the additional internal scarring and fibrosis that 
occur as a result of the radiation treatments. After irradiation, the breast 
tissues are usually less supple and have decreased wound-healing capacity, 
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which results in a higher rate of complications after partial breast recon-
struction.

Methods of Immediate Partial Mastectomy Defect Repair

Use of Local Flaps

Small partial mastectomy defects in large breasts usually do not necessitate
a reconstructive procedure. In the case of partial mastectomy defects in 
small- to medium-sized breasts, if less than 25% of the breast volume is 
removed, repair of the defect can be accomplished by rearrangement of 
the local breast tissue. The best local tissue to use for this purpose is tissue 
from the lower lateral breast, which is the fullest part of the breast and the 
most expendable cosmetically. This tissue can be rotated or advanced into 
the breast defect along incision lines hidden in the inframammary and 
anterior axillary folds.

Breast Reduction

Most partial mastectomy defects in larger breasts can be effectively 
repaired by breast reduction. This results in a smaller but well-shaped 
breast with modest scarring. The opposite, natural breast is reduced at the 
same time to achieve breast symmetry.

Use of Autologous Tissue Flaps

If a partial mastectomy defect is relatively large or the breast is too small, 
the breast reduction approach may not result in a breast of reasonable 
volume. In such cases, the remaining options are to use an autologous 
tissue flap to repair the partial mastectomy defect or to perform a total 
mastectomy and breast reconstruction.

The latissimus dorsi flap is the simplest and most reliable autolo-
gous tissue flap for breast reconstruction. For repair of defects result-
ing from partial mastectomy, the ipsilateral pedicled latissimus dorsi 
myocutaneous flap is elevated and tunneled to the breast defect as 
described earlier in this chapter. The flap is inset so that it eliminates 
the dead space created by the partial mastectomy and restores the con-
tour of the breast. If no external skin is required, the muscle can be 
harvested endoscopically to minimize donor site scarring (Robb and 
Miller, 1995). Use of the latissimus dorsi flap can generally produce 
excellent cosmetic results in the repair of large defects resulting from 
partial mastectomy.

Another option for repair of larger defects resulting from partial 
mastectomy is use of a lower abdominal flap. Such flaps are not 
used often for repair of partial mastectomy defects because the latis-
simus dorsi flap usually provides adequate tissue volume, requires less 
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operative time, is more reliable, and produces similar cosmetic results. 
Another disadvantage of using a lower abdominal flap for repair of 
defects resulting from partial mastectomy is that if the patient were 
to need a completion mastectomy or contralateral mastectomy in the 
future, the lower abdominal flap—the best option for reconstruction 
of an entire breast—would not be available. This disadvantage is espe-
cially important because reconstruction with an implant would not be 
recommended in this situation owing to the previous radiation ther-
apy delivered as part of breast conservation therapy. Nevertheless, 
some patients prefer the abdominoplasty effect at the lower abdominal 
donor site and choose to have reconstruction with a lower-abdominal 
flap rather than a latissimus dorsi flap for repair of a partial mastec-
tomy defect.

Methods of Delayed Partial Mastectomy Defect Repair

Delayed breast reconstruction is an important option in dealing with 
larger defects resulting from partial mastectomy (Figure 8–7). The 
advantage of delayed reconstruction in such cases is that it avoids 
irradiation of the flap used for the reconstruction. In addition, in some 
cases, assessment of the breast defect may be more accurate after the 
initial healing is complete and the changes induced by radiation ther-
apy have occurred. The main disadvantage of delayed reconstruction 
after partial mastectomy is the difficulty usually encountered in oper-
ating on irradiated tissues, including the axillary area, through which 
the latissimus dorsi muscle must be tunneled before being inset into 
the breast defect. Healing problems due to radiation can occur in this 
setting and pose a significant hazard for the patient. Lymphedema of 
the arm on the side of the mastectomy, one of the breast cancer patient’s 
worst fears, can also be aggravated by a second axillary surgery and 
tunneling through the axilla after radiation therapy and initial breast 
healing.

Delayed breast reconstruction with a lower-abdominal flap can be an 
excellent option for the patient with a medium-sized to large breast who 
has undergone breast-conserving surgery and radiation therapy without 
breast reconstruction and then develops a significant breast scar contrac-
ture or other deformity during the postoperative healing process (Figure 8–8).
In this case, often the original incision must be released to re-create the 
operative defect, and then enough well-vascularized tissue and extra skin 
must be placed to restore a more normal shape and projection of the breast 
and improve the healing potential that has been adversely affected by the 
radiation therapy.

At M. D. Anderson, we have found that immediate repair of partial 
mastectomy defects with local breast tissue rearrangement or breast 
reduction results in better cosmetic outcomes with fewer complications 
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than does immediate repair with autologous tissue flaps. On the other 
hand, delayed repair of partial mastectomy defects in breasts that have 
been irradiated is best accomplished with autologous tissue flaps because 
local tissue rearrangement or reduction of an irradiated breast results in 
a substantially higher complication rate than is seen with flap reconstruc-
tion (Kronowitz et al., 2006a).

Figure 8–7. Repair of nipple–areola defect after partial mastectomy. (A) Result 
after partial mastectomy. (B) Early result after pedicled latissimus dorsi myocuta-
neous flap repair of the breast contour.
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Figure 8–8. Delayed free transverse rectus abdominis myocutaneous (TRAM) 
flap breast reconstruction to correct deformity after partial mastectomy and radia-
tion therapy. (A) Preoperative markings. A left breast lift was planned. (B) Marked 
deformity of the right breast after partial mastectomy. 
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PLANNING BREAST RECONSTRUCTION

Breast reconstruction is a complex procedure, and careful patient coun-
seling and patient selection are essential for a successful outcome.

Patient Counseling

Breast cancer patients often have their initial consultation with a plastic sur-
geon just after learning of their cancer diagnosis. At this initial consultation, 
patients are often overwhelmed with anxiety and confused about their sur-
gical treatment options. Having to make important decisions that involve 
more complex surgery for reconstruction increases the patient’s stress.

Before the initial consultation with the plastic surgeon, the patient 
has usually been offered several treatment options by her surgical 
oncologist. Depending on the stage of disease, these options may 
include breast-conserving surgery with postoperative radiation ther-
apy or mastectomy with or without reconstruction. The plastic surgeon 

Figure 8–8. (continued) (C) Early postoperative result after recontouring with a 
free TRAM flap. The planned left breast lift was not performed since symmetry 
was achieved with use of the TRAM flap.
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must determine whether the patient is medically and psychologically 
a candidate for breast reconstruction. If so, the plastic surgeon must 
help the woman decide which type of reconstruction would be best, 
given her expectations and lifestyle. The plastic surgeon elaborates all 
the options available to the patient on the basis of her past medical and 
surgical history, the results of her physical examination, her body shape 
and size, and the natural appearance of her breasts before surgery. 
The plastic surgeon details all aspects of the reconstructive surgery, 
including the length of hospitalization; the risks, benefits, and possible 
complications, including the potential effects of radiation therapy and 
chemotherapy on the reconstructive outcome; and the potential need 
for delayed outpatient surgeries for “touch-ups” of the reconstructed 
breast. The plastic surgeon attempts to make this information as clear 
and easily understandable as possible.

Family visibility and support during the preoperative period are very 
important, and the plastic surgeon facilitates education for both the patient 
and her family. When family members are present during meetings with the 
plastic surgeon, they can help the patient remember specific details discussed 
with the surgeon and provide the moral support that is always necessary.

For some patients, several meetings with the plastic surgeon are required 
before patient and surgeon reach a mutually satisfactory decision about 
breast reconstruction. Both the surgical oncologist and the plastic surgeon 
must assess the patient’s suitability for a particular procedure and must help 
the patient develop realistic expectations about the reconstructive outcome. 
Sometimes, the patient does not seem to completely understand the recon-
structive options or the potential risks and complications of breast recon-
struction or expresses unrealistic expectations after the surgical counseling 
sessions. When the patient has unrealistic expectations, the role of the plastic 
surgeon can be very difficult. The problem can sometimes be resolved by 
having the patient see a psychologist, who can better determine the patient’s 
motivation and emotional state. In these situations, the patient is encouraged 
to understand that the plastic surgeon is truly interested in doing what is 
best for her, both physically and emotionally.

M. D. Anderson has developed an educational, interactive CD-ROM 
about breast reconstruction for breast cancer patients and their families. 
The interactive CD-ROM, which gives basic information about breast 
reconstruction, seems to be especially helpful for patients with no prior 
exposure to the concept of breast reconstruction who want additional 
information to aid in decision-making regarding treatment options. After 
the patient has viewed the interactive CD-ROM and discussed reconstruc-
tion with one of the plastic surgeons, she also has the opportunity to talk 
individually with a woman who has already undergone breast reconstruc-
tion at M. D. Anderson and has volunteered to talk with other breast can-
cer patients about her own experience. These volunteers are often willing 
to show their reconstructed breasts to patients if they so request.
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Some patients feel overwhelmed by their breast cancer diagnosis and 
are unwilling to accept the further stress associated with making addi-
tional difficult decisions about breast reconstruction. These patients may 
be tempted to complete their cancer treatment first before turning their 
full attention to the important issue of breast reconstruction. Occasionally, 
the patient’s surgical oncologist may recommend that the patient wait 
some time after the breast cancer surgery before even consulting with a 
plastic surgeon about the possibility of breast reconstruction. However, 
delaying consultation with the plastic surgeon is not standard practice 
because most patients who are interested in either immediate or delayed 
reconstruction would benefit from seeing a plastic surgeon as soon as pos-
sible after the diagnosis of breast cancer. At M. D. Anderson, there is a 
strong sentiment that once a patient has been counseled about her par-
ticular options for the ablative and reconstructive surgery, she is better 
informed and less anxious.

Patient Selection

Several factors must be taken into account in determining whether a 
patient is a suitable candidate for breast reconstruction and, if so, which 
reconstructive options are appropriate. These factors include disease 
stage, comorbid conditions, whether adjuvant therapy will be used, and 
the presence of preexisting cosmetic breast implants.

Disease Stage

Patients with early stage (stage I) breast cancer are often excellent candi-
dates for immediate breast reconstruction. Such patients can choose from 
many different types of breast reconstruction best suited to the specific 
surgery recommended for their breast cancer with little concern about 
possible future radiation therapy.

Patients with locally advanced (stage II or III) and some patients with 
metastatic (stage IV) breast cancer may be candidates for breast recon-
struction if they so desire. The reconstructive effort, however, should 
not be counterproductive in terms of the patient’s cancer treatment. The 
patient’s medical and surgical oncologists must assist the plastic surgeon 
in determining whether the patient can tolerate the additional stress and 
healing time necessary for the breast reconstruction.

Comorbid Conditions

For women with medical conditions such as high blood pressure, diabetes, 
morbid obesity, or vascular or connective-tissue disease, counseling 
regarding breast reconstruction is tailored to the individual. If a woman 
with one of these conditions is considered to be a candidate for breast 
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reconstruction, a simpler reconstructive procedure (e.g., reconstruction 
with an implant) may be most appropriate. Patients who are obese or who 
smoke have a higher risk of complications with breast reconstruction, so 
these patients, under the guidance of the plastic surgeon, must carefully 
balance the risk of complications against the expected benefits.

Older age, by itself, is not a contraindication for breast reconstruction. 
Older patients in good general health often desire breast reconstruction 
and are often found to be good candidates for even the more strenuous 
types of breast reconstruction such as with a lower abdominal flap. Often, 
however, older patients are better candidates for the simpler, shorter 
procedures such as implant-based reconstruction.

Radiation Therapy

One of the most important considerations affecting the outcome of breast 
reconstruction and the choice of reconstruction method is previous or 
future plans for radiation therapy (Kronowitz and Robb, 2004). Radia-
tion permanently decreases the wound-healing and infection-fighting 
capacities of tissue. This increases the risk of wound-healing complica-
tions after any type of surgery. Radiation often causes shrinkage and 
fibrosis of soft tissues, including the breast, and hyperpigmentation and 
loss of elasticity and suppleness of skin. This makes it more difficult 
to achieve a cosmetically pleasing reconstructed breast. These adverse 
changes not only occur during radiation therapy but also often progress 
for several months to a year after completion of radiation therapy.

If either preoperative or postoperative radiation therapy is planned, 
the use of an implant alone for breast reconstruction is strongly discour-
aged because the radiation therapy increases the risk of capsular contrac-
ture, wound-healing complications, and implant infection necessitating 
removal of the implant. Capsular contracture not only can deform the 
appearance of the reconstructed breast but also can cause chronic local-
ized chest wall pain and tightness.

Radiation can cause shrinkage, fibrosis, and stiffening of a breast 
reconstructed with autologous tissue in the same manner as it can alter 
other soft tissue, including a natural breast. After radiation therapy, the 
shape of the reconstructed breast may become distorted, and the breast 
may contract upward in relation to its former position on the chest wall. 
These changes are especially noticeable in patients with smaller breasts. 
However, even in patients with larger breasts, the reconstructed breast 
generally becomes firmer and stiffer than the natural breast because of 
increased fibrosis present throughout the irradiated autologous tissues. 
The net adverse effect that is usually most bothersome to patients is the 
resulting breast asymmetry, which is difficult to correct.

Improvement or restoration of symmetry may require transfer of a 
second flap of autologous tissue to the reconstructed breast to release 
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contractures, add back lost volume, and lower the inframammary fold 
so that it is symmetric with the inframammary fold on the opposite 
side. Occasionally, the irradiated reconstructed breast only needs to be 
reshaped or revised with local geometric flaps to accomplish the neces-
sary improvement in contour or shape. However, even these relatively 
minor procedures can be hazardous because the tissue fibrosis and 
impaired healing capacity of the irradiated areas increase the risk of 
wound-healing complications.

Postoperative Chemotherapy

Postoperative chemotherapy can also adversely affect the healing of a 
reconstructed breast. Because of the additional blood supply from the 
patient’s own tissue, breasts reconstructed using autologous tissues can 
generally withstand the slower healing of wound infections that occur 
during chemotherapy. However, in breasts reconstructed using implants, 
poor or incomplete healing due to chemotherapy can have a more dra-
matic effect. For example, patients receiving chemotherapy after implant-
based reconstruction may develop systemic infections at any time, and 
these infections can involve the implant, necessitating its removal. If the 
implant is removed, the patient must wait 4–6 weeks after resolution of 
the infection and completion of chemotherapy before the implant or tissue 
expander can be replaced. Although more local chest wall scarring will 
be present because of the infection, good results from the reconstruction 
are still commonly obtained, even with secondary tissue expansion and 
implant placement.

Preexisting Cosmetic Implant

If a patient has a preexisting cosmetic implant in place and requires 
breast cancer surgery, the preoperative consultation will often focus 
on reconstruction with implants because most patients who already 
have an implant in place are comfortable with the concept of breast 
implants. If the implant is in the subglandular position, superficial to 
the pectoral muscles, it must be removed as part of the breast cancer 
surgery because the implant is directly under the breast itself. In con-
trast, if the implant is in the subpectoral plane, it may be retained if the 
position and shape of the implant will allow creation of a satisfactory 
reconstructed breast. In many cases, however, the subpectoral implant 
will need to be exchanged for a tissue expander placed under the pec-
toralis major muscle to create a larger implant space and thus allow for 
a better reconstructed breast. If the patient needs adjuvant radiation 
therapy after her cancer surgery, the implant usually will need to be 
deflated or removed.
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K E Y  P R A C T I C E  P O I N T S
● Breast reconstruction (if the patient desires it) is considered vital to the 

patient’s rehabilitation and is an intrinsic part of her breast cancer treatment.
● Immediate breast reconstruction is available to most candidates for breast 

reconstruction.
● Skin-sparing mastectomy has proven to be oncologically safe and effective 

and results in superior cosmetic results of breast reconstruction.
● Reconstruction with autologous tissues tends to produce more natural-looking,

more natural-feeling, and longer-lasting breasts than does implant-based 
reconstruction.

● Free TRAM, DIEP, and SIEA flaps from the lower abdomen provide the best 
tissue for breast reconstruction and are the flaps most commonly used for 
autologous tissue-based breast reconstruction at M. D. Anderson.

● Radiation therapy can distort and shrink reconstructed breasts, breasts repaired 
after partial mastectomy, and natural breasts. Therefore, in patients scheduled 
to receive radiation therapy, careful planning and thorough patient counseling 
before breast reconstruction are of major importance.

● Reconstruction with implants is less invasive than reconstruction with 
autologous tissues and can produce excellent results, especially in patients 
with smaller breasts and patients undergoing bilateral reconstructions. However, 
implants are generally not compatible with irradiated tissues. 
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CHAPTER OVERVIEW

Radiation therapy is an important tool in the treatment of women with 
breast cancer. For patients with ductal carcinoma in situ or early-stage 
invasive cancer, radiation therapy plays a central role in breast conserva-
tion therapy. Similarly, for selected patients with locally advanced disease 
who have a sufficient response to neoadjuvant chemotherapy, regional 
radiation therapy is an important part of a breast conservation approach. 
Patients with intermediate- or advanced-stage disease who undergo mas-
tectomy and are at high risk for local-regional recurrence benefit from 
postmastectomy irradiation. Radiation therapy also plays an important 
role in the treatment of inflammatory carcinoma, local-regionally recurrent 
carcinoma, and axillary nodal disease from unidentified primary tumors. 
Finally, the judicious use of radiation therapy in patients with sympto-
matic metastases materially improves quality of life and helps maintain a 
high level of function.

INTRODUCTION

Radiation therapy has a role in the management of nearly every stage of 
breast cancer. This chapter begins with a brief review of the relevant ana-
tomy, which is central to understanding the choice of treatment targets and 
techniques. That section is followed by a review of the indications for radi-
ation therapy as part of breast conservation therapy in women with duc-
tal carcinoma in situ (DCIS), early-stage invasive carcinoma, and selected 
locally advanced cancers treated with neoadjuvant chemotherapy. A brief 
discussion of treatment planning and delivery is also included. The sub-
sequent sections focus on postmastectomy irradiation in the settings of 
advanced primary disease, inflammatory cancer, and local-regional recur-
rence. The special situation of radiation therapy for patients with axillary 
nodal disease from unidentified primary tumors (presumed to be of breast 
origin) is then reviewed. The chapter closes with discussions of palliative 
radiation therapy for patients with metastatic disease and side effects 
of radiation therapy.

PERTINENT ANATOMY

A clear understanding of the anatomy of the breast and its draining 
lymphatics is required by the radiation oncologist for both initial 
assessment and subsequent treatment planning. While the majority of 
glandular breast tissue is located in the protuberant breast mound, thin 
layers of mammary parenchyma can be found extending medially to 
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the midsternum, laterally to the latissimus dorsi muscle, superiorly to 
the clavicle, and inferiorly to the lower costal margin. The greatest bulk 
of mammary parenchyma is located in the upper outer quadrant of the 
breast, and in some individuals, the adjacent tail of Spence can contain 
substantial amounts of breast tissue and even have the appearance of 
an accessory breast.

The first-echelon nodes, which drain the majority of the breast, are 
located in the ipsilateral axilla. The axillary nodes are traditionally divided 
into three anatomically continuous levels on the basis of their relationship 
to the pectoralis minor muscle: level I (lateral to the muscle), level II (deep 
to the muscle), and level III (medial to the muscle). Generally, the level I 
nodes are the first to be involved by metastatic tumor deposits, and level I 
is the most common location in which sentinel lymph nodes are identified 
during lymphatic mapping. As the low axillary tumor burden increases, 
the incidence of involvement of level II and level III nodes increases (Rosen 
et al., 1983; Danforth et al., 1986; Veronesi et al., 1987), and involvement of 
the interpectoral nodes (Rotter’s nodes) can occur. Ultimately, the nodes 
of the supraclavicular fossa can become involved. Located at the conflu-
ence of the internal jugular and subclavian veins, these nodes are gener-
ally appreciated lateral to the clavicular head of the sternocleidomastoid 
muscle.

An additional lymphatic drainage system exists for portions of the 
medial and central breast. The internal mammary nodes, located in the 
first 3–5 intercostal spaces at the sternal margin, are loose aggregates of 
lymphatic tissue that lie in close association with the internal mammary 
vessels. Metastases in the internal mammary nodes are rarely detected 
on clinical examination; generally, detection of such metastases requires 
the use of sonography, computed tomography, or magnetic resonance 
imaging. Although there is currently only limited experience using 
positron emission tomography as a staging tool in breast cancer, single-
institution studies with pathologic confirmation suggest that positron 
emission tomography, which has high specificity and high positive pre-
dictive value in axillary nodal evaluation, may also be useful for internal 
mammary nodal evaluation (Gil-Rendo et al., 2006; Stadnik et al., 2006). 
Studies of extended radical mastectomy indicate that for centrally and 
medially located tumors with clinically evident axillary metastases, the 
probability of histologic involvement of the internal mammary nodes 
ranges from 20% to 50% (Bucalossi et al., 1971; Urban and Marjani, 1971; 
Handley, 1975; Lacour et al., 1976, 1987; Deemarski and Seleznev, 1984); 
modern series show that these historical findings remain relevant (Yu 
et al., 2005). The significant incidence of internal mammary node 
involvement in patients with axillary metastases is one of the primary 
rationales for inclusion of the internal mammary chain in the radiation 
target volume during treatment planning for axillary lymph node–posi-
tive breast cancer.
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ROLE OF RADIATION THERAPY IN BREAST CONSERVATION THERAPY

Breast conservation therapy (breast-conserving surgery plus radiation 
therapy) is now considered a mainstay of treatment for early-stage inva-
sive carcinoma of the breast. In addition, breast conservation therapy is 
appropriate for many patients with DCIS. Finally, breast conservation 
therapy may be feasible in selected patients with locally advanced disease 
who are treated with neoadjuvant chemotherapy.

Treatment of DCIS

DCIS includes a heterogeneous group of lesions with respect to clinical 
presentation, pathologic findings, and malignant potential. Clearly, some 
DCIS lesions, if left untreated, will become invasive carcinomas. Thus, the 
diagnosis of DCIS is viewed as an opportunity to treat a premalignant 
lesion before it becomes a risk to the patient’s life. However, it is likely 
that other DCIS lesions, if left untreated, will not become invasive during 
the patient’s lifetime. Fundamentally, it is this difficulty in predicting the 
behavior of DCIS that is the principal cause for conflicting approaches to 
radiation therapy for DCIS.

The detection of DCIS has increased dramatically since the introduction 
of routine screening mammography. In the premammography era, DCIS 
was an uncommon finding, and DCIS lesions were generally detected on 
physical examination as large, palpable areas of comedo-subtype disease. 
In the mammography era, most cases of DCIS are small, nonpalpable 
lesions revealed by screening mammography, and frequently these lesions 
are of noncomedo subtypes. The small tumor burden and presumably 
lower malignant potential of lesions found on screening mammography 
mean that the results of older series, in which clinically detected lesions 
predominated, are of little clinical value today.

Successful treatment of DCIS begins with complete excision of all 
malignant-appearing microcalcifications. This makes mastectomy the only 
reasonable treatment option for patients with extensive disease. Breast 
conservation therapy with incomplete excision of malignant-appearing 
microcalcifications results in local recurrence rates of nearly 100% (Sneige 
et al., 1995), so if the entire mammographic abnormality cannot be com-
pletely excised with an acceptable cosmetic outcome, mastectomy is 
required. Mastectomy for DCIS is nearly always curative: after total mas-
tectomy, local recurrence rates are 1% or less (Betsill et al., 1978; Sunshine 
et al., 1985; Fentiman, 1989). However, for the majority of patients with 
smaller focal lesions, breast conservation therapy has a high probability of 
success and should routinely be presented as an option.

The use of breast conservation therapy for DCIS was based initially on 
extrapolation of data from prospective randomized trials in patients with 
invasive cancer, which showed that mastectomy and breast conservation 
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therapy produced similar outcomes. To date, there have been no prospec-
tive randomized trials of mastectomy versus breast conservation therapy 
for DCIS, but retrospective studies have supported the extrapolation that 
mastectomy and breast conservation therapy produce similar outcomes 
in patients with DCIS. Although some investigators have reported that 
young age (less than 40 years), comedo subtype, high nuclear grade, the 
presence of necrosis, and DCIS presenting as a bloody nipple discharge 
appear to predict for a high risk of local recurrence after breast conser-
vation therapy, other investigators have not been able to confirm these 
associations.

In the best of hands, breast-conserving surgery and radiation ther-
apy for mammographically detected DCIS generally results in a 5-year 
actuarial risk of breast recurrence of less than 10%. Additional breast 
recurrences are seen between 5 and 10 years after treatment, result-
ing in 10-year actuarial breast recurrence rates ranging from 8% to 
23%, with breast cancer-specific mortality rates ranging from 0% to 4% 
(Table 9–1) (Kuske et al., 1993; Hiramatsu et al., 1995; Silverstein et 
al., 1995a,b; Sneige et al., 1995; Fowble et al., 1997; Kestin et al., 2000; 
Jha et al., 2001; Solin et al., 2005a; Vapiwala et al., 2006). Although the 
reported series of breast conservation therapy for DCIS differ from 
one another with respect to patient selection, extent of resection, and 
degree of mammographic and pathologic correlation, they all under-
score the necessity of long-term follow-up of patients with this disease, 
in whom recurrences can develop as late as 15 years after treatment 
(Solin et al., 2005a). Early detection of recurrent disease, particularly 
before it has spread to axillary nodes, can facilitate successful salvage 
therapy (Solin et al., 2005b).

Table 9–1.  Rates of Recurrence in the Ipsilateral Breast after Conservative 
Surgery and Radiation Therapy for Mammographically Detected 
Ductal Carcinoma In Situ (DCIS)

 Number of  Recurrence Rate Recurrence Rate Recurrence Rate
References Patients at 5 Years, % at 10 Years, % at 15 Years, %
Solin, 2005a 1,003 5 10 19
Vapiwala, 2006 192 3 10 15
Kestin, 2000 146 8 9.2 —
Fowble, 1997 110 1 15 —
Jha, 2001 94 1 — —
Hiramatsu, 1995 54 2 23 —
Kuske, 1993 44 7 — —
Silverstein, 1995a,b 33 7 19 —
Sneige, 1995 31 0 8 —

Weighted average  4.5 10.9 18.4
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Benefit of Radiation Therapy after Breast-Conserving Surgery for DCIS

Three prospective, randomized trials have been reported that permit 
assessment of the incremental benefit of radiation therapy after breast-
conserving surgery for DCIS: the National Surgical Adjuvant Breast 
and Bowel Project (NSABP) B-17 trial, the European Organization for 
Research and Treatment of Cancer (EORTC) 10853 trial, and the United 
Kingdom Coordinating Committee on Cancer Research (UKCCCR) 
trial (Table 9–2).

In the NSABP trial (Fisher et al., 1998), 814 patients with clinically or 
radiographically detected DCIS were enrolled between 1985 and 1990. 
Eighty-three percent of the tumors were detected by screening mam-
mography and were not palpable; however, there were no limits on the 
size of the area of DCIS. After complete surgical excision (defined by the 
NSABP as no visible DCIS at the inked margins), patients were randomly 
assigned to postoperative irradiation (50 Gy to the whole breast, with no 
boost) or observation. No additional therapy was permitted. At a mean 
follow-up time of 8 years, patients treated with excision plus irradiation 
had a significantly decreased risk of DCIS recurrence in the ipsilateral 
breast (12.1% vs. 26.8%; P = .007). Even more striking was the reduction 
in the risk of invasive recurrence (3.9% vs. 13.4%; P < .000005). The risks of 
distant metastases and death from ipsilateral breast cancer did not differ 
significantly between the two groups.

In the EORTC 10853 trial (Julien et al., 2000; Bijker et al., 2006), patient 
recruitment began in 1986. The design of this trial was very similar to 
that of the NSABP B-17 trial. A total of 1,010 patients with DCIS were 

Table 9–2.  Rates of Recurrence in the Ipsilateral Breast in Randomized Trials 
of Excision With and Without Breast Irradiation for DCIS

Risk of Ipsilateral Breast 
Recurrence, %

Study
Number of 
Patients

Follow-up
Time Excision Alone

Excision and 
Irradiation

NSABP B-17 
 (Fisher et al., 1998)

 814 8 years 
 (mean)

26.8 (all)
13.4 (inva-
sive)

12.1 (all)
3.9 (invasive)

EORTC 10853 (Bijker 
 et al., 2006)

1,002 10.5 years 
 (median)

26 (all)
13 (invasive)

15 (all)
8 (invasive)

UKCCCR (2003) 1,030 4 years 
 (median)

14 (all)
6 (invasive)

6 (all)
3 (invasive)

Abbreviations: DCIS, ductal carcinoma in situ; EORTC, European Organization for 
Research and Treatment of Cancer; NSABP, National Surgical Adjuvant Breast and Bowel 
Project; UKCCCR, United Kingdom Coordinating Committee on Cancer Research.
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 randomly assigned to excision or excision plus radiation therapy. Seventy-
one percent of the lesions were detectable by mammography only, and the 
mean diameter of the mammographic abnormality was 20 mm. Tumor-
free surgical margins were required; no minimum distance from tumor 
edge to resection margin was specified. In patients who received radiation 
therapy, the whole breast was treated to 50 Gy at 2 Gy per fraction. Only 
5% of patients received a radiation boost. At a median follow-up time of 
10.5 years, the 10-year local relapse-free survival rate was significantly 
increased by radiation therapy (85% vs. 74%; P < .0001).

In the UKCCCR trial (UKCCCR, 2003), patients from the United King-
dom, Australia, and New Zealand were recruited to participate in a trial 
of radiation therapy, tamoxifen, neither, or both after complete resec-
tion with negative margins. Patients with DCIS or microinvasive disease 
were eligible for enrollment and had the option of several randomiza-
tion schemes, some of which allowed a free choice of whether to receive 
radiation therapy. Of 1,701 patients enrolled, 1,030 opted for a schema 
in which they were randomly assigned to radiation therapy or no radia-
tion therapy (some of the 1,030 patients also received tamoxifen). The 
suggested dose was 50 Gy in 25 fractions, and a boost was not recom-
mended. At a median follow-up time of 4.38 years, radiation therapy 
significantly reduced the incidence of ipsilateral breast tumor recurrence 
(6% vs. 14%; P < .0001) in the subgroup participating in the radiation 
therapy randomization.

Some investigators have championed wide excision alone without 
radiation therapy for some patients with DCIS (Silverstein et al., 1995a,b; 
Lagios and Silverstein, 1997). Although these investigators have reported 
10-year actuarial risks of local recurrence of 20–25% and although half to 
one third of these recurrences are invasive, these investigators point out 
that the large majority of recurrences can be adequately managed with 
surgery. It is clear from the three prospective trials discussed earlier in 
this section that wide local excision alone is associated with higher local 
recurrence rates than excision plus radiation therapy. Nonetheless, the 
incremental benefit from radiation therapy may be small in certain patient 
groups, and regardless of the type of local treatment, the risk of death 
from breast cancer in patients with DCIS is negligible.

A recently reported single-arm prospective trial sought to test the 
hypothesis that surgical resection alone is sufficient in “good risk” 
patients with DCIS (Wong et al., 2006). Patients were eligible if they had 
tumors that were 2.5 cm or smaller, composed of predominantly grade 1 
or 2 disease (the presence of a small number of cells with grade 3 nuclei 
was not grounds for exclusion), and excised with at least 1-cm negative 
margins; tamoxifen was not permitted. The trial was closed at a median 
follow-up time of 40 months because the number of local recurrences met 
predetermined stopping rules. At the time of trial closure, the rate of local 
recurrence was 2.4% per patient-year, corresponding to a projected 5-year 
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local failure rate of 12%, which compares unfavorably to the local failure 
rates reported with conservative surgery and radiation therapy.

An intergroup phase III trial sponsored by the Radiation Therapy 
Oncology Group opened in 1998 with the purpose of determining whether 
“good risk” DCIS patients could avoid radiation therapy after conservative 
surgery. Patients were eligible if they had unicentric, mammographically 
detected DCIS no larger than 2.5 cm, excised with at least 3-mm negative 
margins and containing no high-grade elements. After stratification by 
intention to receive tamoxifen, patients were randomly assigned to whole-
breast irradiation (without a boost to the tumor bed) or observation. After 
7 years, fewer than half the required number of patients had enrolled, and 
in May 2006 the trial closed with a total accrual of 636 patients.

At M. D. Anderson Cancer Center, patients with DCIS who do not 
have “good risk” features are routinely offered radiation therapy. Patients 
with favorable features for whom observation may be considered include 
postmenopausal women with low- or intermediate-grade, small-volume 
DCIS resected with widely negative margins (Solin et al., 1993). Younger 
patients and those with less favorable disease characteristics may also be 
observed if compliance with recommended screening and follow-up can 
be expected and if the likelihood that mastectomy will be required for 
salvage therapy is acceptably low from the patient’s perspective. Observa-
tion should occur in the context of a thorough discussion with the patient 
about the available data.

For the majority of patients in whom treatment is appropriate, the tech-
niques and doses used are similar to those for invasive carcinoma of the 
breast, discussed in detail later in this chapter.

Partial Breast Irradiation for DCIS

There are very limited data to support the use of partial breast irradiation 
(PBI) in the treatment of DCIS. Unlike invasive breast cancer, in which 
there is evidence that local recurrences predominantly occur in or adjacent 
to the tumor bed, the pattern of in-breast recurrence of DCIS is less well 
characterized. Two nonrandomized prospective studies of PBI in DCIS 
have recently been completed, both of which utilized the MammoSite 
brachytherapy system: a multi-institutional industry-supported phase II 
trial (Benitez et al., 2006) and a multi-institutional registry study supported 
by the American Society of Breast Surgeons (Jeruss et al., 2006). In total, 
these two studies analyzed the outcomes of 286 patients over a  follow-up 
period of less than 1 year. Within this short follow-up period, two local 
recurrences were reported. Patients with unifocal DCIS measuring less 
than 3 cm are currently eligible for enrollment in a randomized control-
led trial comparing standard whole-breast irradiation to accelerated PBI 
(Radiation Therapy Oncology Group 04–13/NSABP B-39, described in 
detail later in the chapter).
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Treatment of Early-Stage Invasive Breast Cancer

Mastectomy versus Breast Conservation Therapy

Six prospective randomized trials have established the role of breast con-
servation therapy as an alternative to mastectomy for early-stage invasive 
breast cancer (Blichert-Toft et al., 1992; van Dongen et al., 1992; Arriagada 
et al., 1996; Fisher et al., 2002; Veronesi et al., 2002; Poggi et al., 2003). In the 
aggregate, these studies included more than 3,000 patients with follow-
up times ranging from 3.3 to 20 years. While there are subtle yet impor-
tant differences between the trials with respect to surgical and radiation 
therapy techniques, none of the trials demonstrated significant differences 
in disease-specific or overall survival between the two treatment arms. 
In five of the six trials, local-regional recurrence rates were equivalent 
between the two arms, with local recurrence rates in the treated breast or 
chest wall ranging from 3% to 19%. As a result of these compelling stud-
ies, breast conservation therapy is considered a mainstay of treatment for 
early-stage invasive carcinoma of the breast.

Benefit of Radiation Therapy after Breast-Conserving Surgery

After breast conservation therapy became a standard option for patients 
with early-stage breast cancer, investigators attempted to identify subsets 
of patients for whom radiation therapy is not required. Taken together, 
the studies reported to date indicate that postoperative radiation therapy 
should be routinely delivered to the vast majority of patients treated with 
breast-conserving surgery.

Seven prospective trials have compared conservative surgery and radi-
ation therapy with conservative surgery alone (Clark et al., 1996; Forrest 
et al., 1996; Renton et al., 1996; Schnitt et al., 1996; Liljegren et al., 1997, 1999;
Veronesi et al., 2001; Fisher et al., 2002) (Table 9–3). As a group, the trials 
show that radiation therapy results in a 2.2- to 4.7-fold reduction in ipsi-
lateral breast tumor recurrence. Studies with shorter follow-up demon-
strate a smaller absolute magnitude of benefit. However, when the annual 
hazard rate is projected to 10 years, a minimum 35% breast failure rate is 
anticipated for excision alone.

Researchers at Harvard have published the results of a prospective 
single-arm study, in which they attempted to rigorously identify patients 
with early-stage breast cancer who may not require radiation therapy 
(Schnitt et al., 1996). This study had a sequential design and eventually 
accrued 87 patients. Patients with unicentric, clinically T1 carcinomas 
of ductal, mucinous, or tubular histologic subtype without an extensive 
intraductal component or lymphatic vessel invasion were eligible. All 
patients underwent an axillary dissection and had histologically negative 
lymph nodes, and all patients underwent a wide excision and had path-
ologically documented negative margins of at least 1 cm. The majority 
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of the lesions (76%) were detected by mammography alone. The median 
pathologic tumor size was 9 mm. The study was closed before the target 
accrual was reached because at a median follow-up time of 56 months, the 
investigators crossed a predefined stopping boundary: an average annual 
local recurrence rate of 4.2% (cumulative recurrence rate at closing, 16%). 
The authors noted that 11 of the 14 recurrences were in the vicinity of the 
initial tumor, even though re-excision immediately after the initial surgery 
had revealed no residual tumor. The authors concluded that even in this 
highly selected group of patients, the risk of local recurrence after wide 
excision alone was substantial. They further concluded that even if a sub-
set of patients was identified in whom radiation therapy could be omitted 
after conservative surgery, such patients would most likely account for 
only a small proportion of women with breast cancer.

Meta-analyses of multiple prospective randomized trials have recently 
shown that the addition of radiation therapy after breast-conserving 
surgery has a favorable impact on survival in addition to its documented 

Table 9–3.  Local Recurrence Rates in Randomized Trials of Conservative 
Surgery With and Without Radiation Therapy

 Conservative  Conservative Surgery
 Surgery Alone  and Radiation Therapy
   Annual  Annual
   Hazard,  Hazard, Interval
 Number of Recurrence % per Recurrence % per  Reported,
Trial Patients Rate, % year Rate, % year years
NSABP (Fisher  1,137 39 2.0 14 0.7 20
 et al., 2002)
Ontario (Clark  837 40 4.0 18 1.8 10
 et al., 1996)
Milan III  579 24 2.4 5.8 0.6 10
 (Veronesi 
 et al., 2001)
Scottish (Forrest  556 28 5.6 6 1.2 5
 et al., 1996)
British (Renton  399 35 7.0 13 2.6 5
 et al., 1996)
Uppsala-Örebro  381 24 2.4 8.5 0.9 10
 (Liljegren 
 et al., 1999)
Harvard  87 16 3.4 NA NA 4.7
 (Schnitt 
 et al., 1996)
Abbreviations: NA, not available; NSABP, National Surgical Adjuvant Breast and Bowel 

Project.



Radiation Therapy 281

local control benefit (Vinh-Hung and Verschraegen, 2004; EBCTCG, 2005). 
This benefit was conclusively demonstrated in the most recent update 
from the Early Breast Cancer Trialists’ Collaborative Group, which showed 
that local radiation therapy after breast-conserving surgery conferred an 
absolute reduction in 15-year breast cancer mortality of 5.1% in node-negative
patients and 7.1% in node-positive patients. Given the finding that local 
radiation therapy improves survival, withholding this treatment is inad-
visable in the vast majority of patients.

Radiation Therapy in Older Patients

Some authors have suggested that older patients and those with very small, 
low-grade lesions may be adequately treated with conservative surgery 
without radiation therapy (Liljegren et al., 1997). Two randomized prospec-
tive trials have assessed the incremental benefit of radiation therapy in older 
women with small, node-negative, estrogen receptor–positive tumors who 
receive tamoxifen: the Cancer and Leukemia Group B  (CALGB) C9343 trial 
(Hughes et al., 2004) and a multi-institutional Canadian trial (Fyles et al., 
2004). The CALGB trial enrolled women at least 70 years of age with T1 N0 
breast cancers. Estrogen receptor status requirements were modified during 
study accrual, with the end result that 97% of enrolled patients were estro-
gen receptor positive. All women underwent breast-conserving surgery 
and received 5 years of tamoxifen therapy. They were subsequently ran-
domly assigned to radiation therapy or observation. With a median follow-
up of 5 years, there was a significant but small difference in local recurrence 
rates favoring radiation therapy (1% vs. 4%; P < .001), but there were no dif-
ferences between the radiation therapy and observation groups in rates of 
mastectomy, distant metastasis, or overall survival.

The Canadian trial was similarly designed, except that it included 
women as young as 50 years with tumors up to 5 cm, and estrogen recep-
tor status was not a criterion for enrollment. However, the median age 
of enrolled patients was 68 years, the median tumor size was 1.4 cm, and 
approximately 80% of patients were estrogen receptor positive; therefore, 
despite the broader eligibility criteria, the patient population was similar 
to that of the CALGB trial. With a median follow-up of 5.6 years, local 
relapses were more frequent in the no-radiation group (7.7% vs. 0.6%; 
P < .001), but there were no differences between the groups in distant 
relapse or overall survival. A planned subgroup analysis of women with 
estrogen receptor–positive T1 tumors found a persistent but smaller differ-
ence in local relapse rates (5.9% without vs. 0.4% with radiation; P < .001).

A major limitation of both trials as currently reported is that the inci-
dence of local relapse without radiation is underestimated by the rela-
tively short follow-up time. In both studies, among the women who could 
be followed for a longer period, the actuarial 8-year local relapse rates 
were greater than 15%.
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At M. D. Anderson, the option of hormonal therapy alone after 
breast-conserving surgery is reserved for patients with T1 N0, estro-
gen receptor–positive tumors who are 70 years or older and have an 
expected survival of less than 5–10 years. Alternatively, accelerated 
treatment schedules (for example, 42.4 Gy in 16 fractions) may achieve 
a better balance between improved local control and minimization of 
travel difficulties for infirm patients.

Partial Breast Irradiation for Early-Stage Invasive Cancer

The strategy of PBI has recently gained momentum in the treatment of 
women with early-stage breast cancer. The theoretical justification for 
PBI is that 70–80% of breast recurrences occur in or immediately adjacent 
to the tumor bed (Veronesi et al., 2001), indicating that the majority of 
the normal breast need not be irradiated to achieve durable local control. 
Advocates of PBI argue that this approach increases access to and com-
pliance with care (because of the shortened overall treatment time) and 
theorize that PBI may sufficiently reduce normal tissue complications 
from hypofractionated irradiation to permit completion of therapy within 
1 week. PBI can be delivered by one of three methods: multiplane multi-
catheter brachytherapy, point source brachytherapy delivered by balloon 
applicator (MammoSite), or conformal external-beam radiation therapy. 
Although evidence from phase I/II trials of PBI for early-stage breast can-
cer is promising, to date there has been no completed direct comparison 
of PBI to conventional whole-breast radiation therapy, and the available 
data on PBI are not yet mature. Five-year or greater single-arm outcome data
are available only for multicatheter brachytherapy, and results have been 
mixed with regard to local control and toxicity (Fentiman et al., 1996; Perera 
et al., 2003; Vicini et al., 2003; Kuske et al., 2006). Arthur and Vicini (2005) 
have published a thorough review of accelerated PBI that is suggested for 
the interested reader.

Because of the limitations of the available data and because the stand-
ard treatment (whole-breast radiation therapy) has been proven to have 
excellent efficacy and tolerability at very long follow-up, PBI is offered 
at M. D. Anderson primarily in the context of an ongoing phase III trial 
(Radiation Therapy Oncology Group 04–13, co-sponsored by the NSABP 
as trial B-39). Patients with DCIS or stage I or II breast cancer are eligible if 
lumpectomy reveals a tumor no larger than 3 cm, histologically negative 
margins are obtained, and a postoperative computed tomography scan 
demonstrates a lumpectomy-cavity-to-whole-breast ratio for which PBI is 
technically feasible within the protocol dose constraints. Eligible patients 
are randomly assigned to whole-breast irradiation (45–50  Gy in 1.8- to 2-Gy
fractions, followed by an optional boost to at least 60 Gy) or to PBI delivered via
a method of the physician’s choosing (conformal external-beam, 38.5 Gy 
in 10 twice-daily fractions; multicatheter or MammoSite brachytherapy, 
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3.4 Gy in 10 twice-daily fractions). The primary aim of the study is to determine
whether PBI provides local control equivalent to that seen after conven-
tional whole-breast irradiation; secondary aims include comparisons of 
cosmesis, quality of life, and acute and late toxicity. The trial opened in 
2005; final results are unlikely to be available until 2016.

Radiation Therapy Technique

The goal of breast irradiation after breast-conserving surgery is to deliver 
tumoricidal doses of radiation to the remaining breast tissue while avoid-
ing adjacent normal tissue not at risk for harboring residual tumor cells. 
The technical aspects of breast irradiation are central to its success and 
should not be minimized. Customized treatment planning with atten-
tion to variations in anatomy, location of the tumor bed, and protection of 
intrathoracic contents is necessary for complication-free, successful out-
comes. To facilitate achievement of these aims, computed tomography-
based treatment planning is utilized for all our patients.

During treatment planning, the glandular breast tissue is encompassed 
in a pair of tangential megavoltage photon (x-ray) beams (usually 6-MV 
photons, although 18-MV photons are sometimes used in addition to or 
instead of lower-energy beams) (Figures 9–1 and 9–2). Excess exposure 
of the lung (usually understood as more than 2 cm from lung–chest wall 
interface to posterior field edge) or left ventricle is to be avoided. The use 
of individualized patient immobilization devices, beam-shaping blocks, 

Figure 9–1. Standard breast tangential fields. The patient is treated in the supine 
position.
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wedge or compensating filters, advanced dosimetric techniques, and res-
piratory-gated treatment delivery can help improve the therapeutic index. 
At M. D. Anderson, most patients are treated at 2 Gy per fraction to a total 
dose of 50 Gy in 5 weeks, with the dose specified at the pectoral surface. 
Subsequently, an additional 10 Gy is delivered to the volume of breast 
surrounding the excision site (boost dose) in five fractions. Patients with 
close or positive margins of resection may receive a higher boost dose. For 
patients with DCIS and most patients with early-stage invasive carcinoma 
of the breast, usually no additional treatment fields are indicated.

Tangential breast irradiation is usually delivered with the patient in a 
supine position, as shown in Figure 9–1. However, for patients with large 
pendulous breasts, this position is frequently suboptimal. In such patients, 
lateral and inframammary tissue folds lead to magnified acute skin reactions 
and inferior long-term cosmesis; the large separation between the medial 
and lateral field edges results in greater dose inhomogeneity, increasing 
the risk of late fibrosis and fat necrosis; and encompassing the entire breast 
mound may require excessive exposure of the heart and lung. Such patients 
instead are treated in the prone position, using a platform board with an 
aperture, which allows the breast to fall naturally away from the chest wall 
(Figure 9–3). This technique minimizes breast separation and dose inhomo-
geneity, removes most skin folds, and frequently reduces irradiation of the 
heart, lung, and contralateral breast (Figure 9–4).

Figure 9–2. Treatment plan and isodose distribution for supine breast tangents. 
The routine use of computed tomography–based treatment planning permits more 
precise delineation of the volume encompassed in the high-dose region.
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Figure 9–3. Set-up for prone breast irradiation.

Figure 9–4. Treatment plan and isodose distribution for prone breast tangents.
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In patients with locally advanced breast carcinoma who are offered 
breast conservation therapy, the volume at risk also includes the regional 
lymph node basins. As a consequence, the radiation therapy fields are 
modified to encompass these areas in addition to the glandular breast 
tissue (Figure 9–5). This frequently involves the use of multiple adjacent 
treatment portals, which must be precisely matched to avoid the conse-
quences of double treatment or geographic miss. The high radiation dose 
resulting from double-treated junctions substantially increases the risk 
of late fibrosis, telangiectasias (dilated blood vessels due to injury of the 
reticular dermis), decreased range of motion, and possibly even necrosis. 
Conversely, if viable tumor is present in a region of lower than appropri-
ate dose, this geographic miss can result in local-regional recurrence of 
disease within the treatment field.

Special Case: Breast Conservation Therapy 
for Advanced-Stage Disease

One of the most exciting developments in recent years in the field of breast 
cancer treatment is the use of combined-modality therapy with neoad-
juvant chemotherapy to permit breast conservation therapy in patients 
with advanced disease at presentation (Danforth et al., 1986; Hortobagyi 
et al., 1988, 1995; Jacquillat et al., 1988; Mauriac et al., 1991). Patients 
with large tumor size, advanced nodal involvement, or breast-to-tumor 
ratios that make primary surgery impossible or ill-advised can have 
their disease “downstaged” using neoadjuvant chemotherapy, which 

Figure 9–5. Expanded fields used after neoadjuvant chemotherapy for advanced 
presentations.
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typically includes doxorubicin or a taxane. While the majority of patients 
have objective responses to neoadjuvant chemotherapy, only one quar-
ter of these patients meet all the requirements to permit breast conserva-
tion therapy: complete resolution of skin edema, residual tumor size of 
less than 5 cm, and absence of known tumor multicentricity or extensive 
intramammary lymphatic invasion (Singletary et al., 1992). If the patient 
appears to be a suitable candidate, the surgeon attempts a wide local exci-
sion of the residual abnormality only, as well as an axillary dissection. All 
mammographically abnormal tissue must be removed, and histologically 
clear margins are required. After surgery, patients are given any addi-
tional planned chemotherapy, followed by radiation therapy to the breast 
and regional lymphatics.

The radiation therapy technique used for breast conservation therapy 
in patients with locally advanced breast cancer can be challenging. In con-
trast to the situation in patients with early-stage breast cancer, the target 
volume in patients with locally advanced breast cancer extends beyond the 
intact breast to include the regional lymphatics. These may include lymph 
nodes of the axilla, the interpectoral (or Rotter’s) nodes, and the nodes of 
the supraclavicular and internal mammary chains. Classically, irradiation 
of this target volume involves the use of multiple adjacent fields, resulting 
in greater complexity of set-up and reproducibility. Imprecise matching of 
adjacent fields can result in either inadequate doses to high-risk areas or 
dose excess with resulting normal tissue complications. Ideally, noncopla-
nar beams with precise matching techniques such as those recommended 
by Chu et al. (1990) are used when photon fields abut one another. Use of 
adjacent electron beam fields with shaped, matching field edges may be 
useful when part of the target area (such as the internal mammary chain) 
can be adequately covered with electrons. An example of a typical field 
arrangement is shown in Figure 9–5. Typically, the breast and undissected 
lymphatics are treated to a dose of 50 Gy in 25 fractions over 5 weeks, fol-
lowed by a 10-Gy boost to the tumor bed.

An analysis of the first patients with locally advanced breast cancer 
treated in this manner at M. D. Anderson revealed encouraging results 
(Vlastos et al., 2000). The updated report of the M. D. Anderson experi-
ence continues to reveal excellent outcomes (Chen at al, 2004). The authors 
describe 340 cases of breast cancer treated with neoadjuvant chemotherapy 
followed by conservative surgery and radiation therapy. The clinical stage 
distribution was as follows: stage I, 4%; stage II, 58%; and stage III, 38%. 
With a median follow-up time of 60 months, the 5-year ipsilateral breast 
tumor recurrence-free survival rate was 95%, the 5-year local-regional 
recurrence-free survival rate was 91%, and the 5-year overall survival rate 
was 89%. Factors associated with increased risk of local or regional failure 
were N2 or N3 disease at presentation, residual disease after neoadjuvant 
chemotherapy that was multifocal or larger than 2 cm, and lymphovascu-
lar space invasion.



288 W. Tereffe and E.A. Strom

The local control and survival rates for this highly selected patient 
group are very encouraging and warrant further study of breast conserva-
tion therapy after neoadjuvant chemotherapy for large primary tumors 
and locally advanced breast cancers.

POSTMASTECTOMY IRRADIATION

In properly selected patients, radiation therapy after mastectomy signifi-
cantly reduces the risk of local-regional recurrence and improves survival.

Patient Selection and Choice of Targets

The goal of radiation therapy after mastectomy is to treat subclinical 
tumor in the remaining tissue of the anterior chest wall and the regional 
lymphatic basins and thus reduce the risk of local-regional recurrence. 
Patients with early-stage breast cancer are at low risk for subclinical resid-
ual viable tumor in the chest wall or regional nodes after mastectomy and 
thus are unlikely to benefit from postmastectomy irradiation. In patients 
with more advanced breast cancer, the probability and distribution of sub-
clinical disease after mastectomy—and thus the probability of benefit from 
postmastectomy irradiation—must be inferred from data from a variety of 
sources. These include histologic analyses of surgical specimens, patterns-
of-failure analyses, and prospective trials in which individuals or specific 
target volumes are allotted to treatment versus observation.

Three prospective, randomized clinical trials have shown that when 
radiation therapy is appropriately utilized in patients with a high risk 
of persistent local-regional disease, the resulting improvement in local-
regional control contributes to improved survival (Overgaard et al., 1997, 
1999; Ragaz et al., 1997), a finding that had not been seen in earlier studies 
of postmastectomy irradiation. Since the routine use of radiation therapy 
in low-risk patients has been shown to not result in a survival benefit, it is 
likely that there is a threshold phenomenon—in other words, that improve-
ment in survival occurs only when there is a sufficient absolute reduction 
in the risk of local failure. Indeed, such a threshold has been postulated by 
the Early Breast Cancer Trialists’ Collaborative Group, which has inferred 
from meta-analysis that (1) postmastectomy radiation therapy reduces the 
relative risk of local recurrence by 70%; and (2) local radiation therapy is 
associated with a “four-to-one ratio of absolute effects” on 5-year local 
control and 15-year breast cancer mortality. For example, postmastectomy 
radiation therapy resulting in a 12% absolute reduction in the 5-year local 
recurrence rate in a given subgroup leads to a 3% absolute reduction in the 
15-year breast cancer mortality rate in that subgroup (EBCTCG, 2005).

On the basis of these inferences, radiation therapy is not routinely 
offered to patients at M. D. Anderson unless their cumulative risk of 
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isolated local-regional recurrence exceeds 15%, the rationale being that 
only patients assessed as having an intermediate to high risk of persistent 
local-regional disease after mastectomy should be considered for treat-
ment. The difficulty is defining which clinical parameters will accurately 
predict an intermediate to high risk of local-regional recurrence. Most 
authors would agree that these factors include locally advanced primary 
breast cancer, extensive lymph node involvement, and incomplete surgery 
(positive margins or insufficient axillary node dissection). The factors pre-
dicting low risk of local-regional recurrence are less well defined.

Several analyses of patients treated at M. D. Anderson have been 
designed to assess which factors in our practice predict for an intermedi-
ate to high risk of local-regional recurrence after mastectomy for oper-
able breast cancer. These studies have been conducted using a cohort of 
1,031 patients who were treated with mastectomy and doxorubicin-based 
chemotherapy without irradiation in five prospective clinical trials (Katz 
et al., 2000; Katz et al., 2001). The median follow-up time was nearly 10 
years. Patients with four or more involved nodes were found to have 
local-regional recurrence rates in excess of 20% (Table 9–4). Within the 
group of patients with 1–3 involved nodes, those who had tumors meas-
uring 4 cm or larger, gross extranodal extension, inadequate axillary dis-
section, invasion of the skin or nipple, or close or positive margins also 
experienced higher rates of local-regional recurrence. The majority of 
patients with T1 or T2 tumors and 1–3 involved nodes had a substan-
tially lower risk of local-regional recurrence and would be unlikely to 
benefit from radiation therapy.

The pattern of local-regional recurrence was also instructive. The vast 
majority of local-regional recurrences had a chest wall component (Table 9–5).

Table 9–4.  10-Year Risk (%) of Local-Regional Recurrence after Mastectomy 
and Doxorubicin-Containing Chemotherapy According to Tumor 
Size and Number of Involved Lymph Nodes (Modified with 
permission from Katz et al., 2000.)

 Number of Involved Nodes
Tumor Stage 0 1–3 4–9 ≥10
Isolated LRRa    

T1 6 7 9 17
T2 11 12 23 17
T3 29 9 31 29

Cumulative LRRb    

T1 11 9 17 17
T2 14 16 27 34
T3 29 23 40 29
Abbreviation: LRR, local-regional recurrence.
aIsolated LRR indicates LRR alone as the first site of failure.
bCumulative LRR indicates LRR at any time.
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The second most common location for recurrences was the anterior structures 
of the undissected (level III) axilla, infraclavicular fossa, or supraclavicular 
fossa. These findings are consistent with those of numerous other reports. 
Recurrence in the dissected portion of the axilla (level I and II) was very 
rare (3%). The risk of failure in the midaxilla was not significantly higher 
for patients with a higher number of involved nodes, higher percentage 
of involved nodes, larger nodal size, or gross extranodal extension. These 
data suggest that specific irradiation of the axilla is rarely indicated if the 
axilla has been adequately dissected (Strom et al., 2005).

Treatment of the internal mammary chain continues to be hotly debated. 
This controversy arises because the data on this issue are confusing and 
seemingly contradictory. Histologic sampling of the internal mammary 
chain in patients with axillary node-positive breast cancer reveals clini-
cally occult disease in 20–50% of cases. In contrast, clinical recurrence in 
the internal mammary chain is rare. Further complicating the debate about 
treatment of the internal mammary nodes, the randomized trials show-
ing a survival advantage for postmastectomy irradiation all included the 
internal mammary chain in the intended treatment volume. The basic phi-
losophy at M. D. Anderson is to attempt to include the internal mammary 
chain in the treatment volume provided that doing so does not compro-
mise other aspects of the treatment. A more complete exploration of this 
issue has been published elsewhere (Strom and McNeese, 1999).

Determining the need for postmastectomy radiation therapy in patients 
who have received neoadjuvant chemotherapy can be challenging. Patients 
whose clinical disease stage at presentation warranted postmastectomy 
radiation therapy (i.e., those with T4 disease or extensive nodal involve-
ment) should receive radiation therapy regardless of their response to 
chemotherapy, since even such patients who demonstrate a pathologic 

Table 9–5.  Patterns of Local-Regional Recurrence after Mastectomy and 
Doxorubicin-Containing Chemotherapya (Modified with 
permission from Katz et al., 2000.)

 Isolated LRRb Cumulative LRRb

Location of Recurrence Number % Number %
Chest wall 122 98 122 68
Supraclavicular nodes 41 33 71 40
Axilla 21 17 25 14
Infraclavicular nodes 10 8 12 7
Internal mammary chain — — 15 8
Any site 124 100 179 100
Abbreviation: LRR, local-regional recurrence.
aSome patients experienced more than one site of failure, resulting in cumulative percent-

ages greater than 100%.
bIsolated LRR indicates LRR alone as the first site of failure; cumulative LRR indicates LRR 

at any time.
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complete response at surgery have a high risk of local-regional recurrence 
(Buchholz et al., 2002). Similarly, if advanced nodal involvement (four 
or more axillary nodes positive) is noted after surgery, postmastectomy 
radiation therapy is absolutely indicated. In patients with intermediate 
disease (T1 N1 or T2 N1) before and after chemotherapy, the available 
evidence, though sparse, suggests that younger patients (younger than 40 
years) and patients with lymphovascular space invasion are at increased 
risk for local-regional recurrence and may benefit from postmastectomy 
radiation therapy (Garg et al., 2004; Wallgren et al., 2003).

Historically, all patients with T3 tumors have received postmastectomy 
radiation therapy. It has recently been suggested, however, that the uncom-
mon patient with a T3 tumor but without lymph node involvement may 
have a low risk for local-regional recurrence. Taghian and colleagues (2006) 
identified 313 patients treated on 5 NSABP trials with mastectomy with or 
without systemic therapy and without radiation therapy and found a 
10-year cumulative incidence of local-regional failure, with or without dis-
tant failure, of 10%; isolated local-regional failure as a first event occurred in 
only 7.2% of patients. A retrospective multicenter review of 70 patients with 
T3 N0 disease yielded similarly low local-regional recurrence rates (Floyd 
et al., 2006). Both studies found that local-regional recurrences occurred 
almost exclusively in the chest wall as opposed to the draining lymphatics, 
a finding that has been validated in other large series (Strom et al., 2005).

Radiation Therapy Technique

At M. D. Anderson, the choice of radiation therapy techniques and vol-
umes is the result of the synthesis of our own experience with important 
studies from other institutions. A substantial portion of our patient popu-
lation has locally advanced breast cancer, and this clearly has an impact 
on our perceptions about breast cancer and, in particular, our postmas-
tectomy radiation therapy techniques for patients with intermediate-
stage disease. In our practice, metastases to the internal mammary chain, 
interpectoral region, and supraclavicular nodes are commonly seen. As a 
result, we usually strive to include all local-regional volumes at risk, even 
if encompassing these volumes is technically difficult. Multiple adjacent 
fields are commonly employed to optimize treatment and minimize irra-
diation of uninvolved adjacent structures.

Chest Wall

The chest wall is always treated when postmastectomy radiation therapy 
is delivered. Tangential 6-MV photons are most commonly employed; 
occasionally, higher-energy photons are used. An adjacent, matching elec-
tron beam field is routinely added to treat the most medial chest wall and 
encompass the lymph nodes of the ipsilateral internal mammary chain. 
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In addition to covering both targets, this treatment plan has the added 
benefit of providing broad coverage of the chest wall while avoiding 
excessive amounts of the intrathoracic contents. With this technique, the 
left ventricle can be completely excluded from the treatment volume in 
the case of left-sided cancers. Generally, inclusion of a maximum of 2 cm 
of lung in the treatment volume is acceptable (Figure 9–6).

Alternatively, electrons can be used to treat the chest wall and internal 
mammary nodes. Although this technique has the advantage of improved 
conformation of the treatment volume to the target volume, there is a 
greater risk of geographic miss of tumor or excess transmission into lung. 
Variations in tissue thickness make treatment planning difficult, par-
ticularly in patients with irregular surface contours. For the appropriate 
patient, however, this technique can yield an elegant and effective treat-
ment plan (Figure 9–7).

Regardless of the technique employed, the entire volume of the mastec-
tomy flaps must be included in the treatment volume. This includes the 
entire length of the mastectomy scar as well as any clips and drain sites. 
Typically, the fields extend from midsternum to at least the midaxillary 
line. Depending on the extent of original disease and patient anatomy, the 
fields may need to extend even to the posterior axillary line. A common
error in treatment planning is to skimp on the inferior border. This border

Figure 9–6. Treatment plan and isodose distribution for postmastectomy irradia-
tion using tangential photons matched to an adjacent electron beam field.
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should be placed at least 2 cm caudad to the previous location of the 
inframammary sulcus.

The superior border of the chest wall fields abuts the supraclavicular 
field. To avoid junctional “hot spots,” one of several techniques must be 
employed to eliminate a divergent edge. We commonly use the “rod and 
chain” technique described by Chu et al. (1990). This technique has several 
advantages: the border can be placed in any desired orientation, the full 
length of the tangential beam can be utilized, and the match line can be 
confirmed visually during treatment. Another alternative, using a mono-
isocentric technique, has the disadvantage that only half of the available 
length (usually 20 cm) can be used for chest wall treatment. In patients 
with long torsos, this results in an excessively large supraclavicular field, 
and as a consequence, treatment of a larger volume of lung.

Computed tomography-based treatment planning is important since it 
permits precise visualization of the intrathoracic contents encompassed 
by the proposed treatment fields. Treatment of any cardiac volume should 
be actively avoided since such treatment is associated with late morbidity 
and mortality. Although most reports evaluating the cardiac morbidity of 
breast irradiation have studied the treated portion of the myocardium, it 
is likely that the sensitive target structures are the epicardial vessels. The 
implication is that there is no safe volume of heart that can be included in 
the high-dose volume.

We routinely utilize tissue heterogeneity correction in our planning 
process to minimize the “hot spots” caused by increased lung transmission.

Figure 9–7. Treatment plan and isodose distribution for postmastectomy irradia-
tion using abutting electron beam fields.
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The dose of 50 Gy in 25 fractions is specified at an isodose that encom-
passes the entire target; thus, this dose represents the target minimum 
dose. Moderate bolus schedules should permit the completion of treat-
ment without interruption. Typically, 3- or 5-mm bolus is used every other 
day for the first 2–3 weeks. Additional bolus can be used during the 
boost if the patient’s skin reaction permits. Moderate erythema and dry 
desquamation are the desired end results for most patients; confluent 
moist desquamation should be accepted only in patients with stage IIIB 
or IIIC disease.

Nearly all patients receive a boost to the chest wall flaps. The boost is 
delivered with electrons (two fields are often required). The skin and subcu-
taneous tissues are the primary targets, and electron beam energies are cho-
sen so that the distal 90% line is at the anterior rib border. For patients with 
negative margins, 10 Gy in five fractions is given. For patients with close or 
positive margins, 14–16 Gy is the usual boost dose. Electron doses are all 
specified at the 100% isodose line, consistent with the recommendations of 
the International Commission on Radiation Units and Measurements.

Supraclavicular Fossa

The second obligate treatment target of postmastectomy radiation ther-
apy is the lymphatics of the supraclavicular fossa and undissected axillary 
apex. After a classic level I and II axillary dissection, the undissected por-
tion of the axillary apex lies directly beneath the pectoralis major muscle. 
Therefore, the supraclavicular field extends from the jugular groove medi-
ally to the lateral edge of the pectoralis muscle. Careful placement of the 
inferior border (which is also the superior border of the chest wall fields) 
to ensure that it is as cephalad as possible can substantially reduce the vol-
ume of lung included in the aggregate treatment fields. Although photons 
are most commonly used to treat the supraclavicular and axillary apical 
nodes, the use of electrons may be considered in thin patients since all the 
structures are anterior. In the era of computed tomography–based plan-
ning, the beam energies are selected on the basis of delivery of at least 
45 Gy to the undissected regions, which would contain the “next node” 
just beyond the surgeon’s excision. The dose for suspected microscopic 
disease is 50 Gy in 25 fractions; in patients with documented supracla-
vicular or infraclavicular involvement, the involved nodes are boosted to 
a total dose of 60–66 Gy, depending on response to chemotherapy.

Internal Mammary Nodes

When the decision has been made to treat the internal mammary nodes 
(see “Patient Selection and Choice of Targets” in this chapter), one of two 
techniques may be employed. The preferred technique is to use a sepa-
rate electron beam field on the most medial chest wall. Since the nodes 
typically lie 3–3.5 cm from the midline, this field must extend even further 
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laterally to compensate for beam constriction. The field usually extends 
5–6 cm away from the midline and is shaped to precisely match the edge 
of the tangent fields. Frequently, a small lateral tilt results in better field 
matching at depth. Computed tomography–based treatment planning 
with heterogeneity correction is mandatory to select an electron beam that 
covers the nodes without excess exit into the lung. Ideally, the nodes will 
be located within the distal 90% line, and the dose of 50 Gy in 25 fractions 
is specified at the 100% isodose line.

Some anatomic conformations are unfavorable for the use of a separate 
electron beam field to treat the internal mammary nodes. This is especially 
true in obese patients, some patients with an intact breast, and patients who 
underwent breast reconstruction after mastectomy. The use of a “partly deep” 
tangent field can be considered in such cases. The tangent fields are made 
extra deep at the superior border to encompass the first 3 intercostal spaces. 
Additional field blocking is placed on the lower portion of the tangents (cau-
dad to the internal mammary nodes) to protect normal lung tissue.

Unfortunately, this technique has a number of disadvantages. The vol-
ume of lung treated is substantially increased compared to the volume 
treated with other techniques. In addition, the upper field edges fre-
quently extend well beyond the midline, resulting in treatment of part of 
the contralateral breast. For these reasons, immediate breast reconstruc-
tion is strongly discouraged if postmastectomy irradiation is planned.

Axilla

Specific treatment of the dissected portion of the axilla is rarely required 
after a formal axillary compartment excision (see “Patient Selection and 
Choice of Targets” earlier in this chapter). In those cases in which irradia-
tion of the axilla is desired, the majority of the axillary dose is delivered 
via the anterior supraclavicular field using photons. It is important to 
verify that all operative clips left by the surgeon in the axilla are included 
in either the chest wall fields or the lateral portion of the supraclavicular 
field. In the typical patient, delivering 50 Gy to the supraclavicular field 
results in 35–37 Gy at the midline axillary structures. A posterior photon 
field (or occasionally an anterior field) is used to supplement the midaxilla 
to the desired target dose. Because of the morbidity of axillary irradiation 
and the infrequency of axillary failure, the usual midaxillary dose is 40 Gy. 
Higher doses are employed only in patients with extensive axillary soft-
tissue disease or an undissected axilla.

TREATMENT OF INFLAMMATORY BREAST CANCER

Inflammatory carcinoma of the breast remains a challenging entity for the 
oncology team. Patients with this uncommon type of locally advanced 
breast cancer present with the clinical triad of erythema, ridging, and peau 
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d’orange, along with a clinical history consistent with a rapid growth pat-
tern. The rapid doubling time of inflammatory breast cancer and its facility 
for hematogenous and local–regional spread necessitate precise coordina-
tion of systemic and local modalities.

Typically, treatment is initiated using cytotoxic agents. In most cases, 
initial local therapy with surgery or radiation therapy is inappropriate. 
If the clinical response to the initial chemotherapy is adequate, definitive 
local–regional therapy may begin. Surgery is contemplated only when 
major resolution of the inflammatory changes is seen and it is anticipated 
that negative surgical margins can be achieved. There is no role for debulk-
ing surgery in this disease. As a result of the clinical experience gained 
through serial prospective trials, our current approach to local–regional 
therapy for inflammatory breast cancer is mastectomy followed by com-
prehensive radiation therapy (Hortobagyi, 1994; Singletary et al., 1994). 
This strategy maximizes the probability of local–regional disease control 
while minimizing the likelihood of late morbidity.

A series of reports from M. D. Anderson has demonstrated the useful-
ness of twice-daily fractionation and dose escalation in radiation therapy 
for inflammatory carcinoma. In the first of these reports (Barker et al., 
1980), conventionally fractionated radiation therapy (alone or combined 
with surgery) resulted in local–regional failure rates of 50%, and early 
experience with accelerated fractionated radiation was encouraging. In 
the second investigation (Thoms et al., 1989), the impact of twice-daily 
fractionation was assessed. There were relatively few complications, and 
local control rates were substantially improved, but 27% of patients still 
did not have permanent local–regional control. Even with the use of tri-
modality therapy (surgery, radiation therapy, and chemotherapy), 25% of 
patients had a local–regional recurrence as the first site of failure. In the 
third investigation (Liao et al., 2000), the dose delivered to the entire chest 
wall and regional nodes was increased from 45 to 51 Gy. The boost dose to 
the chest wall remained at 15 Gy (for patients with negative surgical mar-
gins), for a total of 66 Gy instead of the previous 60 Gy. At 5 years, these 
patients who received the higher dose with twice-daily fractionation had 
significant improvement in the rate of local–regional control compared 
with patients in the historical, lower-dose group (84% vs. 58%) (Liao 
et al., 2000). Rates of long-term complications of radiation therapy, such as 
severe arm edema, rib fractures, fibrosis, and symptomatic pneumonitis, 
were similar in the two groups. Better overall survival rates were also seen 
in the group that received the higher dose even though the chemotherapy 
regimens did not change significantly during this time.

A more recent update of outcomes among these patients continued to 
demonstrate disease control and survival rates that significantly outpaced 
those of historical controls (Bristol et al., 2006). In the overall cohort, the 
significance of dose escalation (60 vs. 66 Gy) was no longer seen in patients 
with major responses, presumably reflecting the beneficial impact of 
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taxane chemotherapy, which is now a mainstay of systemic treatment for 
patients with inflammatory cancer. However, in patients aged 45 years 
or younger and in patients with a less than partial response to chemo-
therapy, higher radiation dose continued to result in significantly better 
local-regional control.

The basic field selection parameters for inflammatory carcinoma are sim-
ilar to those used for other forms of locally advanced breast cancer. Since 
inflammatory carcinoma typically spreads by dermal lymphatic channels, 
very broad margins on the chest wall flaps are required. The skin of the 
anterior chest is treated from slightly across the midline laterally to the pos-
terior axillary line. The inferior border of the treatment fields is carried sev-
eral centimeters beyond the location of the previous inframammary sulcus. 
The regional nodal fields are tailored to the volume of disease encountered 
at initial presentation. Extensive use of bolus is employed to achieve a brisk 
erythema and dry desquamation at completion of therapy. Patchy areas of 
moist desquamation are common and should not deter the clinician from 
an aggressive course. Ultimately, local-regional recurrence of disease is far 
more morbid than these temporary treatment-related symptoms.

TREATMENT OF LOCAL-REGIONAL RECURRENCE

AFTER MASTECTOMY

Local-regional recurrence after mastectomy represents a heterogeneous 
mix of entities resulting from inadequate initial treatment or virulent 
tumor biology. The patient with an isolated chest wall nodule after a long 
disease-free interval has a different prognosis from that of the patient with 
an extensive, inflammatory-type recurrence involving the entire chest 
wall. Nonetheless, a few basic principles may be applied to all patients 
with local-regional recurrence after mastectomy.

Patients with local-regional recurrence should not be treated with pal-
liative intent as though they had visceral metastases. Although up to half 
of patients with local-regional recurrence also have visceral metastases at 
presentation, a substantial portion of patients will be free of documented 
metastases and can be long-term survivors when treated with curative 
intent. Aggressive systemic and local-regional therapy is indicated.

Occasionally, local-regionally recurrent breast cancer can be completely 
resected with clear margins. In these circumstances, systemic therapy and 
local-regional radiation therapy can be delivered in the adjuvant setting. 
More commonly, neoadjuvant chemotherapy is required to render the dis-
ease resectable, and radiation therapy is delivered after surgery. With the 
use of these strategies, a majority of patients treated at M. D. Anderson 
experience long-term local-regional control of disease.

Patients with local-regionally recurrent disease that does not respond 
to neoadjuvant chemotherapy have a guarded prognosis. The treatment of 
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macroscopic recurrences with radiation therapy alone is unlikely to be suc-
cessful. In our series of patients treated with multimodality therapy (Ballo 
et al., 1999), the actuarial local-regional control rate at 5 years in patients 
with gross disease present at initiation of radiation therapy was 36%. Inevi-
tably, these individuals also developed distant metastases. Because typically 
a massive amount of tumor is present, it is not surprising that reasonable 
doses of radiation failed to control the disease. Although dose escalation 
may have some value in this population, we are currently investigating con-
current chemotherapy and radiation therapy as an alternative.

The appropriate treatment volume for local-regional recurrence is similar 
to the treatment volume in the immediate postmastectomy setting. The entire 
chest wall and the undissected lymphatics of the axillary apex and supra-
clavicular fossa comprise the minimum treatment volume. Commonly, the 
internal mammary chain and the midaxilla are also treated. Because of the 
substantial number of treatment failures seen with the use of doses similar 
to those used in the immediate postmastectomy setting, we currently use a 
10% escalated dose when treating local-regionally recurrent disease com-
pared to the dose used for postmastectomy irradiation in patients without a 
history of local-regional recurrence. All areas being treated prophylactically 
receive 54 Gy in 27 fractions, and all areas to be boosted for microscopic 
disease receive an additional 12 Gy in 6 fractions.

TREATMENT OF ADENOCARCINOMA IN AXILLARY NODES WITH

UNKNOWN PRIMARY TUMOR

Although adenocarcinoma presenting in axillary lymph nodes without an 
identifiable primary tumor is an uncommon clinical entity, the oncologist 
must be aware of its predictable clinical course. Most commonly, the cause 
of the metastases is an occult primary breast tumor, although carcino-
mas of the thyroid, lung, stomach, and colorectum may also metastasize 
to axillary nodes. Once initial investigation (including mammography, 
breast sonography, and breast magnetic resonance imaging) has failed 
to disclose an obvious primary lesion, the subsequent therapeutic plan is 
based on the assumption that a microscopic cancer is present in the ipsi-
lateral breast.

In most cases, axillary lymph nodes must reach a substantial size before 
the patient notices any abnormality. Thus, axillary disease without a 
known primary tumor is most commonly T0 N2 (stage IIIA). After careful 
assessment of the extent and distribution of the regional disease—usually 
by a combination of physical and ultrasound examinations of the axilla, 
infraclavicular fossa, and supraclavicular fossa—treatment is initiated in 
a manner consistent with the treatment of any other stage III breast can-
cer. Initial chemotherapy is the norm, and typically 6–8 cycles are given 
preoperatively.
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Local therapy consists of surgical excision of all gross disease followed 
by irradiation of the breast and regional lymphatics. In most cases, surgi-
cal removal of the apparently normal breast has no therapeutic advan-
tage since in any case comprehensive irradiation will be required. In an 
analysis of 27 patients who had adenocarcinoma in axillary nodes and 
an unknown primary tumor and were treated with breast conservation 
therapy, high rates of local and regional control were achieved (Read et al., 
1996). The 5-year actuarial local control rate in the breast was 100%, and 
the 5-year actuarial regional control rate was 92.6%.

The ipsilateral breast is treated with tangential fields of megavoltage 
photons to a dose of 50 Gy in 25 fractions. The supraclavicular fossa and 
axillary apex are also treated to 50 Gy in 25 fractions, and the midaxilla is 
frequently supplemented using a posterior field.

RADIATION THERAPY FOR PALLIATION

Radiation therapy is an effective palliative tool for patients with sympto-
matic tumor. The clinical indications for local palliative therapy fall into two 
broad groups: relief of symptoms such as pain or malodorous discharge and 
cessation of local tumor growth to prevent symptoms. These symptoms can 
be due to increasing pressure or structural compromise, such as impending 
paralysis or extensive cortical destruction of a weight-bearing bone.

Optimal palliation is achieved by balancing the potential benefits of local 
treatment with the side effects, costs, and inconvenience that the patient 
must bear. Various schemes are employed, depending on the volume to be 
irradiated, the tolerance of the surrounding tissues, and comorbid condi-
tions. Generally, higher cumulative doses and smaller fractions are utilized 
for patients with a relatively good long-term prognosis, while ultrarapid 
schedules are preferred for patients with rapidly growing disease.

Bone metastases respond particularly well to radiation therapy. 
Relief of pain and reversal of disability can be expected in the majority 
of patients. While some pain relief can be expected during the radiation 
therapy course, the majority of benefit occurs after completion of treat-
ment when restoration of bone can be expected (although normalization 
of radiographs is uncommon). It is important to keep patients physically 
active even though they have metastases. Effective use of nonsteroidal 
anti-inflammatory drugs and narcotic analgesics along with physical ther-
apy support is crucial to good long-term function.

Since breast cancer patients with bone-only disease are likely to live for 
years, careful treatment planning requires the minimization of late effects 
and the anticipation of future courses of therapy. The careful selection of 
field borders and the use of an appropriate fractionation scheme both 
contribute to these goals. Typically, 30–40 Gy is delivered in 10–15 frac-
tions over 2–3 weeks, with the higher doses more appropriate in patients 
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with indolent disease; 8 Gy in a single fraction can be used for patients 
with limited life expectancy.

Patients with extensive soft-tissue disease involving the breast, chest 
wall, or brachial plexus frequently require intensive radiation therapy 
to minimize pain, neuropathy, and wound care problems. Patients with 
unresectable disease that is unresponsive to systemic agents may experi-
ence substantial palliation after irradiation. Because of the large volume 
of disease, high doses are required to achieve the desired effect. At a mini-
mum, the region is treated to 45 Gy in 15 fractions with vigorous use of 
bolus over cutaneous nodules. Since it is common to see confluent moist 
desquamation and exfoliation of thin layers of normal skin overlying bulk 
tumor, a treatment break is usually required after this initial therapy. An 
additional 15–30 Gy can be delivered to residual tumor when treatment 
resumes (presuming no dose-limiting structures are present in the boost 
volume). Recent pilot studies using concurrent radiation therapy and 
chemosensitizing agents, such as paclitaxel, docetaxel, gemcitabine, and 
capecitabine, have shown encouraging response rates. Additional study is 
required, however, before this approach can be recommended outside the 
context of a clinical trial.

The development of brain metastases usually represents the beginning 
of an accelerated phase of breast cancer. Whenever possible, symptomatic 
brain lesions should be excised to achieve the most rapid response. While 
whole-brain irradiation is probably effective in controlling microscopic 
and small-volume macroscopic disease, it is important to balance these 
benefits against the potential late morbid effects on normal brain paren-
chyma. Both total dose and fraction size contribute to the potential risk of 
late effects in this setting. Use of 2- or 2.5-Gy fractions is preferable to use 
of larger fractions. A dose of 30 Gy is commonly delivered to the whole 
brain, and boosts may be directed at individual tumor nodules, using 
either reduced-field or radiosurgical techniques.

Spinal cord compression represents a true radiotherapeutic emergency. 
After initiation of high-dose steroids, patients with symptomatic compres-
sion of the cord by tumor should undergo irradiation as quickly as possi-
ble to prevent irreversible myelopathy. Typically, 30–45 Gy is delivered via 
parallel opposed fields using 2- to 3-Gy fractions. The diagnostic dilemma 
is to differentiate this clinical scenario from cord impingement by retro-
pulsed bony fragments from a collapsed vertebra. In this latter setting, 
surgical intervention is preferred since radiation therapy cannot reverse 
the mechanical abnormality.

SIDE EFFECTS OF RADIATION THERAPY FOR BREAST CANCER

The side effects of radiation therapy are well studied and quite predict-
able. They are a function of the volume treated, the techniques used, and 
the total dose and fractionation schedule employed.
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In patients undergoing radiation therapy after breast-conserving sur-
gery, acute side effects of breast irradiation include mild to moderate 
redness of the treated skin and areas of patchy dry desquamation. Moist 
desquamation may occur in skin folds but is unusual in other parts of the 
breast. Most patients notice itching of the treated skin but rarely complain 
of a true “burning” sensation.

During the first 6 months after completion of radiation therapy, mild to 
moderate breast edema and thickening of the breast skin ensues. This is 
particularly true in the dependent portions of the breast. A faint pink cast 
accompanied by skin edema (peau d’orange and ridging) may be present 
during the posttreatment period. These normal effects may need to be dif-
ferentiated from an inflammatory-type tumor recurrence by an experienced 
clinician. In most cases, breast edema disappears by 12–18 months after 
completion of radiation therapy; only in rare patients are late effects from 
radiation therapy delivered as part of breast conservation therapy apparent. 
These may include telangiectasias and tenderness in the region.

Pneumonitis (a nonproductive cough accompanied by radiographic 
infiltrate in the area of the lung conforming to the radiation volume) is a 
subacute phenomenon seen in occasional patients. Pneumonitis usually 
occurs between 6 weeks and 6 months after radiation therapy is completed 
and is uncommon thereafter. The risk of pneumonitis is directly related to 
the aggregate volume of lung included in the radiation portals as well 
as the use of any radiation-sensitizing agents, especially chemotherapy 
(Lingos et al., 1991). The risk of pneumonitis is generally less than 1% for 
patients who undergo irradiation of the breast alone without chemother-
apy but may be as high as 10% for patients treated with comprehensive 
breast and lymph node irradiation and concurrent or high-dose chemo-
therapy, particularly taxane-based chemotherapy (Taghian et al., 2001).

There is compelling evidence that certain radiation therapy techniques can 
result in late cardiac morbidity and mortality (Rutqvist et al., 1992; Gyenes 
et al., 1996). After a long latency period, possibly as much as 15–20 years 
(Harris et al., 2006), radiation techniques that include significant amounts 
of myocardium can lead to an increased risk of ischemic heart disease. The 
highest-risk techniques are those that include large amounts of the left ven-
tricle and the coronary arteries within deep tangential fields or use appo-
sitional photon fields to treat the internal mammary chain, which results 
in excess exit into the heart (Janjan et al., 1989). Avoidance of these high-
risk techniques should reduce any excessive cardiovascular mortality from 
breast irradiation. For example, among patients treated in two large rand-
omized trials of postmastectomy radiation therapy utilizing appositional 
electrons to treat the internal mammary nodes and chest wall, no increase in 
cardiac morbidity or mortality has been recorded after 10 years of follow-up 
(Hojris et al., 1999). Surveillance, Epidemiology, and End Results database 
analysis similarly suggests that for patients with early-stage breast cancer, 
advances in radiation therapy planning since the early 1980s have contrib-
uted to a decline in the risk of late cardiac events (Darby et al., 2005).
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Patients and clinicians alike express great concern about the risk of 
radiation-induced carcinogenesis. Among randomized controlled tri-
als comparing mastectomy with lumpectomy plus radiation therapy, no 
trial has detected a significant increase in second malignant neoplasms in 
patients receiving radiation therapy. However, meta-analysis does demon-
strate an increased incidence of other cancers among women with breast 
cancer who receive radiation therapy compared to women who do not 
receive radiation therapy (EBCTCG, 2005). The hazard ratio is greatest for 
the development of soft tissue sarcoma (hazard ratio, 3.24; standard error, 
0.62); an increased risk for esophageal cancer, lung cancer, and leukemia 
has also been documented. Nonetheless, the absolute incidence of second 
cancers in patients treated with breast irradiation suggests that the risk 
of carcinogenic effects from breast irradiation is clinically insignificant. 
For example, on the basis of large retrospective studies of thousands of 
patients, the frequency of radiation-induced sarcoma at 10 years is esti-
mated to be 0.2% (Taghian et al., 1991; Karlsson et al., 1996).

K E Y  P R A C T I C E  P O I N T S
● Treatment of DCIS is evolving. Whenever possible, patients with favorable 

disease characteristics should be enrolled in clinical trials.
● The vast majority of patients with invasive carcinoma treated with breast-

conserving surgery should receive postoperative radiation therapy to improve 
both local control and breast cancer-specific survival. In patients with implants, 
collagen vascular disorders, or large tumors downstaged by neoadjuvant 
chemotherapy, it is helpful to have the radiation oncologist examine the 
patient before breast-conserving surgery.

● Postmastectomy irradiation is appropriate for all patients with stage III breast 
cancer.

● For patients with stage II disease and 1–3 nodes containing tumor, postmas-
tectomy radiation therapy may be appropriate; treatment should be reserved 
for those patients whose local–regional recurrence risk is high enough that 
improvement in local–regional control may be expected to also confer a sur-
vival benefit. The preferred option is to enroll these patients in clinical trials 
whenever possible.

● Locally advanced and local-regionally recurrent breast cancers are curable but 
require particularly careful integration of treatment modalities. Ideally, rep-
resentatives from all the potential care services should examine the patient 
before therapy is begun.

● Patients with symptomatic metastases should be considered for appropriate 
local therapy in addition to being given adequate analgesia. Bone metastases, 
spinal cord compression, brain metastases, and extensive soft tissue disease 
are particularly well suited for palliative irradiation.
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CHAPTER OVERVIEW

The use of serum tumor markers to assess response to treatment in 
patients with breast cancer has been investigated in clinical trials. Sev-
eral serum tumor markers have been found to be useful, including carci-
noembryonic antigen, the MUC-1 gene product (two different forms can 
be measured—CA27.29 and CA15-3), and the HER-2/neu oncogene prod-
uct. Carcinoembryonic antigen and the MUC-1 gene product are useful 
in assessing response to hormonal therapy and chemotherapy in patients 
with metastatic breast cancer. The HER-2/neu extracellular domain can be 
used to monitor response to trastuzumab-based therapy. The presence of 
five or more tumor cells in the blood of patients with metastatic breast can-
cer has been shown to predict worse progression-free survival and overall 
survival. The prognostic value of circulating tumor cells is independent of 
whether patients receive first-line or second-line systemic therapy, the site 
of metastasis, the type of therapy, and the length of time to recurrence after 
definitive primary surgery. Serum tumor markers and circulating tumor 
cells can provide information that is valuable in the clinical management 
of breast cancer.
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INTRODUCTION

Tumor markers can be broadly defined as biochemical substances that are 
overproduced by cancer tissue or by the host in response to the presence of 
cancer. Tumor markers can be produced by mutated genes that give rise 
to uncontrolled signaling mechanisms and that are key factors in the 
initiation, development, and progression of cancer. Tumor markers can 
also be produced by normal (non-cancer-specific) genes that are amplified 
and overexpressed in tumors as a result of the biochemical events that 
facilitate the process of neoplasia.

Tumor markers are useful in screening for cancer and in the diagnosis, 
treatment, and follow-up of cancer patients. Both serum and tissue meas-
urements of tumor markers have clinical utility. This chapter will discuss 
the clinical applications of serum tumor markers and circulating tumor 
cells (CTCs). Tissue tumor markers are addressed in the next chapter of 
this book.

SERUM TUMOR MARKERS

Serum tumor markers are useful in the clinical care of patients with breast 
cancer. Three established serum markers—carcinoembryonic antigen 
(CEA), the MUC-1 gene product, and the HER-2/neu oncogene product—
are used to select optimal chemotherapy agents for individual patients 
and to monitor response to hormonal therapy, chemotherapy, and tar-
geted biologic therapy. In addition to these established markers, there are 
several novel serum tumor markers currently under investigation for their 
utility in these applications.

Carcinoembryonic Antigen

CEA was first described by Gold and Freedman (1965) as an oncofetal anti-
gen present in tumors of the digestive tract. It is now recognized that CEA 
is normally expressed in many adult tissues, including epithelial cells of 
the colon, ovary, and prostate; small cells of the lung; squamous cells of the 
esophagus and cervix; and duct cells of sweat glands. CEA is also expressed 
in tumors arising from these tissues and in breast and pancreatic cancers.

CEA is a 200-kDa glycoprotein. Considerable variability exists in the car-
bohydrate portion of CEA molecules, which results in significant molecu-
lar heterogeneity among them. Because of their biochemical differences in 
molecular makeup, CEA molecules are not equally detected by the immu-
noassays that are currently available; thus, there can be considerable dis-
cordance between the results of different assays. The structural properties 
of CEA suggest that it is a cell adhesion molecule, but its specific biologic 
role in normal and cancer tissues has not yet been established.
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The use of serum CEA testing in patients with breast cancer was pio-
neered by investigators at M. D. Anderson Cancer Center (Mughal et al.,
1983). Their early studies demonstrated that decreasing serum CEA 
values accurately reflected response to chemotherapy in patients with 
metastatic disease and that increasing CEA values reflected progressive 
disease. Changes in serum CEA values usually precede clinical evidence 
of treatment response or disease progression. A typical serum CEA pat-
tern in a patient with breast cancer responding to chemotherapy is shown 
in Figure 10–1.

Several guidelines must be followed to ensure the effectiveness of patient 
monitoring with serial measurements of CEA or other serum tumor mark-
ers. First, the baseline value of the marker must be established. In some 
patients, baseline marker values vary considerably over time; thus, at least 
two measurements taken 1–2 months apart should be used to establish 
the baseline value. Second, serial serum testing should be performed on a 
regular and frequent basis. Serum tumor marker values should be deter-
mined at all clinic visits to assess response to treatment and, after treat-
ment is finished, to monitor for recurrent disease. Third, objective criteria 
should be used to determine when a change in the serum value is clinically

Figure 10–1. Serial serum carcinoembryonic antigen (CEA) pattern of a patient 
with breast cancer who is responding to chemotherapy. The CEA pattern reflects 
the clinical course of disease. FAC, 5-fluorouracil, doxorubicin, and cyclophosphamide;
XRT, radiation therapy.
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significant. A sustained elevation of the CEA value to at least two times 
the upper limit of normal (6.0 ng/mL) may indicate disease recurrence in 
a patient who has been in complete remission. In a patient with an ini-
tially elevated CEA level, the test should be repeated several weeks later 
to determine whether the elevation in CEA value has been sustained. A 20%
increase or decrease in the serum CEA value is generally accepted to be 
a substantial change from the previous value; 20% is about two times the 
analytical test precision obtained in the laboratory.

Inflammatory, nonneoplastic diseases can cause transient increases in 
the CEA value. In such cases, the CEA value will return to normal after 
the acute phase of the disease. Some patients have paradoxical increases 
in the level of CEA (Figure 10–2) or other tumor markers shortly after 
the initiation of chemotherapy. Such increases are transient, however, and 
the value returns to baseline or lower in 3–6 months (Fritsche, 1993). An 
increasing CEA value in a patient whose disease is responding to chemo-
therapy is probably caused by tumor cell death and the resulting release 
of CEA into the circulation.

Figure 10–2. Paradoxical increase of carcinoembryonic antigen (CEA) in a patient 
with breast cancer with a lung metastasis who is responding to chemotherapy, as 
demonstrated by radiographic assessment of the metastatic site. The borderline-
elevated pretreatment CEA value rises with response to treatment and returns to 
the pretreatment baseline value at the end of six cycles of chemotherapy. FAC, 
5-fluorouracil, doxorubicin, and cyclophosphamide.
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MUC-1 Gene Product

The MUC-1 gene, located on chromosome 1q21–24, encodes a 160- to 230-
kDa glycoprotein. The glycoprotein is a membrane protein, the extracel-
lular portion of which consists of a variable number of tandem repeats 
containing 20 amino acid residues. The tandem repeats contain serine and 
threonine glycosylation sites. The number of repeats and the degree of 
glycosylation are responsible for the various molecular forms of the gly-
coprotein. The transmembrane region and a 72-amino-acid cytoplasmic 
region comprise the remainder of the molecule. The extracellular portion 
of the MUC-1 gene product is present in serum, and it can be measured 
with the CA15-3 dual-monoclonal immunometric assay and the CA27.29 
competitive inhibition immunoassay.

Hayes et al. (1986) were among the first to demonstrate the clinical util-
ity of the CA15-3 test for the serial monitoring of disease status in patients 
with metastatic breast cancer. It is now generally accepted that both the 
CA15-3 test and the CA27.29 test produce a pattern of MUC-1 gene prod-
uct level that reflects the clinical course of the disease. However, because of 
technical differences, such as calibration standards and incubation times, 
the two assays do not always produce equivalent values. Thus, values 
from the two assays should not be used interchangeably.

The half-life of the MUC-1 gene product in the circulation is equiva-
lent to that of CEA—2–10 days. Most clinicians suggest that CA15-3 or 
CA27.29 testing be done at all clinic visits, as is recommended for CEA 
testing. A 30% increase or decrease on a CA15-3 or CA27.29 test is consid-
ered clinically significant. Most reports show that CA15-3 and CA27.29 
test values are elevated in 80–90% of patients with metastatic breast can-
cer. CA15-3 reflects the disease course as accurately as does CEA, and it 
is elevated more frequently than CEA in patients with metastatic breast 
cancer (Duffy, 2006).

The CA15-3 and CA27.29 tests for the MUC-1 gene product also appear 
to be useful for the early detection of recurrence in patients with early-
stage breast cancer who are treated with curative intent. In a 2-year pro-
spective study of 166 patients with breast cancer who had stage II or III 
disease, postoperative serial measurements of the MUC-1 gene product 
revealed disease recurrence before there was clinical evidence of recur-
rence in a substantial proportion of patients (Chan et al., 1997). In almost 
60% of the patients with recurrence (15 of 26 patients), two consecutive 
serial CA27.29 measurements showed increases above the upper limit of 
normal (38.0 units/mL) before there was clinical evidence of recurrence. 
There were 11 false-positive results. The positive predictive value of 
CA27.29 testing was 83.3%, and the negative predictive value was 92.6% 
(Chan et al., 1997). Although CEA is also useful in monitoring for cancer 
recurrence, the greater sensitivity and specificity of the MUC-1 antigen 
make it the preferred test for this clinical application.
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The goal of early detection of recurrence is to permit early initiation 
of treatment that will result in increased survival and improved quality 
of life. There is a need for new tumor markers for breast cancer that will 
permit earlier detection of disease recurrence. It must be noted, however, 
that it is currently unclear whether early detection and implementation of 
novel therapies actually improves survival. The use of tumor markers in 
this setting remains investigational.

HER-2/neu Oncogene Product

The HER-2/neu gene, also known as c-erbB-2, which is located on chromo-
some 17q11–12, encodes a membrane receptor protein with tyrosine kinase 
activity. Amplification of the HER-2/neu gene is associated with poor prog-
nosis, tumor recurrence, and decreased survival in patients with breast can-
cer (Esteva and Hortobagyi, 2004). Overexpression of the HER-2/neu protein 
is observed in the tumor tissues of 20–30% of patients with breast cancer. In 
these cases, the extracellular domain of the cell membrane receptor protein 
can be clipped, and in such cases a 105-kDa extracellular domain protein 
is detected in the circulation. Enzyme-linked immunosorbent assays are 
now available for measuring the HER-2/neu extracellular domain protein 
in serum. The Bayer Advia Centaur serum HER-2/neu assay was cleared by 
the Food and Drug Administration in 2003 for the follow-up and monitor-
ing of patients with metastatic breast cancer whose initial serum HER-2/neu 
level is greater than 15 ng/mL. HER-2/neu values should be used in con-
junction with information available from clinical and other diagnostic pro-
cedures in the management of breast cancer. This assay is being investigated 
for its utility in indicating the best systemic hormonal therapy and chemo-
therapy regimens for patients with breast cancer (Seidman et al., 1995). The 
clinical utility of serum HER-2/neu measurement as a prognostic indicator 
for early recurrence and in the care of patients receiving immunotherapy 
has not been fully established.

Harris et al. (1996) studied 188 patients with metastatic breast 
 cancer who were treated with either cyclosphosphamide, doxorubicin, 
and 5-fluorouracil (CAF) or cyclophosphamide, methotrexate, and 
5-fluorouracil (CMF). Overall, there was no difference in overall sur-
vival between patients with high serum levels of HER-2/neu extracel-
lular domain and those with low serum levels of HER-2/neu. However, 
among premenopausal patients with detectable levels of HER-2/neu 
extracellular domain, disease-free survival and overall survival were 
significantly better in patients who had received CAF than in patients 
who had received CMF (Harris et al., 1996).

The serum HER-2/neu extracellular domain assay is also being inves-
tigated at M. D. Anderson for use in selecting patients with metastatic 
breast cancer for treatment with trastuzumab (Herceptin; Genentech Inc., 
San Francisco, CA), a monoclonal antibody to the HER-2/neu protein, 
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and monitoring their response to treatment (Nahta and Esteva, 2006). It 
has been known for some time that serial measurements of HER-2/neu in 
serum correlate with the clinical course of metastatic breast cancer, as do 
measurements of the MUC-1 gene product and CEA. However, it remains 
to be determined how serum HER-2/neu testing can be added to measure-
ment of the MUC-1 gene product or CEA in terms of providing a serum 
tumor marker for patients whose tumors do not produce MUC-1 or CEA 
or permitting earlier detection of recurrence in this subgroup of patients 
(Esteva et al., 2005).

New Serum Tumor Markers

A number of new analytes have been proposed for use as serum tumor 
markers for breast cancer. The urokinase plasminogen activator (uPA) and 
its major enzyme inhibitor, the plasminogen activator inhibitor 1 (PAI-1), are 
produced by tumor tissues and have been established as independent prog-
nostic factors in breast cancer. uPA and PAI-1 play a major role in metastasis 
by converting plasminogen to plasmin, which degrades the basement mem-
brane. Both of these tumor products are released into the circulation, where 
concentrations of the uPA:PAI enzyme–inhibitor complex can be measured. 
In a preliminary report by Pedersen et al. (1999), plasma concentrations of 
the uPA:PAI-1 complex were much higher in patients with advanced breast 
cancer than in patients with localized breast cancer and healthy women. It 
is not clear whether the concentration of this complex correlates with tumor 
burden or whether it is reflective of tumor aggressiveness and metastatic 
potential. The uPA receptor has also been detected in the circulation and 
may also have a role as a tumor marker.

Lysophosphatidic acid and lysophosphatidyl choline may be important 
new serum tumor markers for breast cancer. Both of these phospholipids 
are extracellular signaling molecules that function via membrane recep-
tors to activate cell proliferation and function. Preliminary reports indi-
cate that the serum lysophosphatidyl choline level is elevated in 90% of 
patients with early-stage breast cancer.

RAK antigens may also have potential as serum tumor markers for 
breast cancer. RAK antigens are proteins of 25, 42, and 120 kDa that exhibit 
molecular and immunologic reactivity with proteins encoded by HIV 
type 1. In an immunohistochemical study (Kyriacou et al., 2000), all of the 
53 cases of breast cancer tested RAK positive, while RAK antigens were 
detected in only 3 of 15 cases of macroscopically normal breast removed 
during mastectomy for breast cancer.

Finally, as cancer-associated genes are discovered, many new tumor-
marker gene products are being identified that offer promise for use in 
the early detection and staging of breast cancer and the determination of 
breast cancer prognosis. Proteomic approaches are under development at 
M. D. Anderson to identify novel tumor markers.
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CIRCULATING TUMOR CELLS

Occult spread of cancer cells that are present at the time of initial diagno-
sis in patients with early-stage breast cancer is the main cause of recurrent 
metastatic breast cancer in patients who have undergone resection of their 
primary tumor (Folkman, 1971). Approximately 5% of patients with breast 
cancer have clinically detectable metastases (i.e., metastases detectable with 
standard diagnostic tests) at the time of initial diagnosis. A further 30–40% 
of patients have no clinically detectable metastases but harbor occult metastases. 
The formation of metastatic clones begins early in the development of a 
primary tumor. To successfully create a metastatic deposit, a cell or group 
of cells must be able to leave the primary tumor, invade the local host tis-
sue, and survive to proliferate. This complex process requires that cells 
enter the circulation, arrest at the distant vascular bed, extravasate into the 
organ interstitium and parenchyma, and proliferate as a secondary colony. 
Experimental studies suggest that during each stage of the process, only 
the fittest tumor cells survive (Folkman, 1971). A very small percentage of 
CTCs (fewer than 0.01%) ultimately initiate successful metastatic colonies. 
These findings suggest that early identification of CTCs or micrometastatic 
foci (i.e., metastatic deposits too small to be detected with standard diag-
nostic tests) using novel, sophisticated diagnostic technologies may provide 
opportunities for early intervention and for better risk stratification.

In support of this concept, studies that have used sophisticated tech-
nologies to identify individual breast cancer cells or metastatic foci in 
lymph nodes and bone marrow in patients with early-stage breast cancer 
have shown that the presence of such tumor cells is associated with a poor 
prognosis (Clare et al., 1997; Braun et al., 2000). In addition, another study 
found that a high number of CTCs in the blood of patients with metastatic
breast cancer was associated with poor prognosis (Cristofanilli et al., 2004).
Our group has been studying the clinical significance of CTCs in metastatic
breast cancer patients.

Technologies to assess CTCs in blood include polymerase chain reaction 
(PCR) and cytochemical assays. Amplification of tumor marker genes using 
PCR is highly sensitive; however, PCR assays have not been adopted for 
routine clinical use because they have low specificity, they cannot be used 
to determine the number of CTCs, and the reproducibility is low, due in part 
to lack of standardization of the PCR methodology for each marker (number 
of PCR cycles, primers used, etc.). In contrast, cytochemical assays using 
monoclonal antibodies are highly specific in the detection of CTCs. CTC 
enrichment methods allow visualization of tumor cells, which can then be 
subjected to functional assays. One of the main challenges in the use of 
cytochemical assays is the need to ascertain that the epithelial cells detected 
are indeed cancer cells and not bystander benign cells.

Over the past several years, immunomagnetic separation technology 
has been used to improve the detection of CTCs (Gross et al., 1995; 
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Racila et al., 1998; Martin et al., 2001). In this technique, the specimen is 
incubated with magnetic beads coated with antibodies directed against 
epithelial cells. The epithelial cells are then isolated using a powerful 
magnet. The magnetic fraction can then be subjected to reverse tran-
scriptase–PCR, flow cytometry, or immunocytochemical analysis (Witzig 
et al., 2002). Austrup et al. (2000) successfully used this approach to purify 
CTCs from patients with breast cancer and determine the prognostic sig-
nificance of genomic alterations (e.g., c-erbB-2 overexpression) in these 
CTCs. The authors investigated genomic imbalances, such as mutation, 
amplification, and loss of heterozygosity, in 13 tumor suppressor genes 
and two proto-oncogenes. Presence and higher number of genomic imbal-
ances in CTCs were significantly associated with worse prognosis.

More recently, introduction of the CellSearch Epithelial Cell Kit (Veri-
dex, LLC, Warren, New Jersey) has permitted the detection of circulating 
epithelial cells in whole blood in cases in which such cells are extremely 
rare. The CellSearch system identifies epithelial cells by immunomagnetic 
isolation and then determines the number of such cells by immunofluo-
rescent analysis of cytokeratin expression (Figure 10–3) (Tibbe et al., 2002). 
This test is the only kit approved by the Food and Drug Administration 
for CTC detection.

A prospective multicenter clinical trial led by researchers at M. D. Ander-
son tested the prognostic value of CellSearch-detected CTCs in patients with 
metastatic breast cancer who were about to start a new systemic treatment 
(Cristofanilli et al., 2004). The 177 patients enrolled in the trial underwent 

Figure 10–3. Computerized software images of circulating tumor cells. Each cell 
is identified by staining with the nucleic acid dye DAPI (purple) and a monoclonal 
antibody conjugated with phycoerythrin that recognizes the epithelial cell anti-
gens cytokeratin 8, cytokeratin 18, and cytokeratin 19 (green).
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blood collection before systemic treatment began (baseline) and monthly 
thereafter for up to 6 months. A cut-off value of five CTCs per 7.5 mL of 
blood was used to stratify patients into positive (five or more CTCs per 
7.5 mL) and negative (fewer than five CTCs per 7.5 mL) groups.

Patients with a positive baseline value had shorter progression-free sur-
vival (2.7 vs. 7.0 months, P = .0001) and overall survival (10.9 vs. 21.9 months, 
P < .0001) than did patients with a negative baseline value (Figure 10–4). 

Figure 10–4. Prognostic value of baseline circulating tumor cell (CTC) counts. 
Kaplan-Meier plots of progression-free survival (A) and overall survival (B) in 
patients with metastatic breast cancer and fewer than five CTCs per 7.5 mL of 
blood or five or more CTCs per 7.5 mL of blood at baseline. Progression-free and 
overall survival were calculated from the time of the baseline blood draw.
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These survival differences were even greater when the analysis was based 
on CTC level at first follow-up, 3 weeks after initiation of therapy: pro-
gression-free survival, 2.1 vs. 7.0 months, P < .0001; overall survival, 8.2 
vs. more than 18 months, P < .0001. On multivariate Cox hazards regres-
sion analysis, CTC levels, both at baseline and at first follow-up, were the 
most significant predictors of progression-free and overall survival. The 
detection of CTCs predicted worse overall survival independently of the 
number of previous treatments, the site of metastasis, the type of therapy, 
and the length of time to recurrence after definitive primary surgery, but 
the association was particularly strong for patients undergoing first-line 
treatment for metastatic disease (Cristofanilli et al., 2005b).

Our findings from this study of CTCs in patients with metastatic breast 
cancer have several important implications. First and most relevant to clini-
cal practice is that the prognostic value of detection of CTCs is superior to 
that of previously known prognostic factors—for example, site of metastasis 
(visceral vs. nonvisceral) and estrogen receptor status. Second, our findings 
showed that CTCs are detectable in patients with metastatic breast cancer 
irrespective of the site of metastasis, the number of previous treatments 
for metastatic disease (i.e., zero in patients who are newly diagnosed and 
1 or 2 in those undergoing second- or third-line therapy), and, more impor-
tant, initial hormone receptor status. It was interesting that rates of CTC 
positivity were similar in patients with newly diagnosed metastatic breast 
cancer (52%) and those undergoing at least second-line treatment (48%) 
(Cristofanilli et al., 2004). As expected, the CTC detection rate was lower at 
first follow-up than at baseline, particularly in patients undergoing first-line 
treatment (52% at baseline vs. 25% at first follow-up) and those with visceral 
disease (50% at baseline vs. 28% at first follow-up) (Cristofanilli et al., 2004). 
These data suggest that measuring CTC levels at 3–4 weeks may be a way 
to determine the efficacy of systemic treatment, particularly chemotherapy, 
in patients with newly diagnosed disease who have detectable CTCs before 
the start of first-line therapy. However, such short-term follow-up testing 
might be less useful in patients with more indolent disease (e.g., patients 
undergoing hormonal therapy).

A recent update and re-analysis of the data from this pivotal study that 
included data from an additional 46 patients with bone-only metastases con-
firmed the observations from the initial study, indicating that the detection 
of CTCs at baseline was associated with a significant increase in the cumu-
lative hazard of death within 1 year (53% vs. 19% with and without CTCs, 
respectively, P = .0001) in patients with measurable as well as “nonmeasura-
ble” (exact size cannot be determined using calipers—e.g., osteoblastic bone 
metastases) metastatic breast cancer. In this update and re-analysis, CTCs 
were a better predictor of survival than was CA27.29, suggesting that CTCs 
reflect tumor biology and not just tumor burden (Cristofanilli et al., 2005a).

In summary, the detection of CTCs in patients with metastatic breast 
cancer is associated with important prognostic implications. A stage 
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subclassification of metastatic breast cancer based on CTC assessment 
might facilitate tailoring of our approach to treatment planning and, more 
important, allow for more sophisticated design of drug efficacy trials. This 
hypothesis is currently being tested prospectively at M. D. Anderson and 
other collaborating institutions.

FUTURE DIRECTIONS

Patients who have early-stage disease and are treated surgically for cure 
are at risk for the development of metastatic disease, so new serum tumor 
markers are needed to identify which of these patients require more aggres-
sive adjuvant treatment. New serum tumor markers are also needed to 
facilitate the detection and treatment of early-stage disease. Markers that 
define the tumor biochemistry, both in tissue and in CTCs, might qualify 
for this use. As treatments for breast cancer are improved, serum mark-
ers and CTCs will become more important in the identification of patients 
with early-stage disease who require adjuvant therapy, in the selection of 
the most effective treatments for individual patients, in predicting progno-
sis, and in monitoring tumor response and patient status.
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CHAPTER OVERVIEW

The routine pathologic evaluation of breast cancer must yield the his-
topathologic subtype, precise measurements of tumor size, and informa-
tion regarding surgical margin status and lymph node status. Accurate 
determination of histopathologic or nuclear grade provides valuable 
additional prognostic information. Three molecular markers are routinely 
assessed to assist with treatment selection: estrogen and progesterone 
receptors are measured to determine eligibility for endocrine therapy, and 
HER-2 amplification is assessed to determine eligibility for trastuzumab 
therapy. Additional commercially available prognostic and predictive 
tests may be ordered if clinically indicated. Oncotype DX, a multigene 
assay, could help identify women with estrogen receptor–positive, lymph 
node–negative breast cancer who have a good prognosis with adjuvant 
endocrine therapy alone and therefore may receive little or no benefit from 
additional adjuvant chemotherapy. MammaPrint is a recently approved 
multigene assay that can assist in predicting the prognosis of women with 
stage I or II, lymph node–negative breast cancer. The most appropriate 
treatment decisions often require integration of prognostic and predictive 
information from multiple sources. Free and clinically validated online 
decision-making tools, the most widely used of which is available at www.
adjuvantonline.com, are available to assist physicians in making person-
alized treatment recommendations based on the clinical, pathologic, and 
molecular features of the cancer.

INTRODUCTION

In patients with breast cancer, histopathologic and molecular features of 
the disease can be used to predict prognosis and response to therapy. Sev-
eral histopathologic and molecular prognostic and predictive factors for 
breast cancer have been validated and are in widespread use; others are 
being investigated but have not yet been incorporated into widespread 
clinical practice.

The current standard for assessing the prognosis of individuals with 
newly diagnosed stage I–III breast cancer is to use an integrated prog-
nostic model that includes information about tumor size, tumor grade, 
lymph node involvement, estrogen receptor (ER) and progesterone recep-
tor (PR) status, and HER-2 status. The TNM staging system and other 
more complex prognostic indices (e.g., the Nottingham Prognostic Index) 
that integrate these clinicopathologic variables into a single risk predic-
tion score represent the current standards for prognostic stratification 
(D’Eredita’ et al., 2001; Ravdin et al., 2001; Benson et al., 2003). Adjuvant! 
Online (http://www.adjuvantonline.com) is another prognostic tool; this 
free prognostic software available over the Web assigns a percentage risk 
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of recurrence for an individual on a continuous scale and also estimates 
the magnitude of benefit with systemic adjuvant therapy (Ravdin et al., 
2001; Olivotto et al., 2005).

Predicting the risk of recurrence for an individual on a continuous scale 
may help to individualize decision making. Different individuals have dif-
ferent reactions to the risk-benefit ratios associated with chemotherapy and 
hormonal therapy. Many individuals are willing to accept several months 
of adjuvant chemotherapy for the chance of a very small gain in survival, 
whereas others are more reluctant to expose themselves to the toxicity, incon-
venience, and cost of therapy with uncertain benefit (Ravdin et al., 1998).

Predicting the probability of response to various therapeutic agents 
remains a challenge. Currently, ER and PR are measured to determine 
eligibility for endocrine therapy, and HER-2 amplification is assessed 
to determine eligibility for trastuzumab therapy. There are currently no 
established markers of response for specific chemotherapy drugs.

This chapter will review the established as well as new and experimen-
tal histopathologic and molecular prognostic and predictive factors for 
breast cancer.

HISTOPATHOLOGIC MARKERS

In the routine histopathologic evaluation of breast cancer, the features 
assessed include the presence or absence of invasion, histopathologic 
type, histopathologic or nuclear grade, tumor size, extent of lymph node 
involvement, and status of the surgical margins. The presence or absence 
of lymphovascular invasion is also often assessed. Each of these factors is 
discussed in more detail below.

Presence or Absence of Invasion

The most important element of the pathologic evaluation is determination 
of the presence or absence of invasion. Invasion is defined as extension of 
cancer cells beyond their pre-existing ductal or lobular structure into the 
surrounding myoepithelial cell layer and basement membrane and into 
the stroma. Invasion can be reliably diagnosed only when the diagnostic 
specimen contains intact stromal components that can be subjected to 
microscopic evaluation; therefore, a core needle biopsy specimen or sur-
gical biopsy specimen is required to establish the diagnosis of invasive 
breast cancer beyond doubt (Symmans et al., 1999).

Histopathologic Type

Another part of the standard pathologic evaluation is classification of 
invasive breast carcinomas into several histopathologic types on the basis 
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of microscopic morphology. These historical morphologic categories carry 
some limited prognostic information. The two most common types of 
invasive breast carcinoma are ductal and lobular. Ductal and lobular carci-
nomas are associated with a similar prognosis when patients are matched 
for tumor stage and grade (Sastre-Garau et al., 1996). Other less common 
histopathologic types of invasive breast carcinoma include inflammatory, 
medullary, mucinous, papillary, and tubular carcinomas as well as Paget’s 
disease. Some rare histopathologic types include squamous cell, adenoid 
cystic, secretory, and cribriform cancers. Some of these less common his-
topathologic types are believed to be associated with a better prognosis 
than the more common invasive ductal and lobular cancers.

Invasive Ductal and Lobular Carcinomas

Invasive ductal carcinomas are characterized by nests of invasive cells 
that sometimes form small ductal structures. Invasive lobular carcinomas 
are characterized by a pattern of single cells in rows that infiltrate dense 
fibrotic stroma. These carcinomas also frequently contain microscopic sat-
ellite foci distant from the main tumor mass.

The pattern of invasive growth seen in lobular carcinomas is thought 
to be due to loss of expression of E-cadherin, a cell adhesion molecule 
that is critical for intercellular attachment of epithelial cells. In invasive 
lobular carcinomas, there is no expression of E-cadherin protein at the cell 
membrane because of loss of 1 allele of the E-cadherin gene, mutation in 
the E-cadherin gene (the mutant form is secreted and not able to form 
intercellular attachments), or silencing of E-cadherin gene expression due 
to hypermethylation of the promoter site (Droufakou et al., 2001). Loss 
of E-cadherin expression also occurs in lobular carcinoma in situ (Reis-
Filho et al., 2002). In addition, reduced expression of E-cadherin occurs in 
some invasive ductal carcinomas and is associated with a more infiltrative 
growth pattern (Goldstein, 2002).

A recent publication compared overall gene expression profiles between 
invasive ductal and invasive lobular cancer and identified differential 
expression of surprisingly few genes besides E-cadherin (e.g., osteopontin,
survivin, and cathepsin B) (Korkola et al., 2003). In this context, it is possible to 
consider lobular carcinoma of the breast as a variant of ER-positive inva-
sive carcinoma (rather than a specific histopathologic type) in which loss 
of expression of a single gene product, E-cadherin, influences intercellu-
lar attachment and imparts a characteristic pattern of infiltrative growth. 
Supporting this interpretation is the previously mentioned fact that invasive
ductal and invasive lobular carcinomas are associated with a similar 
prognosis when patients are matched for tumor stage and grade (Sastre-Garau
et al., 1996).

The specific clinical relevance of pure lobular carcinoma lies in its 
subtle clinical presentation and propensity to be missed on clinical 
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examination, mammography, and needle biopsy. The pattern of inva-
sion of invasive lobular carcinoma also makes the pathologic assessment 
of surgical margin status more challenging. Lobular carcinomas are less 
likely to demonstrate a complete clinical or pathologic response to neoad-
juvant (preoperative) chemotherapy, but long-term survival after neo-
adjuvant (or adjuvant) chemotherapy in patients with lobular carcinoma 
appears to be similar to that of patients with ductal carcinoma (Cocquyt et al.,
2003). This lack of response to chemotherapy and reasonably favorable 
survival are probably related to the low grade, low proliferation rate, and 
ER-positive status of invasive lobular carcinomas (Katz et al., 2007).

Other Histopathologic Types

Some histopathologic types of invasive breast carcinoma have special 
prognostic significance. Pure tubular, mucinous, and papillary carcinomas 
are associated with a better prognosis than the more common invasive 
ductal and invasive lobular types. Another type, medullary carcinoma, is 
particularly interesting because it often contains poorly differentiated, ER-
negative, HER-2-negative, highly proliferative cells yet is associated with 
a favorable prognosis. True medullary carcinomas are very uncommon, 
accounting for fewer than 1% of all breast cancers, and tumors that fail to 
meet all the diagnostic criteria for true medullary carcinoma, designated 
“atypical medullary carcinomas,” are associated with a prognosis similar 
to that associated with invasive ductal or invasive lobular breast cancer 
(Pedersen et al., 1995).

There are other, rare types of invasive breast cancer that exhibit mes-
enchymal characteristics (Fuchs et al., 2002; Brogi, 2004). These can be 
divided into three categories. The first category consists of poorly 
differentiated tumors with combined elements of sarcoma and carcinoma, 
which have traditionally been termed “carcinosarcoma” or “sarcomatoid 
carcinoma” and are currently classified as “metaplastic carcinoma, high 
grade.” High-grade tumors may be predominantly sarcomatous with 
focal epithelial differentiation or may have separate epithelial and mes-
enchymal components that can be considered to represent divergent 
differentiation within the same tumor. The second category consists of 
low-grade spindle cell neoplasms that are essentially mesenchymal but 
coexpress cytokeratins and therefore exhibit some epithelial characteris-
tics (Gobbi et al., 1999; Sneige et al., 2001). These tumors behave like low-
grade sarcomas, require local surgical control, may be locally recurrent, 
and occasionally metastasize but are not expected to involve regional 
lymph nodes. The third category consists of poorly differentiated (high-
grade) carcinomas with extensive necrosis in which immunohistochemi-
cal (IHC) staining for mesenchymal markers (e.g., vimentin or p63) also 
demonstrates staining within the epithelial tumor cell population (Santini 
et al., 1996; Tsuda et al., 1999).
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Histopathologic Grade

Invasive breast cancers are graded according to their morphologic appear-
ance. The histopathologic grade is a semiquantitative morphologic measure 
of tumor differentiation. It has strong prognostic value independent of 
tumor size or lymph node status, but its interobserver reproducibility is 
somewhat limited (Simpson et al., 2000). There are different grading meth-
ods, but they all share several common features. Tumors classified as high 
grade are poorly differentiated and characterized by high proliferative 
activity and heterogeneous chromatin structure and cellular morphology. 
Low-grade tumors are defined by lack of these features. Not surprisingly, 
molecular markers for cellular proliferation—such as IHC staining for 
Ki-67 and S-phase fraction as determined by flow cytometry—strongly 
correlate with grade (Weidner et al., 1994).

Lymphovascular Invasion

Pathologists also commonly report the presence or absence of lymphovas-
cular invasion (i.e., the presence of neoplastic cells within the lymphovascular
space). Cancers with lymphovascular invasion tend to have a worse prog-
nosis. However, lymphovascular invasion is closely associated with high 
grade, and therefore, its independent prognostic value is unclear.

Tumor Size

Another important element of the pathologic evaluation is determina-
tion of the pathologic tumor size. Conventionally, the largest macroscopic 
tumor dimension of the largest continuous cancer focus is used as the 
basis for assignment of the American Joint Committee on Cancer tumor 
category (Singletary et al., 2002). Tumors that contain multiple, independ-
ent foci of cancer are described as multifocal if all foci are located within 
the same quadrant or as multicentric if there are foci in multiple quad-
rants. For example, if a cancer is multifocal and involves a 3- to 4-cm area 
of the breast and the diameter of the largest individual focus is 0.8 cm, the 
cancer is staged as a multifocal T1b cancer. In general, the prognosis of 
multicentric or multifocal cancers appears to be similar to the prognosis of 
unicentric cancers of the same stage.

Status of the Surgical Margins

A proper surgical pathology report must also describe the status of the 
resection margins of the specimen. When invasive or in situ cancer is 
detected at any of the margins on routine microscopic examination of 
hematoxylin-eosin-stained sections, the margin is considered “positive.” 
Patients whose cancers are resected with positive margins have high local 
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recurrence rates even after radiation therapy; therefore, when positive 
margins are found, repeat resection to achieve clear margins is indicated 
(Solin et al., 1991; Renton et al., 1996). When neoplastic cells are detected 
within 1 to 2 mm of a specimen margin, the margin is considered “close.” 
Most studies also report increased local recurrence rates for patients with 
close margins, and therefore, our institutional practice is to perform repeat 
resection to obtain clear margins if any margin is less than 2 mm.

ESTABLISHED MOLECULAR MARKERS

ER and PR Status

Determination of the ER and PR status of the cancer is an essential part of 
the pathologic work-up for all breast cancer patients. This information is 
used to determine whether a patient is a candidate for hormonal therapy 
or not.

Overall, about 50–60% of all breast cancers are ER positive. The incidence
of ER positivity increases with age. There is an inverse correlation between
ER positivity and HER-2 positivity: most ER-positive breast cancers are 
HER-2 negative. Approximately 30% of breast cancers are negative for ER, 
PR, and HER-2 (so-called triple-negative breast cancers). Almost all tubular
and mucinous carcinomas and most invasive lobular carcinomas are 
ER positive.

The current gold standard for determining ER status is IHC analysis 
performed on formalin-fixed, paraffin-embedded cancer tissue. Cancers 
in which more than 10% of cells have nuclear staining for ER are consid-
ered ER positive. Patients whose cancers exhibit lesser staining may some-
times also benefit from endocrine therapy (Harvey et al., 1999).

Even though IHC analysis is the gold standard, the existing IHC assays 
have only modest positive predictive value (30–60%) for response to sin-
gle-agent hormonal therapy, and interlaboratory variation in results is sub-
stantial (Bonneterre et al., 2000; Mouridsen et al., 2001). Variable staining 
results can occur even with the same tumor specimen and may be due to 
variations in fixation, antigen retrieval, and staining methods between lab-
oratories (Rhodes et al., 2000; Rüdiger et al., 2002; Goldstein et al., 2003). 
Interpretation of staining results is also subjective (Rhodes, 2003). In one 
study, 200 clinical laboratories received sections from the same three tumors 
that were found by a reference laboratory to demonstrate low, moderate, or 
high ER expression, respectively (Rhodes et al., 2000). For the tumor with 
low ER expression, the false-negative rate across the laboratories was as 
high as 30–60% depending on the cut-off value used to define ER positivity. 
In another report, the effect of the length of formalin fixation on ER stain-
ing was examined (Goldstein et al., 2003). Twenty-four large, strongly ER 
positive tumors were sliced, and pieces of the tumors were fixed in formalin for 
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3, 6, 8, or more hours. The mean ER score on IHC analysis, on a scale of 
0 to 7, was 2.5 for blocks fixed for 3 hours, 5.75 for blocks fixed for 6 hours, 
and 6.7 for blocks fixed for 8 hours. Some strongly ER positive tumors were 
completely negative on IHC analysis when the shortest fixation time was 
used (Goldstein et al., 2003). The method and length of antigen retrieval also 
affect IHC results. It is important to be aware of the substantial technical 
variability in ER measurements by IHC analysis. When a false-negative result 
is suspected on the basis of the clinical characteristics of a case, a repeat 
biopsy may be in order.

Recently, it has been shown that ER expression can reliably be meas-
ured at the mRNA level using DNA microarrays (Gong et al., 2007). For 
more information, see the last paragraph of the following section.

HER-2 Status

Evaluation of HER-2 status is also part of the routine pathologic evalu-
ation of every newly diagnosed breast cancer (Wolff et al., 2007). HER-2 
status is examined because patients with HER-2-positive tumors are can-
didates for adjuvant therapy with trastuzumab. Overexpression of HER-2 
occurs in 20–25% of invasive breast cancers.

HER-2 status is assessed by IHC analysis or fluorescent in situ hybrid-
ization (FISH) (van de Vijver, 2002). Staining with antibodies to HER-2 
is commonly seen in the cytoplasm of both tumor and normal cells, but 
only cell membrane localization is interpreted as true positive staining. 
The intensity of the membrane staining is assessed using a semiquantita-
tive score (1+ to 3+) (HercepTest; Dako A/S, Glostrup, Denmark). Normal 
breast epithelial cells do not express enough HER-2 on the cell membrane 
for IHC detection, so tumor staining should always be compared to stain-
ing of normal breast epithelium from the same patient as a negative control. 
Generally, 3+ staining—defined as uniform, intense membrane staining in 
more than 30% of invasive cancer cells—is considered overexpression for 
clinical purposes. No staining (0) or weak incomplete membrane staining 
in any proportion of tumor cells (1+) is considered a negative result. Inter-
mediate (2+) staining is considered borderline, and in such cases, many 
laboratories perform FISH analysis to assess HER-2 gene copy number 
(Nichols et al., 2002).

The goal of FISH analysis is to determine the number of copies of the 
HER-2 gene in the sample analyzed. Overexpression of HER-2 is almost 
exclusively due to amplification of the HER-2 gene on the long arm of 
chromosome 17. The most common FISH assay for the HER-2 gene (Path-
Vysion; Abbott/Vysis Molecular Inc., Des Plaines, IL) uses a fluores-
cent-labeled probe for HER-2 along with a fluorescent probe that detects 
a centromeric sequence of chromosome 17 (cep17). The results of this 
FISH assay are reported as the ratio of the average number of copies of the  
HER-2 gene to the average number of copies of chromosome 17 detected 
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in the nucleus of at least 20 cells. A ratio of greater than 2.2 is defined as 
amplification. Other commercially available HER-2 FISH assays measure 
HER-2 gene copy number alone (Inform HER; Ventana Medical Systems, 
Tucson, AZ). Detection of an average of at least six copies of the HER-2
gene in at least 20 cell nuclei is considered evidence for amplification when 
this method is used. There are subtle implications of each method—the 
absolute number of copies of the HER-2 gene may determine the protein 
expression level of HER-2 in the breast cancer, whereas the ratio of HER-2 
to cep17 may correct for aneuploidy of chromosome 17 and select tumors 
with amplification of HER-2 on each copy of chromosome 17.

A chromogenic in situ hybridization (CISH) assay for detection of HER-2 
has recently become available (SPoT-Light; Invitrogen/Zymed, Carlsbad, 
CA). This assay detects the HER-2 gene using a chromogen that is stable 
and visible with light microscopy (Zhao et al., 2002). The hybridization 
signal is slightly less distinct with CISH than with FISH, and it is not pos-
sible with CISH to compare HER-2 copy number against chromosome 17 
copy number, but CISH has the advantage of not requiring a fluorescence 
microscope for interpretation.

Similar to the case with IHC measurement of ER, technical variability and 
discrepancies in reproducibility of HER-2 results between laboratories are 
not uncommon. Studies have shown that the level of concordance for HER-2 
results is approximately 80% for IHC analysis and approximately 85% for 
FISH analysis when the same specimens are tested in local and high-volume 
reference laboratories (Thomson et al., 2001; Roche et al., 2002).

More recently, it has been shown that both HER-2 and ER expression 
can reliably be measured at the mRNA level using DNA microarrays 
(Gong et al., 2007). The investigators suggested a HER-2 mRNA level of at 
least 1,150 normalized expression units as a definition of HER-2-positive 
status and an ER mRNA level of at least 500 normalized expression units 
as a definition of ER-positive status when the Affymetrix U133A Gene-
Chip is used to measure the expression levels of these receptors. These 
measurements were highly reproducible in replicate experiments, and the 
thresholds performed well in independent validation on samples from 
multiple institutions. However, mRNA-based HER-2 and ER assessments 
continue to remain investigational diagnostic tools.

NEW AND EXPERIMENTAL MOLECULAR MARKERS

Oncotype DX Recurrence Score

The mere presence of ER as detected by IHC analysis does not guarantee 
functional activity of the receptor, which functions as a ligand-regulated 
transcription factor. Furthermore, other molecular events, unrelated to 
ER signaling, may also influence sensitivity to hormonal therapy. The 
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Oncotype DX breast cancer assay (Genomic Health Inc., Redwood City, 
CA) represents an important conceptual advance in the characterization 
of ER-positive breast cancers because it can further refine the predictive 
value of ER.

This reverse transcriptase–polymerase chain reaction–based assay 
measures the expression of 21 genes at the mRNA level in formalin-fixed, 
paraffin-embedded specimens (Paik et al., 2004). In addition to measur-
ing ER mRNA, the Oncotype DX assay measures the mRNA of several 
downstream ER-regulated genes (e.g., PR, Bcl2, SCUBE2) that may pro-
vide information about ER functionality. The assay also quantifies the 
expression of HER-2 and several proliferation-related genes. Information 
about each of the 21 genes examined is combined and used to determine 
the Oncotype DX “recurrence score.”

Studies have shown that the recurrence score is a stronger predictor of 
risk of recurrence after tamoxifen therapy than is ER status determined 
by IHC. A validation study of Oncotype DX examined the correlation 
between the Oncotype DX recurrence score and the likelihood of distant 
relapse in 668 ER-positive, node-negative, tamoxifen-treated patients who 
were enrolled in the National Surgical Adjuvant Breast and Bowel Project 
B14 clinical trial (Paik et al., 2004). Fifty-one percent of these patients were 
categorized on the basis of the Oncotype DX recurrence score as being 
at low risk for recurrence after tamoxifen therapy, 22% were categorized 
as being at intermediate risk, and 27% were categorized as being at high 
risk. The observed 10-year distant recurrence rates for the patients in these 
three risk categories were 6.8%, 14.3%, and 30.5%, respectively (P < .001). 
In multivariate analysis, the recurrence score predicted relapse and over-
all survival independently of age and tumor size. Similar results were 
observed in a community-based patient population in a separate study 
(Habel et al., 2005).

A subsequent study examined the value of the Oncotype DX recurrence 
score in predicting the benefit from adjuvant chemotherapy with cyclo-
phosphamide, methotrexate, and 5-fluorouracil (CMF) in 651 patients 
with ER-positive, node-negative breast cancer treated with tamoxifen in 
the National Surgical Adjuvant Breast and Bowel Project B20 randomized 
study (Paik et al., 2006). Higher recurrence score was associated with 
greater benefit from adjuvant CMF chemotherapy (test for interaction, 
P = .038). The hazard ratio for distant recurrence after CMF chemotherapy 
was 1.31 (95% confidence interval [CI], 0.46 to 3.78) for patients with a 
recurrence score less than 18 and 0.26 (95% CI, 0.13 to 0.53) for patients 
with a recurrence score greater than 31. The absolute improvement in the 
10-year distant-recurrence-free survival rate as a result of CMF chemother-
apy was 28% (60% vs. 88%) in patients with a recurrence score greater than 
31. In contrast, there was no distant-recurrence-free survival benefit from 
CMF chemotherapy in patients with a recurrence score below 18. These 
data indicate that high Oncotype DX recurrence score could identify a 
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subset of women with ER-positive, node-negative breast cancer who are 
at high risk for recurrence with tamoxifen therapy alone, independent of 
grade and ER status as determined by IHC analysis, and whose risk can be 
reduced with administration of adjuvant CMF chemotherapy.

Oncotype DX is a useful addition to the diagnostic armamentarium 
for some ER-positive breast cancer patients, particularly when the deci-
sion regarding adjuvant chemotherapy is not straightforward on the basis 
of routine clinical variables. However, some important caveats must be 
noted. Oncotype DX has not been validated in ER-negative or lymph-
node-positive patients. Also, the predictive value of Oncotype DX for 
patients treated with aromatase inhibitors or more modern anthracycline- 
or taxane-containing chemotherapy regimens remains unknown.

Single-Gene Prognostic Markers

Many individual molecules are associated with prognosis in at least some 
studies, but none of these molecules is routinely used for prognostication 
(Ross et al., 2003). In many cases, molecular prognostic markers offer min-
imal or no improvement over the existing standards—either because the 
molecular markers are not independent of the standard clinicopathologic 
prognostic features (lymph node status, primary tumor size, and grade) 
or because the independent prognostic value of the molecular markers is 
modest. Furthermore, results regarding molecular prognostic markers are 
often generated by pilot studies in which the study sample size is deter-
mined by availability of tissues rather than statistical design (Simon and 
Altman, 1994)—a practice that almost invariably leads to results that are 
associated with considerable uncertainty. The proposed molecular prog-
nostic markers are rarely evaluated further in prospectively designed vali-
dation trials. Often, an attempt to reproduce results is performed ad hoc in 
another laboratory using different sets of reagents and including a differ-
ent patient population. Methods for assessing marker status are also not 
standardized, and different laboratories may use different cut-off values 
to define positivity for a given marker (Altman and Lyman, 1998). Disap-
pointingly, but not surprisingly, the most recent tumor marker guidelines 
of the American Society of Clinical Oncology recommend routine testing 
only for ER, PR, and HER-2 receptor in breast cancer (Bast et al., 2001).

Despite the problems with new single-gene markers in general, 1 
particular set of molecular prognostic markers requires further con-
sideration because of the high quality of the evidence that supports 
the clinical value of these markers. Urokinase-type plasminogen acti-
vator (uPA) and plasminogen activator inhibitor type 1 (PAI-1) were 
evaluated in several prospectively designed prognostic marker valida-
tion trials. For axillary node–negative patients, the prognostic value of 
these two proteins was validated using both a randomized prospective 
trial and a pooled analysis of results from several retrospective and 
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 prospective studies (Janicke et al., 2001; Look et al., 2002). Results from 
the pooled analysis comprising more than 8,000 patients showed that 
both uPA and PAI-1 are strong and independent (i.e., independent of 
nodal metastasis, tumor size, and hormone receptor status) predictors 
of breast disease relapse. What prevents the widespread clinical use of 
these markers, particularly in the United States, is that uPA and PAI-1 
measurements must be carried out by enzyme-linked immunosorbent 
assay, which requires fresh tissue. Immunohistochemical determination 
of uPA and PAI-1 has not been clinically validated.

Multigene Prognostic Signatures

Prognostic marker research has historically focused on evaluating the 
independent prognostic value of single-gene markers. This approach, 
however, is limited by methodologic limitations and trial-design issues. 
In addition, a more fundamental, biological phenomenon may make this 
approach problematic. Molecules that determine the behavior and regu-
late the fate of neoplastic cells act in concert with other molecules and 
form complex regulatory networks. Any individual component of such 
a network may offer only limited information about the activity of the 
entire network. It is reasonable to hypothesize, then, that examining all 
network genes simultaneously would yield more accurate information 
about the activity of cells and tissues than would examining only one or a 
few of the genes in the network. High-throughput genomic technologies,
including multiplex reverse transcriptase–polymerase chain reaction anal-
ysis and DNA microarray analysis, are allowing investigators to directly 
test this hypothesis.

At least two different multigene prognostic signatures have been 
reported in the literature. The first of these multigene signatures was 
reported in 2002 (van’t Veer et al., 2002). In the study in which this signa-
ture was developed, breast cancer samples from 98 patients with T1–T2 
N0 invasive breast cancer who had received no systemic adjuvant therapy 
were selected from a frozen tissue tumor bank. Approximately half of the 
patients experienced recurrence within 5 years. The investigators com-
pared the gene expression profiles of the patients with and without dis-
tant metastasis and identified 231 genes that were significantly associated 
with distant metastasis at 5 years (van’t Veer et al., 2002). The investiga-
tors then developed a multigene prognostic score using 70 of these genes 
(MammaPrint, Agendia Inc., Amsterdam, Netherlands) and applied this 
gene expression signature-based test to a set of 295 patients in a separate 
validation study (van de Vijver et al., 2002). The 70-gene prognostic signa-
ture clearly distinguished patients with excellent 5-year survival. Patients 
with a good-prognosis signature had a distant-metastasis-free survival 
rate of 95% at 5 years (85% at 10 years), compared to 60% in patients with 
a poor-prognosis signature. The investigators also tested the ability of this 
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70-gene prognostic signature to identify patients who would need adjuvant
chemotherapy and compared findings from the multigene prognostic sig-
nature with findings from use of the National Institutes of Health and 
St. Gallen consensus guidelines for selecting patients for adjuvant chemo-
therapy. They reported that the multigene prognostic signature correctly 
identified all patients who would be recommended adjuvant chemother-
apy on the basis of the National Institutes of Health treatment guidelines, 
but at the same time it could reduce the number of women needing adjuvant
chemotherapy by about 30%. This is because many women who were 
considered candidates for adjuvant chemotherapy according to the guide-
line recommendations turned out to have a low risk of recurrence when 
the genomic tests were used. A second independent validation (n = 307) 
of the same 70-gene assay showed that patients with the good-prognosis 
signature had a 10-year overall survival rate of 89%, compared to 69% in 
the poor-prognosis group. Importantly, in this study, the performance of 
the gene signature was also compared with predictions from Adjuvant! 
Online, and in discordant cases, the gene signature provided more accu-
rate prognostic information than did the clinical-pathologic prediction 
model (Buyse et al., 2006). On the basis of these results, the US Food and 
Drug Administration has cleared MammaPrint as a prognostic service for 
patients with node-negative, stage I or II breast cancer.

Another group of investigators took a slightly different approach and 
separately identified genes that were associated with relapse for ER-negative
and ER-positive patients. The markers that were selected from each group 
were then combined to form a single 76-gene prognostic signature (Veridex 
LLC, San Diego, CA) (Wang et al., 2005). This multigene prognostic sig-
nature also performed well when it was tested in 180 independent 
node-negative breast cancer patients who were not included in the original 
study (Foekens et al., 2006). The 5- and 10-year distant-metastasis-free sur-
vival rates were 96% and 94%, respectively, for the good-prognosis group 
and 74% and 65%, respectively, for the poor-prognosis group.

The hope is that these tests will aid in the future in identifying low-risk 
patients who can be spared chemotherapy and in identifying some high-
risk patients who might currently miss out on systemic therapy.

NOVEL MOLECULAR CLASSIFICATION OF BREAST CANCER BASED

ON GENE EXPRESSION PROFILING

Breast cancer is a clinically heterogeneous disease, and existing histopatho-
logic classifications do not fully capture the varied clinical course of the 
disease. It is generally accepted that the variety in the clinical course of 
patients with histopathologically identical tumors is due to molecular dif-
ferences among cancers. The advent of high-throughput gene expression 
profiling technologies allowed investigators to determine molecular types 
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of breast cancer based on mRNA expression patterns and to investigate 
whether these molecular types are associated with different prognoses 
and different rates of response to chemotherapy and hormonal therapy. 
Investigators are also examining whether the molecular characteristics 
that define particular types of breast cancer may lead to the discovery 
of new therapeutic targets and novel treatments that are effective against 
particular molecular types.

The first study to examine comprehensive gene expression patterns of 
breast cancer suggested that there are at least four major molecular classes 
of breast cancer: luminal (expressing luminal cytokeratins 8 and 18), basal-
like (expressing cytokeratins 5 and 17), HER-2 positive (most, but not all, 
HER-2-amplified cancers), and normal-like (cancers cluster together with 
normal breast tissue) (Perou et al., 2000).

Subsequent studies confirmed that there are large-scale gene expression 
differences between ER-positive (mostly luminal) and ER-negative (mostly 
basal-like) cancers and suggested that further molecular subsets also exist 
(Pusztai et al., 2003; Sorlie et al., 2003). These different molecular classes of 
breast cancer differ in the expression of many hundreds and often thousands 
of genes and may originate from different cells within the breast. The dif-
ferent molecular subgroups also differ with respect to prognosis and chem-
otherapy sensitivity. Luminal cancers tend to be associated with the most 
favorable long-term survival, whereas basal-like and HER-2-positive cancers 
are more sensitive to chemotherapy (Sorlie et al., 2001; Rouzier et al., 2005a). 
In interpreting these observations, it is important to keep in mind that many 
of these correlations are expected because of the strong association between 
molecular class and conventional histopathologic variables. For example, in 
1 study, all luminal cancers were ER positive and 63% of them were also low 
or intermediate grade, whereas 95% of basal-like cancers were ER negative 
and 91% of them were high grade (Rouzier et al., 2005a). These associations 
may explain the seemingly contradictory observation that basal-like cancers 
are associated with a worse prognosis than luminal cancers even though 
basal-like cancers are more sensitive to chemotherapy. Luminal cancers, 
which tend to be ER positive and lower grade and therefore sensitive to endo-
crine therapy, may have a more favorable prognosis—even in the absence 
of any therapy—than ER-negative and high-grade basal-like cancers.

Despite these promising results with molecular categorization of breast 
cancers, there are currently major limitations in our ability to consistently 
assign new cases of breast cancer to a molecular class. Foremost of these is 
the lack of a standardized molecular class prediction method (Pusztai et al., 
2006). Only after a standard method for class prediction is developed—one 
that defines the gene expression profiling platform, data normalization, 
gene set, and prediction rules—will it be possible to appropriately test the 
value of molecular classification in the clinic. Important efforts were recently 
made to try to develop a molecular class predictor that could assign new 
cases of breast cancer to a molecular class (Hu et al., 2006).
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PREDICTION OF RESPONSE TO CHEMOTHERAPY

The clinical importance of predicting who will and who will not respond 
to a particular therapy is intuitively obvious. If a test can predict who 
will respond to a given drug, the treatment can be administered only to 
patients expected to benefit, and others can avoid unnecessary treatment 
and its toxicity. However, the development of response prediction tests 
poses several practical challenges.

There are theoretical limits to the accuracy of any response predictor 
that measures only the characteristics of the cancer. Host characteristics 
not easily measured in cancer tissue—including rate of drug metabo-
lism—can have an important impact on response to therapy.

Also, there is considerable uncertainty regarding what level of predictive 
accuracy would be clinically useful. In fact, different levels of predictive accu-
racy may be required for different clinical situations. Consider for example 
a chemotherapy response prediction test that has a 60% positive predictive 
value (i.e., there is a 60% chance of response if the test result is positive) and 
an 80% negative predictive value (i.e., there is only a 20% chance of response 
if the test result is negative). The clinical utility of this test depends on the 
availability and efficacy of alternative treatment options, the frequency and 
severity of adverse effects, and the risks of exposure to ineffective therapy 
(i.e., rapid disease progression with life-threatening complications). The util-
ity of this test might be limited in the palliative setting, in which alternative 
treatment options are limited and generally ineffective. Patients and physi-
cians might want to try the drug in question even if the chance of response 
were only 10%, particularly if side effects are uncommon or expected to be 
tolerable. On the other hand, in the setting of potentially curative therapy, 
in which multiple treatment options are available, a test with the same per-
formance characteristics might be helpful in selecting the best regimen from 
among several different treatment options.

A final challenge in the development of response prediction tests is 
that a test developed to predict response to a given drug in previously 
untreated patients may not predict response sufficiently accurately when 
the same drug is used as second- or third-line treatment.

In light of these complexities, not surprisingly, most predictive marker 
research focuses on response to neoadjuvant chemotherapy. Neoadjuvant 
chemotherapy is routinely used in the management of newly diagnosed 
locally advanced and inflammatory breast cancers and is increasingly used 
in the management of operable breast cancers as well. Neoadjuvant chemo-
therapy provides a unique opportunity to identify molecular predictors of 
response to therapy because the effect of the chemotherapy on the intact 
tumor can be monitored. Retrospective analysis of multiple trials of neoad-
juvant chemotherapy has documented that pathologic complete response 
to chemotherapy represents an early surrogate of long-term benefit from 
therapy and that it would be useful to be able to predict pathologic 
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complete response at the time of diagnosis (Fisher et al., 1998). It is well 
established that histopathologic type, tumor size, tumor grade, and ER sta-
tus all influence the probability of response to neoadjuvant chemotherapy. 
These clinical characteristics can be combined into a multivariable model to 
predict the probability of a complete pathologic response to neoadjuvant 
chemotherapy (Rouzier et al., 2005b). (Calculators of the probability of 
complete response based on the findings reported in the Rouzier article are 
available at http://www.mdanderson.org/care_centers/breastcenter/dIndex.
cfm?pn=448442B2-3EA5-4BAC-98310076A9553E63.) However, these clinical 
variables predict only sensitivity to chemotherapy in general and cannot 
predict sensitivity to specific chemotherapy regimens.

Many single-gene molecular markers have been evaluated as predictors 
of response to specific regimens. However, no reliable and routinely used 
molecular chemotherapy response predictors exist today (Bast et al., 2001). 
Molecular markers of proliferative activity remain nonspecific predictors 
of chemotherapy sensitivity in general. Multidrug-resistance transport pro-
teins, p53 gene mutations, and defects in apoptotic pathways remain highly 
controversial as predictors of response or resistance to particular drugs. The 
same trial design and methodologic issues that plague prognostic marker 
research plague predictive marker studies. To date, the strongest (although 
still indirect) evidence supporting a molecular predictor of response to a 
particular regimen comes from a retrospective subset analysis of a variety 
of studies that showed a link between topoisomerase II amplification and 
increased sensitivity to anthracyclines (Di Leo and Isola, 2003). However, 
the best methodology for determining amplification of topoisomerase II 
and the appropriate cut-off value to distinguish between individuals with 
and without amplification have not been established.

CONCLUSION

The current standard for assessing the prognosis of individuals with newly 
diagnosed stage I to III breast cancer is to use an integrated prognostic 
model that incorporates clinical-pathologic information, including tumor 
size, tumor grade, nodal status, ER and PR status, and HER-2 status. The 
TNM classification and Adjuvant! Online are examples of prognostic 
models. Single-gene prognostic markers have not proved useful in the clinic 
so far. In contrast, at least two multigene prognostic signatures have been 
shown to risk-stratify patients who have not received any systemic adju-
vant therapy (van de Vijver et al., 2002; Foekens et al., 2006). These genomic 
tests appear to provide information on risk of recurrence that complements 
the information provided by conventional models that are based on clini-
cal-pathologic variables. More accurate prognostic assessment could lead 
to a reduction in overtreatment of low-risk individuals and could improve 
overall survival by correctly identifying high-risk individuals who might 
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currently miss out on systemic therapy. At least one multigene assay—
the Oncotype DX assay for risk-stratifying ER-positive patients who will 
receive 5 years of tamoxifen therapy—is already commercially avail-
able in the United States and reimbursed by insurance providers (Paik 
et al., 2004, 2006). Several studies indicate that gene signatures predictive 
of chemotherapy sensitivity exist; however, at present, no molecular diag-
nostic tests are available for help in selecting one adjuvant chemotherapy 
regimen over another. The ultimate clinical value of genomic predictors 
may be that in the future, all relevant prognostic and predictive markers 
could be included in a single test. It is currently technically feasible to per-
form comprehensive mRNA analysis on a single diagnostic needle biopsy 
specimen and issue reports simultaneously on ER and HER-2 status, prog-
nostic gene signature, the estimated probability of long-term survival with 
endocrine therapy alone for the patients with ER-positive tumors, and the 
predicted sensitivity to chemotherapy.

K E Y  P R A C T I C E  P O I N T S
● A pathology report must include the histopathologic subtype, the histopatho-

logic grade, exact tumor size measurements, surgical margin status, and 
lymph node status. These results are the cornerstone of the TNM classifica-
tion, which is helpful for estimating the prognosis of individuals with newly 
diagnosed breast cancer.

● ER, PR, and HER-2 expression must be examined in all invasive cancers. There 
are several acceptable methods for performing these measurements; the most 
commonly used include IHC analysis for ER and PR and IHC analysis or FISH 
for HER-2. The results determine eligibility for adjuvant endocrine therapy or 
trastuzumab therapy, respectively.

● Several new multigene diagnostic assays are also available to aid with thera-
peutic decision making in more complicated cases. Oncotype DX is a reverse 
transcriptase–polymerase chain reaction–based assay that is performed on par-
affin sections and may be useful in predicting which patients with ER- positive
cancers are likely to have a good outcome with 5 years of endocrine therapy 
and therefore may be spared the toxicity, cost, and inconvenience of chemo-
therapy. MammaPrint is a DNA microarray–based test that can be performed 
on frozen tumor specimens and used to estimate the prognosis of patients 
with stage I or II, node-negative breast cancer.

● None of the existing clinical, pathologic, or molecular parameters alone are able 
to predict response to therapy or risk of recurrence with perfect accuracy. The 
best medical decisions require integration of information from all of these dif-
ferent sources. Several online decision-making aids have been developed that 
integrate prognostic and predictive information to provide a personalized esti-
mate of benefit from various therapeutic options. The most widely used such 
tool is Adjuvant! Online.
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CHAPTER OVERVIEW

Over the past 30 years, numerous advances have contributed to improved 
survival for patients with breast cancer. Many of these advances involve 
the development and use of chemotherapy as adjuvant therapy and for the 
treatment of metastatic disease. In terms of patient survival, anthracycline-
containing regimens are superior to non-anthracycline-containing regimens, 
and regimens containing both an anthracycline and a taxane are superior 
to regimens containing an anthracycline alone. Anthracyclines and taxanes 
are the cornerstones of the treatment paradigm employed at M. D. Anderson 
Cancer Center. This chapter outlines the M. D. Anderson approach to chem-
otherapy for breast cancer.

INTRODUCTION

Breast cancer has a long natural history, and local recurrence and distant 
metastases are the primary causes of breast cancer–related morbidity and 
mortality. Breast cancer remains a major cause of cancer-related death in 
women, second only to lung cancer. However, breast cancer mortality rates 
have been declining over the past 10 years. This reduction in mortality 
(approximately 1.8% per year) has been attributed both to early screening and
detection and to advances in breast cancer treatment, including advances 
in chemotherapy for breast cancer. In the past 10 years, new chemother-
apeutic agents and regimens have emerged as active therapies for both 
operable and metastatic breast cancer. This chapter will describe many of 
these advances and M. D. Anderson Cancer Center’s current approach to 
chemotherapy for breast cancer.

ADJUVANT CHEMOTHERAPY

Adjuvant chemotherapy has been used at M. D. Anderson since 1973. 
Multiple studies have confirmed that adjuvant chemotherapy benefits all 
subgroups of women with operable breast cancer. However, the degree of 
benefit depends on patient and tumor characteristics, and the approach to 
each patient must be individualized. To ensure that each patient receives 
optimal care, a multidisciplinary approach should be used in the development
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of treatment plans. All patients should be educated about possible enroll-
ment in clinical trials, which have the potential to improve the future 
success rate of adjuvant chemotherapy.

Goal of Therapy

The goal of adjuvant chemotherapy for stage I–III breast cancer is to eradi-
cate any micrometastases while their overall volume is low, thus eliminating
the risk of systemic relapse.

Patient Selection

Several factors should be taken into consideration in deciding whether 
adjuvant chemotherapy is appropriate for an individual patient:

1. The absolute reduction in the risks of relapse and death for the patient. 
While systemic therapy is effective for most patients with breast can-
cer, the absolute benefit gained from chemotherapy should be com-
pared with the benefits possible from other treatment modalities.

2. The toxicity of the proposed treatment. The absolute benefit for the 
patient should be balanced against the risks and side effects asso-
ciated with the proposed chemotherapy. The estimate of toxicity 
should take into consideration the patient’s preexisting medical con-
ditions and any other factors that could impede the safe and timely 
delivery of chemotherapy.

3. The patient’s own beliefs and goals. For some women, the absolute 
risk reduction from chemotherapy is not enough to change quality 
of life. Patients should be thoroughly counseled about the options 
available to them and the risks and benefits of each possible course 
of action.

Recently, the Oncotype DX assay, which can help clarify the potential 
benefits of adjuvant chemotherapy for patients with hormone-sensitive 
stage I and II breast cancer, has become available (Paik et al., 2006). This 
assay may be particularly helpful for postmenopausal patients with T1c 
N0 tumors that are strongly estrogen receptor (ER) positive, in whom the 
magnitude of benefit expected from adjuvant chemotherapy is generally 
relatively low. However, as there are currently no prospective studies that 
validate the impact of the Oncotype DX assay on overall survival, this 
assay is not routinely ordered for all patients with early-stage breast 
cancer at M. D. Anderson.

It should be noted that adjuvant chemotherapy can benefit patients 
with breast cancer regardless of hormone receptor status. Patients with 
hormone receptor–negative tumors tend to experience a higher mathematical
reduction in the risk of recurrence as a result of chemotherapy. The reason for 
this difference is not that ERs induce resistance to chemotherapy but rather 
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that hormone receptor–negative tumors tend to have a higher rate of pro-
liferation and are therefore more susceptible to chemotherapy, the effects 
of which are very dependent on cell division. Given that both patients 
with hormone receptor–positive and those with hormone receptor–negative
disease may benefit from adjuvant chemotherapy, it is reasonable to offer 
such therapy regardless of hormone receptor status if the anticipated 
benefits are calculated to outweigh the potential risks.

Timing of Adjuvant Therapy in Relation to Surgery 
and Radiation Therapy

The optimal timing of adjuvant chemotherapy for breast cancer is still 
unknown. In most clinical trials, patients receive adjuvant chemotherapy 
starting less than 8 weeks after surgery. A retrospective review conducted 
at M. D. Anderson found no decrease in overall survival when adjuvant 
chemotherapy was delayed up to 18 weeks after surgery (Buzdar et al., 
1982). In addition, no benefit has been found for perioperative chemo-
therapy compared with chemotherapy initiated 4–5 weeks after surgery. 
At M. D. Anderson, we currently recommend that chemotherapy begin 
within 4–6 weeks after surgery.

Delay of adjuvant radiation therapy due to administration of adjuvant 
chemotherapy has not been proven to decrease disease-free or overall sur-
vival, although in some studies, local control has been impaired. However, 
the opposite strategy—delay of adjuvant chemotherapy due to adminis-
tration of adjuvant radiation therapy—may jeopardize the opportunity 
for cure. One study found that patients with stage I or II breast cancer who 
were randomly assigned to receive chemotherapy before or after radiation 
therapy were more likely to have distant recurrences if chemotherapy was 
delayed for radiation therapy (Recht et al., 1996). Given the possibility 
of systemic micrometastases at the time of diagnosis and the associated 
risk of distant metastases, most patients should receive adjuvant chemo-
therapy before adjuvant radiation therapy.

Neoadjuvant Chemotherapy

The role of neoadjuvant (preoperative) chemotherapy in the treatment of 
operable breast cancer is currently under intensive investigation. Neo-
adjuvant chemotherapy has several theoretical benefits (Table 12–1). It 
may kill tumor cells before drug resistance develops. In addition, because 
this therapy is delivered before the tumor has been excised, neoadjuvant 
chemotherapy allows clinicians to evaluate the sensitivity of the tumor to 
a specific chemotherapeutic regimen. In theory, the effect of chemotherapy
on the primary tumor is a reflection of the effect on occult micrometas-
tases. Thus, neoadjuvant chemotherapy allows clinicians to limit the use 
of ineffective agents and optimize treatment. Another potential benefit of 
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neoadjuvant chemotherapy is that it can downstage the primary tumor 
and thus improve the chances for breast conservation therapy and an 
improved cosmetic outcome.

Multiple trials have shown the ability of neoadjuvant chemotherapy to 
make breast-conserving surgery possible in patients with operable breast 
cancer who initially would have required a mastectomy. The National 
Surgical Adjuvant Breast and Bowel Project (NSABP) B-18 trial compared 
neoadjuvant doxorubicin (Adriamycin) and cyclophosphamide (AC) with 
adjuvant AC in the treatment of stage I and II breast cancer (Fisher et al., 
1998). Patients were evaluated for surgical treatment plan before randomi-
zation. Among the patients randomly assigned to neoadjuvant chemotherapy, 
69 (27%) of the 256 who originally planned to undergo mastectomy were 
candidates for segmental mastectomy after neoadjuvant therapy.

Neoadjuvant chemotherapy is used routinely at M. D. Anderson for 
patients with locally advanced and inflammatory breast cancer. Overall, 
no advantage or disadvantage in terms of disease-free or overall survival 
has been seen for patients treated with neoadjuvant chemotherapy. Given 
the overall equivalent efficacy of neoadjuvant and adjuvant chemotherapy, 
physicians are encouraged to use a multidisciplinary approach in deciding
on the use of neoadjuvant chemotherapy for an individual patient.

Duration of Therapy

In the initial trials of adjuvant chemotherapy, patients received chemo-
therapy for 12–24 months. However, a subsequent overview of polyche-
motherapy for early breast cancer found that regimens lasting longer than 
6 months conferred no benefit beyond that seen with regimens lasting 6 
months or less (Early Breast Cancer Trialists’ Collaborative Group, 2005). 
The overview also showed that regimens lasting less than 36 weeks were 
associated with worse survival than were regimens lasting 36 weeks or 
longer. The standard duration of adjuvant chemotherapy (excluding 

Table 12–1. Advantages and Disadvantages of Neoadjuvant Chemotherapy
Advantages Disadvantages
• Less drug resistance • Can induce drug resistance
•  Permits in vivo determination  • Pathology findings (e.g., number 

of sensitivity to therapy  of positive axillary lymph nodes) 
• Limits use of ineffective therapy  more difficult to correlate with 
• May enable breast conservation  future prognosis
• Improved cosmetic results • Can interfere with evaluation of
•  Intact tumor vasculature may improve  biological appearance of primary 

drug delivery to the tumor  tumor
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trastuzumab [Herceptin]-based therapies) is now 3–6 months depending 
on the regimen used.

Evaluation Before Therapy

Before adjuvant chemotherapy is initiated, careful disease staging is 
performed to rule out gross metastatic disease and to provide a base-
line for future evaluations. Staging is usually performed before defini-
tive surgical intervention so that unnecessary surgical procedures can 
be avoided in patients with more advanced disease. The specific tests 
performed are selected on the basis of the clinical or pathologic disease 
stage and information gathered from review of systems and physical 
examination (Table 12–2).

For patients with clinical or pathologic stage I breast cancer, routine 
laboratory tests are performed to evaluate hematopoietic, renal, and liver 
function. Bilateral mammograms (with sonograms as indicated) and a 
chest radiograph are obtained. When patients present with focal symptoms 
suggestive of bony metastases or an elevated alkaline phosphatase level, 
bone scans with plain-film radiographs of abnormal areas are ordered. 
Given the low likelihood of gross metastatic disease in patients with clini-
cal stage I disease, computerized tomography of the chest and abdomen is 
not routinely recommended. Additional tests are ordered as clinically 
indicated if findings from the patient’s history, physical examination, or 
initial staging raise suspicion of distant metastases.

For patients with clinical or pathologic stage II or III disease, the risk of 
metastatic disease is increased. Therefore, routine bone scans and imaging 

Table 12–2. Staging Evaluation
Stage Laboratory Evaluation Radiographic Evaluation
I CBC with platelet and differential Bilateral mammography
 BUN and creatinine Breast sonographya

 AST, ALT, LDH, total bilirubin Chest radiography
 Alkaline phosphatase 

IIA, IIB, IIIA,  CBC with platelet and differential Bilateral mammography
 IIIB, IIIC BUN and creatinine Breast sonographya

 AST, ALT, LDH, total bilirubin Chest radiography
 Alkaline phosphatase Bone scanb

  Liver imaging with 
    sonography or computed 

tomography
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood 

urea nitrogen; CBC, complete blood cell count; LDH, lactate dehydrogenase.
aBreast sonography and sonography of the axillae should be ordered as clinically indicated.
bAbnormal areas on bone scans should be evaluated with plain radiographs.
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of the liver (with sonography, computed tomography, or magnetic resonance 
imaging) are indicated in addition to the laboratory tests listed above.

For all patients with operable breast cancer treated at M. D. Anderson, 
tissue samples are submitted for determination of ER and progesterone 
receptor (PR) status, HER-2/neu expression, S-phase fraction, and DNA 
index. The prognostic information gained from pathologic review helps 
guide future treatment recommendations.

Adjuvant Chemotherapy Regimens

In the United States, the chemotherapy regimens used most frequently 
in the adjuvant setting are 5-fluorouracil, doxorubicin, and cyclophos-
phamide (FAC or CAF); AC; and cyclophosphamide, methotrexate, and 
5-fluorouracil (CMF). At M. D. Anderson, most patients treated in the 
adjuvant setting are given a doxorubicin-containing regimen (FAC). CMF 
is reserved for patients with comorbid medical conditions that preclude 
administration of an anthracycline and a limited number of patients with 
stage I disease.

Regimens Containing Doxorubicin

The anthracycline doxorubicin is one of the most active agents against 
breast cancer. Multiple trials have confirmed the efficacy of anthracycline-
containing regimens in breast cancer. When doxorubicin is given as single-
agent treatment for metastatic breast cancer, response rates are typically
40–65% and can be as high as 80%. Only a few studies have directly com-
pared anthracycline (doxorubicin or epirubicin)-containing regimens with 
CMF. However, evidence from these few trials shows that anthracycline-
containing regimens are superior to non-anthracycline-containing regi-
mens in the adjuvant treatment of breast cancer. Initially, trials proved that 
doxorubicin-containing regimens such as FAC and CAF were superior to 
CMF and CMF-type regimens. For example, the NSABP B-15 trial showed 
that 4 cycles of AC was equivalent to 6 cycles of CMF for patients with 
node-positive disease in terms of both relapse-free and overall survival 
(Fisher et al., 1990). In the early 1990s, the National Cancer Institute of 
Canada Clinical Trials Group directly compared 5-fluorouracil, epirubicin, 
and cyclophosphamide (FEC) with CMF in premenopausal women with 
high-risk, node-positive breast cancer and found that the epirubicin-containing
regimen was superior in terms of both relapse-free and overall survival 
(Levine et al., 1998). An Intergroup trial comparing CAF with CMF in 
patients with node-negative breast cancer showed that the anthracycline-
containing regimen prolonged both disease-free and overall survival (P = .03) 
(Hutchins et al., 1998).

Some of the most convincing evidence supporting the use of dox-
orubicin for adjuvant chemotherapy comes from the recent world 
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overview meta-analysis from the Early Breast Cancer Trialists’ Collabo-
rative Group. In 1998, as part of the meta-analysis, this group reviewed 
11 trials that compared anthracycline-containing regimens with CMF. 
The anthracycline-containing regimens produced an additional 12% 
proportional reduction in the risk of recurrence compared with CMF, 
with an absolute reduction of 3.2%. The anthracycline-containing regi-
mens also produced an additional 11% proportional reduction in the risk 
of death compared with CMF, with an absolute reduction of 2.7% (Early 
Breast Cancer Trialists’ Collaborative Group, 1998). This overview was 
updated in 2005. With the additional follow-up time, patients who received 
anthracycline-based chemotherapy had a small but significant improve-
ment in both disease-free and overall survival compared to patients who 
received non-anthracycline-containing regimens (Early Breast Cancer 
Trialists’ Collaborative Group, 2005). Although 70% of the women in these 
studies were younger than 50 years of age, doxorubicin-containing regi-
mens were found to be superior to CMF for women in all age groups.

For many years, FAC has been the standard adjuvant chemotherapy 
regimen given to most women with breast cancer at M. D. Anderson. This 
regimen is both effective and safe. The initial study of adjuvant FAC at 
M. D. Anderson found that the 10-year survival rate for patients treated 
with this regimen was 62% for patients with stage II breast cancer and 
40% for patients with stage III breast cancer (Buzdar et al., 1989). Addi-
tional calculations suggested that adjuvant FAC was associated with a 
55% reduction in the risk of recurrence for women younger than 50 years 
and a 37% reduction in the risk of recurrence for women 50 years of age 
and older.

At M. D. Anderson, the doxorubicin component of FAC is administered 
as a continuous infusion over 48–72 hours to minimize the risk of cardiac 
damage. The risk of cardiac damage increases as the cumulative dose of 
doxorubicin increases, but studies have shown that this risk is decreased 
when peak levels of doxorubicin are lower. Infusing doxorubicin over a 
prolonged period facilitates administration of a higher cumulative dose 
with a lower systemic peak drug level. Studies at M. D. Anderson in meta-
static breast cancer show that continuous-infusion doxorubicin given over 
48–72 hours decreases the risk of cardiotoxicity (Hortobagyi et al., 1989). 
The decrease in cardiac toxicity seen in patients with metastatic breast cancer 
is also seen in patients receiving doxorubicin as adjuvant chemotherapy. 
Continuous infusion of doxorubicin also provides the potential benefit of 
increasing the chance that doxorubicin can be administered again in the 
future to patients with future relapses, for which the repeated use of doxo-
rubicin can be very effective.

A meta-analysis of several studies suggested that anthracyclines are 
mainly beneficial for patients with HER-2/neu-positive breast cancers 
(Gennari et al., 2006). Other analyses have suggested that it is the amplifi-
cation of topoisomerase II, the main target of anthracyclines, that is asso-
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ciated with benefit from anthracyclines. HER-2/neu and topoisomerase II 
are frequently co-expressed (or co-amplified), and such co-expression is 
probably the explanation for the concentrated benefit from anthracyclines 
in patients with HER-2/neu-positive breast cancer. However, it should 
be recognized that the data showing a relationship between HER-2/neu
overexpression (and/or topoisomerase II amplification) and increased or 
decreased responsiveness to cytotoxic therapy are derived entirely from 
retrospective analyses that used different methods of HER-2/neu testing 
and are based on incomplete data sets. As the overall body of data from the 
Early Breast Cancer Trialists’ Collaborative Group overview supports the 
use of anthracycline-based chemotherapy for the majority of patients with 
breast cancer, FAC remains the cornerstone of therapy at M. D. Anderson.

Regimens Containing Doxorubicin and Taxanes

The remarkable responses seen with both paclitaxel (Taxol) and docetaxel 
(Taxotere) in patients with metastatic disease sparked interest in use of these 
agents for adjuvant chemotherapy. Whether the sequential use of taxanes 
and doxorubicin-based regimens improves cytotoxicity and the possibility 
of cure has been evaluated in both the neoadjuvant and adjuvant settings.

The taxanes and doxorubicin have different mechanisms of action: 
taxanes inhibit normal microtubule function, and doxorubicin functions 
as both a topoisomerase inhibitor and an antimetabolite. It is hypothesized 
that the individual cells of a tumor vary in their ability to resist drugs. If 
this is indeed the case, then the use of drugs with different mechanisms of 
action, such as paclitaxel and doxorubicin, may be a means of circumventing
drug resistance and increasing tumor cell kill. In addition, using agents 
such as paclitaxel and doxorubicin that affect cells at different phases of 
the cell cycle can enhance cytotoxicity.

Paclitaxel differs from docetaxel in several ways, one of the most 
clinically relevant of which relates to the impact of schedule on efficacy. 
Paclitaxel’s activity is very dependant on the cell cycle, and in vivo experi-
ments show that administering paclitaxel weekly or every 2 weeks instead 
of less frequently increases the efficacy and cytotoxicity of this agent. In 
contrast, docetaxel is not as dependent on the cell cycle, and paclitaxel 
administered every 3 weeks has excellent activity.

Multiple studies have been conducted to evaluate the benefits of add-
ing taxanes to doxorubicin for adjuvant chemotherapy. The first two 
studies to suggest a benefit were conducted in the late 1990s. In a 1998 
study, Henderson and colleagues randomly assigned patients with node-
positive breast cancer to receive AC (60/600 mg/m2 every 21 days) for 
4 cycles or AC (same dosage) for 4 cycles followed by paclitaxel (175 mg/m2

every 21 days) for 4 cycles. There was a statistically significant reduction 
in the risks of recurrence and death for the group that received paclitaxel 
(Henderson et al., 2003). This study is also significant for the finding that 
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increasing doses of doxorubicin did not result in improved relapse-free or 
overall survival rates. In the second study, conducted at M. D. Anderson, 
FAC (500/50/500 mg/m2 every 21 days) for 8 cycles was compared with 
paclitaxel (250 mg/m2 over 24 hours every 21 days) for 4 cycles followed 
by FAC for 4 cycles in the neoadjuvant and adjuvant settings. At a median 
follow-up time of 36 months, the addition of paclitaxel reduced the risk 
of recurrence by 24%. At the time of the analysis, the data were not yet 
mature enough to permit determination of the impact on overall survival 
(Thomas et al., 2000).

Subsequent studies have confirmed the efficacy of taxanes and shown 
that they are associated with an additional reduction in the risk of relapse 
ranging from 3% to 7% over the reduction seen with anthracycline-based 
chemotherapy alone.

The optimal taxane-based regimen for treatment of early-stage breast 
cancer has been a subject of significant controversy. In the recently reported 
North American Breast Cancer Intergroup trial E1199, 4,988 patients were 
randomly assigned to receive AC followed by either paclitaxel or docetaxel. 
These groups were then further randomly assigned to receive weekly or 
every-3-week taxane therapy. The results of this study showed that the two 
treatments with the highest activity were weekly administration of pacli-
taxel and every-3-week administration of docetaxel (Sparano et al., 2005). 
At M. D. Anderson, our standard approach is to treat patients with FAC 
every 3 weeks for 4 cycles followed by paclitaxel (80 mg/m2 weekly) for 
12 weeks or docetaxel (100 mg/m2 every 3 weeks) for 4 cycles. Docetaxel,
doxorubicin, and cyclophosphamide (TAC; 75/50/500 mg/m2 every 3 weeks 
for 6 cycles) is also considered a reasonable option for patients with early-
stage breast cancer but has the disadvantage of necessitating routine use 
of growth factors (Martin et al., 2005). As TAC has not been compared to a 
sequential anthracycline- and taxane-based regimen, it is difficult to claim 
that TAC is superior to other available options.

Trastuzumab-Based Regimens

As trastuzumab improves both disease-free and overall survival for patients 
with HER-2/neu-positive metastatic breast cancer, it was hoped that trastu-
zumab would also improve survival for patients with HER-2/neu-positive 
early-stage breast cancer. In fact, all four adjuvant studies reported to date 
have shown that the addition of trastuzumab to adjuvant chemotherapy 
significantly improves disease-free survival for patients with early-stage 
HER-2/neu-positive breast cancer, and some of the studies have shown that 
the addition of trastuzumab significantly improves overall survival.

The NSABP B-31 trial included women with node-positive breast can-
cer. The North Central Cancer Treatment Group Intergroup trial N9831 
included patients with node-positive breast cancer as well as patients with 
high-risk node-negative breast cancer (tumor larger than 1 cm in diameter;
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ER and PR negative). For both studies, tumors were defined as being 
HER-2/neu positive if the tumors were rated 3+ for HER-2/neu on immuno-
histochemical analysis or were positive for HER-2/neu on fluorescence 
in situ hybridization with a ratio of HER-2/neu copy number to chromo-
some 17 copy number greater than 2.0 (HER-2/neu is discussed in more 
detail in Chapter 11). Patients in both trials were randomly assigned to 
receive chemotherapy with or without trastuzumab. The chemotherapy 
regimens were AC (60/600 mg/m2 every 3 weeks) for 4 cycles followed by 
paclitaxel (175 mg/m2 every 3 weeks) for 4 cycles (B-31 trial) and AC for 
4 cycles followed by paclitaxel either every 3 weeks for 4 cycles or weekly 
(80 mg/m2) for 12 weeks (N9831 trial). In general, trastuzumab was started 
after completion of AC and given weekly—concurrently with paclitaxel 
until the end of paclitaxel and then as a single agent to complete 1 year 
of administration of trastuzumab. The N9831 trial also included an addi-
tional randomization to compare the administration of trastuzumab con-
currently with paclitaxel or after completion of paclitaxel. Because the 
participants in the B-31 and N9831 trials received very similar treatment, 
the results of these studies were combined for initial analysis (Romond 
et al., 2005). The patients in whom trastuzumab was not started until com-
pletion of sequential chemotherapy were not included in the combined 
analysis. The addition of trastuzumab to the anthracycline- and taxane-
based chemotherapy reduced the risk of recurrence by 52% (hazard ratio 
[HR], 0.48; 95% confidence interval [CI], 0.39 to 0.59) and the risk of death 
by 33% (HR, 0.67; 95% CI, 0.48 to 0.93). The combined chemotherapy–
trastuzumab regimens were associated with an increased risk of cardiac 
dysfunction: 4.1% of patients treated in the B-31 trial and 2.9% of patients 
treated in the N9831 trial developed class III or IV congestive heart failure.

The third study of the addition of trastuzumab to adjuvant chemotherapy, 
the Herceptin Adjuvant (“HERA”) trial, evaluated the use of trastuzumab given 
after the completion of chemotherapy (Piccart-Gebhart et al., 2005). In this 
study, patients with HER-2/neu-positive breast cancer (3+ on immunohis-
tochemical analysis or positive by fluorescence in situ hybridization) who 
had received at least 4 cycles of adjuvant chemotherapy were randomly 
assigned to receive trastuzumab or to the control group. Patients assigned 
to the trastuzumab group were also randomly assigned to receive either 
1 or 2 years of trastuzumab. Results regarding the effect of duration of 
trastuzumab therapy are not yet mature. Comparison of 1 year of adju-
vant trastuzumab versus no adjuvant trastuzumab revealed that trastu-
zumab reduced the risk of recurrence by 46% (HR, 0.54; 95% CI, 0.43 to 
0.67). There was a low rate of cardiac damage: 0.5% of patients developed 
“severe” cardiac dysfunction.

The fourth study of adding trastuzumab to adjuvant chemotherapy, 
Breast Cancer International Research Group (BCIRG) trial 006, is unique 
in that in addition to evaluating the benefits of adding 1 year of trastu-
zumab to an anthracycline- and taxane-based chemotherapy regimen 
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(AC 60/600 mg/m2 every 3 weeks for 4 cycles followed by docetaxel 
100 mg/m2 every 3 weeks for 4 cycles), the study evaluated the benefits of 
adding 1 year of trastuzumab to a non-anthracycline-containing chemo-
therapy regimen (docetaxel 75 mg/m2 every 3 weeks for 6 cycles, carbo-
platin AUC 6 every 3 weeks for 6 cycles, and trastuzumab 2 mg/kg/week 
concurrently with chemotherapy and then continued to complete 1 year 
of trastuzumab treatment; TCH) (Slamon et al., 2005). Patients with 
HER-2/neu-positive breast cancer (positive by fluorescence in situ hybridiza-
tion) were eligible if they had node-positive disease, had tumors larger than 
2 cm, or— regardless of tumor size or nodal status—were either very 
young (younger than 35 years) or had hormone receptor–negative tumors. 
The addition of trastuzumab to AC followed by docetaxel reduced the risk 
of recurrence by 51% (HR, 0.49; 95% CI, 0.35–0.63). Compared to AC fol-
lowed by docetaxel without trastuzumab, TCH was associated with a 39% 
reduction in the risk of recurrence. There was no difference in recurrence 
risk between patients receiving TCH and those receiving AC followed by 
docetaxel and trastuzumab. Patients receiving AC followed by docetaxel 
and trastuzumab had a higher rate of cardiac events than did patients 
receiving AC followed by docetaxel without trastuzumab (2.62% vs. 
0.86%; P = .0024), but there was no difference in the rate of cardiac events 
between patients receiving TCH and patients receiving AC followed by 
docetaxel without trastuzumab (1.045% vs. 0.86%; P = .82).

Data from two smaller studies and from the N9831 study suggest that 
concurrent chemotherapy and trastuzumab may be superior to sequential 
chemotherapy and trastuzumab. The FinHer study, a small study con-
ducted in Finland, showed a reduction in risk of recurrence when 9 weeks 
of concurrent adjuvant trastuzumab was added to either vinorelbine 
or docetaxel (Joensuu et al., 2006). Patients in this study received either 
docetaxel every 3 weeks for three doses or vinorelbine weekly for 9 weeks 
followed by FEC given once every 3 weeks for 3 cycles. The addition of 
concurrent trastuzumab to either the vinorelbine or docetaxel chemotherapy
reduced the risk of recurrence by 42% (HR, 0.58; 95% CI, 0.40 to 0.85). 
This reduction in recurrence risk was similar to that seen in the HERA 
trial even though the FinHer study included only 9 weeks of trastuzumab 
whereas the HERA trial included 1 year of trastuzumab. It is possible that 
biologic synergy resulting from administering trastuzumab concurrently 
with chemotherapy is the important determinant of outcome.

As previously mentioned, the N9831 trial (AC followed by paclitaxel) 
included a comparison of AC followed by concurrent trastuzumab and 
paclitaxel versus AC and paclitaxel followed by trastuzumab. Early analy-
sis of the results suggested that concurrent trastuzumab and paclitaxel 
reduced the risk of recurrence (Romond et al., 2005).

The third study to demonstrate the biologic synergy of chemotherapy 
and trastuzumab is a study conducted at M. D. Anderson in which patients 
with clinical stage II or IIIA HER-2/neu-positive breast cancer were ran-
domly assigned to receive either neoadjuvant chemotherapy with paclitaxel 
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(225 mg/m2 administered over 24 hours every 3 weeks) for 4 cycles followed 
by FEC (500/100/500 mg/m2 every 3 weeks) for 4 cycles or a similar regimen 
given with concurrent weekly trastuzumab (Buzdar et al., 2007). For patients 
receiving concurrent trastuzumab, the dose of epirubicin was reduced to 
75 mg/m2 in an effort to enhance cardiac safety. The pathologic complete 
response rate in the breast and lymph nodes was 60.0% for the regimen 
that included concurrent weekly trastuzumab and 26.3% for chemotherapy 
alone. With a median follow-up time of 36.1 months, there had been no 
recurrent disease in patients randomly assigned to receive trastuzumab, and 
the estimated disease-free survival rates at 1 and 3 years were superior for 
the patients who received concurrent trastuzumab (P = .041). The number 
of patients treated with concurrent chemotherapy and trastuzumab was 
small, but in this cohort, the risk of cardiac dysfunction was not increased 
over the risk with chemotherapy alone. The pathologic complete response 
rate seen with the concurrent chemotherapy and trastuzumab regimen used 
in this study is markedly superior to the pathologic complete response rates 
observed with other trastuzumab-based regimens.

The M. D. Anderson treatment approach for patients with HER-2/neu-
positive stage I–III breast cancer is detailed below. In general, we use con-
current chemotherapy and trastuzumab rather than sequential chemotherapy
and trastuzumab.

Treatment Guidelines by Disease Stage

Doxorubicin-containing regimens form the foundation of all chemother-
apy regimens at M. D. Anderson. We recommend that patients participate 
in randomized clinical trials; however, for patients unable to enroll in clin-
ical trials, the following guidelines are used. Treatment choices are often 
guided by multiple factors, and a multidisciplinary approach to treatment 
planning is used whenever possible.

All patients with ER-positive tumors receive antiestrogen therapy. For 
patients with tumors that are ER negative and PR positive, antiestrogen 
therapy is often advised. For patients with tumors that lack expression of 
both ER and PR, antiestrogen therapy is not advised.

Noninvasive Breast Cancer

Adjuvant chemotherapy currently has no role in the treatment of patients 
with noninvasive breast cancer. The use of adjuvant tamoxifen in this 
group is discussed in Chapter 2.

Stage I Breast Cancer

Most patients with stage I breast cancer have a small risk of local recurrence,
metastasis, or death from their tumor. The overall risk of recurrence and 
death from breast cancer in this group is less than 25% at 10 years. The risk 
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of recurrence and death increases with increasing tumor size; therefore, 
adjuvant chemotherapy may be appropriate for some patients with stage I 
disease. Tumor size, hormone receptor status, and other prognostic factors 
should guide treatment for each patient.

ER-Positive Disease. Currently, all premenopausal and some postmen-
opausal women with ER-positive stage I disease are given tamoxifen for 
5 years after definitive surgical treatment. For the majority of postmeno-
pausal women, an aromatase inhibitor (anastrozole or letrozole) is given 
for 5 years.

In women with tumors smaller than 1 cm, the absolute benefit of 
adjuvant chemotherapy is marginal, and thus this treatment is not rou-
tinely indicated. However, as the size of the primary tumor increases 
or other adverse prognostic indicators are identified, the risk of recurrence 
also increases, and the potential benefits of adjuvant chemotherapy 
become more significant. At M. D. Anderson, most patients with ER-
positive tumors between 1 and 2 cm are treated with 6 cycles of FAC 
(500/50/500 mg/m2 every 21 days) followed by tamoxifen 20 mg daily for 
5 years for premenopausal women or an aromatase inhibitor (anastrozole
or letrozole) daily for 5 years for postmenopausal women (Table 12–3).
Under special circumstances, such as when the patient has comorbid 
medical conditions that preclude doxorubicin-containing therapy, CMF 
is used in place of FAC.

ER-Negative Disease. As in patients with ER-positive stage I disease, 
the benefit of adjuvant chemotherapy in patients with ER-negative stage 
I disease depends on tumor size. No systemic adjuvant therapy is recom-
mended for patients with invasive tumors 0.5 cm or smaller.

Patients with tumors between 0.6 and 1.0 cm generally have a good 
prognosis. However, some studies have reported decreased survival 
(72% at 5 years) for patients with invasive tumors in this size range 
(Chen and Schnitt, 1998). A review of the literature revealed that 
patients with high tumor grade, young age, or lymphatic or vascular 
invasion in particular are at elevated risk for recurrence (Hanrahan et al., 
2006). Review of prognostic factors in combination with open discus-
sion with the patient should guide the use of adjuvant therapy in this 
population

For patients with stage I tumors larger than 1.0 cm, adjuvant chemotherapy
with FAC is recommended. Currently, adjuvant chemoendocrine 
therapy (chemotherapy followed by tamoxifen) is recommended for 
patients with ER-negative, PR-positive disease but is not routinely recom-
mended to patients with ER-negative, PR-negative disease.

HER-2/neu-Positive Disease. The studies evaluating adjuvant trastu-
zumab provide very little information regarding the treatment approach 
for patients with stage I HER-2/neu-positive disease. This is because in 
general, with the exception of the BCIRG 006 trial, patients with T1a–b 
N0 tumors were not eligible for participation in the studies of adjuvant 
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trastuzumab. In addition, while selected patients with T1c N0 tumors 
were eligible for the BCIRG 006, N9831, and HERA trials, only a small 
percentage of patients enrolled actually had stage I disease. Given the 
limited data available, it is difficult to broadly state that all patients with 
HER-2/neu-positive stage I breast cancer should be treated with a trastu-
zumab-based chemotherapy regimen. However, because the recurrence 
risk for many of these patients approaches 25–30% at 10 years, the bene-
fits of a trastuzumab-based regimen will often mathematically outweigh 
the risks.

We routinely discuss trastuzumab-based therapies with our patients 
with stage I disease (T1b–c N0). The regimen recommended is simi-
lar to that used in the Intergroup N9831 trial and consists of FAC 
(500/50/500 mg/m2 every 21 days) for 4 cycles followed by concurrent 

Table 12–3.  Adjuvant Chemotherapy Regimens Commonly Used 
at M. D. Anderson

FAC
 5-Fluorouracil 500 mg/m2 IV days 1 and 4
 Doxorubicin 50 mg/m2 as continuous IV infusion over 72 hours day 1
 Cyclophosphamide 500 mg/m2 IV day 1
 Cycle is repeated every 21 days for 6 cycles
 Chemotherapy is given if absolute neutrophil count greater than 1,500/µL
  and platelet count greater than 100 × 103/µL.

FAC-Paclitaxel
 5-Fluorouracil 500 mg/m2 IV days 1 and 4
 Doxorubicin 50 mg/m2 as continuous IV infusion over 72 hours day 1
 Cyclophosphamide 500 mg/m2 IV day 1
 Cycle is repeated every 21 days for 4 cycles

Followed by
 Paclitaxel 80 mg/m2 IV weekly for 12 weeks
 Chemotherapy is given if absolute neutrophil count greater than 1,500/µL
  (1,000/µL for paclitaxel) and platelet count greater than 100 × 103/µL.

FAC-Paclitaxel + Trastuzumab
 This regimen is identical to the FAC-paclitaxel regimen above except that 
   trastuzumab 2 mg/kg weekly is added beginning with the first dose of 

paclitaxel. The trastuzumab is continued for 1 year.

Paclitaxel-FEC + Trastuzumab
 Paclitaxel 80 mg/m2 IV weekly for 12 weeks

Followed by
 5-Fluorouracil 500 mg/m2 IV days 1 and 4
 Epirubicin 75 mg/m2 day 1
 Cyclophosphamide 500 mg/m2 IV day 1
 Trastuzumab 2 mg/kg/weekly is given concurrently with standard 
  chemotherapy and is discontinued after completion of chemotherapy.
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paclitaxel (80 mg/m2/week) and trastuzumab (2 mg/kg/week) for 12 
weeks and then adjuvant trastuzumab every 3 weeks to complete 1 year 
of trastuzumab therapy. For patients with stage I breast cancer who have 
high-risk disease (ER and PR negative, high nuclear grade, presence of 
lymphovascular invasion) but also a higher risk of cardiac dysfunction, 
the TCH regimen used in the BCIRG 006 trial, which does not include 
doxorubicin, is often considered.

Stage II Breast Cancer

The overall survival rate for patients with stage II breast cancer is greater 
than 70% at 5 years. However, patients with stage II disease have a sig-
nificant risk of recurrence and death from breast cancer. For example, in 
one study, patients with T2 N0 M0 invasive ductal carcinoma had a 33% 
chance of recurrence at 20 years if their primary tumor was 2.1–3.0 cm 
and a 44% chance of recurrence at 20 years if their primary tumor was 
3.1–5.0 cm (Rosen et al., 1991).

Tamoxifen is prescribed for all premenopausal patients with ER-positive
tumors. An aromatase inhibitor (anastrozole or letrozole) is prescribed 
for postmenopausal patients with ER-positive tumors. For patients with 
tumors that are ER negative and PR positive, antiestrogen therapy is often 
advised. For patients with tumors that lack expression of both ER and PR, 
antiestrogen therapy is not advised.

Node-Negative Disease. At M. D. Anderson, patients with ER-positive, 
node-negative stage II breast cancer are usually treated with FAC (500/50/ 
500 mg/m2 every 21 days) for 6 cycles and then antiestrogen therapy for 
5 years. For selected patients with T2 N0 cancers, the use of taxanes in 
addition to anthracycline-based therapy is appropriate. In general, taxanes 
are discussed with patients who may have a higher risk of recurrence—
younger patients, patients with hormone receptor–negative tumors, 
patients with lymphovascular invasion, and patients whose tumors are 
poorly differentiated.

Node-Positive Disease. For patients with node-positive stage II dis-
ease, we recommend sequential administration of doxorubicin-containing 
combinations and taxanes because of the improved survival seen with 
these regimens. FAC (500/50/500 mg/m2 every 21 days) for 4 cycles pre-
ceded or followed by paclitaxel (80 mg/m2/week) for 12 weeks is the cur-
rent recommended treatment at M. D. Anderson.

HER-2/neu-Positive Disease. For patients with HER-2/neu-positive 
stage II disease, trastuzumab-based regimens are routinely used for 
patients with adequate cardiac function. The recommended regimen is 
similar to that used in the intergroup N9831 trial and consists of FAC 
(500/50/500 mg/m2 every 21 days) for 4 cycles followed by concurrent 
paclitaxel (80 mg/m2/week) and trastuzumab (2 mg/kg/week) for 12 weeks 
and then adjuvant trastuzumab every 3 weeks to complete 1 year of 
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trastuzumab therapy. The TCH regimen is also a reasonable choice for this 
patient population.

Locally Advanced Breast Cancer

Patients with locally advanced breast cancer (LABC) have advanced 
tumor size, extensive nodal involvement, or both but not distant metas-
tases. Patients with inflammatory breast carcinoma are also considered to 
have LABC for the purposes of treatment planning.

Patients with LABC have a poor prognosis: 5-year survival rates range 
from 30% to 60% depending on nodal status and other prognostic indicators.
Given this poor prognosis, patients with LABC should be considered for 
participation in clinical trials. To ensure the optimal sequencing of treat-
ment modalities and the optimal choice of regimen, the care of patients 
with LABC is best guided by a multidisciplinary team. Despite the intriguing 
data from trials evaluating high-dose chemotherapy with stem cell trans-
plantation as treatment for LABC (and other stages of breast cancer), stem 
cell transplantation is investigational and should be performed only in the 
context of a randomized clinical trial.

Antiestrogen therapy is given to all patients with ER-positive LABC: 
premenopausal women receive tamoxifen 20 mg daily for 5 years, and post-
menopausal women receive an aromatase inhibitor (anastrozole or letrozole)
daily for 5 years.

Operable Disease. Most patients with operable LABC are candidates 
for neoadjuvant chemotherapy (for more information, see the next sec-
tion), which can shrink tumors, thus permitting less aggressive surgery 
and possibly decreasing morbidity. At M. D. Anderson, most patients 
with operable LABC are in fact treated with neoadjuvant chemotherapy. 
However, surgical excision (modified radical mastectomy with axillary 
lymph node dissection) followed by adjuvant chemotherapy is also an 
established, effective treatment option for this group. In the adjuvant set-
ting, the use of non-cross-resistant drugs to improve the opportunity for 
tumor cell kill is recommended. Conventional CMF is not recommended 
for patients with operable LABC because of the advantages seen with 
doxorubicin-containing regimens in terms of both response rates and sur-
vival. The chemotherapy regimen used for this patient group is similar to 
that used for patients with lymph-node-positive stage II breast cancer and 
consists of FAC (500/50/500 mg/m2 every 21 days) for 4 cycles preceded or 
followed by paclitaxel (80 mg/m2/week) for 12 weeks.

Antiestrogen therapy is given to all patients with ER-positive tumors: 
premenopausal women receive tamoxifen 20 mg daily for 5 years, and 
postmenopausal women receive an aromatase inhibitor (anastrozole or 
letrozole) daily for 5 years.

Inoperable Disease. The benefit of neoadjuvant therapy for patients 
with inoperable LABC is established. Previously, the standard  neoadjuvant 
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treatment given to patients with inoperable LABC at M. D. Anderson 
was 4 cycles of FAC. However, given recent studies showing superior 
response rates with the combination of a taxane and an anthracycline 
given sequentially, we have recently changed our standard with the goal 
of improving response rates and, hopefully, survival. The chemotherapy 
regimen used reflects the active regimens used for operable LABC: FAC 
(500/50/500 mg/m2 every 21 days) for 4 cycles followed by paclitaxel (80 mg/
m2/week) for 12 weeks. Patients with an objective response undergo modi-
fied radical mastectomy or segmental mastectomy as indicated.

Antiestrogen therapy is given to all patients with ER-positive tumors: 
premenopausal women receive tamoxifen 20 mg daily for 5 years, and 
postmenopausal women receive an aromatase inhibitor (anastrozole or 
letrozole) daily for 5 years.

Patients without an objective response to neoadjuvant chemotherapy 
with the sequential use of anthracyclines and taxanes are candidates for 
crossover to CMF or radiation therapy as guided by a multidisciplinary 
team. If patients have disease that is technically operable, surgery also 
can be considered at this time. Involvement of a multidisciplinary team is 
essential in guiding patient care for these poor-prognosis patients.

HER-2/neu-Positive Disease. The risk of relapse and death in patients 
with HER-2/neu-positive LABC is very high, and a trastuzumab-based 
chemotherapy regimen is considered standard of care. Routinely, the regi-
men recommended is similar to that used in the intergroup N9831 trial 
and consists of FAC (500/50/500 mg/m2 every 21 days) for 4 cycles preceded
or followed by concurrent paclitaxel (80 mg/m2/week) and trastuzumab 
(2 mg/kg/week) for 12 weeks and then adjuvant trastuzumab every 3 weeks
to complete 1 year of trastuzumab therapy.

Another option for patients with HER-2/neu-positive LABC is a neoadju-
vant regimen of concurrent paclitaxel (80 mg/m2/week) and trastuzumab (2 mg/kg/
week) for 12 weeks followed by FEC (500/75/500 mg/m2 every 21 days) for 
4 cycles given concurrently with trastuzumab (2 mg/kg/week). It is important 
to note that the dose of epirubicin is reduced when FEC and trastuzumab 
are given concurrently in an effort to enhance cardiac safety. There are only 
limited long-term follow-up data available regarding survival and cardiac 
safety with this regimen, so patients are fully informed about the potential for 
unknown cardiac risks. Data from M. D. Anderson have shown no increased 
risk of cardiac dysfunction with this regimen; however, the number of patients 
treated with this regimen, all of them in the context of a prospective clinical 
trial, is small.

Side Effects and Their Management

The FAC regimen and paclitaxel are associated with significant yet acceptable 
acute side effects (Table 12–4). In patients treated with these drugs, a medical 
history should be obtained and a physical examination should be performed 
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before each chemotherapy cycle. In general, dose reduction by 20–25% is 
recommended in the case of nonhematologic grade 3 or 4 side effects. Dose 
reduction for reasons other than serious side effects has the potential to 
decrease the therapeutic benefit. Antiemetics and growth factors are given as 
indicated by the American Society of Clinical Oncology guidelines (Rizzo 
et al., 2002; Kris et al., 2006; Smith et al., 2006). Routine use of white blood cell 
growth factors is not indicated in patients receiving FAC or paclitaxel unless 
patients develop febrile neutropenia after receiving therapy.

A long-term risk associated with adjuvant chemotherapy is premature 
ovarian failure in premenopausal women. The risk of premature ovarian 
failure is age related: most women younger than 30 years will continue 
to menstruate during and after chemotherapy, but approximately 90% of 
women older than 40 years who are treated with chemotherapy experience
permanent ovarian failure as a result of this treatment. Ovarian failure at 
any age is associated with increased bone resorption and the risk of devel-
oping osteopenia or osteoporosis.

Myelodysplastic syndrome and acute leukemia are possible long-term 
consequences for patients who receive cyclophosphamide and other 
alkylating agents or topoisomerase II inhibitors (e.g., doxorubicin). The 
risk of myelodysplastic syndrome or leukemia increases with increasing 
numbers of alkylating agents and increasing doses of these agents. Longer 
duration of therapy and younger age have also been associated with 
increased risk. A review of patients treated with FAC at M. D. Anderson 
found that the 10-year estimated rate of developing leukemia was 1.5% 
for all patients and 0.5% for patients treated with chemotherapy without 
radiation therapy.

Table 12–4.  Common Acute Side Effects Associated with Adjuvant 
Chemotherapy

Regimen Side Effects
FAC Alopecia
 Nausea
 Vomiting
 Stomatitis
 Diarrhea
 Neutropenia and risk of neutropenic fever

Paclitaxel Alopecia
 Peripheral sensory neuropathy
 Rash/nail changes
 Neutropenia and risk of neutropenic fever
 Nausea
 Constipation
Abbreviation: FAC, 5-fluorouracil, doxorubicin, and cyclophosphamide.
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Surveillance After Chemotherapy

In general, the risk of breast cancer recurrence for patients with hormone 
receptor–negative tumors is highest during the first 2 years after initial 
chemotherapy but remains high for 5 years. For patients with hormone 
receptor–positive tumors, the risk of relapse persists for many years after 
diagnosis—relapses are seen even 10–15 years later. Physical examination
is recommended every 4 months for the first 2 years after completion of 
treatment, every 6 months for the next 3 years, and then annually. Patients 
should have annual mammograms as part of their follow-up care. Our 
group follows the American Society of Clinical Oncology guidelines on 
breast cancer follow-up and management, which do not recommend 
routine laboratory studies or radiography (other than mammography) 
(Khatcheressian et al., 2006). Patients are encouraged to continue follow-
up examinations with an oncologist or member of the oncology team over 
the long term as breast cancer can recur 20 years or later after diagnosis. 
A high index of suspicion and continued follow-up by a member of the 
treatment team are ideal.

CHEMOTHERAPY FOR METASTATIC BREAST CANCER

Despite the advances in adjuvant therapy for breast cancer, a significant 
number of patients with breast cancer have a relapse and die of their dis-
ease. It is estimated that 20–30% of patients with node-negative disease and 
50–60% of patients with node-positive disease eventually have a recurrence. 
The most common sites of recurrence are the liver, lungs, and bones. In addi-
tion, a small percentage of women (fewer than 10%) have a primary tumor as 
well as metastatic disease at initial diagnosis.

As is true with cancer in general, the clinical course for patients with 
metastatic breast cancer varies from patient to patient. As a group, 
patients with metastatic breast cancer have a median survival of 24 
months, although survival for these patients is improving (Giordano 
et al., 2004). Patients with bone-only metastases tend to live longer 
than patients with visceral-organ involvement. With chemotherapy, the 
mean survival time is 21 months for patients with visceral  metastases 
and longer for patients with bone-only disease—as long as 60 months 
in some reviews.

Goals of Therapy

As a general rule, there is no cure for metastatic breast cancer. How-
ever, some studies have shown prolonged remissions in patients who 
receive chemotherapy for metastatic disease. A review of patients with 
metastatic breast cancer treated at M. D. Anderson showed that among 
patients who had a complete remission after anthracycline-containing 
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therapy, 17% (3% of the overall population) remained free of disease for 
more than 5 years (Greenberg et al., 1996). Currently, the primary goals 
of chemotherapy for metastatic breast cancer are palliation of symp-
toms attributable to cancer and prolongation of life. It is the physician’s 
duty to balance the benefits of therapy with possible toxic effects and 
to fully discuss therapeutic options with patients.

In the treatment of metastatic breast cancer, continued use of chemo-
therapy beyond the administration of three different regimens is contro-
versial. Studies evaluating quality of life have found that improvement 
in a patient’s sense of well-being is closely correlated with the response 
achieved with chemotherapy. With each additional regimen given, the 
likelihood of response decreases. When a patient’s performance status 
falls to 3 or less on the Eastern Cooperative Oncology Group scale, a 
move to supportive care should be discussed. In all cases, the potential 
risks and benefits of any proposed treatment should be discussed thor-
oughly with the patient.

Work-Up Before Therapy

In the majority of cases, metastatic breast cancer is detected because of 
symptoms or changes found on physical examination and routine follow-
up visits. The work-up to document metastatic breast cancer should include 
a complete blood cell count with differential and platelet counts; liver 
function tests (measurement of bilirubin, alkaline phosphatase, aspartate 
aminotransferase, alanine aminotransferase, and lactate dehydrogenase); 
and chest radiography and a bone scan, with plain films of abnormal or 
suspicious regions. Other tests should be conducted as guided by patient 
symptoms and findings on physical examination. Recurrence should be 
documented with tissue diagnosis. Hormone receptor status and HER-2/
neu level should be re-evaluated at the time of recurrence as there is some 
evidence of discordance in receptor status between the time of diagnosis of 
the primary tumor and the time of diagnosis of metastasis.

Choosing Between Chemotherapy and Hormonal Therapy

The decision whether to use chemotherapy or hormonal therapy for initial
treatment of metastatic disease should be guided by several factors 
(Figure 12–1). Patients with symptomatic visceral disease or life-threatening
disease should be considered for treatment with chemotherapy regardless 
of hormone receptor status because chemotherapy offers faster palliation 
of symptoms for most patients.

Among women who do not have life-threatening or symptomatic 
visceral disease, those whose tumors are ER and PR negative should be 
considered for chemotherapy. Those whose tumors are ER or PR positive 
should be treated with hormonal therapy first. Evaluation of the Her-2/neu
status is also essential in guiding therapy for metastatic disease. Patients 
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with Her-2/neu-positive tumors obtain a significant survival advantage 
from the combined use of chemotherapy and trastuzumab. If a patient 
were found to have Her-2/neu-positive breast cancer at the time of diagno-
sis of metastatic disease, a trastuzumab-based therapy would be con-
sidered standard of care.

Multiple agents are active against hormone-responsive tumors. 
Hormonal therapy tends to be associated with fewer side effects than 
chemotherapy and helps to maintain quality of life for many patients. If 
the tumor does not respond to hormonal therapy or becomes unrespon-
sive to hormonal therapy, chemotherapy should be initiated. The use of 

Figure 12–1. Treatment schema for patients with metastatic breast cancer.  
(Reprinted with permission from The New England Journal of Medicine 1998;339:
974–984. Copyright 1998, Massachusetts Medical Society. All rights reserved.)
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hormonal therapy in the treatment of metastatic breast cancer is discussed 
in Chapter 14.

Duration of Chemotherapy

The optimal duration of chemotherapy for metastatic breast cancer is 
controversial. Several studies have compared continuous (maintenance) 
chemotherapy with intermittent chemotherapy in the treatment of metastatic
breast cancer. Five studies found that continuous therapy was associated 
with a longer time to disease progression (Coates et al., 1987; Muss et al., 
1991; Ejlertsen et al., 1993; Gregory et al., 1997; Falkson et al., 1998). One 
study found that patients receiving continuous therapy experienced worse 
side effects (Muss et al., 1991). None of the individual studies comparing 
continuous and intermittent therapy showed prolongation of life with 
continuous therapy. However, a meta-analysis of the data from these 
studies showed a statistically significant improvement in survival for patients 
receiving chemotherapy for longer, as compared with shorter, durations 
(Stockler et al., 1997). Some regimens, such as anthracycline-containing 
regimens, have inherent dose-limiting toxic effects that prohibit prolonged 
continued use. Other agents, such as trastuzumab, capecitabine, and, 
possibly, low-dose taxanes given weekly, lend themselves to indefinite 
continued therapy. Many clinical trials are designed such that patients 
are treated until they have progression of disease or for 2–3 cycles after 
maximum benefit is seen.

Currently, there is no single right answer regarding treatment duration 
except that the right choice is the one that provides the most benefit for the 
patient. In general, patients with metastatic breast cancer at M. D. Anderson 
are treated with continuous therapy. Open communication between the 
patient and clinician is essential to determine the correct duration of 
treatment.

Combination Chemotherapy

There is significant controversy regarding the use of sequential single-
agent chemotherapy versus combinations of drugs given simultaneously 
(“combination chemotherapy”) in the treatment of metastatic breast can-
cer. The majority of studies comparing single-agent and combination 
chemotherapy have been criticized for not asking the question, Would 
a patient have better tumor control if he or she received these drugs 
simultaneously than if he or she received the same drugs in sequence?—in 
other words, if the patient received one drug and then received the second 
drug after tumor progression.

Combination chemotherapy results in higher response rates than single-
agent chemotherapy. The use of combination chemotherapy at M. D. 
Anderson is often limited to patients in whom it is essential to obtain a 
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rapid response—for example, patients with extensive visceral disease and 
organ dysfunction or patients with significant cancer-related symptoms. 
Combination chemotherapy is also considered for younger, fit patients 
who are better able to tolerate combination chemotherapy. Overall, how-
ever, because treatment of metastatic breast cancer is palliative, most 
patients with metastatic breast cancer receive sequential single-agent 
chemotherapy rather than combination chemotherapy.

Selection of Agents

The patient’s previous therapies, comorbid conditions, and HER-2/neu
level are all taken into account in the design of treatment for metastatic 
breast cancer. Several factors predict improved response to chemotherapy 
for metastatic disease (Table 12–5). Full-dose chemotherapy within the 
conventional range of doses is associated with higher response rates than 
is low-dose chemotherapy. In the setting of metastatic disease, as in the 
setting of operable disease, high-dose chemotherapy with stem cell trans-
plantation remains investigational and should be used only in the context 
of a randomized clinical trial.

For most patients with metastatic breast cancer, an anthracycline-based 
regimen is the initial treatment of choice. However, a number of other 
regimens are also reasonable options for first-line therapy and may be 
preferable in certain patients because of patient preference, previous 
adjuvant therapy, performance status, or comorbid medical conditions.

Patients with Her-2/neu-positive tumors obtain a significant survival 
advantage from the combined use of chemotherapy and trastuzumab. 
In patients found to have Her-2/neu-positive breast cancer at the time 
of diagnosis of metastatic disease, a trastuzumab-based therapy is con-
sidered standard of care. Therapies considered for first-line treatment of 
HER-2/neu-negative metastatic breast cancer include doxorubicin-based 
regimens, taxanes (paclitaxel, docetaxel, or ABI-007), and capecitabine.

Table 12–5.  Predictors of Improved Response to Chemotherapy for Metastatic 
Breast Cancer

Low tumor burden
Normal organ function
Good performance status
No recent weight loss
No prior chemotherapy or radiation therapy
Soft-tissue metastases
Premenopausal  status
Prolonged disease-free interval after adjuvant chemotherapy
Prolonged disease-free interval after adjuvant chemotherapy with an 
 anthracycline-based regimen
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Doxorubicin-Containing Regimens

At M. D. Anderson, doxorubicin-containing regimens have historically 
been the initial treatment of choice for patients who have metastatic breast 
cancer at initial diagnosis. Doxorubicin-containing regimens have also 
been the initial treatment of choice for patients with metastatic breast 
cancer who previously received non-anthracycline-containing adjuvant 
chemotherapy. Patients who received doxorubicin as adjuvant chemotherapy
and had a prolonged disease-free interval before the appearance of meta-
static disease occasionally benefit from repeat administration of doxoru-
bicin. However, given the increasing number of active agents available to 
treat metastatic breast cancer, repeat treatment with doxorubicin should 
be reserved for patients in whom other treatments have failed.

Several studies have confirmed the benefits of anthracyclines in the 
treatment of metastatic breast cancer. An analysis of randomized trials 
of chemotherapy and hormonal therapy for metastatic breast cancer that 
were published between 1975 and 1994 showed benefit in terms of both 
response rates and survival for polychemotherapy regimens compared 
with single-agent therapies. In addition, polychemotherapy regimens 
containing doxorubicin were associated with improved response and a 
trend towards improved survival compared with other polychemotherapy 
regimens (Fossati et al., 1998). A 1993 analysis that compared doxorubicin-
containing regimens (primarily CAF) with CMF or its variants also found 
that doxorubicin-containing therapy was associated with better response 
rates, failure-free survival, and overall survival (A’Hern et al., 1993).

Single-agent doxorubicin as treatment for metastatic breast cancer pro-
duces overall response rates ranging from 40% to 65%. These results can be 
improved by combining doxorubicin with other active agents. An analysis 
of 18 successive trials at M. D. Anderson that investigated doxorubicin-
based regimens in 1,581 patients with metastatic breast cancer showed 
an overall response rate of 65%, a complete response rate of 16.6%, and a 
median overall survival time of 21.3 months (Rahman et al., 1999).

Until the recent widespread use of trastuzumab and taxanes to treat 
metastatic breast cancer, FAC (500/50/500 mg/m2 every 21–28 days) was 
the standard initial regimen recommended to all women with metastatic 
breast cancer treated at M. D. Anderson. With this regimen, chemotherapy 
is given for 6–8 cycles or until progression of disease is evident, and objec-
tive responses are seen in 50–80% of patients. However, at cumulative 
doses of 500 mg/m2 or greater, the cardiotoxicity of doxorubicin becomes 
dose limiting. Current standard practice at M. D. Anderson is to administer
doxorubicin as a continuous infusion over 72 hours through a central 
venous catheter. Administering doxorubicin by prolonged continuous 
infusion rather than as a bolus decreases the incidence of cardiotoxicity 
by more than 75% at cumulative doses of 450 mg/m2 or greater compared 
with bolus-dosing schedules.
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Multiple variations of FAC have been used to treat metastatic breast 
cancer. Efforts to improve response with dose intensification of FAC have 
failed to produce increases in overall response or survival but have signifi-
cantly increased toxicity.

Paclitaxel

At M. D. Anderson, paclitaxel or another taxane (docetaxel or ABI-007, which 
are discussed in more detail below) is used as first-line therapy against met-
astatic breast cancer for patients previously treated with anthracyclines and 
for patients in whom doxorubicin is contraindicated. In addition, paclitaxel 
or another taxane is used as second-line therapy for patients with metastatic 
breast cancer who have disease progression after treatment with FAC.

Several studies have shown that paclitaxel has significant activity 
against metastatic breast cancer. An initial phase II trial conducted at 
M. D. Anderson in the early 1990s evaluated paclitaxel 250 mg/m2 admin-
istered as a continuous intravenous infusion over 24 hours every 21 days 
in patients with metastatic breast cancer. Of the 25 patients evaluated, 23 
(92%) had previously received anthracyclines, and 15 (60%) had visceral 
disease. The overall response rate was 56%, and 12% of the patients had a 
complete response. A significant number of patients became neutropenic; 
however, only 5% experienced neutropenic fever (Holmes et al., 1991). Other 
trials have confirmed the activity of paclitaxel in metastatic breast cancer.

The ideal duration of paclitaxel administration has become increasingly 
clear with time. Paclitaxel was initially administered over a prolonged 
period (up to 96 hours) in an effort to decrease the hypersensitivity reactions
seen in phase I studies. Later studies revealed that premedication with 
dexamethasone permitted safe administration of paclitaxel over a shorter 
period (1–3 hours) depending upon the dose used. Paclitaxel given as second-
line (or later) therapy for metastatic breast cancer at doses ranging from 
135 mg/m2 to 250 mg/m2 administered over 3 hours every 3 weeks results 
in response rates ranging from 21% to 60%.

Response rates with prolonged paclitaxel infusion are superior to those 
with paclitaxel given over shorter periods. The NSABP B-26 trial com-
pared paclitaxel 250 mg/m2 given over 24 hours or 3 hours as first-line 
therapy for metastatic breast cancer and confirmed improved response 
rates for the longer infusion duration (51% vs. 40%; P = .02) (Mamounas et al., 
1998). Grade 4 neutropenia was more common among patients  receiving the 
 prolonged infusion of chemotherapy, but no other significant differences in 
toxicity were seen.

However, prolonged paclitaxel infusion has practical disadvantages, 
including patient inconvenience, and does not result in improved survival. 
As observed in the NSABP B-26 trial, the main toxic effect seen with 24-hour 
paclitaxel infusion is the high incidence of grade 3 or 4 neutropenia.

Given the poor patient convenience and the lack of a survival benefit 
with prolonged paclitaxel infusion, many investigators have elected the 
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convenience of shorter infusion schedules. In an effort to improve the response
rate with shorter infusion of paclitaxel and possibly decrease the risk of 
infection related to neutropenia, the Cancer and Leukemia Group B com-
pared three doses of paclitaxel—175, 210, and 250 mg/m2—administered 
over 3 hours. No improvement in overall response rate or survival was 
seen with increasing dose; however, progression-free survival was pro-
longed with the highest dose (Winer et al., 1998). In another trial, Nabholtz 
and colleagues randomly assigned patients with metastatic breast cancer 
to receive paclitaxel 135 mg/m2 or paclitaxel 175 mg/m2 over 3 hours every 
21 days. In patients who received paclitaxel 175 mg/m2, the overall response 
rate among patients who received paclitaxel as first-line therapy for 
metastatic breast cancer was 36%; the overall response rate among patients 
with anthracycline-resistant breast cancer was 26% (Nabholtz et al., 1996). 
Sixty-four percent of women treated with the 175 mg/m2 dose experienced 
grade 3 or 4 neutropenia; however, only 4% had neutropenic fever.

In addition to the question of infusion duration, there is the question 
of infusion frequency. Paclitaxel is phase specific, with the ability to block 
dividing cells. Continuous infusion and schedules that involve more fre-
quent drug dosing offer the greatest theoretical benefit in terms of cell kill. 
To improve the efficacy and decrease the toxicity of paclitaxel for meta-
static breast cancer, researchers developed treatment schedules in which 
lower doses of paclitaxel are given weekly. With higher doses of paclitaxel 
(more than 100 mg/m2/week), increased neurotoxicity is seen, primarily 
manifesting as glove-and-stocking peripheral sensory neuropathy. Studies 
have found decreased myelotoxicity with doses of paclitaxel ranging from 
80 to 100 mg/m2 per week. Response rates range from 40% to 60% for this 
weekly, lower-dose schedule (Seidman, 1999). Also encouraging is evidence
that weekly, low-dose paclitaxel can provide further tumor regression 
for patients who experienced disease progression during or after every-
3-week paclitaxel. Comparative studies of weekly versus every-3-week 
paclitaxel have shown improvement in disease-free survival for metastatic 
breast cancer with weekly dosing.

At M. D. Anderson, paclitaxel is administered at 80 mg/m2/week, over 
1 hour, often with scheduled “breaks” off therapy (i.e., 3 weeks of treat-
ment followed by 1 week off) designed to reduce neurotoxicity.

Docetaxel

Docetaxel has significant activity against breast cancer cells and has proven 
efficacy in a variety of settings as treatment for metastatic breast cancer. 
Like paclitaxel, docetaxel is an appropriate first-line therapy for metastatic 
breast cancer for patients who previously received an anthracycline or for 
whom an anthracycline is contraindicated.

A phase II study conducted at M. D. Anderson evaluated docetaxel 
100 mg/m2 administered over 1 hour every 21 days (Valero et al., 1995). Patients
had either primary or secondary anthracycline resistance—that is, their 
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disease either did not respond to initial anthracycline therapy or progressed 
after an initial response to an anthracycline. In this poor-prognosis popula-
tion, 53% of patients treated with docetaxel had a partial response, and 35% 
had stable disease. The median duration of response was 23.5 weeks, and 
the median time to progression was 4 months. The median overall survival 
was 9 months; however, for patients who responded to therapy, median 
survival improved to 13.5 months. The high response rate to docetaxel in 
patients with anthracycline resistance has been confirmed by other studies 
and is encouraging, especially in light of the significantly lower activity of 
other agents in this population. (For example, paclitaxel is associated with 
overall response rates of only 6–48% in anthracycline-resistant patients.) 
Docetaxel is also effective for patients previously treated with paclitaxel: 
response rates in this population approach 20%.

A review of single-agent phase III trials (Burris, 1999) confirmed the 
high activity of docetaxel in the treatment of metastatic breast cancer. Three 
different studies published in 1998 found overall response rates of 30–43% 
when docetaxel was used to treat patients whose disease progressed after 
anthracycline-containing therapy. These three studies also compared 
docetaxel with combination chemotherapy regimens previously used in 
this patient population. In each study, docetaxel was found to be superior 
to the combination therapy. Of particular interest, the International 304 
Study Group trial found that docetaxel produced a statistically significant 
improvement in overall survival compared with other salvage therapy.

In addition to remarkable activity, a second benefit of docetaxel in 
heavily pretreated patients is that docetaxel is less likely than paclitaxel to 
cause neuropathy and myalgias.

A unique side effect of docetaxel is the development of significant 
fluid retention in patients who receive cumulative doses greater than 
300 mg/m2 and are not treated with steroids. This fluid retention can lead 
to anasarca and pleural effusions in some patients. Premedication with 
steroids significantly reduces the magnitude of fluid retention with docetaxel
treatment. The optimal dose and schedule of steroid premedication is 
unknown; however, most regimens include dexamethasone before and 
after chemotherapy. At M. D. Anderson, patients receive dexamethasone 
orally (4 mg twice a day for 3 days) beginning the day before chemotherapy 
administration.

The Food and Drug Administration–approved dose of docetaxel is 
100 mg/m2 every 3 weeks. At this dose, hematologic toxicity is greatest, 
and docetaxel induces levels of neutropenia similar to those seen with 
standard paclitaxel regimens given every 3 weeks. This dose of docetaxel 
is also associated with the highest response rate when docetaxel is used 
as first-line therapy for metastatic breast cancer. However, with reduction 
of the starting dose of docetaxel to 75 mg/m2 every 3 weeks, the risk of 
hematologic toxicity drops significantly, and there is no reduction in 
disease-free or overall survival (Harvey et al., 2006).
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Several phase I and II studies have been conducted to investigate weekly 
administration of docetaxel as a possible means of increasing efficacy and 
decreasing hematologic toxicity and sensory neurotoxicity, which are 
often dose limiting. One study found an overall response rate of 41% for 
patients with metastatic breast cancer who received docetaxel 40 mg/m2

over 1 hour every week for 6 weeks followed by a 2-week break. Thirty-eight
percent of patients in this study had previously been treated with anthracy-
clines. This treatment was well tolerated; no grade 3 or 4 toxic effects were 
reported (Burstein et al., 1999). However, while weekly docetaxel is associ-
ated with a lower risk of neutropenic fever than is every-3-week docetaxel, 
subsequent investigation of weekly docetaxel showed that this schedule 
is associated with cumulative side effects (asthenia, lacrimal duct stenosis, 
nail damage, fluid retention) that preclude administration of docetaxel 
according to this schedule for long durations (Burstein et al., 2000).

Docetaxel every 3 weeks at doses between 75 mg/m2 and 100 mg/m2

is an appropriate choice as first-line therapy for metastatic breast cancer. 
Compared to every-3-week paclitaxel, docetaxel 100 mg/m2 every 3 weeks 
is associated with longer time to tumor progression and improved overall 
survival (Jones et al., 2005). However, as paclitaxel’s activity is highest 
when this agent is given on a weekly schedule, it is not clear whether 
docetaxel or paclitaxel provides superior outcomes against metastatic 
disease when each agent is administered at its optimal dose and schedule.

ABI-007

ABI-007 (Abraxane) is a nanoparticle albumin-bound paclitaxel that has 
the advantage of not requiring cremophor for solubility. ABI-007 has been 
investigated in the treatment of metastatic breast cancer. In a comparison 
of ABI-007 (260 mg/m2 once every 3 weeks) with paclitaxel (175 mg/m2 once 
every 3 weeks), ABI-007 was associated with improved response rates and 
time to tumor progression (Gradishar et al., 2005). Weekly ABI-007 has 
also shown better activity than every-3-week ABI-007 and every-3-week 
docetaxel (Gradishar et al., 2006). Investigations are ongoing to define the 
ideal dose and schedule of administration of ABI-007. At M. D. Ander-
son, the weekly schedule is the schedule most frequently used for first- or 
 second-line therapy for metastatic breast cancer.

Taxane Combinations

Several different taxane-containing combination chemotherapy regimens 
have been tested, including combinations of paclitaxel with doxorubicin, 
docetaxel with doxorubicin, paclitaxel with gemcitabine, and docetaxel 
with capecitabine.

Paclitaxel-doxorubicin combinations have been tested in a variety of 
schedules and doses. Initial phase I and II studies revealed an unexpected 
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pharmacokinetic interaction between the 2 drugs when paclitaxel was 
given before doxorubicin: continuous infusion of paclitaxel 24 hours before 
continuous infusion of doxorubicin resulted in excessive accumulation and 
decreased clearance of the anthracycline, leading to severe mucositis and 
bone marrow suppression (Holmes et al., 1999). Other investigators found 
that bolus doxorubicin followed by paclitaxel given over 3 hours is associ-
ated with decreased mucositis and bone marrow suppression. Unfortu-
nately, this schedule was associated with significant cardiotoxicity and the 
development of irreversible congestive heart failure (Giordano et al., 2002). 
Although the initial studies of bolus doxorubicin followed by 3-hour pacli-
taxel showed impressive activity, results from subsequent clinical results 
were more modest. A phase III study (E1193) compared the combination of 
doxorubicin and paclitaxel against single-agent doxorubicin or single-agent
paclitaxel (Sledge et al., 2003). Patients who were randomly assigned to 
receive single-agent doxorubicin or paclitaxel received the alternate agent 
at the time of tumor progression. In this study, the combined doxorubicin-
paclitaxel regimen was associated with a better overall response rate 
(47%) than single-agent doxorubicin (36%; P = .007) or single-agent pacli-
taxel (34%; P = .004). However, there was no significant improvement in 
survival for patients receiving the combined chemotherapy versus either 
of the single agents when used sequentially. In general, the doxorubicin-
paclitaxel combination is rarely used to treat metastatic breast cancer. It 
may be of benefit when there is an attempt to obtain a rapid response (i.e., 
for rapidly progressive and/or symptomatic metastatic disease).

Docetaxel-doxorubicin combinations have been suggested to be supe-
rior to paclitaxel-doxorubicin combinations in the treatment of metastatic 
breast cancer. A review of phase II studies evaluating docetaxel-doxorubicin
combination chemotherapy as first-line therapy for metastatic breast 
cancer showed response rates ranging from 57 to 77% and significant 
activity against visceral disease (Nabholtz, 1999). Median survival had 
not been reached at the time of the review; however, at 2-year follow-up, 
survival rates ranged from 57 to 66%. Median time to progression was 
reported to be between 47 and 59 weeks.

In a phase III trial comparing AC (60/600 mg/m2 every 3 weeks) with a 
docetaxel-doxorubicin combination (docetaxel 75 mg/m2 and doxorubicin 
50 mg/m2 every 3 weeks) as first-line treatment for metastatic breast can-
cer, the docetaxel-doxorubicin combination was associated with a higher 
overall response rate (59% vs. 47%; P =.008) and also a higher complete 
remission rate. In addition, the docetaxel-doxorubicin combination was 
associated with a longer time to progression (37.3 weeks vs. 31.9 weeks; 
P =.014). The main side effects seen with both regimens were neutropenia 
and febrile neutropenia; these were more common with the docetaxel-
doxorubicin regimen. In contrast to what was seen with paclitaxel-doxorubicin
combinations, the docetaxel-doxorubicin combination was not associated 
with increased cardiotoxicity (Nabholtz et al., 2003). Another phase III 
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trial comparing a combination of doxorubicin, docetaxel, and cyclophos-
phamide versus FAC revealed an improved response rate for the taxane-
anthracycline combination but no improvement in overall survival 
(Mackey et al., 2002). For now, the use of doxorubicin-docetaxel combina-
tions is a reasonable alternative to AC or FAC for patients with aggressive, 
high-volume disease.

Paclitaxel has also been combined with gemcitabine as first-line therapy
for metastatic breast cancer. A recent study that compared paclitaxel 
(175 mg/m2 on day 1) plus gemcitabine (1,250 mg/m2 days 1 and 8) in 21-day
cycles versus every-3-week paclitaxel (175 mg/m2) as first-line therapy 
showed improved time to tumor progression and improved survival for 
the combination regimen (Albain et al., 2004). However, as every-3-week 
administration is known to be suboptimal for paclitaxel, the true impact 
of the combination chemotherapy on survival is uncertain. Paclitaxel plus 
gemcitabine is not routinely used at M. D. Anderson but is another option 
for patients with metastatic breast cancer.

Docetaxel has also been combined with capecitabine for treatment of 
metastatic breast cancer. A study comparing the combination of these 
two agents (docetaxel 75 mg/m2 every 3 weeks and capecitabine 1,250 mg/m2

by mouth twice daily for 14 days) with docetaxel 100 mg/m2 every 3 weeks 
showed improved disease-free and overall survival for the combination 
therapy (O’Shaughnessy et al., 2002). One criticism of this study is that it 
did not address the relative merits of combination therapy with docetaxel 
and capecitabine and sequential therapy with these same two agents. A large 
proportion of participants in both study groups received poststudy 
chemotherapy, but only a small percentage of the patients who received 
poststudy chemotherapy after receiving single-agent docetaxel went on 
to receive capecitabine at the time of tumor progression. This fact left 
open the possibility that the sequential use of docetaxel and capecitab-
ine might result in long-term outcomes similar to those seen after com-
bination therapy with these two agents. A subsequent small randomized 
study addressed this issue and showed better results for the combina-
tion (Beslija et al., 2005). Patients in this study were randomly assigned 
to receive either combination docetaxel and capecitabine or docetaxel 
followed by capecitabine at the time of tumor progression as first-line therapy 
for metastatic breast cancer. Patients who received the combined therapy had 
improved disease-free and overall survival. Concurrent chemotherapy 
with docetaxel and capecitabine is an additional option for first-line 
therapy for metastatic breast cancer.

Bevacizumab Combinations

Bevacizumab (Avastin) is a monoclonal antibody against vascular endothe-
lial growth factor. Bevacizumab has been used in conjunction with chemo-
therapy for multiple tumor types, including metastatic breast cancer.
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At the time of this writing, only one study has been published that 
shows a potential advantage of combining bevacizumab with chemo-
therapy. That study showed that first-line use of combined bevacizu-
mab and paclitaxel was associated with a significantly better response 
rate and significantly better disease-free survival than single-agent 
paclitaxel given weekly (Miller et al., 2005b). The combination of beva-
cizumab and paclitaxel was also associated with increased incidence 
and severity of side effects, including neuropathy, proteinuria, and 
hypertension.

A study comparing the combination of bevacizumab and capecit-
abine with capecitabine alone as therapy for previously treated meta-
static breast cancer did not show an improvement in disease-free or 
overall survival with the combination (Miller et al., 2005a). Multiple 
hypotheses have been offered to explain the lack of survival advantage 
in this study, and ongoing studies will help to further define the role 
of bevacizumab.

Given the limited data regarding the success of combining bevacizumab
with chemotherapy for treatment of metastatic breast cancer, the use of 
bevacizumab at M. D. Anderson is restricted to bevacizumab-paclitaxel 
combination chemotherapy for first-line therapy.

Trastuzumab

Trastuzumab is the first humanized monoclonal antibody approved in the 
United States for the treatment of metastatic breast cancer. Trastuzumab 
targets the protein product of the proto-oncogene HER-2/neu.

A phase II trial evaluating the benefit of trastuzumab as monotherapy 
for metastatic breast cancer showed that trastuzumab has impressive 
efficacy in heavily pretreated patients (Cobleigh et al., 1998). This single-
arm trial enrolled 222 women, more than 60% of whom had received 
more than two prior therapies for metastatic disease. A total of 213 
patients received trastuzumab. At 11 months, the overall response rate 
was found to be 15% by an independent response evaluation commit-
tee. The median response duration was 8.4 months, and the estimated 
median survival duration was 13 months. Treatment was well tolerated: 
only two patients discontinued therapy because of side effects. Fever 
and chills during the first infusion were the most prominent side effects. 
However, nine patients (5%) had a reduction of greater than 10% in left 
ventricular ejection fraction, and in six of these patients, the compro-
mised cardiac function was symptomatic.

Trastuzumab enhances the effects of many agents against HER-2/neu–
overexpressing breast cancer cells in preclinical models as well as in vivo 
and is used in combination with paclitaxel, docetaxel, vinorelbine, and 
capecitabine. A randomized trial comparing the combination of trastu-
zumab plus standard chemotherapy with standard chemotherapy alone 
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as first-line treatment for metastatic breast cancer showed a benefit for 
combination therapy (Slamon et al., 1998). A total of 469 patients whose 
tumors overexpressed HER-2/neu were enrolled. Patients without previ-
ous anthracycline exposure were given AC and randomly assigned to 
receive treatment with or without trastuzumab. Patients with previous 
anthracycline exposure were given paclitaxel with or without trastuzu-
mab. With a median follow-up time of 10.5 months, investigators found 
an overall benefit of chemotherapy plus trastuzumab versus chemo-
therapy alone. In both the AC and paclitaxel groups, the median time 
to progression was 8.6 months for patients who received chemotherapy 
plus trastuzumab versus 5.5 months for patients who received chemo-
therapy alone. Treatment with the trastuzumab-chemotherapy combina-
tion also produced higher response rates (62% vs. 6.2%) (Slamon et al., 
1998). An updated analysis at a median follow-up of 25 months revealed 
that patients who received trastuzumab also had better overall survival than
patients who received chemotherapy alone (25.4 months vs. 20.9 months) 
(Norton et al., 1999).

Of concern was the incidence of grade 3 or 4 cardiac toxicity seen with 
the trastuzumab-containing regimens. Congestive heart failure occurred 
more often in patients receiving doxorubicin and trastuzumab (18%) than 
in those receiving paclitaxel and trastuzumab (2%). The rate of cardiac 
toxicity in patients who received the doxorubicin–trastuzumab combina-
tion was greater than that seen in the previously mentioned phase II trial 
evaluating trastuzumab as monotherapy. This increase in toxicity impli-
cates an interaction of trastuzumab and doxorubicin.

Given the benefit seen with single-agent trastuzumab and the combi-
nation of trastuzumab and paclitaxel, trastuzumab should be considered 
for treatment of patients whose tumors overexpress HER-2/neu. However, 
because of the potential for cardiac damage, trastuzumab should not be 
given with anthracyclines outside the context of a clinical trial. Patients 
with newly diagnosed metastatic breast cancer with significant amplifi-
cation of HER-2/neu may receive either an anthracycline-based regimen 
(because of the proven benefit of anthracyclines for treatment of tumors 
overexpressing HER-2/neu) without trastuzumab or a combination of 
trastuzumab and either paclitaxel or docetaxel.

The use of platinum-containing trastuzumab-based chemotherapy 
regimens in the treatment of metastatic breast cancer has not been associ-
ated with improved survival when combined with docetaxel and is not 
routinely used. The combination of paclitaxel every 3 weeks, carboplatin 
every 3 weeks, and trastuzumab weekly was associated with improved 
disease-free and overall survival compared to survival with every-3 week-
paclitaxel and weekly trastuzumab (Robert et al., 2006). Given, however, 
that paclitaxel’s activity is best when this agent is administered weekly, 
it is possible that the paclitaxel–carboplatin–trastuzumab combination 
investigated in this study would not be superior to weekly paclitaxel 
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and trastuzumab. For patients who have received an anthracycline and 
a taxane for adjuvant or neoadjuvant chemotherapy, the combination of 
vinorelbine and trastuzumab is often used for first-line chemotherapy for 
metastatic disease.

It is not known whether the continued use of trastuzumab after disease 
progression provides any benefit. Efforts to conduct a randomized trial 
to answer this question were not successful because accrual to the trial 
was slow. Therefore, at M. D. Anderson, trastuzumab is often adminis-
tered concurrently with the standard chemotherapy used for second-line 
treatment of metastatic breast cancer. However, it is also reasonable to dis-
continue trastuzumab after disease progression. Trastuzumab enhances 
the effects of many agents and is utilized in combination with paclitaxel, 
docetaxel, vinorelbine, and capecitabine.

Capecitabine

Capecitabine (Xeloda) is a commercially available prodrug of 5-fluorouracil 
approved by the Food and Drug Administration for treatment of meta-
static breast cancer resistant to anthracyclines and taxanes. Capecitabine is 
activated by a cascade of enzymes that increases release of 5-fluorouracil 
in tumor cells. In a phase II trial of capecitabine for treatment of metastatic 
breast cancer, the overall response rate was 20%, and the median survival 
duration was 12.8 months (Blum et al., 1998).

Capecitabine is an oral medication with relatively few side effects. The 
recommended dose is 2,500 mg/m2 in two divided doses daily for 14 days, 
with a 7-day drug-free interval before the next course is started. With this 
schedule and dose, the most frequently experienced side effects include 
hand and foot syndrome, diarrhea, stomatitis, and fatigue. Nausea and 
vomiting have been reported but are less severe than with other chemo-
therapies commonly given for breast cancer.

Capecitabine is recommended for patients in whom therapy with 
anthracycline- and taxane-based regimens fails. There is evidence that 
capecitabine for first-line therapy for metastatic breast cancer results 
in response rates between 30 and 58% and is a reasonable option for 
many patients. At M. D. Anderson, capecitabine is often used as first-
line therapy for metastatic breast cancer for patients who previously 
received anthracyclines and taxanes for adjuvant or neoadjuvant chem-
otherapy.

Vinorelbine and Gemcitabine

In patients with metastatic breast cancer in whom standard regimens have 
failed, vinorelbine (Navelbine) or gemcitabine (Gemzar) may be useful.

Vinorelbine is a semisynthetic vinca alkaloid that produces overall 
response rates of 41–50% when it is used as a single agent as first-line 
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therapy for metastatic breast cancer. When used as second-line therapy 
for metastatic breast cancer previously treated with taxanes or anthracy-
clines, vinorelbine produces overall response rates of 20–30%. Phase II 
trials showed that vinorelbine 30 mg/m2 given intravenously over 20 minutes 
on days 1 and 8 every 3 weeks resulted in an overall response rate of 47% 
in previously untreated patients (Terenziani et al., 1996). The primary side 
effects seen with this regimen include neutropenia (dose-limiting), pain 
with infusion, flulike symptoms, and gastrointestinal symptoms (e.g., nausea 
and constipation). Longer infusion schedules (96-hour infusion) do not result 
in increased efficacy or decreased toxicity. Vinorelbine is currently being 
evaluated in combination with other agents in clinical trials. Vinorelbine 
is appropriate as third-line (or later) therapy for patients with metastatic 
breast cancer.

Gemcitabine is a nucleoside analog active against breast cancer cells. 
The unique ability of gemcitabine to escape DNA repair enzymes may 
enhance its activity in cancer cells. Gemcitabine has been tested in 
multiple phase II trials. One study evaluated a dose of 800 mg/m2 admin-
istered over 30 minutes once a week for 3 weeks (Carmichael et al., 1995). 
The patients then had a 1-week rest without chemotherapy before the 
next cycle was begun. In 40 patients who were previously untreated 
or had received only one prior treatment for breast cancer, the overall 
response rate was 25%. For patients who responded to gemcitabine, 
the median survival duration was 18.6 months. For all patients, however, 
median survival was 11.5 months. Grade 3 or 4 toxic effects seen in this 
study included neutropenia (30% of patients) and nausea and vomiting 
(25% of patients). In general, gemcitabine is well tolerated; few patients 
treated with this agent have alopecia or infections. The unique mecha-
nism of action of gemcitabine has prompted investigation of this agent 
in polychemotherapy trials. At present, gemcitabine is appropriate as 
palliative treatment for patients with metastatic breast cancer in whom 
standard regimens have failed.

FUTURE DIRECTIONS

Chemotherapy improves both the disease-free and the overall survival 
of patients with operable breast cancer. Efforts to develop more effec-
tive adjuvant cytotoxic chemotherapy regimens are ongoing. Taxanes 
are being investigated in a variety of schedules and doses, and biologic 
agents, such as trastuzumab, are also being evaluated. Chemotherapy 
also produces improvements in survival and quality of life in patients 
with metastatic breast cancer. As our understanding of the mechanisms 
of cell growth and death increases, new therapies will be developed to 
attack tumor-specific targets. Many new agents are in clinical develop-
ment, including angiogenesis inhibitors, matrix metalloprotease inhibitors, 
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intracellular signaling inhibitors, novel molecules that inhibit growth 
factors, vaccines, and new biologic agents. In addition, the role of 
other approaches using chemotherapy (such as high-dose chemotherapy 
with stem cell transplantation) will continue to be defined. Despite our 
advances, the prognosis for many women with breast cancer is still grim. 

K E Y  P R A C T I C E  P O I N T S
● Chemotherapy has a role in the treatment of most subsets of women with 

operable breast cancer.
● Anthracycline-containing regimens are superior to non-anthracycline-contain-

ing regimens.
● The addition of paclitaxel to FAC improves overall survival in node-positive 

patients. Paclitaxel should be incorporated into the treatment of patients at 
high risk for recurrence. To ensure that each patient’s care is optimal, a multi-
disciplinary approach should be used in the development of treatment plans.

● Neoadjuvant chemotherapy can make breast conservation therapy feasible in 
patients who initially would have required mastectomy, thus improving cos-
metic results. Neoadjuvant therapy is used routinely for patients with LABC. 
Neoadjuvant chemotherapy should be thoroughly discussed with the patient 
and multidisciplinary team before this therapy is administered.

● Patients should be encouraged to participate in clinical trials to help improve 
treatment of breast cancer for all women.

● The use of high-dose chemotherapy and stem cell transplantation is investiga-
tional at this time and should be used only in the context of a clinical trial.

● Chemotherapy can improve the survival of patients with metastatic breast cancer.
● Chemotherapy produces durable remissions in a small percentage of patients 

with metastatic breast cancer.
● In patients with hormone-sensitive tumors and non-life-threatening metastatic 

disease, hormonal therapy should be considered before chemotherapy is initiated.
● Antitumor activity generally correlates with improved quality of life for patients 

with metastatic breast cancer.
● Amplification of HER-2/neu is associated with increased aggressiveness of 

breast cancers. Trastuzumab should be used for patients with metastatic breast 
cancer whose tumors overexpress HER-2/neu and for patients with early-stage 
breast cancer whose tumors overexpress HER-2/neu when the expected ben-
efits of adding trastuzumab outweigh the potential risks of harm.

● Continuous infusion of doxorubicin over 48–72 hours decreases the risk of cardiac
damage compared to the risk with similar doses of bolus doxorubicin.

● Weekly administration of paclitaxel improves efficacy and decreases the risk 
of most toxic effects (with the potential exception of neuropathy) compared 
to every-3-weeks paclitaxel administration.
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Only with continued investigation of new ideas and approaches will 
outcomes improve.
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CHAPTER OVERVIEW

Even after decades of investigation, the role of high-dose chemotherapy 
(HDC) with autologous hematopoietic stem cell transplantation (AHST) 
in the treatment of breast cancer remains controversial. In preclinical and 
clinical studies of breast cancer in the 1980s and 1990s, dose escalation 
of alkylating agents—such as cyclophosphamide, carboplatin, cisplatin, 
etoposide, carmustine, and thiotepa—resulted in increased tumor response 
rates. However, the pace of investigation of HDC with AHST slowed sub-
stantially beginning in 1999 because of strong negative perceptions about 
AHST that arose after the report of medical research fraud in a study by 
Bezwoda and publication of negative results of randomized clinical trials 
at the 1999 annual meeting of the American Society of Clinical Oncology. 
Even though the number of AHST procedures performed for breast cancer 
has dropped precipitously over the past 6 years, more than 22 phase III 
clinical trials of HDC with AHST have been conducted and reported to 
date. The results are conflicting: some results are positive and others are 
negative. The safety and tolerability of HDC with AHST for breast cancer 
have improved greatly over the last decade. Improved preparative regi-
mens and advances in supportive care have reduced toxicity, enhanced 
recovery, and markedly reduced morbidity and mortality. Many regimens 
can safely be administered on an outpatient basis. Clinical trials of novel 
uses of stem cell transplantation—e.g., autologous stem cell transplanta-
tion in patients who receive targeted therapy directed against bone metas-
tases and circulating tumor cells; allogeneic transplants for enhancement 
of graft-versus-tumor effects; and use of mesenchymal stem cells as gene 
delivery systems—are currently being conducted or are being planned 
at M. D. Anderson Cancer Center. The field of stem cell transplantation 
continues to be a viable area of research aimed at developing innovative 
therapies for advanced breast cancer.

INTRODUCTION

In preclinical and clinical studies of breast cancer, dose escalation of alkylat-
ing agents—such as cyclophosphamide, carboplatin, cisplatin, etoposide, 
carmustine, and thiotepa—has resulted in increased tumor response rates. 
On the basis of these studies, high-dose chemotherapy (HDC) with 
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non-cross-resistant alkylating agents supported by autologous hemat-
opoietic stem cell transplantation (AHST) has been explored for almost 
two decades as treatment for advanced (metastatic and high-risk nonmet-
astatic) breast cancer. The rationale for HDC in patients with metastatic 
breast cancer is that these patients are generally considered incurable with 
conventional chemotherapy; the rationale for HDC in patients with high-
risk nonmetastatic breast cancer is that these patients have a high risk of 
recurrence after conventional combined-modality therapy (i.e., chemo-
therapy, surgery, and radiation therapy).

Initial data from early phase I and II studies suggested that HDC with 
AHST might be superior to standard-dose chemotherapy (SDC) as both 
adjuvant therapy and therapy for metastatic disease. However, recent 
randomized trials have yielded conflicting results regarding the value of 
HDC. Interpretation of published reports was further complicated by the 
revelation in 2000 that some of the data from a study of adjuvant HDC 
conducted in South Africa and reported by Bezwoda (1999) were falsified 
(Weiss et al., 2000). Furthermore, oversimplified interpretations by the lay 
media of data suggesting that HDC is ineffective against breast cancer 
have slowed accrual to clinical trials designed to address the major issues 
surrounding this treatment approach.

This chapter includes a discussion of the treatment processes involved 
in HDC, progress in the use of HDC, and results of randomized clinical 
trials of HDC, including novel studies conducted at M. D. Anderson 
Cancer Center.

HDC WITH AHST

HDC with AHST is a multimodality process that also involves SDC and 
other therapies. This section describes how the components of this process 
are integrated in breast cancer treatment at M. D. Anderson through the 
collaborative efforts of several disciplines. The process is also outlined in 
Table 13–1.

Patient Assessment

In a consultation conducted by a clinical staff member of the Department 
of Stem Cell Transplantation, a patient’s eligibility for a clinical trial 
of HDC with AHST is assessed. The patient is made aware of the risks 
and benefits of the treatment. In interested patients who are potential 
candidates for HDC, clinical tests are performed to evaluate the function-
ing of vital organs such as the lungs, heart, kidneys, and liver. The tumor 
is restaged with radiographic and biochemical studies to determine the 
extent of disease. At the same time, medical and financial authorizations 
are obtained from the patient’s third-party medical insurance carrier.
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Induction SDC

The response to HDC depends on the tumor burden and the sensitiv-
ity of the tumor to chemotherapy (Montemurro et al., 2003). The longest 
survival durations have been observed in patients with minimal or 
no tumor burden after SDC. Therefore, induction SDC is given prior 
to HDC to maximally reduce the tumor burden. The ideal duration of 
induction SDC has not been determined. Traditionally, SDC has been 
given over 12–18 weeks; however, a recent study showed a survival 
benefit when a short course of SDC (4 weeks) was given prior to HDC 
(Nitz et al., 2005).

Stem Cell Collection

Before HDC is performed, hematopoietic stem cells are collected and cry-
opreserved for use in the AHST. Without an AHST after HDC, patients 
would experience prolonged periods of neutropenia, anemia, and throm-
bocytopenia, resulting in infection, fatigue, and bleeding.

After induction SDC, patients are given chemotherapy plus cytokine 
therapy or cytokine therapy alone to mobilize circulating peripheral blood 
stem cells (PBSCs). The chemotherapy mobilization regimen used at M. D. 
Anderson consists of cyclophosphamide, etoposide, and cisplatin (CVP). 
Other myelosuppressive chemotherapy regimens, such as high doses 

Table 13-1.  Outline of High-Dose Chemotherapy Approach to Treatment 
of Breast Cancer

Process Timeline
1.  Patient assessment (consultation with  Consultation: 1 day

Department of Stem Cell Restaging: 3–5 days
 Transplantation)
2. Induction standard-dose chemotherapy Time varies. Goal is to 
   achieve maximum cytoreduction 

of metastatic breast cancer.
3.  Stem cell collection after mobilization  6 days to 4 weeks

with cytokine alone or chemotherapy 
plus cytokine

4. High-dose chemotherapy 3–5 days
5.  Stem cell infusion (reinfusion or  1 day

transplantation of collected stem cells)
6.  Supportive therapy (administration  10 days to 3 weeks

of colony-stimulating factors)
7. Recovery 4–6 weeks
8. Assessment of treatment response and  Every 3–4 months for years 1 and 2
 follow-up Every 6 months for years 3–5
 Every year thereafter for life
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of cyclophosphamide, ifosfamide, or paclitaxel, can also be used. The 
cytokines that can be used are granulocyte colony-stimulating factor and 
granulocyte-macrophage colony-stimulating factor.

The hematopoietic stem cells collected can be either PBSCs or bone 
marrow (BM) cells. PBSCs are collected by leukapheresis, which is per-
formed daily until an adequate volume of PBSCs is collected. BM cells 
are collected from the posterior superior iliac crests by multiple aspira-
tions while the patient is under anesthesia. In initial trials of HDC, BM 
cells alone were used as the hematopoietic stem cell source. However, it 
has been shown that hematopoietic recovery occurs significantly faster 
when cytokine-mobilized PBSCs are used—the shorter duration of neu-
tropenia experienced with PBSCs reduces the period of risk for infec-
tion and allows for earlier hospital discharge. Thus, in all current trials 
of HDC at M. D. Anderson, PBSCs alone are used as the hematopoietic 
stem cell source.

High-Dose Chemotherapy

For HDC to be successful, the breast cancer must exhibit a dose-dependent 
response so that, in general, 1 course of treatment eradicates the malignant 
cells. BM suppression is the dose-limiting toxicity of most chemotherapy 
agents. The dose of chemotherapy can be substantially elevated for maxi-
mum therapeutic effect if HDC is followed by transplantation of normal 
hematopoietic stem cells, which rescues the patient from prolonged mye-
losuppression.

In breast cancer, most patients are treated with HDC regimens that 
utilize high doses of alkylating agents. Alkylating agents have mod-
erate activity against breast cancer at standard doses, and preclinical 
experiments have suggested a steep dose-response correlation as well 
as lack of cross-resistance between these agents. Other investigators 
have incorporated drugs with higher activity against breast cancer (e.g., 
paclitaxel, epirubicin, doxorubicin, etc.) into their HDC regimens; how-
ever, the doses of these agents cannot be markedly escalated because 
they can be associated with nonhematologic toxicity (e.g., cardiac or 
neurological toxicity). Some studies have evaluated the administration 
of multiple cycles of submyeloablative doses of chemotherapy with 
PBSC support, but no substantial improvement in event-free survival 
has been demonstrated.

The most common HDC regimens used for patients with breast cancer
are cyclophosphamide, thiotepa, and carboplatin and cyclophospha-
mide, carmustine, and cisplatin. Phase II trials have shown that 20–40% of 
patients with a partial response to SDC have a complete response to HDC 
(“complete response conversion rate” of 20–40%). At M. D. Anderson, our 
HDC regimen consists of cyclophosphamide, carmustine, and thiotepa, 
which is associated with a complete response conversion rate of 31%. 
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Close monitoring and meticulous supportive care are required to protect 
patients from the potential toxic effects of HDC regimens.

Stem Cell Infusion

One to 2 days after the administration of HDC, the collected PBSCs or BM 
cells are infused intravenously. The stem cells circulate transiently and 
home to the BM to restore hematopoiesis. Peripheral blood cell counts are 
profoundly suppressed because of the effects of the HDC but generally 
recover within 10 days to 2 weeks after a PBSC transplant and 2–3 weeks 
after a BM cell transplant.

Supportive Therapy

Just after reinfusion of collected stem cells, patients’ blood counts are low, 
and patients are at risk for infections. Patients are isolated in private rooms 
and advised to limit visitations and to avoid eating raw fruits and vegeta-
bles. Patients receive prophylactic treatment to prevent bacterial, fungal, 
and parasitic infections. Either granulocyte colony-stimulating factor or 
granulocyte-macrophage colony-stimulating factor is given to speed recov-
ery of neutrophil counts. Use of these cytokines is generally continued until 
the absolute neutrophil count is greater than 1 × 106/L for three consecutive 
days. If a patient’s platelet count decreases to less than 20 × 106/L, platelets 
are given to eliminate the risk of bleeding complications.

Recovery

After HDC and AHST, patients recover their strength and nutritional sta-
tus over a period of several weeks. About 4–6 weeks after AHST, patients’ 
general condition is usually close to normal.

Assessment of Treatment Response and Follow-up

Response to treatment is assessed by radiographic and biochemical stud-
ies every 3–4 months for the first 2 years after AHST, every 6 months for 2 
more years, and then once a year.

PROGRESS IN THE USE OF HDC IN BREAST CANCER

Advances in supportive care and the technology of AHST have reduced 
the morbidity and largely eliminated the mortality associated with HDC, 
making this approach safer, more effective, and less expensive than it 
was 10–15 years ago, when most of the randomized trials of HDC were 
designed and initiated.
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Morbidity and Mortality

In trials conducted in the 1980s, the mortality rate associated with HDC 
with AHST was as high as 23%. The major complications were infections 
occurring during prolonged periods of neutropenia (immunosuppression)
and regimen-related toxic effects. With the use of cytokines for stem cell 
support, the use of prophylactic antibiotics, and the use of PBSCs for the 
stem cell transplant, the rate of infections has been markedly reduced. 
The more rapid hematopoietic recovery seen with the use of PBSCs (as 
opposed to BM cells) and cytokine support also appears to have reduced 
regimen-related toxic effects.

The transplant-related mortality rate is generally lowest at large centers 
experienced in delivering HDC with AHST. Data from the American Blood 
and Marrow Transplantation Registry show that 5% of patients with meta-
static breast cancer die within 100 days of AHST, whereas only 2–3% of 
patients with high-risk nonmetastatic breast cancer die within this period. 
In the past 5 years at M. D. Anderson, there have been no deaths among 
patients with high-risk nonmetastatic breast cancer who underwent HDC 
with AHST, and the mortality rate among patients with metastatic disease 
who underwent HDC with AHST has been less than 1%.

In terms of quality of life, patients who undergo HDC and AHST usu-
ally do not receive any further treatment after transplantation; therefore, 
their quality of life may be better than that of patients who undergo SDC 
and must continue chemotherapy every 3–4 weeks. Indeed, two rand-
omized trials have not shown any difference in long-term quality of life 
between patients undergoing HDC and those undergoing SDC (Brandberg 
et al., 2003; Peppercorn et al., 2005).

Cost

Several factors have contributed to a dramatic reduction in the cost of HDC 
since the treatment was first employed. These include the use of cytokines,
which results in shorter durations of neutropenia and thus lower morbid-
ity and mortality rates; the use of prophylactic antibiotics, which lowers 
the risk of infection; earlier recognition of regimen-related toxic effects 
owing to the increased clinical experience of the treating physicians; and 
shorter hospital stays. The cost of HDC with AHST for breast cancer is 
now less than $75,000, which is about equal to the total cost of SDC for 
metastatic breast cancer. The cost of HDC with AHST is substantially 
lower than the cost of standard treatment with the new targeted therapies 
(e.g., trastuzumab and bevacizumab).

Contamination of the Stem Cell Graft

The presence of large numbers of malignant cells in the PBSC or BM autograft
increases the risk of systemic relapse. Thus, a variety of techniques have 
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been proposed to “purge” the autograft of malignant cells. The two most 
common methods of purging are negative selection, in which malignant 
cells are targeted and depleted, and positive selection, in which healthy 
stem cells (CD34 is used as the marker of such cells) are separated from 
mature hematopoietic stem cells and tumor cells in the negatively selected 
fraction and the mature cells and tumor cells are discarded. Attempts have 
been made to deplete the malignant-cell content of the autograft by physi-
cal means, with drug treatment (4-hydroperoxycyclophosphamide), and 
with monoclonal antibody–based approaches. Although several purging 
methods have been shown to reduce the number of breast cancer cells in 
the PBSC or BM autograft, no controlled studies have been performed to 
determine whether patients who receive the purged grafts have improved 
progression-free survival (PFS). A major problem calling into question 
whether purging of grafts is likely to be beneficial is that recurrence might 
be caused either by cancer cells contaminating the autograft or by cancer 
cells surviving HDC.

UPDATE OF REPORTED RANDOMIZED TRIALS OF HDC

This section describes the results of reported randomized trials of HDC in 
patients with metastatic and high-risk nonmetastatic breast cancer.

Metastatic Breast Cancer

SDC may produce complete response rates of 10–25% and overall response 
rates of 45–70% in patients with chemotherapy-naive metastatic breast 
cancer. The duration of response typically ranges from 12 to 18 months, 
and fewer than 5% of patients remain disease free 5 years after treatment.

In the 1980s, the most effective HDC regimens used in patients with 
chemotherapy-responsive metastatic breast cancer significantly increased 
the overall complete response rate to more than 50%, and approximately 
15–20% of patients remained free of disease for more than 5 years after 
treatment. Favorable prognostic factors in patients with chemotherapy-
responsive metastatic breast cancer include an initial good response to 
SDC, minimal tumor burden, minimal number of disease sites, absence 
of liver involvement, good performance status, and no history of neoadju-
vant chemotherapy or radiation therapy (Montemurro et al., 2003). Long-
term survivors tend to be younger, to have a lower tumor burden, and to 
have a better performance status.

Data from Phase II Trials

Although the data from phase II studies of HDC with AHST in patients 
with metastatic breast cancer appear encouraging, the encouraging 
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findings are most likely due in part to patient selection bias. To qualify 
for a clinical trial of HDC with AHST, patients usually need to have good 
performance status, no major organ dysfunction, and no active infection 
and to be of physiological age younger than 60 years. These criteria facili-
tate the selection of patients who have a relatively good prognosis and are 
likely to respond to both SDC and HDC. For example, in a report by Green-
berg et al. (1996) of long-term follow-up in patients with metastatic breast 
cancer who had a complete response to doxorubicin-containing SDC, 19% 
of the patients remained progression free for more than 5 years.

Lead-time bias should also be taken into account when the results of 
HDC with AHST for metastatic breast cancer are evaluated. Most patients 
receive SDC for only a few months before receiving HDC, and most HDC 
trials report overall survival (OS) and PFS from the time of stem cell 
infusion rather than from the initiation of SDC. For the purposes of this 
chapter, OS and PFS durations are measured from the day of stem cell 
infusion (Greenberg et al., 1996).

Differences in patient eligibility criteria, patient selection requirements, 
and methods of measuring OS and PFS rates and durations make it dif-
ficult to compare the results of single-arm trials of HDC with the results 
of trials of SDC. Therefore, prospective randomized trials were needed 
to determine whether HDC improves OS and PFS rates and durations 
compared with SDC.

Data from Phase III Trials

As of March 2006, eight randomized phase III studies of HDC with AHST 
versus conventional chemotherapy for metastatic breast cancer had been 
reported (Peters et al., 1996; Stadtmauer et al., 2000; Crump et al., 2001; 
Crown et al., 2003; Roche et al., 2003; Lotz et al., 2005; Schmid et al., 
2005; Vredenburgh et al., 2006). As of March 2006, 4 of these trials had 
been published in peer-reviewed journals (Stadtmauer et al., 2000; Lotz 
et al., 2005; Schmid et al., 2005; Vredenburgh et al., 2006); the other four 
trials had been reported in the form of meeting abstracts.

In 2005, the Cochrane Collaboration reported a meta-analysis based 
on six of these reported randomized trials of HDC with AHST (Farquhar 
et al., 2005b). The meta-analysis included 438 eligible women randomly 
assigned to receive HDC with AHST and 412 randomly assigned to 
receive SDC. There were 15 treatment-related deaths in the HDC group 
and 2 treatment-related deaths in the SDC group (relative risk [RR], 
4.07; 95% confidence interval [CI], 1.39–11.88). After 5 years of follow-
up, there was a statistically significant difference in event-free survival 
(no recurrence or progression) favoring HDC (1 year: RR, 1.76; 95% CI, 
1.40–2.21; 5 years: RR, 2.84; 95% CI, 1.07–7.50). However, there was no 
statistically significant difference in OS between HDC and SDC (Farquhar 
et al., 2005b).
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In the most well known published trial, Stadtmauer and colleagues 
compared a single cycle of HDC with maintenance SDC for women with 
metastatic breast cancer and found no difference in PFS or OS between 
the groups (Stadtmauer et al., 2000). In this initial report, the complete 
response rates for both groups were quite low (only 8% in the HDC group); 
this low response rate undoubtedly affected survival rates. However, in a 
recent update of this study, a subgroup analysis showed a trend toward 
improved survival in younger patients (age younger than 43 years) given 
HDC with AHST (Stadtmauer et al., 2002).

Four other studies reported an advantage for HDC with AHST in terms of 
PFS or time to progression (Peters et al., 1996; Crown et al., 2003; Lotz et al., 2005; 
 Vredenburgh et al., 2006). In the study by Crown and colleagues, presented 
at the 2003 American Society of Clinical Oncology meeting, 110 women 
with newly diagnosed (chemonaive) metastatic breast cancer were ran-
domly assigned to undergo tandem HDC (2 courses) (56 patients) or SDC 
(54 patients) after a short course of SDC; evidence of chemosensitivity was 
not required before randomization. All patients were given three cycles of 
doxorubicin 50 mg/m2 and docetaxel 75 mg/m2. Patients with no evidence of 
disease progression were then randomly assigned to receive either tandem 
HDC (cycle 1: ifosfamide 1200 mg/m2, carboplatin AUC 18, and etoposide 
1200 mg/m2; cycle 2: cyclophosphamide 6000 mg/m2 and thiotepa 800 mg/m2)
or SDC (a fourth cycle of doxorubicin 50 mg/m2 and docetaxel 75 mg/m2 fol-
lowed by four 28-day cycles of cyclophosphamide 600 mg/m2, methotrexate 
40 mg/m2, and fluorouracil 600 mg/m2 given on days 1 and 8). Lenograstim 
was administered with all cycles, and PBSCs were administered after HDC. 
The primary end point was event-free survival (no progression or death); 
secondary end points were progression and treatment-related death meas-
ured at 3 and 5 years. Six treatment-related deaths occurred, four in the HDC 
group and two in the SDC group. At a median follow-up time of 42 months 
(range, 18–65 months), 25% of patients in the HDC group and 20% of those 
in the SDC group were event free; OS rates were 39% for the HDC group and 
35% for the SDC group. The median event-free survival times were 437 days 
for the HDC group and 291 days for the SDC group (P = .043). Median PFS 
times were 468 days for the HDC group and 304 days for the SDC group 
(P = .031). Median OS times were 961 days for the HDC group and 688 days 
for the SDC group (P = .15). Hence, in this study, HDC was superior to SDC 
in terms of PFS.

The question that remains is a philosophical one—whether improved 
PFS or recurrence-free survival resulting from HDC is meaningful to 
patients. Most breast oncologists would focus on OS and be disappointed 
by the lack of improvement in OS with HDC, but for some patients, sur-
vival without disease is more important than survival with disease. When 
analyses in the study by Crown and colleagues were based on actual treat-
ment assignment, OS was superior in the HDC group (P = .0267)—another 
interesting finding. Does this mean that two cycles of HDC for chemonaive 
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patients is superior to a single cycle of HDC given as consolidation ther-
apy after a response to SDC?

High-Risk Nonmetastatic Breast Cancer

High-risk nonmetastatic breast cancer is generally defined as stage II or III 
disease with 10 or more positive axillary nodes or inflammatory breast 
cancer. With adjuvant SDC, 5-year PFS rates are 25–50% in patients with 10 or 
more positive axillary nodes and 30–35% in patients with inflammatory breast 
cancer. HDC is considered most likely to be curative if it is administered at a 
time of minimal tumor burden and before the tumor becomes drug resistant; 
therefore, it has been suggested that HDC for patients with high-risk non-
metastatic breast cancer be administered after completion of adjuvant or 
neoadjuvant SDC.

In phase II studies of HDC in patients with high-risk nonmetastatic 
disease, approximately 70% of patients survive disease free for 5 years 
after HDC. Although these data compare favorably with those from most 
studies of SDC, in which the 5-year disease-free survival rate is typically 
less than 50%, the results are confounded by patient selection bias and 
stage migration (candidates for HDC undergo rigorous staging that elimi-
nates those with occult stage IV disease).

As of March 2006, 15 randomized phase III studies of HDC with AHST 
for high-risk nonmetastatic breast cancer had been reported (Rodenhuis 
et al., 1998; Bergh et al., 2000; Hortobagyi et al., 2000; Gianni and Bona-
donna, 2001; Tokuda et al., 2001; Roche et al., 2003; Rodenhuis et al., 2003; 
Tallman et al., 2003; Leonard et al., 2004; Zander et al., 2004; Coombes et 
al., 2005; Nitz et al., 2005; Peters et al., 2005; Basser et al., 2006; Rodenhuis 
et al., 2006). To date, most of these trials have been published in peer-
reviewed journals; 2 have only been reported in the form of meeting 
abstracts (Gianni et al., 2001; Tokuda et al., 2001). Three studies showed 
improved disease-free survival from HDC (Roche et al., 2003; Rodenhuis 
et al., 2003; Nitz et al., 2005; Rodenhuis et al., 2006). One study showed an 
OS benefit from HDC (Nitz et al., 2005).

The most well known study of HDC with AHST for high-risk nonmeta-
static breast cancer was published in late 2005 by Nitz and colleagues. 
In this randomized trial, tandem HDC with AHST was compared with 
dose-dense chemotherapy in 403 patients (mean age, 47 years) with high-
risk nonmetastatic breast cancer with 10 or more positive axillary nodes 
(median number of involved lymph nodes, 17.6). The HDC group was 
given two cycles of standard-dose epirubicin and cyclophosphamide (epi-
rubicin 90 mg/m2 and cyclophosphamide 600 mg/m2) followed by two 
28-day cycles of high-dose epirubicin, cyclophosphamide, and thiotepa 
(90/3000/400 mg/m2), with AHST performed on day 5. The control group 
was given dose-dense chemotherapy in 14-day cycles as follows: four 
cycles of standard-dose epirubicin and cyclophosphamide (90/600 mg/m2)



398 N.T. Ueno, M. Andreeff, and R.E. Champlin

followed by three cycles of cyclophosphamide (600 mg/m2), methotrex-
ate (40 mg/m2), and fluorouracil (600 mg/m2) with filgrastim. Radiation 
therapy and tamoxifen (for patients with hormone receptor–positive 
disease) were obligatory. With a median follow-up time of 48.6 months, 
the 4-year event-free survival rate (intention-to-treat analysis) was 60% 
(95% CI, 53–67%) in the HDC group and 44% (95% CI, 37–52%) in the 
SDC group (P = .00069). The corresponding OS rates were 75% (95% CI, 
69–82%) and 70% (95% CI, 64–77%) (P = .02). The treatment-related mor-
tality rate was 0% for both arms. This was the first randomized study to 
show improved OS in a group of patients treated with HDC.

Other important studies of HDC with AHST for patients with high-
risk nonmetastatic breast cancer were conducted by Rodenhuis and col-
leagues and by the Eastern Cooperative Oncology Group (ECOG). Both 
groups randomly assigned patients with high-risk nonmetastatic breast 
cancer who had at least 10 involved lymph nodes to undergo SDC fol-
lowed by a single course of HDC with AHST or SDC alone. The Roden-
huis study showed improved results for HDC (Rodenhuis et al., 1998; 
Rodenhuis et al., 2003). However, although the setting and design of the 
ECOG study were very similar to those of the Rodenhuis study, the ECOG 
study concluded that HDC with AHST may reduce the risk of relapse but 
does not improve either disease-free survival or OS (Stadtmauer et al., 
2000;  Tallman et al., 2003). Why is this?

Several differences between these two studies may have contributed 
to the differences in outcome; these differences could be useful in plan-
ning future trials or understanding the complexity of treating advanced 
disease. The first difference is the difference in treatment-related mortality 
rates from HDC—4% in the ECOG study and 1% in the Rodenhuis trial. 
The second difference is that secondary malignancies, particularly myelo-
dysplastic syndrome and acute myelogenous leukemia, occurred in 6% of 
the subjects in the ECOG trial and none of the patients in the Rodenhuis 
trial. These malignancies may have resulted from the higher chemother-
apy dose used in the ECOG study. The third difference was the differ-
ence in dropout rates—14% in the ECOG study and 5% in the Rodenhuis 
study. Because the final analysis was based on the intent-to-treat principle, 
the high dropout rate in the ECOG study may have affected the accu-
racy of the final analysis. The fourth difference between the studies is that 
the ECOG study did not include an analysis of HER-2/neu status, which
Rodenhuis et al. found to be an important prognostic factor—patients 
with HER-2/neu-negative tumors had a clear survival benefit from HDC 
(Rodenhuis et al., 2006). These two studies demonstrated the importance 
of patient selection and compliance with HDC in influencing the end 
points of disease-free survival, OS, and time to recurrence.

The Cochrane Collaboration recently published a meta-analysis of 
13 randomized studies of HDC with AHST for high-risk nonmetastatic breast 
cancer (Farquhar et al., 2005a). The analysis included 2,535 patients 
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randomly assigned to receive HDC with AHST and 2,529 randomly assigned 
to receive SDC. There were 65 treatment-related deaths in the HDC arm 
(2.5%) and 4 in the SDC arm (0.15%) (RR, 8.58; 95% CI, 4.13–17.80). There 
was a statistically significant benefit in terms of disease-free survival for 
women in the HDC arm at 3 years (RR, 1.12; 95% CI, 1.06–1.19) and at 
4 years (RR, 1.30; 95% CI, 1.16–1.45). At 5 and 6 years, there was no statis-
tically significant difference between the groups in disease-free survival. 
With respect to OS, there was no statistically significant difference between 
the groups at any stage of follow up. Morbidity was more common and 
more severe in the HDC group. However, there was no statistically signifi-
cant difference between the groups with respect to the incidence of second 
cancers at 5–7 years of follow up.

UPDATE OF HDC TRIALS AT M. D. ANDERSON

In this section, we will discuss previous, ongoing, and planned clinical tri-
als of HDC for both metastatic and high-risk nonmetastatic breast cancer 
being conducted at M. D. Anderson.

Metastatic Breast Cancer

At M. D. Anderson, 232 patients have undergone HDC as treatment for 
metastatic breast cancer since 1991. The 5-year OS rate of these patients is 
30%, and the 5-year PFS rate is 22%. Having a complete response to HDC is 
an important predictor of improved long-term OS and PFS (Montemurro 
et al., 2003). At M. D. Anderson, our objective with HDC and AHST for 
metastatic breast cancer is to induce durable complete responses.

Targeted Treatment of Circulating Tumor Cells

Recently, the results of a prospective, multicenter trial that included 
patients at M. D. Anderson demonstrated that the presence of high levels 
of circulating tumor cells (CTCs) prior to initiation of a new therapy and 
at first follow-up was a strong predictor of rapid progression and death 
in patients with metastatic breast cancer (Cristofanilli et al., 2004). In a 
subsequent paper, colleagues at M. D. Anderson reported that the level of 
CTCs may be an independent predictor of tumor response to treatment in 
a subset of patients with metastatic breast cancer (Cristofanilli et al., 2005). 
Whether CTCs are of biological importance and should be targeted by 
treatment needs to be defined.

We are currently conducting a clinical study (M. D. Anderson protocol 
2006–0280) (Table 13–2) in which we are examining (1) whether we can 
purge CTCs from the stem cell transplant in patients undergoing HDC 
with AHST; (2) whether such purging improves the long-term outcome of 
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patients who undergo HDC with AHST; and (3) the biological significance 
of CTCs. The study is open to patients who have a complete or partial 
response to SDC but continue to have CTCs.

Targeted Radiation Treatment of Bone-Only Metastases

Another approach we have investigated is the use of targeted radiation 
therapy instead of HDC to eradicate malignant cells in patients with 
bone-only metastases, in an effort to reduce the toxicity but maximize the 
efficacy of the tumoricidal regimen. To achieve this goal, we have used a 
radioisotope of holmium. Holmium 166 (166Ho)-DOTMP is a phosphonate 
chelate that localizes to active areas of bone turnover and permits high-
dose beta radiation to be delivered directly to bone metastases and to the 
adjacent BM without major visceral toxicity. This treatment was initially 
intended for patients in whom conventional chemotherapy and hormonal 
therapy (in cases of estrogen receptor–positive tumors) fail to produce 
adequate response. Because 166Ho-DOTMP localizes to bone surfaces to 
deliver targeted high-dose radiation therapy to bone metastases and the 
adjacent BM, patients need to receive AHST to restore hematopoiesis.

In the late 1990s, six female patients (younger than 65 years of age) with 
breast cancer and bone-only metastases participated in our 166Ho-DOTMP 
study. They had received a median of 2.5 prior chemotherapy or hormo-
nal therapy regimens. Five patients had stable disease and one patient had 
progressive disease before the high-dose radiation therapy. If uptake to the 
bone was adequate with a test dose of 166Ho-DOTMP (30 mCi), a therapeu-
tic dose estimated to deliver 22 Gy (n = 3) or 28 Gy (n = 3) was prescribed. 
Treatment with 166Ho-DOTMP (870–2,065 mCi) was followed by AHST when 
the remaining radiation dose to the marrow was less than 1 cGy/hour. All sub-
jects showed prompt trilineage hematologic recovery. The most common side 
effect was mild nausea. None of the patients experienced grade III or IV 
acute side effects other than the expected myelosuppression. There were 
no treatment-related deaths. Two patients developed hemorrhagic cystitis 
2 years after therapy, which resolved in both patients. One of these patients 
also had gastrointestinal bleeding and pseudomembranous colitis. One 
patient who had trisomy 8 before treatment developed myelodysplastic 
syndrome. Two patients remained progression-free without evidence of 
disease (complete response) for more than 5 years after study entry; 4 expe-
rienced disease relapse (all at extraosseous sites) and died of progressive 
disease. The median time to progression was 10 months.

We concluded that 166Ho-DOTMP has an acceptable toxicity profile and 
can produce sustained complete responses. Because of the long-term disease 
control seen with 166Ho-DOTMP, a phase II study of a similar strategy—
samarium 153 followed by AHST for treatment of bone metastases—is cur-
rently being planned. We chose 153Sm because its properties are very similar 
to those of 166Ho, because 166Ho is not currently available, and because 153Sm 
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is currently approved by the U.S. Food and Drug Administration for treat-
ment of refractory pain in patients with bone metastasis. The goal of this 
study, which opened in spring 2007, is to determine whether the treatment 
produces complete remission. Those patients who have bone-only metasta-
sis and disease that progressed after one regimen will qualify for the study.

Allogeneic Stem Cell Transplantation

Since 1995, we have explored the immunological effects of allogeneic 
(as opposed to autologous) hematopoietic stem cell transplantation in 
metastatic breast cancer. We have tested the allogeneic approach because 
patients with metastatic breast cancer typically have multiple immune 
defects and thus host immunosurveillance may not be effective in control-
ling the disease. Preclinical data suggest that immune defense cells (e.g., 
cytotoxic T lymphocytes and natural killer cells) can lyse breast cancer 
cells in vitro. In hematologic malignancies, it is well established that the 
success of allogeneic transplantation is dependent not only on the effect of 
the HDC but also on the antitumor effect of immunocompetent donor cells 
on residual malignant disease (the so-called graft-versus-tumor effect).

We have demonstrated that allogeneic transplantation is feasible in 
patients with metastatic breast cancer and that a graft-versus-tumor effect 
can be achieved. In an initial trial, we enrolled 23 patients with advanced 
breast cancer who had previously been treated with SDC and had exten-
sive BM involvement (13 patients) or liver involvement (9 patients) and 
poor response to SDC (18 patients). The median patient age was 42 years 
(range, 25–59 years). Twenty patients had breast cancer only; 1 patient also 
had a myelodysplastic syndrome. The median number of metastatic sites 
was 2 (range, 1–5). One patient had a complete response to SDC, four had 
a partial response, fourteen had stable disease, and four had progressive 
disease. In all cases, the stem cell donor was an HLA-identical sibling. 
Before stem cell transplantation, patients were treated with high-dose 
cyclophosphamide, carmustine, and thiotepa. For graft-versus-host-disease
(GVHD) prophylaxis, 2 patients received cyclosporine and steroids, and 
19 received tacrolimus and methotrexate. The median duration of follow-
up was 445 days (range, 53–1396 days), and the median PFS duration was 
227 days (range, 37–1127 days). Nine patients experienced acute GVHD, 
and 10 experienced chronic GVHD. Four patients had residual breast can-
cer after HDC, but the tumor regressed after immunosuppressive therapy 
was ceased. A similar graft-versus-tumor effect has been observed by other 
investigators (Carella et al., 2000; Bregni et al., 2002; Cheng and Ueno, 
2003; Bishop et al., 2004) who also conducted single-institution studies.

To determine whether a similar graft-versus-tumor effect occurred in a 
larger population, we analyzed Center for International Blood and Mar-
row Transplant Research/European Group for Blood and Marrow Trans-
plantation registry data for allogeneic transplantation in metastatic breast 



Stem Cell Transplantation 403

 cancer. We identified 75 patients who received an allograft between 1992 
and 2000 from an HLA-identical or unrelated donor at 16 transplant cent-
ers. All the patients were women. The median age was 41 years. The median 
number of sites of metastasis was 2; 48% of the patients had a Karnofsky 
performance status score less than 80; the median number of previous 
chemotherapy regimens was 2.5; and 29% of patients had progressive dis-
ease at the time of allogeneic transplantation. Half of the patients received 
myeloablative chemotherapy (HDC), and half received a nonmyeloablative
regimen. Nonmyeloablative transplantation (“minitransplant”) is a form of 
transplantation that uses less intensive chemotherapy or chemoradiation 
to reduce side effects, transplant-related mortality, and GVHD. This type 
of transplantation was developed in the early 1990s and was initially used 
in patients who had comorbid conditions or poor performance status. 
Immune manipulation (immunosuppressant withdrawal and/or donor 
lymphocyte infusion) was carried out in 42 patients and resulted in a 
complete or partial response in 7 (19%). Among patients who underwent 
nonmyeloablative chemotherapy, reduced rates of relapse and progres-
sion were observed in the patients who developed acute GVHD. These 
results suggested that a graft-versus-tumor effect can occur in patients 
with metastatic breast cancer treated with allogeneic transplantation.

At M. D. Anderson, in patients undergoing allogeneic transplantation, we 
currently use melphalan and fludarabine, a nonmyeloablative preparative 
regimen, to reduce the risk of treatment-related death. At present, we are 
investigating this approach in patients who have less extensive metastatic 
disease and have a complete or partial response to induction SDC. So far, 16 
patients have been treated. The median age of these patients was 41 years; 
most (n = 12) had a partial response to induction SDC, and most had already 
received at least two regimens. At a median follow-up time of 592 days, the 
median PFS was 337 days; several long-term responses (longer than 3 years) 
had been observed. These exciting preliminary results need to be further 
confirmed by treatment of more patients on the current protocol. Allogeneic 
transplantation should be preceded by debulking of the breast cancer. In the 
future, allogeneic transplantation should be combined with antigen-specific 
T cells or vaccines for inducing a graft-versus-tumor effect.

Chemotherapy-Refractory Locally Advanced Breast Cancer

At M. D. Anderson, we have a strong interest in the role of HDC as part 
of a multimodality approach to the treatment of locally advanced breast 
cancer. Locally advanced breast cancer is commonly treated with neoad-
juvant chemotherapy, which can reduce the tumor burden, allowing for 
less invasive surgery, and which permits determination of the respon-
siveness of the intact tumor to the chemotherapy regimen being used. In 
our study of HDC for locally advanced breast cancer, we have focused 
on patients whose tumors respond poorly to neoadjuvant chemotherapy. 
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These patients can be divided into two groups: those whose tumors can 
be removed surgically even though neoadjuvant chemotherapy fails to 
produce a response, and patients whose tumors cannot be removed surgi-
cally. Patients with operable tumors undergo surgical resection and then 
HDC with a combination of CVP and cyclophosphamide, carmustine, 
and cisplatin followed by irradiation as consolidation therapy. Patients 
who are not eligible for surgery undergo up-front HDC, with the goal of 
rendering the tumor resectable, and then radiation therapy for consolida-
tion. This approach is based on the hypothesis that patients without overt 
metastases might have their disease rendered operable with HDC using 
non-cross-resistant alkylating agents.

So far, we have treated 16 patients (median age, 46 years; range, 36–58 
years) in our study of HDC for patients with chemoresistant nonmet-
astatic locally advanced breast cancer (protocol DM 95–046). Of these 
patients, five had stage II breast cancer, five had stage IIIA breast cancer, 
and six had stage IIIB breast cancer. All patients had a poor response 
(minor response, stable disease, or progressive disease) to neoadjuvant 
chemotherapy consisting of 5-fluorouracil, doxorubicin, and cyclophos-
phamide with or without a taxane. At a median follow-up time of 381 
days (range, 165–682 days) from the day of transplantation, 14 patients 
remained disease free. The PFS rate at 1 year was 80%. The median PFS 
duration was 381 days (range, 165–682 days) from the day of transplan-
tation and 655 days (range, 296–905 days) from the day of initiation of 
neoadjuvant chemotherapy. One patient died of multiorgan failure at 
344 days without disease. Compared with historical PFS and OS rates in 
patients with locally advanced breast cancer refractory to neoadjuvant 
chemotherapy, the PFS and OS rates of patients who underwent HDC 
were substantially improved.

High-Risk Nonmetastatic Breast Cancer

Between October 1992 and March 2000, 177 patients with high-risk non-
metastatic breast cancer (median age, 46 years; range, 22–63 years) were 
treated at M. D. Anderson with high-dose cyclophosphamide, carmustine, 
and thiotepa followed by AHST in 11 different clinical trials. The Kaplan–Meier
method was used to analyze the OS and PFS probabilities. At a median fol-
low-up time of 42 months (range, 0.1–105 months), the treatment-related 
mortality rate was 4.5% (eight patients died). Patient age, disease stage, 
and lymph node ratio (ratio of positive nodes to total nodes dissected) 
were found to be correlated with PFS. Disease stage and lymph node ratio 
remained significant predictors of PFS on multivariate analysis. The 5-year
estimated PFS and OS rates were 0.59 and 0.69, respectively.

A subset of 84 patients were selected on the basis that they would have 
been eligible for a previous randomized trial of SDC with or without two 
cycles of high-dose CVP (Hortobagyi et al., 2000); that subset of patients 
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was compared with patients from the previous randomized trial who 
would have been eligible for the present study of high-dose cyclophos-
phamide, carboplatin, and thiotepa plus AHST. The 5-year estimated PFS 
and OS rates for the 84 patients treated with high-dose cyclophosphamide, 
carboplatin, and thiotepa plus AHST were 0.63 and 0.71, respectively. The 
5-year estimated PFS and OS rates for the SDC group from the previous 
trial were 0.56 and 0.72, respectively; the 5-year estimated PFS and OS 
rates for the SDC-plus-high-dose-CVP group from the previous trial were 
0.52 and 0.56, respectively. We concluded that high-dose cyclophospha-
mide, carmustine, and thiotepa and AHST for high-risk nonmetastatic 
breast cancer is feasible and has efficacy similar to that of the double CVP 
regimen used in our previous randomized trial, with acceptable mortality. 
We also concluded that there is a trend toward better PFS with cyclophos-
phamide, carmustine, and thiotepa than with the CVP regimen.

In patients with high-risk nonmetastatic breast cancer, we are currently
exploring the tandem HDC approach developed by Nitz et al. (2005), which 
resulted in a survival benefit, as described previously. Our long-term plan 
is to explore the use of tandem HDC for triple-negative breast tumors 
(negative for estrogen receptor, progesterone receptor, and HER2) with 
high-risk features (at least 4 positive lymph nodes). Plans are under way 
to conduct a trial of such therapy as a multi-institutional study between 
institutions in Europe and the United States.

Gene Therapy

Dr. Michael Andreeff and colleagues in M. D. Anderson’s Department 
of Stem Cell Transplantation have developed a therapeutic strategy that 
uses mesenchymal stem cells (MSCs) as cellular vehicles for the targeted 
delivery and local production of biologic agents in tumors. MSCs are 
BM-derived nonhematopoietic precursor cells that contribute to the 
maintenance and regeneration of connective tissues through engraft-
ment. MSCs can be obtained from BM aspirates, expanded in vitro, and 
genetically modified for clinical therapeutic purposes. However, it has 
become evident that in vivo engraftment of MSCs depends on the pro-
duction of appropriate external signals by the tissue microenvironment. 
These signals are related to the tissues’ potential to proliferate and dif-
ferentiate. Tissues that have a high spontaneous turnover, such as skin or 
gut, can mediate engraftment of BM-derived MSCs such as those associ-
ated with wound healing and stroma remodeling in tumors and their 
metastases.

MSCs have been shown to contribute to tissue regeneration and to the 
formation of fibrous scars at sites of injury. Interestingly, tumors are com-
posed of malignant tumor cells and nonmalignant benign cells—such as 
blood vessels, infiltrating inflammatory cells, and stromal fibroblasts. 
Stromal fibroblasts provide structural support for malignant cells and 
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influence the overall aggressiveness of cancers. The formation of tumor 
stroma closely resembles wound healing and scar formation, and studies 
have shown that MSCs can engraft in tumors. In a mouse model of meta-
static breast cancer, when MSCs transduced with human interferon-beta 
were injected intravenously, these MSCs were incorporated into meta-
static breast cancer and prolonged mouse survival (median survival 
60 days and 37 days for MSC-injected and control mice, respectively [differ-
ence, 23.0 days; 95% CI, 14.5–34.0 days; P < .001]). This proves that MSCs 
can be used as a vehicle to deliver a variety of genes to potentially treat 
breast cancer (Studeny et al., 2004). These exciting results are the basis 
for a planned clinical trial of intravenous injection of MSCs transduced 
with interferon-beta in the treatment of metastatic breast cancer.

FUTURE DIRECTIONS

The most important question with regard to HDC plus AHST as treat-
ment for metastatic and high-risk nonmetastatic breast cancer is whether 
this treatment provides a benefit in terms of OS. Most randomized studies 
conducted to date have not had sufficient power to detect a difference in 
OS or DFS. M. D. Anderson and the European Group for Blood and Mar-
row Transplantation are currently conducting a meta-analysis of all the 
published randomized trials of HDC for metastatic and high-risk nonmet-
astatic breast cancer. The goal is to determine which patient populations 
may benefit or may not benefit from HDC.

Another key question is whether prognostic factors—such as response 
to SDC (reduction in tumor burden) prior to transplantation or certain 

K E Y  P R A C T I C E  P O I N T S
● The conflicting results of randomized trials of HDC with AHST for metastatic 

and high-risk nonmetastatic breast cancer suggest the need for continuing 
novel research in this field.

● The morbidity, mortality, and costs associated with HDC have been substan-
tially reduced by improved transplantation technology.

● HDC should be administered only in the context of well-designed clinical trials.
● M. D. Anderson and the European Group for Blood and Marrow Transplanta-

tion are currently collaborating on a meta-analysis of all the published rand-
omized trials of HDC for breast cancer in an effort to determine which patient 
populations may benefit or may not benefit from HDC.

● Novel targeted therapy, gene therapy, and tumor-cell-purging techniques 
made possible by the use of stem cell transplantation are being investigated 
to determine whether they produce long-term disease control.
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genetic or protein profiles—can identify patient populations that may 
benefit from HDC.

Blood and marrow transplantation can enable unique therapies (e.g., 
CTC purging, gene therapy) that cannot be offered in patients treated with 
conventional chemotherapy. Thus, further studies of blood and marrow 
transplantation are warranted to test whether novel treatment strategies 
may advance the clinical care of breast cancer patients.
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CHAPTER OVERVIEW

Endocrine therapy has dramatically improved outcomes in patients with 
hormone receptor–positive breast cancer and, more recently, has proved 
to be valuable in breast cancer prevention. Endocrine therapy results 
in palliation of disease in 50–60% of patients with hormone receptor–positive
metastatic breast cancer. Alone or combined with chemotherapy, adju-
vant endocrine therapy significantly reduces the risk of recurrence and 
has a favorable impact on survival in patients with hormone recep-
tor–positive earlier-stage disease. While tamoxifen remains the standard 
adjuvant endocrine therapy for premenopausal patients, incorporation of 
aromatase inhibitors is now recommended in the adjuvant treatment of 
postmenopausal patients with hormone receptor–positive breast cancer. 
Recent findings demonstrating additional benefit with extended adju-
vant endocrine therapy have generated excitement given the prolonged 
period during which patients are vulnerable to breast cancer recurrence. 
The following adjuvant endocrine therapy regimens are acceptable on the 
basis of current data: aromatase inhibitor for 5 years; tamoxifen for 2–3 
years followed by an aromatase inhibitor for a total of 5 years of endocrine 
therapy; and tamoxifen for 5 years followed by letrozole for 2–3 years. 
Ongoing studies will determine whether even longer therapy with aro-
matase inhibitors is beneficial. In women at increased risk for developing 
breast cancer, tamoxifen has been shown to reduce the incidence of inva-
sive and noninvasive breast cancers by 50%. Recently published data from 
the Study of Tamoxifen and Raloxifene show that raloxifene is equivalent 
to tamoxifen in preventing invasive breast cancer but does not reduce the 
risk of noninvasive breast cancer. New endocrine agents are in clinical 
development, and existing agents are being extended to new patient pop-
ulations. As the unique properties of individual agents become apparent 
with ongoing clinical use, it will become increasingly possible to person-
alize therapy. With more patients receiving endocrine therapy, increased 
surveillance and improved interventions for treatment-related adverse 
effects are needed.

INTRODUCTION

Manipulation of the endocrine system as a treatment for metastatic 
breast cancer was introduced in 1896, when Beatson demonstrated 
objective regression of breast cancer after oophorectomy. A number of 
endocrine therapies are now used as palliative treatment for patients 
with hormone-sensitive metastatic disease and as adjuvant treatment for 
hormone-sensitive early breast cancer. Endocrine therapies are directed 
at either reducing the synthesis of estrogen or blocking estrogen receptors 
(ERs) in hormone-dependent tumors.
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HORMONE RECEPTOR STATUS AS AN INDICATOR OF RESPONSE

TO ENDOCRINE THERAPY

The presence of ERs or progesterone receptors (PRs) on tumors is predic-
tive of response to endocrine therapy. As shown in Table 14–1, more than 
50% of patients whose tumors are both ER and PR positive experience 
clinical benefit from endocrine therapy, compared with fewer than 10% 
of patients with tumors that are both ER and PR negative. Patients with 
hormone receptor–positive tumors also live 2–3 times longer after devel-
opment of metastases than do patients with hormone receptor–negative 
tumors. Immunohistochemical analysis can be performed to determine 
whether patients have ER- or PR-positive tumors and thus whether they 
are appropriate candidates for endocrine therapy. These receptors can be 
measured in archival tissue.

For patients whose tumor tissue cannot easily be accessed for evalu-
ation of hormone receptor status, the clinical criteria used to determine 
eligibility for endocrine therapy for metastatic disease are longer dis-
ease-free interval before recurrence, absence of or minimal visceral 
involvement, metastases limited to the soft tissue or bone, and previous 
response to endocrine therapy.

TREATMENT OF METASTATIC BREAST CANCER

Several types of endocrine therapy are available for use in managing 
metastatic breast cancer, including ovarian ablation, hormonal agonists, 
synthetic agents, and selective aromatase inhibitors (Table 14–2). The 
M. D. Anderson Cancer Center approach to the use of endocrine therapies 
in women with metastatic breast cancer is illustrated in Figure 14–1.

Ovarian Ablation

Ovarian function can be ablated by surgery (including laparoscopic sur-
gery), radiation therapy, or treatment with luteinizing hormone-releasing 
hormone (LHRH) agonists. The three treatment modalities result in simi-
lar response rates.

Table 14–1.  Hormone Receptor Status and Probability of Response 
to Endocrine Therapy

Estrogen Receptor Status Progesterone Receptor Status Probability of Response
Positive Positive High (50–70%)
Positive Negative Intermediate (33%)
Negative Positive Intermediate (33%)
Negative Negative Low (less than 10%)
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Ablation with Surgery or Radiation Therapy

Surgical ablation is the fastest means of decreasing estrogen production. 
However, surgical ablation has the disadvantage of being irreversible. 
Radiation-induced ablation is a rather slow process. Because it is difficult 
to isolate the ovaries from the nearby small and large intestine, radiation 
therapy may cause gastrointestinal disturbances. Radiation therapy may 
also affect the bone marrow to a limited extent.

Postmenopausal Premenopausal

First-line

Second-line

Third-line

Fourth-line

AITamoxifen
Tamoxifen or 

LHRH Agonist 

Fulvestrant AI

AI Fulvestrant

MA

Fulvestrant Tamoxifen

MA

MA

Fulvestrant

TamoxifenMA

Ovarian Ablation

AI

MA

Table 14–2.  Types of Endocrine Therapy for Metastatic Breast Cancer
Type of Therapy Examples
Ovarian ablation Surgery, radiation therapy, 
  pharmacologic 
  interventions
Luteinizing hormone–releasing hormone agonists Goserelin acetate
Progestins Megestrol acetate
 Medroxyprogesterone acetate
Androgens 
Nonselective aromatase inhibitors Testolactone
 Aminoglutethimide
Selective aromatase inhibitors Formestane
 Anastrozole
 Letrozole
 Exemestane
 Fadrozole
Selective estrogen receptor modulators Tamoxifen
 Toremifene
 Raloxifene
 Arzoxifene hydrochloride
Estrogen receptor downregulators Fulvestrant

Figure 14–1. Hormonal therapy sequence in women with estrogen receptor–positive
advanced breast cancer.
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Ablation with LHRH Agonists

Given the disadvantages of surgical and radiation-induced ovarian  ablation, 
LHRH agonists are used with increasing frequency for ovarian ablation. 
LHRH agonists, also known as gonadotropin-releasing hormone agonists, 
reduce the release of estrogen by providing a constant high level of pitui-
tary-releasing hormones and shutting down gonadotropin production. 
Chronic administration of LHRH agonists is associated with serum estro-
gen and progesterone levels similar to levels in women who have under-
gone oophorectomy. Several different forms of LHRH agonists are available 
for clinical use, but only goserelin acetate is approved by the Food and Drug 
Administration (FDA) for treatment of metastatic breast cancer, and it is 
only approved for use in premenopausal women. There are limited data to 
support activity of LHRH agonists in postmenopausal women. LHRH ago-
nists may have a direct antitumor effect because some tumors have LHRH 
receptors.

Administration of LHRH agonists may cause an initial rise in gonado-
tropin levels, which may be associated with tumor flare. LHRH agonists 
are available in a slow-release form that can be injected at 1- to 3-month 
intervals. The objective response rates with LHRH agonists are similar to 
those with ablative surgery.

Progestins

Progestins are synthetic derivatives of progesterone that have a pro-
gesterone-agonist effect. Progestins such as megestrol acetate and 
medroxyprogesterone acetate are effective in treating metastatic breast 
cancer; however, their exact mechanism of action is unknown. They 
have antiestrogenic properties and may result in interruption of the 
pituitary–ovarian axis. It has also been suggested that increased lev-
els of progestin may mimic pregnancy. In vitro, progestins have direct 
cytotoxic effects.

Progestins are associated with a number of side effects, including dys-
pnea, vaginal bleeding, nausea, fluid retention, hot flashes, skin rash, and 
thromboembolic complications. Progestins were once used extensively 
as second-line therapy for metastatic breast cancer. With the introduction 
of aromatase inhibitors, however, progestins have moved down in the 
sequential order of therapy for this disease (Figure 14–1).

Megestrol acetate is the only progestin approved by the FDA for treat-
ment of advanced breast cancer.

Androgens

Androgens have been evaluated and may be utilized in patients with 
metastatic breast cancer who have been treated with multiple endocrine 
agents and still have hormone-dependent disease.
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Aromatase Inhibitors

In postmenopausal women, low levels of estrogen are produced by aro-
matization of adrenal androgens. A wide range of aromatase inhibitors 
have been evaluated as treatments for metastatic breast cancer. The objec-
tive in developing aromatase inhibitors was to produce drugs that had 
specific activity and a good safety profile.

Types and Mechanisms of Action

The primary source of estrogen in premenopausal women is the ovaries. 
After menopause, estrogen is produced in peripheral tissues such as fat, 
muscle, liver, and breast through the aromatization of adrenal androgens. 
Although the amount of estrogen produced by this pathway is considerably 
less than the amount produced by the ovaries before menopause, it is still 
sufficient to support the growth of estrogen-dependent tumors. Approxi-
mately 100 ng of estrone is produced daily by aromatization of androsten-
edione, which results in a plasma estradiol level of 10–20 pg/mL.

The aromatase inhibitors can be broadly categorized as nonselective 
and selective. The nonselective aromatase inhibitors, which block not only 
aromatase but also other enzymes in the cytochrome P-450 family, can 
alter other steroid hormone levels and result in significant side effects. 
In a number of situations—for example, when the patient is under acute 
stress—glucocorticoid replacement therapy is required. In contrast, 
the selective aromatase inhibitors, which inhibit only aromatase, alter 
only the estrogen level and do not affect other steroid hormone levels 
(Figure 14–2).

There are two general types of aromatase inhibitors. Suicidal inhibitors 
(type 1) are steroidal compounds, and competitive inhibitors (type 2) are 
generally nonsteroidal compounds. Both types mimic normal substrates 

Adrenal secretions

Aldosterone Cortisol Androstenedione Testerone

Estrone Estradiol

Selective inhibitors 

Nonselective inhibitors 

Figure 14–2. Site of action of selective and nonselective aromatase inhibitors.
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(androgens) and compete with normal substrates in binding to the active 
site on the enzyme.

After initial binding, the next step differs for suicidal and competitive 
inhibitors. Once a suicidal inhibitor is bound to the active enzyme site, the 
enzyme initiates its typical sequence of hydroxylations, but hydroxyla-
tion produces an unbreakable covalent bond between the inhibitor and 
the enzyme. Enzyme activity is thus permanently blocked even if all the 
unattached inhibitor is removed. Activity can be restored only by synthe-
sis of new enzyme. In contrast, competitive inhibitors bind reversibly to 
the active enzyme site. The inhibitor can dissociate from the binding site, 
allowing renewed competition between the inhibitor and the normal sub-
strate for binding to the active enzyme site. As a result, the effectiveness of 
competitive inhibitors depends on the relative concentrations and affini-
ties of the inhibitor and the normal substrate. Continued activity requires 
the constant presence of the inhibitor.

To compete for binding to the active enzyme site, both suicidal and 
competitive inhibitors must share important structural features with the 
normal substrate. Suicidal inhibitors and androgens share a structural fea-
ture that allows them to interact with catalytic residues of the enzyme. 
This renders suicidal inhibitors inherently selective. Competitive inhibi-
tors interact with heme iron, a common feature of all cytochrome P-450 
enzymes. Some competitive inhibitors also bind to highly conserved 
oxygen-binding sites in addition to the substrate-binding site. Unless the 
specificity of a competitive inhibitor is reinforced through other struc-
tural features, such an inhibitor may block the activity of a wide variety 
of cytochrome P-450 enzymes in addition to aromatase (this is the case 
with aminoglutethimide). However, there are now competitive aromatase 
inhibitors available for clinical use that are selective and do not cause any 
major interactions with other cytochrome P-450 enzymes.

Patient Selection

Aromatase inhibitors are used only in women with no ovarian function. 
In women with intact ovarian function, aromatase inhibition may increase 
estrogen production by increasing gonadotropin-releasing hormone levels; 
the follicle-stimulating hormone level; aromatase production; the luteiniz-
ing hormone level; and ovarian steroid synthesis, particularly synthesis of 
androstenedione, the substrate for aromatase. Thus, ovarian ablation (either 
surgical or pharmacologic) must precede the use of aromatase inhibitors in 
premenopausal women.

Nonselective Aromatase Inhibitors

The nonselective aromatase inhibitors, testolactone and aminoglutethim-
ide, are active against metastatic breast cancer. However, the nonselective
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aromatase inhibitors have been supplanted by the selective aromatase 
inhibitors because of their more favorable safety profile.

Selective Aromatase Inhibitors

The selective aromatase inhibitors include formestane (4-hydroxyandros-
tenedione), anastrozole, letrozole, exemestane, and fadrozole.

Formestane. Formestane was the first selective suicidal aromatase inhib-
itor to be discovered. Its half-life when administered orally is 2–3 hours. 
In clinical studies, formestane has been shown to have no effect on serum 
levels of androstenedione, testosterone, dihydrotestosterone, aldosterone, 
cortisol, or 17-hydroxyprogesterone. Formestane has weak androgenic 
properties: there is a 15% fall in the serum level of the sex-hormone-binding
globulin after oral administration of formestane. The fact that this effect 
is not induced after intramuscular injection probably reflects reduced 
hepatic exposure to formestane via this route. The safety profile of form-
estane is superior to that of aminoglutethimide. The major drawback of 
formestane is the necessity of intramuscular injection. A small number 
of patients experience local reaction at the injection site. Although formes-
tane is not available in the United States, it has been shown to have signifi-
cant antitumor activity and has been extensively evaluated and utilized in 
European countries.

Anastrozole. Anastrozole is a selective competitive aromatase inhibi-
tor that has no activity against desmolase or other enzymes involved 
in steroid biosynthesis. Oral absorption of this drug is rapid, and peak 
concentration is reached within 2 hours. The average plasma half-life is 
approximately 50 hours in postmenopausal women. Studies have shown 
that administration of up to 10 mg daily for 14 days does not alter basal 
cortisol or aldosterone levels or response to adrenocorticotropic hormone 
stimulation. Two large randomized trials compared the efficacy of anas-
trozole at doses of 1 mg/day and 10 mg/day, respectively, with that of 
 megestrol acetate at 40 mg 4 times per day (Buzdar et al., 1996a; Buzdar 
et al., 1998). Initial results at a median follow-up time of 6 months showed 
no differences between anastrozole and megestrol acetate in time to disease
progression or survival, but anastrozole was associated with fewer side 
effects. With additional follow-up time (median, 31 months), survival was 
significantly longer for patients treated with 1 mg of anastrozole than for 
patients treated with megestrol acetate.

Anastrozole was evaluated as first-line therapy for metastatic disease 
in postmenopausal women in two double-blind, placebo-controlled trials 
(Bonneterre et al., 2000; Nabholtz et al., 2000). The control in both studies was 
tamoxifen. In both studies, the antitumor activity of anastrozole was simi-
lar to that of tamoxifen. In the subset of patients with ER-positive tumors, 
anastrozole was superior to tamoxifen. A higher fraction of patients with ER-
positive tumors had clinical benefit (complete response, partial response, or 



Endocrine Therapy for Breast Cancer 419

stable disease for more than 24 weeks) with anastrozole. Anastrozole also 
produced a longer time to treatment failure in ER-positive patients. The 
safety profile of anastrozole was more favorable than that of tamoxifen—
anastrozole resulted in fewer episodes of thromboembolism and vaginal 
bleeding.

Anastrozole is FDA approved for first- or second-line therapy for post-
menopausal women with hormonally responsive disease.

Letrozole. Letrozole is a selective competitive aromatase inhibitor. 
Letrozole does not cause any clinically relevant changes in plasma levels 
of cortisol, aldosterone, 17-hydroxyprogesterone, androstenedione, tes-
tosterone, or gonadotropins in healthy postmenopausal women treated 
with doses ranging from 0.1 mg/day to 5 mg/day. Letrozole markedly 
suppresses the plasma level of estradiol, estrone, and estrone sulfate 
within 2 weeks of initiation of treatment at a dose of 1 mg/day. In a European
study (Gershanovich et al., 1998), the safety and efficacy of letrozole and 
aminoglutethimide were compared in postmenopausal women. Time to 
progression, time to treatment failure, and overall survival were better 
in the letrozole-treated patients than in the aminoglutethimide-treated 
patients. In another European study (Dombernowsky et al., 1998), letro-
zole was compared with progestin. In patients who had experienced 
disease progression or relapse during tamoxifen therapy, those treated 
with letrozole had significantly higher objective response rates than did 
patients treated with progestin. In a large, double-blind, controlled trial 
(Mouridsen et al., 2001), letrozole was compared with tamoxifen as first-
line treatment for metastatic disease in postmenopausal women. Patients 
treated with letrozole had a longer time to progression, time to treatment 
failure, and time to initiation of chemotherapy. However, overall survival 
was not significantly superior in the letrozole group.

Anastrozole and letrozole have become the agents of choice for first- 
and second-line treatment of metastatic breast cancer in postmenopau-
sal women. Prospective, randomized studies are needed to compare the 
safety and antitumor activity of aromatase inhibitors. Letrozole is FDA 
approved for first- and second-line treatment of metastatic, hormone receptor–
positive breast cancer.

Exemestane. Exemestane is a selective suicidal aromatase inhibitor. It is 
a derivative of steroidal androgen. Because of the androgen-like structure 
of steroidal components, the potential exists for androgenic side effects 
after treatment. In fact, in early clinical trials, some patients treated with 
high doses of exemestane (up to 200 mg/day) had androgenic symptoms 
that included alopecia, hoarseness, and a decrease in the level of plasma 
sex-hormone-binding globulin (a sensitive endocrine androgenic side 
effect). Exemestane suppresses the estradiol level to levels similar to those 
produced by anastrozole and letrozole. In two prospective trials (Thurlimann
et al., 1997; Jones et al., 1999), exemestane was evaluated as third-line therapy
for metastatic breast cancer. Twenty percent of the patients in each trial
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had major responses. In two other studies (Lonning et al., 2000; Bertelli 
et al., 2005), exemestane was evaluated as a second-line therapy after the 
use of competitive aromatase inhibitors. A fraction of patients had objec-
tive responses, and a sizable fraction of patients had stable disease.

It has been shown that patients may benefit from treatment with anas-
trozole or letrozole after progression on exemestane. These data imply a 
partial lack of cross-resistance between steroidal and nonsteroidal 
aromatase inhibitors.

In a large phase III study (Kaufmann et al., 2000), exemestane was 
evaluated as second-line therapy in postmenopausal women previously 
treated with tamoxifen. The study design was similar to the design of 
studies of anastrozole or letrozole as second-line therapies. The control in 
this study was megestrol acetate. The study demonstrated that the activity 
of exemestane was similar to that of anastrozole and letrozole. An open-
label phase III trial comparing exemestane with tamoxifen as first-line 
therapy for metastatic breast cancer (Paridaens et al., 2004) showed that 
exemestane was associated with a longer time to progression.

Because of the limited cross-resistance between exemestane and the 
nonsteroidal aromatase inhibitors, exemestane is appropriate for patients 
who experience disease progression while receiving anastrozole or letro-
zole. Exemestane is FDA approved for second-line treatment of hormone 
receptor–positive metastatic breast cancer.

Fadrozole. Fadrozole is a competitive aromatase inhibitor that is 
more selective than aminoglutethimide but less selective than letrozole. 
Fadrozole has little or no effect on the desmolase enzyme; however, it 
does partially inhibit the 11-hydroxylase and 18-hydroxylase enzymes. 
The half-life of fadrozole is 10.5 hours, and maximal effects are seen with 
doses of 2–4 mg/day. In two double-blind, prospective studies (Bezwoda
et al., 1998; Buzdar et al., 1996b), megestrol acetate and fadrozole were 
compared in postmenopausal patients with metastatic breast cancer pre-
viously treated with tamoxifen. No significant differences were detected 
between the treatment groups with respect to time to progression, dura-
tion of response, objective response rate, survival, or safety. Patients 
treated with fadrozole had a lower incidence of weight gain and throm-
boembolic complications. Fadrozole is currently available for clinical use 
in Japan.

Antiestrogens

Antiestrogens, also referred to as selective ER modulators (SERMs), are 
the preferred first-line endocrine therapy for metastatic breast cancer 
in premenopausal women. These drugs block the action of estrogenic 
compounds such as 17-β-estradiol and estrone, which bind to and acti-
vate the ER, and they have a variable effect on different organs and 
tissues.
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Tamoxifen

The antiestrogen tamoxifen has been available for treatment of breast 
cancer for 35 years. It is an established and effective palliative treat-
ment for metastatic disease and is used as adjuvant therapy for primary 
breast cancer. A study comparing tamoxifen with diethylstilbestrol 
in women with metastatic breast cancer showed that the drugs have 
similar antitumor activity (Gockerman et al., 1986). Tamoxifen is readily 
absorbed and reaches peak plasma concentration approximately 5 hours 
after a single oral dose. The terminal half-life of tamoxifen is about 5–7 
days. Tamoxifen is extensively metabolized by demethylation and to 
a small degree by subsequent deamination and by hydroxylation. It 
is metabolized to N-desmethyltamoxifen and 4-hydroxytamoxifen. The 
major metabolite, N-desmethyltamoxifen, is a weak antiestrogen with an 
affinity for ER that is similar to that of tamoxifen, whereas 4-hydroxytamoxifen 
is believed to provide the major antiestrogenic activity.

Tamoxifen is approved by the FDA as a first-line therapy for meta-
static breast cancer in pre- and postmenopausal women as well as in men 
and also as an adjuvant therapy in patients with node-positive or node-
negative hormone receptor–positive tumors regardless of the patient’s 
menopausal status. Tamoxifen has also been approved for breast cancer 
chemoprevention in women who are at increased risk for this disease and 
in patients who have ductal carcinoma in situ but not invasive disease. 
In premenopausal women, response rates to tamoxifen vary from 15% to 
53%, and response rates at the higher end of this range are observed in 
patients with hormone receptor–positive disease. The response rates and 
survival durations associated with tamoxifen are similar to those associated
with ovarian ablation.

Tamoxifen may act as a weak estrogen agonist in tumors that overex-
press epidermal growth factor receptor or HER-2, and this may explain 
why patients with such tumors have a poorer prognosis. For such patients, 
estrogen deprivation with aromatase inhibitors may be preferable to 
tamoxifen therapy; additional studies in this area are needed.

Toremifene

Toremifene is a triphenylethylene analogue of tamoxifen. It is rapidly 
absorbed when given orally, and its peak plasma half-life is reached within 
3 hours after administration. Linear pharmacokinetics have been reported 
after single-dose administration, for which the plasma half-life is 4 hours 
and the elimination half-life is about 5 days. The major metabolites of 
toremifene are N-demethyltoremifene and deaminohydroxytoremifene.

Toremifene is approved by the FDA for first-line therapy for metastatic 
breast cancer in patients with ER-positive tumors or tumors of unknown 
ER status.
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In experimental endometrial cancer models, the activity of toremifene 
has been shown to be similar to that of tamoxifen, indicating that 
toremifene may produce an increase in the risk of endometrial cancer 
similar to that seen with tamoxifen. In fact, in clinical studies comparing 
the two drugs, the incidence of endometrial cancers was similar in patients 
treated with toremifene and those treated with tamoxifen. Toremifene and 
tamoxifen have been compared and shown to have similar efficacy in several 
phase III studies in metastatic hormone receptor–positive breast cancer.

Toremifene is used extensively as adjuvant therapy in Asia.

Fulvestrant

Fulvestrant is an ER downregulator with an affinity for ER that is similar 
to that of estradiol and 50 times greater than that of tamoxifen. Fulvestrant 
binds, blocks, and degrades ER. A pure ER antagonist, fulvestrant does 
not stimulate the endometrium. Fulvestrant is administered as a monthly 
250-mg intramuscular injection.

Fulvestrant has been compared to tamoxifen and aromatase inhibitors 
in the treatment of metastatic breast cancer. In a randomized phase III trial 
in 587 women with hormone receptor–positive advanced breast cancer 
(Howell et al., 2004), fulvestrant had efficacy similar to that of tamoxifen. 
Fulvestrant also had a safety profile similar to that of tamoxifen, although 
hot flashes were more common in the tamoxifen arm. Fulvestrant has been 
compared to anastrozole in two phase III studies of women with progres-
sion or relapse while receiving tamoxifen (Howell et al., 2005). The studies 
were designed to allow combined analysis of data. Fulvestrant was found 
to be at least as effective as anastrozole as a second-line agent. Both drugs 
were well tolerated, although joint complaints were significantly more 
common among patients receiving anastrozole. Fulvestrant has not been 
compared head-to-head with letrozole or exemestane.

Fulvestrant is FDA approved for treatment of postmenopausal hor-
mone receptor–positive metastatic breast cancer that progresses during 
other antiestrogen therapy.

TAS-108

TAS-108 is a novel steroidal antiestrogen compound that has a strong bind-
ing affinity for ER and, in preclinical studies, has shown antitumor activity 
against tamoxifen-resistant breast cancer cell lines. Its molecular mecha-
nisms of actions are different from those of tamoxifen and fulvestrant. TAS-
108 showed tissue-selective agonist activity in the bone and cardiovascular 
systems and, in preclinical and phase I studies, did not show any effect on 
the endometrium. In a phase I study (Yamaya et al., 2005), TAS-108 was well 
tolerated at doses ranging from 40 mg/day to 160 mg/day, and no maximum 
tolerated dose was found. Side effects included hot flashes, headache, and 
nausea and vomiting. There was evidence of biological antitumor activity, 
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and stable disease was noted in several patients. A phase II study of TAS-
108 is ongoing, and phase III studies are being planned.

ADJUVANT ENDOCRINE THERAPY

The results of several large trials demonstrating the superior efficacy and 
safety of aromatase inhibitors over tamoxifen have led to a new standard 
in adjuvant therapy for postmenopausal breast cancer. The selective aro-
matase inhibitors anastrozole and letrozole are FDA approved for first-
line adjuvant therapy in postmenopausal patients. Furthermore, recent 
studies have demonstrated improved outcomes in patients treated with 
aromatase inhibitors after adjuvant tamoxifen therapy as opposed to adju-
vant tamoxifen therapy alone.

The M. D. Anderson approach to the use of endocrine therapy in the 
treatment of early breast cancer is outlined in Table 14–3. Patients at low 
risk include women with ER-positive tumors 1 cm or smaller and negative 
nodes. The addition of chemotherapy to the treatment regimen is discussed 
with each woman in this subset of patients; however, further therapeutic 
gains with the addition of chemotherapy are marginal because of the side 
effects associated with chemotherapy.

Ovarian Ablation

The use of ovarian ablation as an adjuvant treatment has been shown to 
significantly improve disease-free and overall survival rates. The results 
of a meta-analysis conducted by the Early Breast Cancer Trialists’ Collabo-
rative Group (Ovarian ablation…, 1996) revealed that adjuvant ovarian 
ablation resulted in an 18% proportional reduction in the risk of death in 
women with early breast cancer who were younger than 50 years of age.

Selective Aromatase Inhibitors

Anastrozole

On the basis of the results of several large randomized trials, the third-
generation, selective nonsteroidal aromatase inhibitors anastrozole and 
letrozole are now used as first-line adjuvant therapy for postmenopausal 

Table 14–3.  Recommended Adjuvant Endocrine Therapy in Patients 
with Hormone Receptor–Positive Tumors

Risk of Recurrence Treatment
Low Tamoxifen or AI (and possibly chemotherapy)
Intermediate Chemotherapy followed by tamoxifen or AI
High Chemotherapy followed by tamoxifen or AI
Abbreviation: AI, aromatase inhibitor.
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women with hormone receptor–positive disease. Aromatase inhibitors are 
also indicated for extended adjuvant therapy in postmenopausal women 
who received tamoxifen initially.

In the Arimidex, Tamoxifen Alone or in Combination trial, which 
included 9,366 women with breast cancer, patients were randomly 
assigned to receive tamoxifen alone, anastrozole alone, or tamoxifen plus 
anastrozole for 5 years as adjuvant therapy (Baum et al., 2003). A major-
ity of the women included in the trial (84%) had ER-positive tumors. The 
first analysis after 3 years of follow-up showed a significant improvement 
in disease-free survival for women treated with anastrozole alone. The 
combination of tamoxifen plus anastrozole did not offer any advantage 
over tamoxifen alone and was discontinued after the first interim analysis. 
After 68 months of follow-up, anastrozole was superior to tamoxifen in 
terms of disease-free survival, time to recurrence, time to distant recur-
rence, and incidence of contralateral breast cancer. These findings were 
most dramatic among women with ER-positive breast cancer. There was no 
statistically significant difference between the anastrozole and tamoxifen 
groups in overall survival. However, a recent metaanalysis (Jonat et al., 
2006) suggests that switching to anastrozole after 2–3 years of tamoxifen 
improves overall survival compared with survival seen after 5 years of 
tamoxifen therapy. In this metaanalysis, adverse events differed between 
the two groups. Treatment with anastrozole alone resulted in a lower risk 
of endometrial cancer, vaginal bleeding, cerebrovascular complications, 
and thromboembolic events. Fractures and joint symptoms were less com-
mon in the tamoxifen group. In the ARNO95/ABCSG8 trial (Jakesz et al., 
2005), an open-label trial that included 3,123 women with breast cancer, 
disease-free survival was significantly improved in those who switched to 
anastrozole after 2 years of tamoxifen (P < .002). The established adverse 
effect of aromatase inhibitors on bone density warrants careful surveil-
lance and aggressive intervention in women treated with these drugs.

Letrozole

The BIG I-98 Collaborative Group trial (Coates et al., 2007) compared 
letrozole and tamoxifen as adjuvant treatment in 8,028 postmenopausal 
women with hormone receptor–positive breast cancer. Women were ran-
domly assigned to receive tamoxifen alone for 5 years, letrozole alone for 
5 years, tamoxifen for 2 years followed by letrozole for 3 years, or letro-
zole for 2 years followed by tamoxifen for 3 years. Data were analyzed 
after a median follow-up time of just over 2 years. Five-year disease-
free survival was greater in the letrozole-only group (84%) than in the 
tamoxifen-only group (81.4%, P = .003). Letrozole also prolonged time to 
recurrence and time to distant recurrence (P < .001 and P = .001, respec-
tively). Whether sequential therapy with tamoxifen and letrozole proves 
superior to monotherapy will be the subject of future BIG I-98 analyses.
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The safety profiles of tamoxifen and letrozole differed, although the 
number of life-threatening or fatal adverse events in the letrozole and
tamoxifen groups was similar. Letrozole was associated with lower inci-
dences of thromboembolic events, vaginal bleeding, endometrial biopsies, 
and invasive endometrial cancers, although the difference in the incidence 
of invasive endometrial cancers was not statistically significant. Letrozole
was also associated with higher incidences of grade 3, 4, or 5 cardiac 
events. The reason for the increased incidence of cardiac events in those 
treated with letrozole is unknown and needs to be investigated. Fractures 
were significantly more common in the letrozole group.

The MA-17 trial (Goss et al., 2005) evaluated the use of letrozole after 
5 years of tamoxifen in the adjuvant setting. In this trial, women with hor-
mone receptor–positive breast cancer (n = 5,187) were randomly assigned 
to receive letrozole or a placebo after completion of 5 years of tamoxifen. 
The trial was stopped after the initial interim analysis because letrozole 
resulted in a significantly improved disease-free survival rate (93% vs. 87% 
with placebo). Letrozole reduced distant metastases among all patients and 
improved overall survival in node-positive but not node-negative patients.

Exemestane

The Intergroup Exemestane Study (Coombes et al., 2007) compared 
tamoxifen for 5 years to tamoxifen for 2–3 years followed by exemestane 
for a total of 5 years of endocrine therapy in 4,742 women with ER-positive 
breast cancer. At a median follow-up time of 30.6 months, statistically sig-
nificant improvements in disease-free survival and significant reductions 
in the incidence of contralateral breast cancer were seen in the patients 
who received sequential tamoxifen and exemestane.

Exemestane is currently being compared to tamoxifen for primary adju-
vant therapy for hormone receptor–positive breast cancer; results from 
phase III trials are awaited.

At this time, exemestane is indicated as an adjuvant therapy after 2–3 
years of tamoxifen.

Tamoxifen

In the overview data from 55 randomized trials of adjuvant tamoxifen ver-
sus no tamoxifen reported by the Early Breast Cancer Trialists’ Collabora-
tive Group (Tamoxifen for early…, 1998), 8,000 of the 37,000 women had 
ER-low or ER-negative tumors, and the others had ER-positive tumors 
or unknown ER status. The duration of tamoxifen treatment varied from 
1 to 5 years. The reductions in recurrence and mortality rates by ER status 
are shown in Table 14–4. Tamoxifen given for 5 years to patients with ER-
positive tumors or unknown ER status significantly reduced the risk of 
recurrence and had a favorable impact on survival. The reductions in the 
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annual rate of recurrence were 18%, 25%, and 42% with 1, 2, and 5 years of 
tamoxifen therapy, respectively. The corresponding reductions in mortal-
ity rates were 10%, 15%, and 22%, respectively. From these data, it could 
be concluded that 5 years of tamoxifen treatment provides greater benefit 
than 1 or 2 years of tamoxifen.

Two studies have prospectively evaluated longer durations of tamoxifen 
use (beyond 5 years) and have shown no further improvement in disease-
free survival or overall survival (Fisher et al., 1996; Tormey et al., 1996).

Regarding the relative benefits of tamoxifen plus chemotherapy ver-
sus chemotherapy alone, the Early Breast Cancer Trialists’ Collaborative 
Group overview data illustrate that the risk of recurrence was reduced 
by 25% and the risk of death was decreased by 20% with the addition 
of tamoxifen. Preliminary results of National Surgical Adjuvant Breast 
and Bowel Project (NSABP) study B-20 also support the use of endocrine 
therapy plus chemotherapy for patients with ER-positive tumors (Fisher 
et al., 1997).

With the results of recent trials demonstrating the superiority of aro-
matase inhibitors over tamoxifen, the question arises of where tamoxifen 
fits in optimal sequencing of adjuvant endocrine therapy. Preliminary data 
from the Arimidex, Tamoxifen Alone or in Combination trial (Baum et al., 
2003) suggest that this may depend on the tumor’s PR status: in that trial, 
tumors expressing both ER and PR had similar responses to tamoxifen and 
aromatase inhibitors, whereas tumors that were PR negative responded 
better to aromatase inhibitors.

In a large NSABP study (B-24; Fisher et al., 1999), 1,804 patients with 
ductal carcinoma in situ were randomly assigned to treatment with local 
therapy or local therapy plus tamoxifen for 5 years. After a median follow-
up time of 74 months, the incidence of invasive and noninvasive breast 
cancer was significantly reduced in the tamoxifen group compared with 
the control group (P = .0009). These data are summarized in Table 14–5.

Table 14–4.  Reduction in Recurrence and Mortality Rates with 5 Years of 
Adjuvant Tamoxifen Therapy by Estrogen Receptor Status. 
(Early Breast Cancer Trialists Collaborative Group, 1998)

 Proportional Reduction in  Proportional Reduction in
 Breast Cancer Recurrence  Breast Cancer Mortality
ER Status Rate at 10 Years (%) Rate at 10 Years (%)
All women 42 22
ER poor 6 −3
ER unknown 37 21
ER positive and  47 26
 ER unknown
ER positive 50 28
Abbreviation: ER estrogen receptor.
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LHRH Agonists

LHRH agonists have been evaluated alone and in combination with 
tamoxifen as adjuvant therapy for breast cancer in randomized trials. In 
these trials, patients in the control arm were treated with cyclophospha-
mide, methotrexate, and 5-fluorouracil (CMF), and LHRH agonists were 
administered for 2–3 years. At a median follow-up time of 7 years, the 
results of these studies demonstrated that ovarian suppression by LHRH 
agonists resulted in disease-free and overall survival similar to that 
produced by CMF in premenopausal women with ER-positive disease 
(Kaufmann et al., 2003).

In another study, the efficacy of goserelin acetate plus tamoxifen was 
compared with that of CMF in premenopausal women with hormone 
receptor–positive disease (Jakesz et al., 2002). Goserelin acetate plus 
tamoxifen was significantly superior to CMF chemotherapy alone in terms 
of disease-free survival and local recurrence.

In another study, the combination of the LHRH agonist triptorelin plus 
tamoxifen was compared with 5-fluorouracil, epirubicin, and cyclophos-
phamide in ER-positive, node-positive premenopausal patients (Roche 
et al., 2000). Combination therapy with triptorelin plus tamoxifen resulted 
in overall survival and disease-free survival similar to that in patients 
treated with chemotherapy.

Several large trials have shown that LHRH analogues provide addi-
tional benefit when they are given in combination with chemotherapy. An 
international trial compared CMF alone, goserelin acetate alone, and CMF 
followed by 18 months of goserelin acetate (Castiglione-Gertsch et al., 
2003). The patients treated with CMF and goserelin acetate had a higher 
5-year overall survival rate than those treated with chemotherapy or gos-
erelin acetate alone. The benefit was greatest for women less than 40 years 
old with ER-positive disease. In another trial (Bianco et al., 2001), node-
positive, hormone receptor–positive patients undergoing chemotherapy 
with CMF with or without doxorubicin received either chemotherapy alone

Table 14–5.  Tamoxifen for Ductal Carcinoma In Situ: Results of the 
National Surgical Adjuvant Breast and Bowel Project B-24 Trial. 
(Fisher et al., 1999.)

 No. of Invasive and 
 Noninvasive Breast 
 Cancer Cases
 Tamoxifen  Placebo
Patient Group (n = 899) (n = 899) Rate Ratio P Value
All breast cancer 84 130 0.63 .0009
Ipsilateral breast cancer 63 87 0.70 .04
Contralateral breast cancer 18 36 0.48 .01
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or chemotherapy followed by goserelin acetate and tamoxifen for 2 years. 
Patients who received chemotherapy plus endocrine therapy had 
a significantly lower risk of relapse (P = .01) than those who received 
chemotherapy alone.

The superiority of aromatase inhibitors to tamoxifen is now established 
in postmenopausal patients. Although aromatase inhibitors cannot be used 
alone in premenopausal women, they may be used in combination with 
LHRH agonists. Trials are under way to evaluate this combination, which 
offers the possibility of a new standard in premenopausal breast cancer.

NEOADJUVANT ENDOCRINE THERAPY

Traditionally, neoadjuvant therapy for breast cancer has consisted of cyto-
toxic chemotherapy aimed at either rendering breast cancer operable or 
allowing breast-conserving surgery. However, in elderly patients and 
patients with significant comorbidities, cytotoxic chemotherapy may not 
be possible. In addition, some women may decide against chemotherapy 
even when it is recommended. In patients who decline or are not candi-
dates for cytotoxic chemotherapy, favorable outcomes are possible with 
endocrine therapy. Furthermore, some evidence suggests that the combi-
nation of chemotherapy and endocrine therapy may offer an advantage 
over chemotherapy alone in the neoadjuvant setting.

Two randomized trials, IMPACT and PROACT, evaluated anastrozole 
versus tamoxifen as neoadjuvant therapy in postmenopausal women 
with locally advanced or inoperable breast cancer. A combined analy-
sis of the two trials (Smith et al., 2004) showed a trend toward a better 
objective response rate with anastrozole but no statistically significant 
difference between the two treatments in the entire study population 
(n = 535). In the subgroup of patients who had more advanced disease 
(scheduled for mastectomy or inoperable at study onset, n = 344), anastro-
zole was associated with a significantly higher objective response rate 
and a significantly higher likelihood that breast-conserving surgery 
would be possible.

The P024 trial (Eiermann et al., 2001) compared preoperative letrozole 
to preoperative tamoxifen in 337 patients with hormone receptor–positive, 
previously untreated breast cancer. None of the patients were candidates 
for breast-conserving therapy at study entry. Patients received treatment 
for 4 months. The objective response rate, the primary end point, was 
higher in those who received letrozole (P < .001). Letrozole made pos-
sible breast-conserving surgery in significantly more patients than did 
tamoxifen (P = .02).

Neoadjuvant exemestane has been evaluated in several small studies. 
Two phase I trials evaluated exemestane in combination with neoadju-
vant chemotherapy, and several phase II studies evaluated exemestane 
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monotherapy. Results are promising and warrant further evaluation to 
determine the optimal neoadjuvant therapy or combination of therapies 
in hormone receptor–positive patients.

ENDOCRINE THERAPY FOR BREAST CANCER PREVENTION

Data from earlier trials of tamoxifen as adjuvant therapy for breast cancer 
suggested that tamoxifen may reduce the risk of breast cancer develop-
ment in the contralateral breast. Overview data from randomized trials 
of adjuvant tamoxifen versus no tamoxifen provided further, stronger 
evidence that this drug may be able to prevent the development of new 
breast cancer in the contralateral breast.

Tamoxifen is indicated for breast cancer prevention in women at high 
risk for the disease. Recent results from NSABP trial P-2 (Vogel et al., 
2006) suggest that raloxifene and tamoxifen are equivalent in terms of 
reducing the risk of invasive breast cancer in high-risk postmenopausal 
women. Raloxifene is inferior to tamoxifen in the prevention of nonin-
vasive cancers. Other agents—both endocrine and nonendocrine—and 
combinations of agents are also being studied for their chemopreven-
tive effects.

Tamoxifen

The NSABP P-1 trial (Fisher et al., 1998) was the first trial to specifically 
examine whether a therapeutic agent could also lower the risk of breast 
cancer development in a high-risk population. This study included 13,388 
healthy women aged 35 years or older whose risk of developing breast 
cancer was similar to that of a woman in the general population 60 years 
of age or older. Participants in this trial were randomly assigned to receive 
tamoxifen or placebo for 5 years. After a median follow-up time of 69 
months, there was an approximately 50% reduction in the risk of breast 
cancer development in the tamoxifen-treated group. The data from this 
study demonstrated a 49% reduction in the risk of invasive breast cancer 
and a 50% reduction in the risk of noninvasive breast cancer. Tamoxifen 
was also associated with a 45% reduction in the risk of hip fractures but 
had no impact on the incidence of ischemic heart disease. There was an 
increased risk of thromboembolic complications and endometrial cancer 
in women over the age of 50 years. On the basis of the results of this trial, 
the FDA approved tamoxifen for breast cancer prevention in women at 
high risk.

Raloxifene

Raloxifene is a nonsteroidal SERM developed for use in preventing oste-
oporosis in postmenopausal women. In a large clinical trial aimed at 
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evaluating its effect on osteoporosis (Cummings et al., 1999), raloxifene was 
found to reduce the risk of breast cancer compared to placebo: at a median 
follow-up time of 40 months, raloxifene reduced the risk of breast cancer 
by 76% (P < .001). However, the total number of cases of breast cancer was 
small, and breast cancer prevention was a secondary end point. The excess 
breast cancer cases in the placebo group were ER-positive tumors; raloxifene 
did not prevent the development of ER-negative tumors. Raloxifene is an 
endometrial estrogen antagonist, and the risk of endometrial cancer was not 
increased in women who took raloxifene in this study.

The NSABP P-2 study compared the safety and efficacy of raloxifene 
and tamoxifen in 19,747 postmenopausal women at high risk for the 
development of breast cancer (Vogel et al., 2006). Preliminary results 
showed that tamoxifen and raloxifene were equivalent in preventing 
invasive breast cancers (163 of 9,726 women receiving tamoxifen devel-
oped invasive breast cancer vs. 167 of 9,745 women in the raloxifene 
group). There were 36% fewer uterine cancers and 29% fewer deep 
venous thromboses and pulmonary emboli in the raloxifene group. 
Unlike tamoxifen, raloxifene did not reduce the rate of noninvasive 
breast cancer.

Raloxifene has not yet been approved by the FDA for breast cancer 
prevention, nor is it approved for any indication in premenopausal 
women.

Arzoxifene Hydrochloride

Arzoxifene hydrochloride (LY353381) is a SERM 3 (a benzothiphene 
SERM) that is structurally related to raloxifene. Arzoxifene hydrochlo-
ride has antitumor activity significantly superior to that of raloxifene in 
experimental systems and has been evaluated in small phase II studies. 
Initial data from these studies are encouraging and have indicated that 
this drug has antitumor activity similar to that of tamoxifen. Prospective 
randomized trials are needed to evaluate arzoxifene as a chemopreven-
tive agent.

Anastrozole

In the Arimidex, Tamoxifen Alone or in Combination trial (Baum et al., 
2003), anastrozole reduced the incidence of contralateral breast can-
cer by an additional 53% compared to treatment with tamoxifen. This 
finding, along with the favorable safety profile of aromatase inhibi-
tors, makes anastrozole an attractive option for breast cancer preven-
tion studies. A large, randomized trial of anastrozole versus placebo 
for prevention of breast cancer is currently under way. A second arm of 
this trial compares anastrozole to tamoxifen for breast cancer preven-
tion in postmenopausal women with a history of ER-positive ductal 
carcinoma in situ.
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K E Y  P R A C T I C E  P O I N T S
● Patients with hormone receptor–positive tumors are candidates for endocrine 

therapy.
● In patients with metastatic disease, selective utilization of endocrine therapy 

can have palliative benefits.
● In patients with earlier-stage disease, adjuvant endocrine therapy reduces the 

risk of recurrence and improves survival, even in patients who have already 
been treated with chemotherapy.
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CHAPTER OVERVIEW

Many patients with breast cancer experience gynecologic problems during 
or after breast cancer treatment. Some of these problems are caused by 
chemotherapy or hormonal therapy; others are caused by low estrogen 
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levels resulting from chemotherapy, hormonal therapy, or prophylactic 
oophorectomy; and still others are unrelated to breast cancer or its treat-
ment. Women who receive myelosuppressive chemotherapy are more 
likely to suffer vulval and vaginal infections as such chemotherapy can 
affect ovarian function and thus alter the vaginal ecosystem. Dyspareu-
nia in patients with breast cancer may be due to loss of secretion of 
the secondary sexual glands, spasm of muscles around the vagina, or 
aggravation of psychosexual problems that existed before the breast 
cancer diagnosis. Low estrogen levels resulting from oophorectomy 
or medications that suppress ovarian function can exacerbate urinary 
incontinence. Patients taking tamoxifen for breast cancer prevention 
are at increased risk for endometrial carcinoma and require careful 
monitoring. The evaluation of abnormal vaginal bleeding, uterine or 
vaginal prolapse, and uterine or ovarian enlargement in breast can-
cer patients is similar to the evaluation of these problems in patients 
without breast cancer. Vaginal sonography and hysteroscopy are useful 
diagnostic tools in patients with vaginal bleeding or other pelvic symp-
toms. More and more women are asking gynecologists about prophy-
lactic oophorectomy. This surgery may be appropriate in women with 
a genetic predisposition to ovarian cancer.

INTRODUCTION

Many patients with breast cancer experience gynecologic problems dur-
ing or after breast cancer treatment. Some of these problems result from 
the effects of cytotoxic or hormonal therapies; other problems are unre-
lated to breast cancer treatment but may require special management in 
patients with breast cancer or breast cancer survivors. It is hoped that this 
chapter will increase awareness of special gynecologic problems affecting 
patients with breast cancer among the physicians involved in the care of 
these patients.

In this chapter, we will discuss the diagnosis and management of clini-
cal problems that are frequently seen among patients with breast cancer 
referred to the Gynecologic Oncology Center at M. D. Anderson Cancer 
Center. Several of these problems, including infections of the vulva and 
vagina, vaginal bleeding, and dyspareunia, are related to estrogen dep-
rivation resulting from chemotherapy, hormonal therapy, prophylactic 
oophorectomy, or the myelosuppressive effects of chemotherapy. We will 
also discuss uterine and vaginal prolapse, urinary incontinence, tamoxifen-
related gynecologic problems, uterine and ovarian enlargement, and pro-
phylactic oophorectomy. The use of vaginal sonography and hysteroscopy 
as aids for assessing gynecologic problems in breast cancer patients will 
also be discussed.
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VULVOVAGINITIS

Among patients receiving standard or high-dose chemotherapy for breast 
cancer, vulvovaginitis is a frequent reason for referral to the Gynecologic 
Oncology Center. Vulvovaginitis can occur during or after chemotherapy 
and is thought to result from an alteration in the vaginal ecosystem due 
to loss of normal ovarian function. Specifically, myelosuppressive chemo-
therapy can cause loss of normal ovarian function, which in turn can lead to 
a decrease in the vaginal epithelial glycogen content and an increase in the 
vaginal pH, and myelosuppressive chemotherapy can also cause neutrope-
nia. Both higher pH and neutropenia may facilitate the pathogenic behavior 
of bacteria, fungi, and protozoans coincidentally present in the vagina.

Vaginal infections are usually accompanied by a discharge that is trou-
blesome and noticeable to the patient. Patients describe the discharge as 
being increased, offensive, and associated with itching or a “burning” 
sensation at the introitus or urethra. The discharge resulting from vaginal 
infections is different from the normal physiologic discharge that many 
women experience, which is white but sometimes leaves a brownish stain 
on underclothing. More than one type of vulvovaginal infection can be 
present at the same time, and therefore a careful work-up is essential.

Bacterial Vaginosis

Bacterial vaginosis is the most frequent type of vaginal infection, account-
ing for approximately 50% of all cases of vaginitis. Bacterial vaginosis was 
previously also known as Corynebacterium vaginalis infection and subse-
quently as Gardnerella vaginalis infection after H. L. Gardner, the clinician 
who first described it. The pathologic state is believed to involve multiple 
bacteria, and the incubation period is usually 5–10 days.

The following bacteria are commonly found in the vagina (approximate 
frequencies of specific infections are shown in parentheses): gram-positive 
rods such as diphtheroids (40%); gram-positive cocci such as Staphylococ-
cus epidermidis (55%), S. aureus (5%), β-hemolytic streptococci (20%), and 
group D streptococci (55%); gram-negative organisms such as Escherichia
coli (30%) and Klebsiella species (10%); and anaerobics such as Bacteroides
species (40%), Clostridium species (20%), Peptococcus species (65%), and 
Peptostreptococcus species (35%).

Women with bacterial vaginosis usually complain of a fishy malodor-
ous discharge. The odor becomes more pronounced after intercourse and 
during the menstrual cycle because the alkalotic environment present at 
these times leads to the production of aromatic amines. The discharge is 
usually dark gray, with low viscosity and homogeneous consistency, and 
is primarily localized and adherent to the vaginal walls. Pruritus is not 
a common complaint. Three out of the following four criteria should be 
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met before bacterial vaginosis is diagnosed: (1) there is a white or gray 
vaginal discharge of homogeneous consistency; (2) the pH of the dis-
charge is greater than 4.5; (3) there is an amine-like odor when the discharge 
is mixed with potassium hydroxide (also known as a positive finding on 
a whiff test); and (4) at least 20% of the vaginal epithelial cells examined 
on the wet mount are “clue cells”—cells covered with clusters of cocco-
bacilli, which give the cells a granular appearance.

Treatment options for bacterial vaginosis are shown in Table 15–1. Treat-
ment of sex partners remains controversial. Most studies demonstrate no 
benefit from treating the partner after the first episode unless balanitis, 
inflammation of the glans penis, is present. However, in patients with 
recurrent infections, treatment of the partner may be indicated.

Vulvovaginal Candidiasis

Up to 30% of healthy women harbor candidal organisms, but such women 
usually do not have symptoms. In contrast, patients with a history of dia-
betes or immunosuppression (e.g., because of HIV infection, malignancy, 
or chemotherapy) are at high risk for the development of vulvovaginal 
candidiasis. In addition, up to 70% of patients who receive antibiotics for 
more than 10 days are affected by this infection. Lactobacilli have been 
shown to regulate the growth of candidal organisms in the vagina. When 
the concentration of lactobacilli declines, the growth of candidal colonies 
increases. Vulvovaginal candidiasis is often recurrent.

It is important to note that vulvovaginal candidiasis is not associated 
with sexually transmitted diseases and is not itself considered a sexually 
transmitted disease. Patients with this infection report a nonmalodorous 
discharge, and many complain of a burning sensation of the vulva. The 
symptoms may be worsened by intercourse. Typically no discharge is 
present at the introitus. In the vagina, the discharge usually appears whitish 
and floccular, is very viscous, and adheres to the vaginal walls. Slight bleed-
ing may occur when the discharge is removed. The vulva often becomes red 
and moist, with an inflammatory reaction that extends to the labial-crural 
folds, and cheeselike deposits are often present in the vagina.

The diagnosis of vulvovaginal candidiasis is made by inspection and 
may be confirmed using a potassium hydroxide slide preparation (vagi-
nal discharge diluted with saline and 10% potassium hydroxide). In 70% 
of affected individuals, hyphae or budding yeast cells are seen when the 
slide is examined under a microscope. Diagnosis by the above criteria 
is sufficient to warrant initiation of treatment; cultures are occasionally 
needed if the patient does not respond to traditional treatment.

Treatment options for vulvovaginal candidiasis are shown in Table 15–1. 
Cure rates are similar for the oral and vaginal treatments, so many provid-
ers inquire about patient preference before prescribing treatment. Cure is 
often aided by avoidance of tight clothing like pantyhose. Treatment of sex
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partners is unnecessary except in the case of uncircumcised partners, who 
may harbor the infection under the prepuce, and in cases of persistent or 
recurrent disease. In patients with four or more episodes in 1 year, 150 mg 
of fluconazole for 3 days followed by 150 mg of fluconazole weekly for 
6 months has been shown to be effective.

Trichomonas Vaginitis and Other Forms of Vaginitis

Trichomonas vaginitis is the most prevalent nonviral sexually transmitted 
disease in women. The disease is caused by a flagellated protozoan, 
Trichomonas vaginalis, and primarily affects women during the reproductive 
years. The incubation period is usually 4–28 days. Trichomonas vaginalis has 
been isolated in 30–40% of male partners of infected women. Trichomonas 
vaginitis is often recurrent.

The main symptom of trichomoniasis is usually profuse vaginal dis-
charge. The discharge may be gray, yellow, or green, and it has been 
described as having a “frothy” appearance. The discharge has a foul odor 
and may also cause dysuria. Punctate reddened areas may be present on 
the vaginal and cervical mucosa. The classically described sign of “straw-
berry cervix and upper vagina” is seen in only about 2% of cases. Obser-
vation of flagellated mobile organisms on a wet mount provides a more 
conclusive diagnosis. The sensitivity of this test is approximately 50%. 
Patients who are asymptomatic but have Trichomonas vaginalis identified 
during a routine Papanicolaou examination should be treated because 30% 
of such patients will become symptomatic within 3 months if no treatment 
is given. The Pap test, however, may have a high false-positive rate—up 
to 20%. There is an office-based monoclonal antibody test for trichomo-
nal antigens that has a sensitivity of 85–90%, but this test is rarely used 
because of its cost.

Treatment options for trichomonas vaginitis are shown in Table 15–1. 
The woman’s sex partner is usually treated because the risk of reinfection 
is 2.5-fold greater when the partner is not treated.

Other, rarer types of vaginitis are occasionally seen in patients with can-
cer, including desquamative inflammatory vaginitis, erosive lichen planus 
of the vagina, and vaginitis caused by group A streptococci. Table 15–2 
describes the diagnostic methods and treatment for these rare conditions.

Viral Infections

Human papillomavirus (HPV) infection, herpes simplex, and herpes 
zoster (“shingles”) are occasionally found in breast cancer patients.

HPV Infection

HPV infection can cause condylomata of the external genitals and perianal 
region. Condylomata acuminata of the vulva, vagina, and perianal area are 
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usually associated with forms of HPV that have low oncogenic potential. 
In the case of such lesions, specific HPV typing is not usually performed. 
A simple biopsy of one of the lesions will confirm the diagnosis of con-
dylomata and differentiate the lesions from vulval or vaginal in situ or 
invasive carcinoma. Biopsy is necessary because early invasive squamous 
carcinoma of the vulva sometimes appears similar to a condyloma.

Condylomata acuminata can be treated in a variety of ways, including 
simple excision, cryotherapy, laser ablation, and use of topical prepara-
tions. Recently, 5% imiquimod in a cream base has been used. The cream 
is applied three times weekly before bedtime and is washed off the next 
day with mild soap and water. The surrounding normal skin should be 
protected by applying petroleum-based jelly and covering with cotton 
gauze when imiquimod cream is applied because imiquimod can be very 
irritating. Imiquimod cream can be used for up to 16 weeks. Another topi-
cal treatment, podophyllotoxin 5% solution or gel, is applied to condylo-
mata in cycles consisting of twice-daily treatment for 3 days followed by 
4 days of no therapy. Up to four cycles of treatment may be given. Lesions 
larger than 2–3 cm are best treated by cryotherapy, electrocautery, or laser 
surgery. Recurrences are common with all treatments and usually occur 
within 3 months.

As previously stated, the subtypes of HPV that cause condylomata do 
not usually lead to malignancy. However, other HPV subtypes, known as 
“high risk” or oncogenic types, may be associated with or may predispose 
to cervical, vaginal, or vulval neoplasias. Screening for the oncogenic types 
of HPV is now available and is performed routinely on Pap test specimens 

Table 15–2.  Diagnosis and Treatment of Nontrichomonal Purulent Vaginal 
Discharge

Disease Clue Diagnosis Treatment

Desquamative
inflammatory
vaginitis

Irritation, burning, 
pain, annular 
cervical rash

High pH, increase in 
inflammatory cells, 
absence of lactoba-
cilli, overgrowth of 
other organisms

2% clindamycin 
cream and 10% 
hydrocortisone 
cream

Erosive lichen 
planus

Pain, sensitivity 
of vagina; may 
be associated 
with cutaneous 
or oral erosive 
lichen planus

Erosion of vagina, 
which may lead to 
fibrosis and syn-
echiae; biopsy

High-dose
intravaginal
steroids

Vaginitis caused 
by group A 
streptococci

Family history 
of group A 
β-hemolytic
streptococcal 
pharyngitis or 
proctitis

Increased poly-
morphonuclear
cell count, cocci, 
increased pH; 
culture

Penicillin
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that show atypical squamous cells of undetermined significance. There is 
presently no effective treatment that will eliminate HPV, and HPV typing 
does not preclude the need for cytology screening on an annual basis or 
more frequently if indicated by an atypical Pap test result. The Food and 
Drug Administration has approved a vaccine that targets HPV types 6, 
11, 16, and 18. HPV types 6 and 11 cause 90% of genital warts, and HPV 
types 16 and 18 cause 70% of cervical cancers. The vaccine is approved for 
women ages 9–26 years.

Herpes Simplex

Herpes simplex is a highly contagious, recurrent, incurable sexually trans-
mitted disease; 75% of sex partners of infected individuals will be affected. 
The incubation period ranges from 3 to 7 days.

Herpes simplex typically presents as multiple small vesicles on an ery-
thematous base; the appearance of these vesicles is followed by the appear-
ance of one or more painful, shallow ulcers. These ulcers can occur on any 
part of the vulva and can be extremely painful when they occur on the labia 
minora or close to the urethra. Symptoms, including the vesicular phase, 
may persist for 10–14 days. Patients often report a prior history of herpetic 
lesions that began as a vesicular rash. Herpetic lesions may also be associ-
ated with tender inguinal lymphadenopathy. Viral cultures can be done to 
confirm the diagnosis, but it takes 2–4 days to get the results, and it is usually 
not practical to delay treatment until the results are received. Several thera-
pies are available that may alleviate the pain and accelerate healing of the 
ulcers (Table 15–3). Topical treatment with solutions that contain aluminum 

Table 15–3.  Treatment of Herpes Simplex and Herpes Zoster of the Vulva
 Acyclovir  Valacyclovir Famciclovir
Indication (Zovirax) Dosage (Valtrex) Dosage (Famvir) Dosage
Herpes simplex— 400 mg PO t.i.d.  1,000 mg PO b.i.d.  250 mg PO t.i.d. 
 initial episode  × 7–10 days  × 10 days  × 7–10 days
Herpes simplex— 400 mg PO t.i.d.  500 mg PO b.i.d.  125 mg PO b.i.d. 
 recurrent episode  × 5 days or  × 3 days  × 5 days
 800 mg PO t.i.d. 
  × 2 days
Herpes simplex  400 mg PO b.i.d. 1 g PO daily 250 mg PO b.i.d.
 prophylaxis
Herpes zoster 800 mg PO 5 day  1,000 mg PO t.i.d.  750 mg PO daily
  × 7–10 days  × 7 days  × 7 days or
   500 mg PO b.i.d. 
    × 7 days or
   250 mg t.i.d. 
    × 7 days
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acetate and acetic acid is soothing. Daily suppressive therapy in patients 
who have more than six recurrences per year decreases the frequency of 
outbreaks by approximately 75%. Patients are infectious while lesions 
or prodromal symptoms (burning, tingling, pruritis) are present, but impor-
tantly, asymptomatic viral shedding frequently occurs.

Herpes Zoster

Herpes zoster of the vulva is exceedingly rare. The presentation and man-
agement of herpes zoster of the vulva are the same as the presentation and 
management of herpes zoster at other sites. Patients with herpes zoster 
who are receiving chemotherapy, particularly high-dose chemotherapy, 
should be treated with the same antiviral agents that are used to treat her-
pes simplex. In severely immunocompromised patients and those with 
disseminated herpes zoster, intravenous treatment may be required. Such 
patients should also usually receive antiviral agents as prophylaxis during 
and immediately after the administration of high-dose chemotherapy.

ABNORMAL VAGINAL BLEEDING

In premenopausal females, vaginal bleeding is considered abnormal 
when menstrual cycles last longer than 7 days or when there is excessive 
uterine bleeding (more than 80 cc/cycle). Vaginal bleeding is also consid-
ered abnormal when it occurs between menstrual cycles or after a physical 
examination or coitus. As menopause approaches, menstrual cycles may 
become dysregulated such that there are variable periods of amenorrhea 
followed by episodes of prolonged and usually painless vaginal bleeding. 
Bleeding that occurs closer than 21 days between day 1 of one cycle and 
day 1 of the next cycle or bleeding that lasts longer than 7 days should be 
evaluated. It is important to note that vaginal bleeding is always consid-
ered abnormal in postmenopausal women.

Abnormal vaginal bleeding can be a sign of endometrial pathology, 
including endometrial cancer, and therefore must be evaluated carefully. 
Abnormal vaginal bleeding is cause for heightened concern in patients 
who have been diagnosed with breast cancer because these patients are at 
increased risk for the development of endometrial cancer. Vaginal bleed-
ing can also be a presenting symptom of benign endocervical polyps or 
endometrial hyperplasia caused by tamoxifen treatment.

It is important to consider endometrial malignancy in premenopausal 
women who present with abnormal vaginal bleeding and any postmeno-
pausal woman who presents with any vaginal bleeding. Approximately 
5% of all cancers of the endometrium occur in premenopausal women.

In patients who present with vaginal bleeding, obtaining a careful his-
tory of the bleeding is essential. The history may reveal other common sites 
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of bleeding, such as the urinary tract and the lower intestinal tract. Patients 
sometimes have difficulty identifying the site of origin of the bleeding. 
Similar bleeding episodes may have occurred previously. Patients may 
have a history of endometrial or endocervical polyps or fibroids or recent 
use of hormonal agents; any of these factors could contribute to vaginal 
bleeding. Patients who develop oligomenorrhea (infrequent menstrua-
tion) within the year before menopause may develop episodes of uterine 
bleeding due to changes in their estrogen levels.

The initial clinical evaluation of abnormal vaginal bleeding should 
include a pregnancy test, if appropriate; a coagulation profile; and deter-
mination of the following laboratory values: fasting serum prolactin level, 
thyroid-stimulating hormone level, and follicle-stimulating hormone 
level. Measuring the luteinizing hormone level is rarely useful because it 
varies considerably during the day.

An examination of the abdomen and pelvis is always necessary to deter-
mine the site and cause of the bleeding. Clinical findings might include a 
friable cervix with nabothian follicles, suggesting chronic cervicitis; polyps 
extruding from the cervix, particularly in a patient undergoing treatment 
with tamoxifen; or an enlarged and irregularly shaped uterus, suggesting 
a diagnosis of leiomyomata. The majority of endometrial polyps are benign; 
however, histopathologic evaluation of polyps, including their base, is 
necessary to rule out endometrial malignancy. An estrogen-producing
tumor of the ovary may also be the cause of bleeding, although this 
situation is rare.

A complete gynecologic examination should be performed as well and 
should include examination of cytologic material from the ectocervix and 
endocervix and an endometrial biopsy. In patients who have had previ-
ous vaginal deliveries, endometrial tissue samples can be obtained using 
methods that are easily performed in the outpatient setting. In patients 
who are nulliparous, however, dilatation of the cervix while the patient 
is under some form of anesthesia may be required. In our practice, we 
have found the endometrial pipelle instrument to be useful for outpatient 
procedures that do not require anesthesia (Figure 15–1). The larger suction 
curette permits access to a larger amount of tissue for diagnosis. When a 
stenotic cervix is encountered, we often use lacrimal dilators in the office 
to obtain access to the endometrial cavity. Patients tolerate this procedure 

Figure 15–1. Endometrial pipelle instrument used in gynecologic examinations.
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well, and if the procedure is successful, it obviates the need for an opera-
tive procedure and induction of anesthesia.

If the information from the cytologic examination and outpatient 
endometrial biopsy fails to explain the cause of the bleeding or if the bleed-
ing continues, an examination under anesthesia involving hysteroscopy 
and diagnostic dilation and curettage may be necessary. This examination 
is often preceded by vaginal sonography, which provides useful infor-
mation on the thickness of the endometrial stripe and the presence and 
anatomic situation of polyps and sometimes indicates an early carcinoma 
of the endometrium or endocervix. Vaginal sonography is also useful for 
evaluating the size and morphologic features of the ovaries.

Depending on the results of diagnostic studies, the patient may require 
a hysterectomy. Before hysterectomy, hysteroscopy may be performed to 
confirm the findings on vaginal sonography and determine whether any 
previous attempt at polyp removal has been successful. The findings on 
hysteroscopy may suggest that a nonhysterectomy approach is appro-
priate. In addition, an operative hysteroscopy affords the opportunity to 
remove polyps with a resectoscope under direct visualization.

Whether a bilateral salpingo-oophorectomy is performed in addition to 
hysterectomy depends on several factors, including the age of the patient, 
her preferences, and whether her family history indicates an elevated risk 
of ovarian cancer. If endometrial cancer is detected or if active endome-
triosis contributes to symptoms, a bilateral salpingo-oophorectomy must 
be performed. However, because patients who have undergone oophorec-
tomy may experience severe estrogen-deprivation symptoms, the indi-
cations for oophorectomy should be clearly and carefully explained to 
the patient. The issue of estrogen deprivation is especially important for 
women who have been diagnosed with breast cancer because systemic 
estrogen replacement therapy is not considered an option for the majority
of these patients—especially for those who have estrogen receptor–positive 
tumors (see Chapter 18). Patients should talk to their breast medical 
oncologist before starting any hormonal therapy.

DYSPAREUNIA

In patients with breast cancer, sexual dysfunction is a relatively frequent 
complaint both during and after treatment. Anxiety about the illness, con-
cerns about disfigurement related to mastectomy, and loss of physiologic 
hormone support, in particular endogenous estrogen, as a result of chem-
otherapy can all contribute to a lack of interest in sexual activity.

Dyspareunia in patients with breast cancer may be due to loss of secre-
tion from the secondary sexual glands, such as Bartholin’s glands, Skene’s 
glands, and the endocervical glands, or to spasm of the muscles around 
the vagina, particularly the levator ani muscle. Muscle spasms may result 
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from painful coitus associated with vaginal dryness. Sudden onset of 
dyspareunia indicates the possibility of a vulval or vaginal infection (see 
“Vulvovaginitis” in this chapter).

Another possible cause of dyspareunia in breast cancer patients is 
pre-existing psychosexual problems, which may be aggravated by the 
cancer situation. If sexual activity has been interrupted by extended or 
intensive treatment for breast cancer, the patient and her partner may 
express concerns as to whether resuming coitus can be harmful.

In the Gynecologic Oncology Center, our main objective in the evalua-
tion of breast cancer patients presenting with dyspareunia is to determine 
whether mechanical barriers or disease states exist that might interfere 
with sexual activity. These might include scarring or atrophy of the vagi-
nal mucosa, acute infections, and other inflammatory conditions, such as 
endometriosis or chronic pelvic inflammatory disease. Endometriosis is 
sometimes symptomatic even in the absence of normal ovarian function. 
It is also important to determine whether dyspareunia may have preceded 
the diagnosis of breast cancer.

Patients who have obvious atrophy of the vulva and vagina need to 
be reassured and given guidance about using nonhormonal lubricants, 
which are available in the form of vaginal suppositories or gels with 
applicators. These patients must be advised to use the lubricants on a 
regular basis, not just with sexual intercourse, as this routine should help 
to keep the vagina moisturized and pliable and decrease dyspareunia. 
Many breast cancer patients have severe dyspareunia that is not relieved 
with nonhormonal lubricants. For such patients, another possible option 
is use of Estring, a slow-release estrogen vaginal ring that acts locally on 
the vaginal mucosa to decrease dyspareunia and has only a 7% systemic 
absorption rate. Patients must be counseled that no studies have been 
done to determine whether Estring increases the risk of breast cancer 
recurrence.

It is preferable to have the sex partner participate in discussions about 
dyspareunia and its treatment. If the problem is not resolved by more 
straightforward measures, then referral to a sex therapist can be suggested 
(see Chapter 19).

UTERINE OR VAGINAL PROLAPSE

Except for a rare congenital form of the condition, genital prolapse occurs 
most commonly after multiple vaginal births, and it is more common in 
women of higher parity. We have also seen genital prolapse in women 
who have undergone hemipelvectomy or partial sacrectomy.

As is the case with any other hernia, uterine prolapse is initiated by 
weakening of supporting fascial structures above the pelvic diaphragm, 
including the uterosacral and pubocervical ligaments. Uterine prolapse 
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can be associated with prolapse of the anterior or posterior vaginal wall. 
Vaginal prolapse, however, can occur in the absence of uterine prolapse.

Early symptoms of uterine or vaginal prolapse may include lower-
back pain, frequent need to urinate, and, sometimes, constipation asso-
ciated with a large rectocele. As with other hernias, uterine prolapse is 
aggravated by conditions that increase intra-abdominal pressure, such as 
chronic pulmonary disease (frequently seen in smokers or patients with a 
history of chronic obstructive airway disease) and obesity.

In most patients with uterine prolapse, the degree of prolapse is not 
severe enough to compromise bladder or bowel function. Even in more 
severe cases, the use of a pessary, a prosthesis inserted into the vagina to 
provide pelvic support, may be sufficient to deal with the problem while 
therapy for breast cancer is ongoing. Vaginal pessaries come in different 
shapes and sizes. The most common types include Hodge’s pessary, the 
ring pessary, and the cube pessary. In our experience, a cube pessary is 
efficient and relatively easy for patients to use with appropriate instruc-
tion. In women who also complain of leaking urine when coughing and 
sneezing, the ring pessary with the incontinence knob (a ridge on one side 
of the ring that sits behind the pubic symphysis) is often effective.

When prolapse contributes to difficulty emptying the bladder or rectum, 
a surgical approach may be needed. The goal of the surgical approach is to 
correct the fascial defect, restore anal sphincter function, and remove redun-
dant vaginal mucosa. If an enterocele is detected at surgery, the peritoneal 
sac must be entered, and the defect must be closed. Patients in whom the 
uterus prolapses partially or completely outside of the introitus, either spon-
taneously or with minimal increases in intra-abdominal pressure, usually 
require a suspensory operation that attaches the vaginal vault to the sacros-
pinous ligaments after removal of the uterus. In frail or elderly patients who 
no longer wish to be sexually active, a colpocleisis can be performed. This is 
a short surgical procedure that essentially closes the vagina on the inside.

Most patients do not experience incapacitating symptoms from vagi-
nal prolapse. Even patients who have the worst degree of prolapse may 
benefit from the use of a vaginal pessary until breast cancer treatment has 
been completed and an adequate follow-up period has elapsed. Nonsur-
gical or conservative measures should be utilized if the patient has other 
significant medical problems that would increase the risk of surgery or if 
the patient has progressive cancer or a significant risk of cancer progres-
sion. In some patients, the use of pessaries may have to be definitive.

URINARY INCONTINENCE

Urinary incontinence is reported in 10–25% of women younger than the 
age of 65 years and in more than 50% of patients who are bedridden. Urinary
incontinence may be exacerbated when estrogen levels are low. Breast 
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cancer patients with urinary incontinence may not initially report the 
problem voluntarily because issues related to the cancer assume a higher 
priority for them. Because urinary incontinence is sometimes related to a 
significant underlying pelvic pathology, it is important for the physician 
to inquire about this condition.

Multiple factors may contribute to incontinence, including older age; 
multiple vaginal births; smoking; neurologic, gastrointestinal, and pul-
monary disease; genetic factors; and certain drugs—for example, antihy-
pertensives, dopaminergic agonists, cholinergic agonists, neuroleptics, 
adrenergic β-agonists, and xanthines.

The three major types of incontinence are stress incontinence, urge 
incontinence, and overflow incontinence.

Stress Incontinence

True stress incontinence occurs when increased intra-abdominal pressure 
is transmitted equally to the bladder and the functional part of the ure-
thra. Stress incontinence is caused by loss of anatomic support of the 
urethra, bladder, and urethrovesical junction, which allows the urethra 
to be displaced below the pelvic floor. When intra-abdominal pressure 
in addition to intravesical pressure exceeds the urethral closing pres-
sure, involuntary loss of urine occurs. The most common causes of 
stress incontinence are traumatic vaginal birth, multiple pregnancies, 
and, in menopausal women, tissue atrophy secondary to decrease in 
periurethral vascularity and atrophy of the mucous membrane of the 
urethra.

Urge Incontinence

Urge incontinence, also known as detrusor instability, is characterized by 
involuntary loss of urine associated with an abrupt and strong desire to 
void. Urge incontinence is usually a chronic condition. It is caused by sud-
den, spontaneous contraction of the detrusor muscle of the bladder, which 
is thought to be triggered by uninhibited stimulation of detrusor muscle 
receptors. Urine leakage may occur when the patient is in any position 
and is more frequent with changes in position. Also, patients with urge 
incontinence may report an inability to stop their urine stream during 
voiding.

Urge incontinence can be differentiated from stress incontinence on 
the basis of symptoms. Whereas stress incontinence usually disappears at 
night, urge incontinence is often associated with nocturia.

Sudden onset of urge incontinence in a patient diagnosed with breast 
cancer should raise suspicion of a bladder infection or a pelvic mass 
(associated with enlargement of the uterus or ovaries) pressing on the 
bladder. A pelvic examination should reveal any such pelvic mass.
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Overflow Incontinence

Overflow incontinence occurs when the bladder becomes overdistended 
because it cannot empty properly. Overflow incontinence is usually caused 
by interference with normal neurologic control of the bladder. Patients 
report that they void small quantities of urine and afterwards still feel that 
their bladder is full.

Although overflow incontinence can be caused by medical conditions 
such as multiple sclerosis, diabetic neuropathy, and trauma, in patients 
with breast cancer it is important to rule out metastatic lesions in the lum-
bar spine or sacrum. Patients with such lesions will often report loss of 
bowel continence and neuropathy—typically a loss of S1 nerve root sensa-
tion on the soles of the feet. Cystoscopic and neurologic assessment will 
establish the diagnosis. Appropriate radiologic studies, including bone 
scans and magnetic resonance imaging studies of the lumbar spine and 
sacrum, are necessary to identify metastatic sites that could be causing 
neurogenic bladder.

Diagnosis and Management

Because each type of incontinence presents with characteristic symptoms 
and findings, the history is the most important factor in the diagnostic 
work-up. The work-up should also include a culture of the urine, which 
may reveal a bladder infection, and a pelvic examination, which will often 
provide valuable information on the type of incontinence and may also 
reveal a causative factor, such as a pelvic mass. If there is vaginal atrophy 
or a cystocele, these should be revealed on the pelvic examination. During 
the pelvic examination, the patient should cough while the speculum is in 
place. Excessive urethral movement or loss of urine as a result of coughing 
should be noted.

In patients who have a cystocele identified on pelvic examination, 
an anterior colporrhaphy with bladder neck plication is appropriate. In 
patients with symptoms of urge incontinence, if physical examination does 
not reveal a causative factor, a short course of a detrusor inhibitor such as 
oxybutynin hydrochloride extended-release can be offered. In addition, 
detrusor instability can be improved with bladder retraining and sched-
uled voiding. Patients with symptoms of stress incontinence should be 
taught how to perform isometric Kegel exercises to strengthen the levator 
ani and pubococcygeal muscles. These exercises are effective in more than 
60% of patients with mild stress incontinence. If conservative measures do 
not help in a patient with stress urinary incontinence, surgical approaches 
are available for cure. These include abdominal approaches that involve 
elevation of the paravaginal tissue near the urethra in the space of Retzius 
and suturing of this tissue to the pubic symphysis or to Cooper’s liga-
ment. When properly performed, these procedures are associated with 
a long-term cure rate of greater than 80%. In addition, there is now a 
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vaginal surgical procedure in which a tension-free mesh is placed under 
the urethra. This is performed as an outpatient procedure and does not 
require placement of a Foley catheter after surgery. While this is a newer 
procedure, data from use of the procedure over 7 years also show a greater 
than 80% cure rate.

It is not uncommon for women to have coexisting stress incontinence 
and urge incontinence; thus, proper evaluation using urodynamics is 
essential for successful management of incontinence. Indications for uro-
dynamic testing include uncertain diagnosis, symptoms of both stress 
incontinence and urge incontinence, and failure to respond to intervention.
In patients who do not respond to initial treatment, referral to a urogyne-
cologist may be necessary.

TAMOXIFEN USE AND ENDOMETRIAL ABNORMALITIES

In the past 25 years, several million women have been treated with 
tamoxifen. Currently, the recommended duration of adjuvant tamoxifen 
treatment in women with breast cancer is 5 years.

Tamoxifen is an antiestrogen, but it also acts as a partial estrogen ago-
nist on the endometrium. Administration of unopposed estrogen can lead 
to endometrial proliferation and occasionally to carcinoma. Tamoxifen 
use has been associated with a variety of histopathologic changes in the 
endometrium, including increased endometrial thickness, increased uter-
ine volume, proliferative changes, simple and complex atypical endome-
trial hyperplasia, endometrial polyps, and, rarely, endometrial carcinoma. 
In the National Surgical Adjuvant Breast and Bowel Project P-1 trial, which 
included patients at increased risk for the development of breast cancer 
and which examined the value of tamoxifen in preventing second breast 
cancers, patients were randomly assigned to receive either tamoxifen 20 mg 
daily or placebo. The cumulative rate of endometrial cancer was 13.0 cases 
per 1,000 women in the tamoxifen group and 5.4 cases per 1,000 women in 
the placebo control group. The increased risk in tamoxifen-treated women 
appeared at 1 year of tamoxifen treatment and increased progressively 
with treatment durations beyond 5 years. The relative risk of developing 
endometrial cancer after tamoxifen treatment increases with higher cumu-
lative doses of tamoxifen and longer duration of exposure.

Recently, results of the Study of Tamoxifen and Raloxifene showed that 
another selective estrogen receptor modulator, raloxifene, is as effective as 
tamoxifen in reducing the incidence of breast cancer in postmenopausal 
women who are at increased risk for the disease and is associated with a lower 
risk of endometrial cancer (Land et al., 2006). Women who were randomly 
assigned to take raloxifene had 36% fewer uterine cancers than the women 
assigned to take tamoxifen. It is postulated that raloxifene may become more 
widely used than tamoxifen for breast cancer prevention in the near future.



Gynecologic Problems in Patients with Breast Cancer 451

In women treated for breast cancer, the benefits of tamoxifen in terms 
of reducing the risk of breast cancer recurrence far outweigh the small risk 
of endometrial cancer. However, because of the risk of endometrial cancer, 
women taking tamoxifen must have frequent and thorough examinations. 
Table 15–4 shows the American College of Obstetrics and Gynecology 
guidelines for care of patients undergoing treatment with tamoxifen 
(ACOG, 2006).

Sonography has proven to be useful for evaluating the endometrium 
in patients taking tamoxifen who have abnormal vaginal bleeding. Typi-
cal sonographic appearances of the endometrium in patients taking 
tamoxifen include thick, homogeneous hyperechogenic tissue with small 

Table 15–4.  American College of Obstetrics and Gynecology Recommenda-
tions for the Care of Women Taking Tamoxifen. (Reprinted with 
permission from ACOG committee opinion, 2006.)

• Postmenopausal women taking tamoxifen should be monitored closely for 
symptoms of endometrial hyperplasia or cancer.

• Premenopausal women treated with tamoxifen have no known increased risk 
of uterine cancer and as such require no additional monitoring beyond routine 
gynecologic care.

• Women taking tamoxifen should be informed about the risks of endometrial 
proliferation, endometrial hyperplasia, endometrial cancer, and uterine sarco-
mas. Women should be encouraged to promptly report any abnormal vaginal 
symptoms, including bloody discharge, spotting, staining, or leukorrhea.

• Any abnormal vaginal bleeding, bloody vaginal discharge, staining, or spotting 
should be investigated.

• Emerging evidence suggests the presence of high- and low-risk groups for 
development of atypical hyperplasias with tamoxifen treatment in postmeno-
pausal women based on the presence or absence of benign endometrial polyps 
before therapy. Thus there may be a role for pretreatment screening of post-
menopausal women with transvaginal ultrasonography, and sonohysterogra-
phy when needed, or office hysteroscopy before initiation of tamoxifen therapy.

• Unless the patient has been identified to be at high risk for endometrial cancer, 
routine endometrial surveillance has not been effective in increasing the early 
detection of endometrial cancer in women using tamoxifen. Such surveillance 
may lead to more invasive and costly diagnostic procedures and, therefore, is 
not recommended.

• Tamoxifen use should be limited to 5 years’ duration because a benefit beyond 
this time has not been documented.

• If atypical endometrial hyperplasia develops, appropriate gynecologic manage-
ment should be instituted, and the use of tamoxifen should be reassessed. If 
tamoxifen therapy must be continued, hysterectomy should be considered in 
women with atypical endometrial hyperplasia. Tamoxifen use may be reinsti-
tuted following hysterectomy for endometrial carcinoma in consultation with 
the physician responsible for the women’s breast care.
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cystic spaces; heterogeneous tissue with small cystic spaces; and solid 
heterogeneous tissue and polyps. When 5 mm is used as the upper limit of 
normal endometrial thickness, the sensitivity of transvaginal sonography 
for the detection of endometrial abnormalities is 91–100%. An endome-
trial thickness of greater than 10 mm is almost always associated with 
some type of endometrial abnormality, such as hyperplasia or polyps. 

Figure 15–2. Endometrial polyp as seen on vaginal sonography (A) and hyster-
oscopy (B).
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Figures 15–2A and 15–2B show an endometrial polyp as seen on vaginal 
sonography and hysteroscopy, respectively.

Some investigators have utilized transvaginal pulse Doppler color flow 
imaging and have concluded that it does not contribute to the assessment 
of asymptomatic postmenopausal breast cancer patients treated with 
tamoxifen. Another technique often utilized is sonohysterography. This 
involves filling the endometrial cavity with saline under sonographic vis-
ualization, thus distending the cavity and allowing more effective analy-
sis. Sonohysterography is particularly useful for delineating polyps and 
space-occupying lesions, such as submucosal myomas, and for identify-
ing a thickened endometrium (Figure 15–3).

In asymptomatic women taking tamoxifen, screening for endometrial 
cancer with routine transvaginal sonography, endometrial biopsy, or both 
has not been shown to be effective. The likelihood of detecting endome-
trial pathology in asymptomatic patients is very low, usually between 
0.6% and 4%, and most abnormal findings do not require specific treat-
ment. Any patient who has vaginal bleeding or a bloody vaginal discharge 
while taking tamoxifen should undergo immediate endometrial biopsy 
regardless of the thickness of the endometrial lining on sonography.

UTERINE OR OVARIAN ENLARGEMENT

Enlargement of the uterus or ovaries is a frequent reason for referral of 
breast cancer patients to the Gynecologic Oncology Center. In many cases, 
the enlargement is detected on an abdominal-pelvic computed tomogra-
phy scan obtained for staging or follow-up purposes.

Figure 15–3. Thickened endometrium as seen on sonohysterography.
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Uterine Enlargement

The most common cause of uterine enlargement is leiomyoma, which is 
found in approximately 20–25% of women of reproductive age and approx-
imately 50% of postmenopausal women. Leiomyomata are usually asymp-
tomatic. Unless the disease is symptomatic or the size of the uterus has 
increased rapidly, patients with leiomyoma should simply be reassured and 
should not be subjected to surgical intervention. A sudden increase in the 
size of the uterus or pain associated with leiomyoma should raise concern 
about the possibility of leiomyosarcoma. However, such tumors are rare, 
occurring in less than 0.2% of all patients with leiomyoma. If leiomyoma 
causes enlargement of the uterus or excessive bleeding, a total hysterectomy 
may be required for therapeutic or, occasionally, for diagnostic purposes.

Ovarian Enlargement

The most common cause of ovarian enlargement is an ovarian cyst. 
Ovarian cysts can be classified as either nonneoplastic or neoplastic. 
Nonneoplastic ovarian cysts include physiologic cysts, such as corpus 
luteum and endometriotic cysts. The most common neoplastic ovar-
ian cysts are cystic teratoma (dermoid cyst), which is usually found in 
younger patients, and serous or mucinous cystadenoma, which occurs 
in patients of all ages.

In women of reproductive age, the ovaries may enlarge slightly in par-
allel with physiologic effects of pituitary ovarian stimulation. Physiologic 
ovarian cysts are simple cysts, usually unilocular on sonography. Physi-
ologic cysts may regress by the next menstrual cycle but sometimes persist 
for two or more cycles. Of note, data from the Breast Cancer Prevention 
Trial (Chalas et al., 2005) showed that there was an increased incidence of 
benign ovarian cysts in women taking tamoxifen (relative risk, 1.5).

If an ovarian cyst is more than 5 cm in diameter or if there is any pal-
pable enlargement after menopause, the possibility of a neoplastic event 
should be considered.

The initial evaluation should include a thorough history that specifi-
cally addresses menstrual history, sexual history, family history, tamoxifen 
usage, neurologic history, and associated symptoms. This is followed by 
a comprehensive physical examination, with the pelvic examination being 
the primary focus. The goal is to look for evidence of a pelvic mass and to 
determine the consistency (solid or cystic), mobility (mobile or fixed), and 
size of any such mass. Dysmenorrhea, dyspareunia, or pain that radiates to 
the upper thigh, with or without a history of endometriosis, may suggest a 
diagnosis of endometriosis. Pain associated with an enlarged ovary is usu-
ally related to a benign process except in the case of a rapidly growing or 
necrotic neoplasm of the ovary, such as a sarcoma or granulosa cell tumor.

Vaginal sonography can provide useful information about the size and 
complexity of an ovarian mass (Figure 15–4). Multiloculation, excrescences,
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and increased Doppler flow (low impedance) should increase the suspicion
of a neoplasm. Even in the case of ovarian cysts less than 5 cm in diameter, 
sonography may be helpful in determining whether the cyst is simple, 
unilocular, or multilocular.

An elevated serum CA-125 value may suggest underlying pathology, 
although the CA-125 value is normal in up to 50% of patients with 
early-stage ovarian cancers. Moreover, even though CA-125 is used as a 
marker for epithelial ovarian cancer, levels of this marker may also be 
significantly elevated in patients who have uterine fibroids, adenomyosis, 
endometriosis, or any type of inflammation of the pleura or peritoneum; in 
patients with cirrhosis of the liver; and in 5–7% of women with no abnor-
malities. If the CA-125 value is elevated and the likelihood of a malig-
nancy as indicated by other factors is low, the patient can be observed and 
the CA-125 value measured again two weeks later.

Ovarian cysts less than 5 cm in diameter that do not appear to be mul-
tiloculated on sonography can be managed conservatively. Conservative 
management should include serial clinical examinations and repeat vagi-
nal sonography, which is generally performed approximately 8 weeks 
after initial sonography.

Complex ovarian cysts, ovarian cysts larger than 5 cm in diameter 
and ovarian cysts that increase in size usually require surgical explora-
tion, primarily to rule out a neoplastic cause. In patients who have had 
breast reconstruction with a transverse rectus abdominis myocutaneous 
flap, appropriate surgical intervention may be carried out using a laparo-
scopic approach or midline abdominal laparotomy approach. It should 

Figure 15–4. Ovarian mass identified on vaginal sonography.
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be emphasized that these are general guidelines and do not replace good 
clinical judgment in the individual patient.

It is important to recognize that the ovaries and other genital-tract organs 
can be the site of metastases from breast cancer. If one or both ovaries are 
replaced by solid masses, especially when radiologic findings indicate metas-
tases in the abdomen or elsewhere, percutaneous needle biopsy of the 
ovaries under computed tomographic guidance provides rapid and useful 
information without the need for surgical intervention. If ovarian metas-
tases from breast cancer cause symptoms (pain, bladder pressure, or consti-
pation) or contribute to obstruction of the small or large bowel, abdominal 
surgery may be necessary to correct the problem. If the patient is asymp-
tomatic and ovarian metastases from breast cancer are confirmed, tumor-
reductive surgery is not generally favored over additional systemic therapy 
unless it can be demonstrated with high certainty that the cancer is localized 
to pelvic organs and that hysterectomy or oophorectomy alone will remove 
most of the metastatic disease. If the patient is experiencing pain secondary 
to the ovarian metastasis or if radiation therapy or chemotherapy is not an 
option for the patient, palliative surgery can be considered.

PROPHYLACTIC OOPHORECTOMY

Over the past few years, knowledge of genetic susceptibility to breast and 
ovarian cancer has increased substantially. Testing for mutations in the 
BRCA1 and BRCA2 genes is becoming increasingly available to women who 
are believed to have an elevated risk of familial predisposition to breast or 
ovarian cancer. At the same time, more patients are turning to gynecologists, 
gynecologic oncologists, and other health care providers for estimates of their 
own and their daughters’ risks of developing ovarian cancer and for informa-
tion about options for surveillance and prevention. In discussions of these 
issues, patients must be provided with information on a well-researched 
pedigree of the family; risks associated with use of oral contraceptives and 
hormone replacement therapy; risks of prophylactic oophorectomy; and the 
possibility that peritoneal carcinoma may develop subsequent to prophylac-
tic oophorectomy. These issues are discussed in more detail in Chapter 3.

Indications

Some authors suggest a prophylactic bilateral oophorectomy in patients 
undergoing hysterectomy or other pelvic surgery to reduce the patient’s risk 
of developing ovarian cancer in the future. This potential benefit, however, 
has to be balanced against the long-term risks of estrogen withdrawal, includ-
ing a possible increased risk of cardiovascular disease and predisposition to 
osteoporosis. These potential risks are particularly important in patients with 
breast cancer, in whom exogenous estrogens are usually contraindicated.
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Prophylactic oophorectomy is also sometimes considered in women with 
familial cancer risk. Approximately 10% of ovarian cancers are believed to 
be familial, and 90% of these hereditary ovarian cancers can be accounted 
for by mutations in BRCA1 or BRCA2. Patients with 1 first-degree relative 
with ovarian cancer have an approximately 5% risk, and patients with 2 
first-degree relatives with ovarian cancer have a 7% risk. This risk is consid-
erably higher if a woman tests positive for BRCA1 or BRCA2 mutations—the 
lifetime risk of ovarian cancer in women who are known to have mutations 
in BRCA1 or BRCA2 is 15–60%. It is important to counsel such mutation 
carriers that oophorectomy not only dramatically reduces ovarian cancer 
risk but also confers a 50% reduction in the incidence of breast cancer in this 
select group of patients. Women with premenopausal breast cancer who 
have tested negative for BRCA1 and BRCA2 mutations have a lifetime risk 
of ovarian cancer of 3–5%. Recent studies have demonstrated that women 
from so-called breast cancer families without BRCA1 and BRCA2 mutations 
are most likely not at increased risk for ovarian cancer.

Hereditary ovarian cancers tend to present at an earlier age, but the 
optimum age at which to perform prophylactic oophorectomy remains 
unknown. The Gilda Radner Familial Ovarian Cancer Registry recom-
mends oophorectomy when fertility is no longer important to the woman 
or by the age of 35 years. In the Gynecologic Oncology Center, we recom-
mend that prophylactic oophorectomy be performed 5–10 years earlier 
than the age when cancer developed in the closest affected relative or by 
40 years of age if the patient has finished childbearing.

Patient Counseling and Treatment Selection

The surgical approach to oophorectomy must be discussed carefully with 
the patient. Laparoscopic oophorectomy is the preferred treatment method 
in the absence of contraindications such as multiple prior abdominal sur-
geries, morbid obesity, history of severe endometriosis, pelvic inflamma-
tory disease, or tubo-ovarian abscesses. Laparoscopic oophorectomy has 
several advantages: the procedure can be performed on an outpatient 
basis; there is minimal blood loss and decreased need for postoperative 
analgesia; and the patient can return more quickly to normal daily activi-
ties. In experienced hands, if an unexpected ovarian cancer is encountered, 
laparoscopic staging can be performed safely.

The disadvantages and benefits associated with performing a hyster-
ectomy at the time of the oophorectomy also need to be addressed. The 
disadvantages include an increase in overall morbidity due to increased 
duration of the surgical procedure and increased blood loss. The cost of 
the procedure is also higher when hysterectomy is performed at the same 
time as oophorectomy. On the other hand, BRCA1 and BRCA2 mutations 
may be associated with increased risk of fallopian tube carcinoma, and 
complete excision of the fallopian tubes requires hysterectomy.
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Patients should be informed that peritoneal carcinoma develops in 1.8–10.7%
of patients after oophorectomy.

Many patients choose not to undergo surgical excision of the ovaries 
and choose close observation instead. With these patients, it is important 
to discuss the limitations of the other preventive measures available to 
decrease the chances of developing ovarian cancer. It is not known whether 
any of these preventive measures provide the same benefit to carriers of 
BRCA1 and BRCA2 mutations as they do for the general population.

Oral contraceptives have been shown to reduce the risk of ovarian can-
cer development by 50%, and the protective effect persists for 10–15 years 
after the oral contraceptive has been stopped. Data are unclear regarding 
the impact of oral contraceptives on ovarian cancer risk in BRCA1 and 
BRCA2 mutation carriers—two large studies reached opposite conclu-
sions (Narod et al., 1998; Modan et al., 2001). In addition, there is evidence 
that use of oral contraceptives may increase the risk of breast cancer. At 
this time, oral contraceptives cannot be recommended for patients who 
have been diagnosed with breast cancer.

Surveillance and screening for ovarian cancer need to be addressed, par-
ticularly for known carriers of BRCA1 or BRCA2 mutations. The best avail-
able tools for early detection of ovarian cancer are physical examination 
combined with determination of the serum CA-125 level and transvaginal 
sonography; however, these methods remain only marginally effective as 
screening approaches. Both CA-125 and transvaginal sonography have a 
very high false-positive rate, particularly in premenopausal women. Even 
in patients with known first- or second-degree relatives with a history of 
ovarian cancer, Bourne et al. (1993) found that ten surgical explorations 
were required to identify one patient with ovarian cancer. An even higher 

K E Y  P R A C T I C E  P O I N T S
● Women undergoing standard or high-dose chemotherapy are at increased 

risk for vulvar and vaginal infections.
● Any abnormal vaginal bleeding in a patient with breast cancer should be fully 

evaluated to rule out endometrial carcinoma.
● Urinary incontinence and prolapse occur most commonly in menopausal 

women or after traumatic vaginal birth. Urinary incontinence may also be an 
early symptom of an undiagnosed pelvic mass.

● Patients receiving tamoxifen or other hormonal agents should be monitored for 
the development of endometrial carcinoma with yearly physical examinations. 
An endometrial biopsy must be performed if abnormal bleeding has occurred.

● Vaginal sonography and hysteroscopy are very useful diagnostic tools in 
patients who have vaginal bleeding or other pelvic symptoms.

● Prophylactic oophorectomy may be warranted in certain patients who are 
genetically predisposed to the development of ovarian cancer.
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number of unnecessary procedures would have to be performed in patients 
whose only risk factor was a personal history of breast cancer.

While we await tests with higher sensitivity and specificity, patients at 
risk are offered twice-annual physical examination, a rectovaginal examina-
tion combined with serum CA-125 determination, and transvaginal sonog-
raphy. More attention is being focused on the psychological impact of 
increased susceptibility for ovarian cancer. Recent studies have highlighted
the importance of providing personalized feedback and counseling inter-
ventions tailored to the individual’s psychological profile. Trained genetic 
counselors are key providers in the care of this patient population.
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CHAPTER OVERVIEW

A number of special clinical situations can arise during the care of a patient 
with breast cancer, including pregnancy, leptomeningeal disease, epidural 
spinal cord compression, hypercalcemia, and second primary malignancy. 
For women diagnosed with breast cancer during pregnancy, modified radi-
cal mastectomy with axillary lymph node dissection has been the most com-
mon surgical intervention, although breast-conserving surgery may be an 
option. At M. D. Anderson Cancer Center, pregnant women with breast 
cancer have been treated with relative safety during the second and third 
trimesters of pregnancy with combination chemotherapy consisting of 
5-fluorouracil, doxorubicin, and cyclophosphamide, and there have been no 
significant short-term complications for the majority of children exposed to 
chemotherapy in utero. Leptomeningeal disease, a life-threatening compli-
cation of breast cancer even when treated, is diagnosed by analysis of the 
cerebrospinal fluid and gadolinium-enhanced magnetic resonance imaging. 
Treatment involves intrathecal chemotherapy via an Ommaya reservoir with 
agents such as methotrexate or sustained-release cytarabine and radiation 
therapy for focal areas of bulky disease. Epidural spinal cord compression is 
usually diagnosed with magnetic resonance imaging, and treatment consists 
of corticosteroids and radiation therapy or surgery with or without radia-
tion therapy. The primary agents used in the treatment of hypercalcemia of 
malignancy are the bisphosphonates, particularly zoledronic acid. Patients 
with breast cancer are at risk for a second breast cancer, and those who are 
exposed to chemotherapy, hormonal therapy, radiation therapy, or a combi-
nation of these are at increased risk for other second primary malignancies, 
including lung cancer, myelodysplastic syndrome, acute myeloid leukemia, 
and endometrial cancer. Regular follow-up with thorough histories and 
physical examinations as well as yearly mammograms are important for the 
detection of second malignancies in patients with a breast cancer history.

INTRODUCTION

While caring for patients with breast cancer, clinicians may encounter spe-
cial clinical situations, such as breast cancer diagnosed during pregnancy, 
leptomeningeal disease (LMD), epidural spinal cord compression (ESCC), 
hypercalcemia, and second malignancies. Some of these clinical situations 
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can be managed with relative ease; others require extensive clinical acu-
men and experience to provide patients with the most appropriate care. 
Given the rarity of some of these clinical situations, there may not be any 
guidelines supported by appropriately powered randomized clinical 
trials to help the clinician in the decision-making process. This chapter 
reviews special clinical situations in patients with breast cancer and offers 
suggestions for diagnosing, treating, and monitoring patients facing these 
situations.

BREAST CANCER DURING PREGNANCY

Pregnancy-associated breast cancer is defined as breast cancer diagnosed 
during pregnancy or within the year after delivery. Breast and cervical 
cancers are the most common cancers associated with pregnancy. As more 
women delay child-bearing, there may be an increase in the incidence of 
pregnancy-associated breast cancer because breast cancer incidence increases
with increasing age. Approximately 2% of women with breast cancer are 
pregnant at the time of diagnosis.

Diagnosis

The most common clinical manifestation of breast cancer during preg-
nancy is a mass or a thickening of the breast. The physiologic changes in 
the breast during pregnancy and subsequent lactation (i.e., increased size 
and density) are thought to delay the recognition of symptoms by both the 
patient and the physician and therefore delay the cancer diagnosis. Delays 
of 6 months or more in diagnosis are common. As a result, women with 
pregnancy-associated breast cancer are more likely to have larger tumors 
and involved axillary lymph nodes at diagnosis.

At M. D. Anderson Cancer Center, pregnant women with a breast mass 
undergo a clinical breast examination; breast sonography; and mammogra-
phy with abdominal shielding, which is associated with little risk of expos-
ing the fetus to radiation. A retrospective review of pregnant breast cancer 
patients seen at M. D. Anderson found that 90% (18 of 20) had mammo-
grams that were positive for malignancy and that all cancers were visual-
ized on sonograms of the breast and nodal basins (Yang et al., 2006).

To further evaluate a suspicious breast mass in a pregnant woman, 
fine-needle aspiration can be performed. This technique permits accurate 
assessment of the cytologic features of breast masses but does not permit 
differentiation between invasive and noninvasive disease unless fine-
needle aspiration of a lymph node from a nodal basin yields malignant 
cells. Fine-needle aspiration, core needle biopsy, and excisional breast 
biopsy are associated with low rates of false-positive and false-negative 
diagnoses. In a pregnant woman, a breast mass that persists for more than 
4–6 weeks or is clinically or radiographically suggestive of malignancy 
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should be biopsied. Milk fistula formation after an incisional or excisional 
biopsy is rare. The general approach used at M. D. Anderson to establish a 
diagnosis of breast cancer in a pregnant patient is outlined in Figure 16–1.

Only a few studies have reviewed the pathologic features of primary 
breast tumors in pregnant patients. The largest such study to date included 
39 women evaluated at M. D. Anderson (Middleton et al., 2003). All invasive 
tumors were of ductal subtype, 28% (7 of 25) were estrogen receptor 
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positive, 24% (6 of 25) were progesterone receptor positive, 28% (7 of 25) 
overexpressed HER-2/neu, and 84% were poorly differentiated.

Staging

A framework for assessing the presence and extent of local, regional, and 
disseminated disease in pregnant patients with breast cancer is the tumor-
node-metastasis staging system. This system can be used to assess prog-
nosis as well as to plan treatment. A thorough physical examination of the 
breast and regional lymph node-bearing areas with careful documentation 
of any abnormalities found is important. Clinically suspicious regional 
nodal disease may warrant a more detailed evaluation for metastases.

At M. D. Anderson, routine staging studies for pregnant women with 
invasive breast cancer include 2-view chest radiography with abdominal 
shielding, a complete blood cell count, and renal and liver function tests. 
The alkaline phosphatase level is frequently elevated during pregnancy, 
and thus alkaline phosphatase level would be of limited usefulness in 
diagnosing metastatic breast cancer. If there are concerns that a patient has 
symptoms of metastatic disease or is at high risk for metastatic disease as 
indicated by initial staging, additional tests may be performed. In general, 
computed tomography (CT) scanning should not be performed because of 
the risk of fetal radiation exposure. Magnetic resonance imaging (MRI) may 
be used to document marrow or visceral-organ involvement, particularly 
of the liver, which can become quite fatty during pregnancy and thus more 
difficult to assess by sonography. Studies have shown that bone scans in 
early-stage breast cancer have a low true-positive yield of bone metastases. 
Non-contrast-enhanced MRI of the thoracic and lumbar spine may be a use-
ful screening test for occult bone metastases.

Monitoring the Pregnancy

Pregnant women with breast cancer should be carefully monitored during 
pregnancy. A medical team highly skilled in the management of maternal 
and fetal health should assess and monitor the health of both mother and 
fetus in conjunction with the oncologist. Gestational age and the expected 
date of delivery should be determined by sonography. As the pregnancy 
progresses, fetal maturity should be monitored by sonography; in some 
cases, particularly if induction of labor is being considered, amniocentesis 
may be necessary to determine pulmonary maturity.

Treatment

The treatment goal for pregnant women with breast cancer is the same as 
that for nonpregnant breast cancer patients: to control local and  systemic 
disease. Although the treatment strategies for pregnant and  nonpregnant 
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women with breast cancer are similar, in the pregnant patient, the impact 
of treatment on the fetus and the outcome of the pregnancy must be 
 considered.

Surgery

Mastectomy with axillary lymph node dissection can be performed with 
minimal risk to the developing fetus or the continuation of the pregnancy 
and is the most common surgical treatment for pregnant women with 
breast cancer. Although breast-conserving surgery (lumpectomy or quad-
rantectomy) with axillary lymph node dissection is technically feasible 
in pregnant women with breast cancer, the radiation therapy required to 
complete local therapy for the breast is contraindicated during pregnancy 
because of the risk of fetal exposure to radiation. The developing fetus 
may be exposed to radiation doses in excess of 15 cGy if breast irradiation 
is performed in the first trimester and even higher doses if the radiation is 
delivered later in the pregnancy.

Systemic Therapy

The indications for systemic therapy in pregnant patients with breast can-
cer are similar to those for nonpregnant breast cancer patients. All patients 
with tumors 1.0 cm or larger as well as women with node-positive disease 
should be offered systemic therapy. Little is known about the pharma-
cokinetics of individual cytotoxic agents in pregnant patients. Physiologic 
changes during pregnancy—including alterations of renal and hepatic 
function, increases in plasma volume, and the appearance of a “third 
space,” the amniotic sac—may influence the pharmacokinetics of antine-
oplastic drugs.

Most of the information about cytotoxic chemotherapy for pregnancy-
associated breast cancer has been derived from case studies and case- control 
studies that are primarily retrospective in nature. M. D. Anderson researchers 
recently published their results from a standardized protocol for 
chemotherapy for breast cancer during pregnancy (Hahn et al., 2006). 
Women with breast cancer diagnosed during pregnancy were treated with 
chemotherapy consisting of 500 mg/m2 5-fluorouracil given intravenously 
on days  1 and 4, 50 mg/m2 doxorubicin given by continuous infusion 
over 72 hours beginning on day 1, and 500 mg/m2 cyclophosphamide 
given intravenously on day 1 (FAC), with cycles repeated every 21–28 days, 
during the second and third trimesters of pregnancy. Continuous-infusion 
doxorubicin administration was used because at M. D. Anderson we have 
found that administration of doxorubicin over 72 hours is associated with less 
cardiac toxicity than is administration of doxorubicin as a bolus (Hortobagyi 
et al., 1989). A median of four cycles of chemotherapy were administered 
during pregnancy. The mean gestational age at delivery was 37 weeks. 
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All women who delivered had live births. Parents and guardians were 
surveyed by mail or telephone regarding outcomes of children exposed to 
chemotherapy in utero (survey response rate 93% [40 of 43]). At the time 
of the survey, the children’s ages ranged from 2 to 157 months. The major-
ity of the children did not have any significant neonatal complications and 
seemed to be similar to the general population with respect to reported 
norms. One child has Down’s syndrome, and two have congenital anom-
alies (club foot; congenital bilateral ureteral reflux). The children were 
healthy, and those in school were doing well, although two had special 
educational needs. The authors concluded that a multimodality approach 
to breast cancer treatment for pregnant patients is feasible. In addition, 
although the cytotoxic agents used in this protocol are rated pregnancy 
risk factor D (Code of Federal Regulations, 1997), the authors concluded 
that FAC could be administered for the treatment of breast cancer during 
the second and third trimesters with minimal short-term complications 
for the children exposed to this chemotherapy in utero.

Although there are case reports describing the use of taxanes, tamoxifen, 
and trastuzumab in the treatment of pregnant women with breast cancer, 
the use of these agents is usually delayed until after delivery given the 
paucity of data regarding their safety for the fetus. Methotrexate is not 
recommended for the management of breast cancer during pregnancy 
because methotrexate is an abortifactant and causes severe fetal malfor-
mations when given during the first trimester (Doll et al., 1989).

Because many cytotoxic drugs, especially the alkylating agents, are 
known to or thought to be excreted in breast milk, it was recommended 
that the women in the M. D. Anderson study (Hahn et al., 2006) not breast-
feed their newborns if they were receiving systemic therapy for their 
cancer.

A number of the antiemetics commonly used to treat chemotherapy-
related nausea are rated as pregnancy risk factor C, and breast-feeding is 
not recommended when patients are taking these medications. The newer 
antiemetics, such as ondansetron and granisetron, are rated as pregnancy 
risk factor B, and these agents have been used to manage nausea in preg-
nant women with breast cancer who are undergoing chemotherapy.

Pregnancy After a Diagnosis of Breast Cancer

Of the 10 million cancer survivors in the United States, approximately 
2 million are breast cancer survivors (Ries et al., 2006). According to 
the Surveillance, Epidemiology, and End Results database for women 
with invasive breast cancer, fewer than 1% of breast cancer survivors 
were younger than 20 years of age at diagnosis, approximately 2% were 
between 20 and 34 years of age, and approximately 11% were 35–44 years 
of age. The 5-year survival rates for breast cancer are 98% for patients with 
breast cancer localized to the breast, 83% for patients with disease spread 
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to regional lymph nodes, and 26% for patients with distant metastases. 
Partridge et al. (2004) surveyed young breast cancer survivors and found 
that 57% of respondents recalled substantial concern at diagnosis about 
becoming infertile after breast cancer treatment and 29% indicated that 
concerns regarding fertility influenced treatment decisions.

Simon et al. (2005) reviewed the reproductive impact of treatments 
for several common cancers, including breast cancer, as well as options 
for maintaining fertility for patients undergoing treatment for these 
cancers. They found that for women with breast cancer treated with 
chemotherapy, the risk of chemotherapy-related amenorrhea is related 
to patient age, the specific chemotherapeutic agents used, and the total 
dose administered. Another review concluded that 21–71% of women 
younger than 40 years of age at the time of chemotherapy exposure 
developed chemotherapy-related amenorrhea, compared to 49–100% of 
women who were 40 years of age or older (Bines et al., 1996). However, 
there is a paucity of data on the prevalence of chemotherapy-related 
amenorrhea with the use of newer neoadjuvant or adjuvant chemo-
therapy regimens that include taxanes as well as anthracyclines and/or 
are delivered in a dose-dense manner. Although chemotherapy-related 
amenorrhea may be reversible, the majority of women who remain 
amenorrheic 1 year after treatment will not regain ovarian function. 
Among premenopausal women with a history of estrogen-sensitive 
breast cancer, the use of tamoxifen and/or medical ovarian suppres-
sion delays a possible pregnancy until completion of therapy.

A number of approaches are being investigated to try to preserve ovar-
ian function among women with breast cancer receiving chemotherapy. 
Some researchers have investigated whether rendering the germinal epi-
thelium quiescent would decrease the cytotoxic effects of chemotherapy. 
Previous studies in animal models have demonstrated that the use of a 
gonadotropin-releasing hormone agonist decreased cyclophosphamide-
induced toxicity (Simon et al., 2005). Unfortunately the results in people have 
been inconsistent, and the studies conducted have been small and/or 
nonrandomized. The Southwest Oncology Group is conducting a randomized 
study of the impact of medical ovarian ablation on ovarian function in 
premenopausal breast cancer patients with estrogen- and progesterone-
insensitive breast cancer.

Others have been studying the feasibility and success of ovarian cryo-
preservation as an option for breast cancer patients wishing to preserve 
fertility (Simon et al., 2005). Although there has been some success in the 
freezing of oocytes, this technique has significant limitations. Metaphase II 
oocytes do not tolerate cycles of freeze-thaw well, and as a result, there 
have been few reported pregnancies using this approach. The difficulties 
encountered with this method have led to the investigation of cryopreser-
vation of ovarian cortical strips. This technique, which remains experi-
mental, involves using laparoscopic surgery to obtain primordial follicles, 
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which are more quiescent than oocytes and thus more tolerant of freezing 
and thawing. The success rates of this procedure have been limited as well. 
There are few reports in the literature of the use of in vitro fertilization in 
breast cancer survivors either before or after systemic therapy for breast 
cancer. Cancer patients and their significant others can find more informa-
tion on fertility options through the nonprofit agency fertileHOPE (www.
fertilehope.org).

Impact of Pregnancy on Recurrence and Survival

When pregnant and nonpregnant women with breast cancer who are the 
same age and have the same stage of disease are compared, pregnancy 
does not appear to be associated with a higher risk of breast cancer recur-
rence or death from breast cancer. In addition, a number of studies have 
concluded that women who have had chemotherapy for the treatment of 
breast cancer do not appear to have adverse fetal outcomes if they become 
pregnant after the treatment (Gallenberg and Loprinzi, 1989; Mueller et al.,
2003). In these women, pregnancy did not appear to affect breast cancer 
recurrence risk or patient survival. Others are more cautious in their inter-
pretation of the available data and conclude that the effect of posttreat-
ment pregnancy on breast cancer prognosis is unclear (Petrek, 1996).

LEPTOMENINGEAL DISEASE

LMD, also known as leptomeningeal carcinomatosis, is the result of 
malignant solid tumor cells’ seeding the leptomeninges. Approximately 
5% of all patients with breast cancer will have this complication, and most 
of them will have widely disseminated breast cancer at the time LMD is 
diagnosed. Increasingly successful breast cancer treatment regimens are 
enabling more patients to live long enough for LMD to become clini-
cally apparent. A diagnosis of LMD is serious, and without treatment, 
the median survival duration is 4–6 weeks. Death in untreated patients 
is secondary to progressive neurological dysfunction, and the majority 
of treated patients succumb to systemic disease. At M. D. Anderson, the 
diagnostic and treatment procedures used in patients with breast cancer 
who have LMD are very similar to those recommended in the guidelines 
of the National Comprehensive Cancer Network (2006).

Clinical Presentation

Patients with LMD typically present with a combination of signs and 
symptoms that suggest dysfunction at multiple levels of the neuraxis 
(i.e., cranial nerve, cerebral, and spinal). The most frequent findings are 
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multiple cranial nerve deficits resulting in diplopia, dysphagia, dysar-
thria, hearing loss, or a combination of these problems. Other focal neuro-
logical deficits may include radiculopathies, stroke-like syndromes, and 
seizures. Patients may also present with symptoms of increased intrac-
ranial pressure, such as headache, nausea and vomiting, or symptoms of 
encephalopathy. Only 15% of patients with LMD exhibit nuchal rigidity 
and mechanical difficulties. The differential diagnosis in a breast cancer 
patient with cranial nerve deficits, particularly deficits indicating involve-
ment of cranial nerve VI, includes base-of-skull syndrome, which is best 
diagnosed by thin-cut CT of the skull base and is often treated with radia-
tion therapy.

Diagnosis

A combination of radiologic studies and cerebrospinal fluid (CSF) exami-
nation is used to diagnose LMD.

Radiologic Studies

To determine whether parenchymal brain metastases are present and to 
estimate the risk of herniation after lumbar puncture, contrast-enhanced 
CT or gadolinium-enhanced MRI scans of the brain should be performed. 
Gadolinium-enhanced MRI is more sensitive than contrast-enhanced CT in 
identifying leptomeningeal involvement and is the preferred test at M. D. 
Anderson. MRIs should also be performed of all regions of the neuraxis to 
assess for extent of disease. Lumbar puncture alone can produce leptome-
ningeal contrast enhancement, which could make the interpretation of MRI 
more difficult if MRI were performed after diagnostic lumbar puncture 
(DeAngelis, 1998; Grossman and Krabak, 1999). Therefore, lumbar punc-
ture should not be performed until diagnostic imaging is complete.

Abnormal findings on imaging studies are seen in approximately 50% 
of patients with LMD. The most common abnormal findings are enhance-
ment of the basilar cisterns, cortical convexities or cauda equina, and 
hydrocephalus without an identifiable mass lesion. However, most of the 
imaging abnormalities provide information that is only consistent with 
or suggestive of LMD; a diagnosis of LMD requires the demonstration of 
malignant cells in the CSF.

CSF Examination

After studies to determine the risk of herniation in a patient with neuro-
logical signs and symptoms of LMD, a lumbar puncture should be per-
formed for diagnosis. Fifty percent of individuals with LMD have positive 
findings on cytologic examination of the first lumbar puncture specimen, 
and 85% of individuals who undergo three high-volume (6 cc) lumbar 
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punctures have positive findings (Grossman and Krabak, 1999). Patients 
with focal involvement of the leptomeninges are less likely to have pos-
itive findings on cytologic examination of the CSF than are those with 
extensive meningeal involvement (38% vs. 66%) (Glass et al., 1979).

Poor sensitivity and specificity have limited the use of biochemical 
marker studies in the analysis of the CSF in patients with suspected LMD. 
At M. D. Anderson, tumor biomarkers are not routinely analyzed in the 
CSF of patients with breast cancer who have suspected LMD. Rather, the 
CSF is examined for the level of protein because the protein level is often 
elevated in LMD. A low CSF glucose level can reflect a high disease bur-
den in the leptomeninges and is thought to be a poor prognostic factor 
(Yap et al., 1978).

Treatment

The treatment goal for patients with LMD is to prevent permanent neuro-
logical disabilities. Extant neurological deficits rarely improve. In deciding 
how aggressively to treat LMD in the patient with breast cancer, several 
factors must be considered, including the patient’s performance status, the 
extent of systemic disease, the extent and types of prior therapy, the pres-
ence of fixed neurological deficits, the natural history of the underlying 
malignancy, and the presence of any abnormalities in CSF flow. The goals 
of the therapeutic plan, the associated risks, and the potential complica-
tions must be carefully considered and explained in detail to the patient.

Radiation Therapy

At M. D. Anderson, most breast cancer patients with LMD undergo irradi-
ation of all areas of the neuraxis that appear on radiographs to have bulky 
disease. Focal radiation therapy is delivered to relieve pain and stabilize 
symptoms but is unlikely to produce significant neurological recovery. 
Nonbulky LMD is treated with intrathecal chemotherapy (see “Intrathe-
cal Chemotherapy”).

Although breast cancer patients who have LMD are likely to have tumor 
disseminated throughout the subarachnoid compartment, irradiation of 
the whole neuraxis is not routinely done. Radiation therapy is often very 
morbid, is associated with significant myelosuppression, is not curative, 
and does not prevent the development of further neurological deficits.

Intrathecal Chemotherapy

Intrathecal chemotherapy is most reliably administered through an 
implanted subcutaneous reservoir and ventricular catheter (an Ommaya 
reservoir). There are several advantages to this approach: the device is 
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well suited to outpatient care, the administration of chemotherapy is 
 virtually painless, and drug distribution may be more uniform and drugs 
are more likely to reach the CSF after intraventricular administration than 
after lumbar puncture. Because CSF taken from an Ommaya reservoir is 
less likely to contain malignant cells than is CSF taken at the same time 
from the lumbar region, periodic lumbar punctures are required to monitor
the efficacy of therapy in patients with an Ommaya reservoir.

Abnormalities of CSF flow are common in patients with LMD. These 
abnormalities may influence the distribution of intrathecal chemother-
apy and its subsequent efficacy and toxic effects. A CSF flow study using 
indium 111 diethylenetriamine pentaacetic acid is recommended before the 
initiation of Ommaya reservoir-administered intrathecal chemotherapy. 
Should abnormalities in flow be detected, irradiation of all areas in ques-
tion is recommended.

Traditionally, only three chemotherapeutic agents have been used rou-
tinely in the intrathecal treatment of LMD: methotrexate, cytarabine, and 
thiotepa. Methotrexate can be administered intrathecally twice a week for 
a total of eight treatments or until the CSF is clear of malignant cells. If the 
CSF clears, patients can be treated once a week and then with monthly 
maintenance therapy. This regimen can produce mucositis and/or myelo-
suppression in patients with limited bone marrow reserve, renal insuf-
ficiency, or “third-spacing” (effusions or ascites). Folinic acid can be 
administered systemically to prevent these complications because it does 
not enter the CSF. There was no difference in efficacy or toxicity when 
intrathecal methotrexate and thiotepa were compared in 59 patients with 
solid tumors with LMD (Grossman and Krabak, 1999). At M. D. Ander-
son, we do not routinely use intrathecal thiotepa in the treatment of LMD 
from breast cancer.

Sustained-release cytarabine (DepoCyt) has also been used for the treat-
ment of LMD. This formulation of cytarabine maintains cytotoxic concen-
trations in the CSF for more than 14 days after a single 50-mg intrathecal 
injection. In a randomized controlled trial comparing sustained-release 
cytarabine with methotrexate in the treatment of LMD in patients with 
solid tumors, the two drugs were found to produce similar response rates. 
Although patients treated with sustained-release cytarabine had a signifi-
cantly longer time to neurological progression than did patients treated 
with methotrexate, there was no significant difference in survival between 
the two groups (Glantz et al., 1999).

At M. D. Anderson, our neuro-oncology colleagues are evaluating other 
new agents and combinations of agents for their efficacy in the treatment of 
LMD. For example, they are conducting an open-label study of oral temo-
zolomide and intrathecal DepoCyt for treatment of LMD in patients with 
a variety of cancer subtypes, including breast cancer. Common intrathecal 
treatment schedules have been described elsewhere (Pentheroudakis and 
Pavlidis, 2005).
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Systemic Chemotherapy

The use of systemic chemotherapy in the treatment of solid-tumor LMD 
has been limited because most patients have chemotherapy-resistant met-
astatic disease by the time LMD develops. Our neuro-oncology colleagues 
have published a case report on three patients with LMD, two of whom 
were breast cancer patients, who responded to oral capecitabine (Giglio 
et al., 2003). Systemic chemotherapy with drugs such as capecitabine may 
be used concomitantly with intrathecal chemotherapy if appropriate—
e.g., in patients with systemic disease that is still responsive to different 
chemotherapeutic agents when LMD develops.

Surgery

Surgery is rarely used in the treatment of LMD other than for the place-
ment of Ommaya reservoirs. In rare instances, patients with LMD and 
symptoms of increased intracranial pressure that do not respond to other 
therapies may benefit from the placement of a ventriculo-peritoneal shunt. 
However, placement of such a shunt is for palliative purposes, and it inter-
feres with subsequent administration of intrathecal chemotherapy.

Treatment-Related Toxic Effects

The placement of an Ommaya reservoir can be associated with periopera-
tive complications, migration of the catheter tip from the ventricle into 
adjacent brain tissue, and infections. Radiation therapy may worsen the 
myelosuppression and neurotoxicity resulting from intrathecal chemo-
therapy. Intrathecally administered methotrexate has a number of pos-
sible toxic effects, including mucositis, myelosuppression, and acute 
arachnoiditis with associated nausea, vomiting, and changes in mental 
status. Seizures have been reported with high CSF levels of methotrex-
ate. Common adverse events associated with the use of sustained-release 
cytarabine are headache and arachnoiditis. The most significant toxic 
effect seen in the treatment of LMD is necrotizing leukoencephalopathy, 
which is usually seen in patients who receive intrathecal chemotherapy 
after cranial irradiation. These patients develop progressive dementia and 
other neurological complications, and these lead to progressive, irrevers-
ible disability and ultimately death.

Prognosis

Of all solid tumors, breast cancer responds best to treatment for LMD—
many patients experience an improvement in symptoms of LMD, and some 
experience a remission. The median survival for breast cancer patients 
from time of diagnosis of LMD is 6 months, and 11–25% of patients are 
alive 1 year after diagnosis (DeAngelis, 1998).
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EPIDURAL SPINAL CORD COMPRESSION

ESCC is an oncologic emergency requiring prompt diagnosis and treat-
ment. Seven percent to 32% of cases of ESCC occur in patients with breast 
cancer (Freilich and Foley, 1996). Most patients with breast cancer who 
develop ESCC have known bony metastases at the time of onset of neu-
rological symptoms. In their study of 70 patients with breast cancer, 
Hill et al. (1993) found that the median time from breast cancer diagnosis 
to the onset of ESCC was 42 months (range, 0–336 months) and that the 
median time from a diagnosis of bony metastases to the development of 
ESCC was 11 months (range, 0–90 months).

Epidural metastases arise most commonly from metastases in the ver-
tebral column, although approximately 10–15% of cases arise from metas-
tases in the paravertebral space. Rarely do epidural metastases arise from 
direct hematogenous spread to the epidural space or to the parenchyma 
of the spinal cord. Breast cancer patients with metastasis to the spine typi-
cally have multilevel involvement. ESCC in breast cancer patients usually 
occurs in the thoracic spine, the narrowest part of the spinal canal.

Clinical Presentation

The most common complaint of patients with ESCC is pain. Most patients 
with ESCC have pain for more than 1 week before a diagnosis is made, 
and the mean duration of pain before diagnosis is 6 weeks. Pain precedes 
other symptoms by a median of 7 weeks. Increasing back pain is an omi-
nous sign of the possibility of ESCC in a woman with breast cancer.

There are three types of pain associated with ESCC: local, radicular, and 
referred. Almost all patients have local pain that presents as a constant 
ache. Radicular pain, usually described as a shooting pain, is less common 
with thoracic lesions and is more common with cervical or lumbosacral 
lesions. In the case of thoracic disease, radicular pain is usually bilateral; 
in the case of cervical and lumbosacral disease, radicular pain is usually 
unilateral. Thoracic epidural metastases produce pain in the lateral or 
anterior chest wall more commonly than they produce pain in the back 
itself. Referred pain occurs distant from the lesion in question.

Patients with epidural metastases typically complain of increased 
pain when they are in the supine position and during Valsalva maneu-
vers such as coughing, sneezing, and straining with bowel movements. 
Certain stretching maneuvers (e.g., neck flexion in the case of cervical or 
upper thoracic lesions and straight leg raising with thoracic or lumbosac-
ral lesions) may also increase the pain from ESCC.

Another characteristic clinical finding in patients with ESCC is mye-
lopathy. Patients may complain of limb weakness, numbness, and par-
esthesia as well as sphincter disturbance, which may manifest as urinary 
retention, urinary urgency, urge incontinence, or constipation. In one 
report, at the time of diagnosis of ESCC, 76% of patients complained of 
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weakness, 87% were weak on examination, 57% had autonomic dysfunction, 
51% had sensory symptoms, and 78% had sensory deficits on examina-
tion (Gilbert et al., 1978). Some studies have reported that fewer than 
50% of patients with ESCC are ambulatory at diagnosis, and up to 25% 
are paraplegic at diagnosis. On examination, patients with myelopathy may 
have paraparesis or quadriparesis, increased muscle tone, clonus, hyper-
reflexia, extensor plantar responses, a distended bladder, and a sensory 
level. Although the sensory, motor, and reflex levels may indicate the 
level of disease, the sensory level may be several segments below the 
actual ESCC, and there may be multiple sites of epidural disease (Freilich 
and Foley, 1996).

In the case of ESCC at the conus medularis or the cauda equina, pain 
is still a prominent feature, but the neurological signs and symptoms are 
quite different from those associated with ESCC at other locations. Conus 
medularis lesions usually produce early and marked sphincter disturbance 
as well as perineal sensory loss. Cauda equina lesions produce patchy 
lower-motor-neuron signs, including hyporeflexia or areflexia, myotomal 
leg weakness, and dermatomal sensory loss. The loss of sphincter tone is 
usually a late event in cauda equina lesions and is typically less marked 
than what is seen with lesions of the conus medularis.

Diagnosis

If there is concern that a patient may have ESCC, a thorough history and 
physical examination should be performed to elicit signs and symptoms 
suggestive of ESCC. Patients whose signs and symptoms are suggestive of 
ESCC require emergency evaluation.

Radiologic evaluation is used to confirm the presence of ESCC and 
determine its extent. In 72% of patients with ESCC, bony abnormalities 
can be detected on plain radiographs (Fuller et al., 2001). In cancer patients 
with back pain, plain radiographs reveal the presence and location of epi-
dural metastases in 83% of cases. However, if there is significant suspi-
cion of ESCC on the basis of clinical findings, negative findings on plain 
radiographs should not preclude further investigation. At M. D. Anderson, 
MRI with gadolinium is the imaging method of choice for the detection of 
epidural metastases. MRI is noninvasive, more sensitive and more specific 
than bone scintigraphy in detecting spinal metastases, and as accurate as 
myelography or CT in detecting spinal cord compression. In addition, MRI 
may be superior to myelography and CT in identifying epidural metastases 
between myelographic blocks and in detecting additional sites of bony 
metastases. MRI is also useful for identifying paravertebral tumors. CT or 
myelography is used when MRI is not diagnostic, when MRI is unavail-
able, when patients are unable to remain still for MRI, or when patients are 
claustrophobic or have severe scoliosis. CT is superior to MRI in evaluating 
vertebral stability and cortical bone destruction and therefore is performed 
before surgical intervention.
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Treatment

The treatment of ESCC at M. D. Anderson is a multidisciplinary effort 
that involves the neurology, neurosurgery, and radiation oncology serv-
ices. In consultations between these services, clinicians determine the best 
treatment plan for the patient. Treatment should be given promptly to 
improve, preserve, or prevent further deterioration in neurological func-
tion. In patients with cancer and ESCC, the amount of neurological dys-
function is the strongest determinant of treatment outcome. For example, 
approximately 20–60% of cancer patients who are paraparetic secondary 
to ESCC recover ambulation, whereas 80% of patients who have little to 
no difficulty with ambulation when ESCC is diagnosed retain the abil-
ity to walk. Fewer than 10% of patients with cancer who have paraplegia 
at presentation with ESCC improve with treatment (Freilich and Foley, 
1996). In addition to improving or preserving neurological function, goals 
of treatment in patients with ESCC include palliating pain, preventing 
local recurrence, and preserving spinal stability.

Systemic Therapy

Dexamethasone should be administered when ESCC has been diagnosed or 
there is a high clinical suspicion of ESCC but definitive radiographic inves-
tigation is pending. The optimal dose and schedule of dexamethasone have 
not been determined, and there is some controversy with regard to the ben-
efit of low-dose versus high-dose steroids. Patients may obtain greater pain 
relief with higher-dose steroids. Most clinicians administer a loading dose of 
at least 10 mg of dexamethasone intravenously, along with subsequent doses 
of at least 4 mg intravenously every 6  hours. Depending on the individual treat-
ment plan and response, dexamethasone should eventually be given orally, 
and the dose should be tapered after definitive treatment is completed.

After initial treatment of ESCC with steroids, radiation therapy, or sur-
gery (with or without radiation therapy), consideration should be given 
to systemic therapy for the patient’s breast cancer. Chemotherapy (with 
biological agents such as trastuzumab if the cancer is HER-2/neu posi-
tive) may also be used as initial treatment for patients in whom radiation 
therapy or surgery is not an option. Hormonal therapy for those with hor-
mone-sensitive tumors could be a treatment option but may act too slowly 
to preserve neurological function if used as the only systemic therapy. For 
individuals who develop ESCC as a result of breast cancer metastasis to 
bone, the use of an intravenous bisphosphonate such as zoledronic acid 
(Zometa) should be considered.

Radiation Therapy

Radiation therapy is the treatment of choice for ESCC in patients who 
have not previously been irradiated in the area in question, do not have 
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spinal instability, and do not have compression from retropulsed bone. 
Radiation therapy decreases pain in 70% of cancer patients with ESCC. 
Radiation therapy also improves motor function in 45–60% of patients 
and reverses paraplegia in 11–16%. As previously mentioned, neurologi-
cal function before treatment is the most important measure of neuro-
logical recovery.

The radiation fields should be centered on the site of epidural com-
pression. Radiation portals usually extend two vertebral bodies above 
and two below the site of compression because recurrent epidural disease 
usually occurs within two vertebral bodies of the initial site of spinal cord 
compression. The treatment port should also include any adjacent sites of 
bone involvement or paravertebral masses.

Surgery

There are no published prospective randomized studies comparing sur-
gery alone to radiation therapy alone in the treatment of ESCC.

There are certain situations in which surgery is the preferred treatment 
modality for ESCC: spinal instability, redevelopment of ESCC at a previ-
ously irradiated site, rapid progression of neurological dysfunction dur-
ing radiation therapy, and cord compression secondary to retropulsion of 
bony fragments.

Anterior decompression of the spinal cord with mechanical stabiliza-
tion is the treatment of choice for epidural metastases arising from the ver-
tebral body. Laminectomy is reserved for the removal of posterior tumors. 
Walsh et al. (1997) reported a series of 61 patients at M. D. Anderson
(the majority of whom had metastatic cancer) in whom thoracic spine 
tumors were removed by anterior resections to alleviate critical spinal 
cord compromise. Most of the patients had improvement in pain control 
(90%) and recovery of ambulatory function (75%). After surgery, patients 
are assessed to determine whether radiation therapy is needed. Patients 
who have residual tumor after surgery may derive significant benefit from 
postoperative radiation therapy (Loblaw and Laperriere, 1998).

HYPERCALCEMIA

Hypercalcemia is the most common metabolic cancer-associated emer-
gency. Hypercalcemia of malignancy is estimated to occur in 10–20% 
of cancer patients, and lung cancer and breast cancer are the two 
primary cancers most commonly associated with this complication. 
Because many of our breast cancer patients with known bony metastases 
are receiving monthly infusions of a bisphosphonate, usually zoledronic 
acid, severe, life-threatening hypercalcemia is an uncommon occurrence 
among our patients.
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The main cause of hypercalcemia of malignancy is an increased amount 
of calcium released from the bone. The tumor secretes humoral and para-
crine factors that markedly stimulate osteoclast activity and proliferation 
and often inhibit osteoblast activity. The result is an uncoupling between 
bone resorption and bone formation. The parathyroid hormone-related 
protein is integral to the development of hypercalcemia caused by a 
number of tumor types (Grill et al., 1991).

Patients with hypercalcemia of malignancy can have profound intra-
vascular volume depletion secondary to the polyuria from hypercalciuria. 
Intravenous saline is the most effective means of restoring intravascular 
volume. The volume required to establish a brisk diuresis can be as much 
as 4–6 L, which should be administered as quickly as possible (for exam-
ple, starting at 250 mL/h). However, the manner in which rehydration is 
conducted is influenced by the patient’s symptoms, the patient’s known 
or presumed cardiac function, and the degree of hypercalcemia. Although 
some trials have reported the use of loop diuretics to increase calciuresis, 
the use of such diuretics should be limited to the relief of volume overload 
resulting from vigorous rehydration.

The bisphosphonates have become front-line agents in the treatment 
of hypercalcemia of malignancy. These agents bind avidly to hydroxya-
patite crystals and inhibit bone resorption. Zoledronic acid is the bisphos-
phonate most commonly used in the treatment of hypercalcemia in breast 
cancer patients at M. D. Anderson. This bisphosphonate was shown to be 
superior to intravenous pamidronate disodium in breast cancer patients 
with at least one osteolytic lesion (Rosen et al., 2004). In this study, the pro-
portion of patients who had a skeletal-related event was similar between 
treatment groups. Among patients who had breast carcinoma with at 
least one osteolytic lesion, the proportion with a skeletal-related event 
was lower in the zoledronic acid group than in the pamidronate group, 
but this did not reach statistical significance. However, the time to first 
skeletal-related event was significantly longer in the zoledronic acid group 
than in the pamidronate group (median, 310 vs. 174 days; P = .013). If the 
patient’s creatinine clearance is normal, 4 mg of zoledronic acid is given
intravenously over 15 minutes every 3–4 weeks. The dose must be adjusted
if the creatinine clearance is not normal. In addition to serum creatinine, 
calcium, phosphate, and magnesium should be monitored regularly in 
patients receiving regular doses of zoledronic acid.

There are rare reports of osteonecrosis of the jaw in patients who 
have been exposed to bisphosphonates (Melo and Obeid, 2005; Pastor-
Zuazaga et al., 2006). Patients who receive bisphosphonates should be 
counseled to be cautious about dental surgery such as tooth extraction, 
which may be associated with the development of osteonecrosis of the 
jaw. There are no data as to whether discontinuation of the bisphosphonate 
prior to dental surgery decreases the risk of developing osteonecrosis of 
the jaw.
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Although the intravenous bisphosphonates are the standard of care in 
the treatment of hypercalcemia of malignancy, there are some individu-
als who cannot tolerate the bisphosphonates or develop hypercalcemia 
refractory to this class of drugs. For these individuals, alternate therapies 
must be considered. Calcitonin binds directly to osteoclast receptors and 
inhibits osteoclastic bone degradation. This agent acts rapidly to lower 
serum calcium, but the duration of the hypocalcemic effect is short, with 
tachyphylaxis developing within 72 hours. Calcitonin has been shown to 
be effective in 60–80% of patients treated. Since the development of the 
bisphosphonates, however, the use of calcitonin is primarily limited to the 
first 48 hours of the treatment of severe, life-threatening hypercalcemia.

In cases of hormone-sensitive breast cancer, corticosteroids have been 
reported to be of value in restoring normal calcium levels. At M. D. Anderson, 
corticosteroids are used in patients with hormone-sensitive breast cancer 
for the treatment of severe, life-threatening hypercalcemia, a rare occur-
rence at our institution. The use of other agents, such as gallium nitrate 
and plicamycin, in the treatment of hypercalcemia of malignancy has been 
supplanted by the use of bisphosphonates.

Ultimately, the underlying malignancy needs to be treated to achieve 
control of the serum calcium level. The development of hypercalcemia 
while a patient is receiving systemic therapy is usually an indicator that a 
change in systemic therapy is warranted.

SECOND MALIGNANCIES

Women with a history of breast cancer are at increased risk for other malig-
nancies, either as a result of treatment for their breast cancer or because 
of genetic susceptibility. For this reason, routine follow-up for all breast 
cancer survivors should include a thorough medical history and physical 
examination. Any signs or symptoms suggestive of a second malignancy 
should be appropriately investigated.

Treatment-Related Second Malignancies

Treatment-related second malignancies in women with a history of breast 
cancer include lung cancer, leukemia, and endometrial cancer.

Lung Cancer

A number of studies have examined the risk of lung cancer among 
women with breast cancer treated with local radiation therapy. Breast 
cancer patients treated with adjuvant radiation therapy are at increased 
risk for lung cancer if they were smokers (current or former) (Ford et al., 
2003). Not surprising, lung cancer in such patients develops most often 
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in the ipsilateral lung, where radiation exposure is the greatest ( Neugut 
et al., 1999). At M. D. Anderson, all patients with breast cancer are 
encouraged to stop smoking, and they can be referred to our smoking 
cessation program. For women with a smoking history who are treated 
with radiation therapy, yearly chest radiography is performed. Any 
concerning symptoms, such as persistent shortness of breath or cough, 
should be investigated.

Leukemia

Breast cancer patients treated with adjuvant chemotherapy are at increased 
risk for treatment-induced myelodysplastic syndrome (MDS) and acute 
myeloid leukemia (AML). Diamandidou et al. (1996) reported the inci-
dence of treatment-related leukemia in breast cancer patients treated with 
FAC chemotherapy. The 10-year estimated incidence of leukemia was 
1.5% (95% confidence interval [CI], 0.75–2.9%) for all patients treated. The 
chemotherapy-only group had a 10-year estimated incidence of leuke-
mia of 0.5% (95% CI, 0.1–2.4%), and in the radiation-therapy-plus-chemo-
therapy group, the rate was 2.5% (95% CI, 1.0–5.1%). The difference in the 
estimated 10-year incidence of leukemia between these two groups was 
statistically significant. Other studies have also noted that the combina-
tion of chemotherapy and radiation therapy has a multiplicative effect on 
the overall risk of leukemia in patients with breast cancer. DeCillis et al. 
(1997) reported the incidence of MDS or AML in the National Surgical 
Adjuvant Breast and Bowel Project (NSABP) trial B-25, a trial designed to 
assess the effectiveness of higher doses of cyclophosphamide in combi-
nation with standard-dose doxorubicin. The cumulative 4-year incidence 
of MDS or AML in the NSABP B-25 study was 0.87%, higher than the 
incidence seen in other NSABP trials that used a more standard dose of 
cyclophosphamide (600 mg/m2). In another study, the side effects of cyclo-
phosphamide, epirubicin, and 5-fluorouracil were compared with the side 
effects of cyclophosphamide, methotrexate, and 5-fluorouracil in patients 
with node-positive breast cancer. The epirubicin-containing regimen was 
associated with a significantly greater risk of leukemia (1.42% vs. 0%, with 
a median latency period of 66 months) (Levine et al., 1998).

Physicians caring for patients with a history of breast cancer who have 
been exposed to alkylating agents such as cyclophosphamide or topoi-
somerase II inhibitors (e.g., doxorubicin and epirubicin) should be aware 
of the increased risk of MDS and AML in these patients, particularly those 
also treated with radiation therapy. Signs and symptoms suggestive of 
MDS or AML should be thoroughly investigated.

Endometrial Cancer

The use of tamoxifen is associated with an increased risk of endometrial 
cancer, and this risk increases with increasing duration of use. Fisher 
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et al. (1994) reported in the NSABP B-14 trial, in which tamoxifen was 
used for the adjuvant treatment of breast cancer, that the annual hazard 
rate for the development of endometrial cancer through all follow-up 
was 0.2/1,000 in the placebo group and 1.6/1,000 in the tamoxifen-treated 
group; the relative risk of endometrial cancer for tamoxifen-treated ver-
sus placebo-treated women was 7.5. Although most of the endometrial 
cancers that occurred were of good to moderate histologic grade and were 
stage I, four patients died of uterine cancer. Despite the fact that a number of 
other studies have also reported an increased risk of uterine cancer among 
women exposed to tamoxifen, the benefits of tamoxifen for the adjuvant 
treatment of primary breast cancer are thought to outweigh the risk.

A recent study concluded that routine transvaginal sonography in 
asymptomatic women being treated with tamoxifen was not worthwhile 
because of a high rate of false-positive findings and a low frequency of 
significant findings (Love et al., 1999). At M. D. Anderson, we do not per-
form routine transvaginal sonography in asymptomatic patients receiving 
tamoxifen. All women with an intact uterus have a yearly pelvic examina-
tion as well as a Papanicolaou smear. A history of vaginal spotting would 
indicate the need for prompt evaluation, including transvaginal sonogra-
phy and a gynecologic consultation.

The use of aromatase inhibitors—such as anastrozole, letrozole, and 
exemestane—for the treatment of breast cancer is associated with a lower 
risk of uterine cancer than is the use of tamoxifen.

Contralateral Breast Cancer

A number of population-based studies have concluded that breast 
cancer survivors have a two- to fivefold increased risk of contralat-
eral breast cancer compared with the risk in women with no history 
of breast cancer. Women with a breast cancer history have an average 
annual risk of approximately 0.5–0.7% of developing a second breast 
cancer. Known breast cancer risk factors such as family history and 
nulliparity are associated with a further increased risk of a contralat-
eral breast cancer.

All women with a history of breast cancer who are followed at M. D. 
Anderson have a thorough clinical breast examination at every follow-up 
appointment. They also have yearly diagnostic mammography of the con-
tralateral breast and of the ipsilateral breast if breast-conserving surgery 
was performed. Any clinically or radiographically suspicious masses are 
further investigated.

Second Malignancies Caused by Genetic Susceptibility

For information about second malignancies resulting from hereditary 
breast and ovarian cancer syndromes, please see Chapter 3.
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K E Y  P R A C T I C E  P O I N T S
● Although modified radical mastectomy with axillary lymph node dissection is 

the most frequently used surgical treatment in pregnant women with breast 
cancer, breast-conserving surgery may also be an option. The experience at 
M. D. Anderson indicates that FAC chemotherapy can be safely administered 
during the second and third trimesters of pregnancy with minimal short-term 
complications for the children exposed to chemotherapy in utero.

● LMD is diagnosed using a combination of clinical presentation, cytologic 
examination of the CSF, and MRI. Primary treatment is intrathecal chemother-
apy—either methotrexate or sustained-release cytarabine—administered via 
an Ommaya reservoir, as well as radiation therapy to bulky sites of LMD.

● ESCC is usually diagnosed by MRI and is treated with corticosteroids, radiation 
therapy, or surgery with or without radiation therapy.

● Hypercalcemia is best treated with bisphosphonates, particularly zoledronic 
acid.

● Women with breast cancer who are treated with radiation therapy, chemo-
therapy, hormonal therapy, or a combination of these are at increased risk for 
second malignancies, particularly lung cancer (especially in smokers exposed 
to radiation therapy), MDS or AML, and endometrial cancer.

SUGGESTED READINGS

American Cancer Society. Cancer Facts & Figures 2007. Atlanta: American Cancer 
Society; 2007.

Bines J, Oleske DM, Cobleigh MA. Ovarian function in premenopausal women 
treated with adjuvant chemotherapy for breast cancer. J Clin Oncol 1996;14:1718–
1729.

Code of Federal Regulations: Title 21, Volume 4, Parts 200–299, revised April 1, 
1997.

DeAngelis LM. Current diagnosis and treatment of leptomeningeal metastasis. 
J Neurooncol 1998;38:245–252.

DeCillis A, Anderson S, Bryant J, et al. Acute myeloid leukemia (AML) and myelo-
dysplastic syndrome (MDS) on NSABP B-25: an update. Proc Am Soc Clin Oncol
1997;130A. Abstract 459.

Diamandidou E, Buzdar AU, Smith TL, et al. Treatment-related leukemia in breast 
cancer patients treated with fluorouracil-doxorubicin-cyclophosphamide com-
bination adjuvant chemotherapy: The University of Texas M. D. Anderson Can-
cer Center experience. J Clin Oncol 1996;14:2722–2730.

Doll DC, Ringenberg QS, Yarbro JW. Antineoplastic agents and pregnancy. Semin
Oncol 1989;16:337–346.

Fisher B, Costantino JP, Redmond CK, et al. Endometrial cancer in tamoxifen-
treated breast cancer patients: findings from the National Surgical Adjuvant 
Breast and Bowel Project (NSABP) B-14. J Natl Cancer Inst 1994;86:527–537.



Special Clinical Situations in Patients with Breast Cancer 483

Ford MB, Sigurdson AJ, Petrulis ES, et al. Effects of smoking and radiotherapy on 
lung carcinoma in breast carcinoma survivors. Cancer 2003;98:1457–1464.

Freilich RJ, Foley KM. Epidural metastasis. In: Harris JR, Lippman ME, Morrow M, 
Hellman S, eds. Diseases of the Breast. Philadelphia: Lippincott-Raven; 1996: 
779–789.

Fuller BG, Heiss JD, Oldfield EH. Spinal cord compression. In: DeVita VT Jr, 
 Hellman S, Rosenberg SA, eds. Cancer: Principles and Practice of Oncology. Vol. 2. 
6th ed. Philadelphia: Lippincott-Raven; 2001:2617–2633.

Gallenberg MM, Loprinzi CL. Breast cancer and pregnancy. Semin Oncol
1989;16:369–376.

Giglio P, Tremont-Lukats IW, Groves MD. Response of neoplastic meningitis from 
solid tumors to oral capecitabine. J Neurooncol 2003;65:167–172.

Gilbert RW, Kim JH, Posner JB. Epidural spinal cord compression from metastatic 
tumor: diagnosis and treatment. Ann Neurol 1978;3:40–51.

Glantz MJ, Jaeckle KA, Chamberlain MC, et al. A randomized controlled trial com-
paring intrathecal sustained-release cytarabine (DepoCyt) to intrathecal meth-
otrexate in patients with neoplastic meningitis from solid tumors. Clin Cancer 
Res 1999;5:3394–3402.

Glass JP, Melamed M, Chernik NL, et al. Malignant cells in cerebrospinal fluid 
(CSF): the meaning of positive CSF cytology. Neurology 1979;29:1369–1375.

Grill V, Ho P, Body JJ, et al. Parathyroid hormone-related protein: elevated levels 
in both humoral hypercalcemia of malignancy and hypercalcemia complicating 
metastatic breast cancer. J Clin Endocrinol Metab 1991;73:1309–1315.

Grossman SA, Krabak MJ. Leptomeningeal carcinomatosis. Cancer Treat Rev
1999;25:103–119.

Hahn KME, Johnson PH, Gordon N, et al. Treatment of pregnant breast cancer 
patients and outcomes of children exposed to chemotherapy in utero. Cancer
2006;107:1219–1226.

Hill ME, Richards MA, Gregory WM, et al. Spinal cord compression in breast can-
cer: a review of 70 cases. Br J Cancer 1993;68:969–973.

Hortobagyi GN, Frye D, Buzdar AU, et al. Decreased cardiac toxicity of doxoru-
bicin administered by continuous intravenous infusion in combination chemo-
therapy for metastatic breast carcinoma. Cancer 1989;63:37–45.

Levine MN, Bramwell VH, Pritchard KI, et al. Randomized trial of intensive 
cyclophosphamide, epirubicin, and fluorouracil chemotherapy compared with 
cyclophosphamide, methotrexate, and fluorouracil in premenopausal women 
with node-positive breast cancer. National Cancer Institute of Canada Clinical 
Trials Group. J Clin Oncol 1998;16:2651–2658.

Loblaw DA, Laperriere NJ. Emergency treatment of malignant extradural spinal 
cord compression: an evidence-based guideline. J Clin Oncol 1998;16:1613–1624.

Love CD, Muir BB, Scrimgeour JB, et al. Investigation of endometrial abnormali-
ties in asymptomatic women treated with tamoxifen and an evaluation of the 
role of endometrial screening. J Clin Oncol 1999;17:2050–2054.

Melo MD, Obeid G. Osteonecrosis of the jaws in patients with a history of receiv-
ing bisphosphonate therapy: strategies for prevention and early recognition. 
J Am Dent Assoc 2005;136:1675–1681.

Middleton LP, Amin M, Gwyn K, et al. Breast carcinoma in pregnant women. 
Assessment of clinicopathologic and immunohistochemical features. Cancer
2003;98:1055–1060.



484 K.M.E. Hahn and R.L. Theriault

Mueller BA, Simon MS, Deapen D, et al. Childbearing and survival after breast 
carcinoma in young women. Cancer 2003;98:1131–1140.

National Comprehensive Cancer Network. Central nervous system tumors. 
Version 1. 2006. Available at: www.nccn.org.

Neugut AI, Weinberg MD, Ahsan H, et al. Carcinogenic effects of radiotherapy for 
breast cancer. Oncology (Huntingt) 1999;13:1245–1256.

Partridge AH, Gelber S, Peppercorn J, et al. Web-based survey of fertility issues in 
young women with breast cancer. J Clin Oncol 2004;22:4174–4183.

Pastor-Zuazaga D, Garatea-Crelgo J, Martino-Gorbea R, et al. Osteonecrosis of the 
jaws and bisphosphonates. Report of three cases. Med Oral Patol Oral Cir Bucal
2006;11:E76–79.

Pentheroudakis G, Pavlidis N. Management of leptomeningeal malignancy. Exp
Opin Pharmacol 2005;6:1115–1125.

Petrek JA. Breast cancer and pregnancy. In: Harris JR, Lippman ME, Morrow M, 
Hellman S, eds. Diseases of the Breast. Philadelphia: Lippincott-Raven; 1996: 
883–892.

Ries LAG, Harkins D, Krapcho M, et al., eds. SEER Cancer Statistics Review, 
1975–2003. Bethesda, MD: National Cancer Institute. http://seer.cancer.gov/
csr/1975_2003/. Based on November 2005 SEER data submission. Posted to the 
SEER web site 2006.

Rosen LS, Gordon DH, Dugan Jr W, et al. Zoledronic acid is superior to pamidro-
nate for the treatment of bone metastases in breast carcinoma patients with at 
least one osteolytic lesion. Cancer 2004;100:36–43.

Simon B, Lee SJ, Partridge AH, et al. Preserving fertility after cancer. CA Cancer 
J Clin 2005;55:211–228.

Walsh GL, Gokaslan ZL, McCutcheon IE, et al. Anterior approaches to the tho-
racic spine in patients with cancer: indications and results. Ann Thorac Surg
1997;64:1611–1618.

Yang WT, Dryden MJ, Gwyn K, et al. Imaging of breast cancer diagnosed and 
treated with chemotherapy during pregnancy. Radiology 2006;239:52–60.

Yap HY, Yap BS, Tashima CK, et al. Meningeal carcinomatosis in breast cancer. 
Cancer 1978;42:283–286.



17 REHABILITATION OF PATIENTS

WITH BREAST CANCER

Ying Guo and Anne N. Truong

Chapter Overview. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 485
Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486
Potential Physical Sequelae of Mastectomy with ALND  . . . . . . . . . . . 487
Assessment of Patients After Surgery  . . . . . . . . . . . . . . . . . . . . . . . . . . . 489
Timing of Physical Therapy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 489
Rehabilitation of the Ipsilateral Upper Extremity 

After Mastectomy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 490
Home Exercise Program in the Early Postoperative 

Period . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 490
Physical Therapy in Patients with Limited Range 

of Shoulder Motion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 491
Treatment of Neurologic Complications . . . . . . . . . . . . . . . . . . . . . . . . . 492

Peripheral Nerve Damage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 492
Radiation Plexopathy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 493
Peripheral Polyneuropathy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 494
Pain  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 494

Diagnosis and Treatment of Lymphedema . . . . . . . . . . . . . . . . . . . . . . . 495
Diagnosis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 496
Complex Decongestive Therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 496
Use of Pneumatic Compression Pump. . . . . . . . . . . . . . . . . . . . . . . . 499
Medications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 499
Surgical Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 499

Inpatient Rehabilitation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500
Psychological and Vocational Issues  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500
Key Practice Points . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 501
Suggested Readings  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 502

CHAPTER OVERVIEW

Breast cancer survivors often face physical and psychosocial impairments
that can adversely affect their quality of life. Not only surgery but also 
radiation therapy and systemic therapy can lead to sequelae that necessitate 
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a rehabilitation program. Among the most common sequelae of breast 
cancer treatment are shoulder dysfunction, pain, and lymphedema. 
A cancer rehabilitation team can help minimize long-term disability, 
thereby improving quality of life. After breast cancer surgery, early 
mobilization of the ipsilateral arm with supervision by a physical medi-
cine and rehabilitation physician and physical therapists can accelerate 
return of range of motion, decrease pain, and reduce emotional trauma 
without increasing the risk of postsurgical complications. A multidis-
ciplinary approach involving a surgical oncologist, medical oncologist, 
radiation oncologist, physician specializing in physical medicine and 
rehabilitation, physical therapist, and occupational therapist can opti-
mize the management of lymphedema. Inpatient rehabilitation can 
improve function in patients with severe disability, especially patients 
with advance disease.

INTRODUCTION

Advances in early breast cancer detection and improved multimodality 
treatments are increasing the number of breast cancer survivors. As the 
number of survivors increases, quality of life issues are increasingly being 
recognized as critical in the spectrum of cancer treatment. Breast cancer 
survivors often face physical and psychosocial impairments that adversely 
affect their quality of life (Burckhardt and Jones, 2005; Hayes et al., 2005; 
McWayne and Heiney, 2005; Mandelblatt et al., 2006). Recognition and 
prevention of potential complications from breast cancer treatment can 
minimize these traumatic insults to the patient.

Prevention of complications and restoration of function should be 
addressed as early in the treatment course as possible. At M. D. Anderson 
Cancer Center, patients are provided with educational material about 
what to expect after surgery. The material covers such topics as 
wound care, functional goals, and exercises. If a patient’s functional 
recovery is not as expected, she is referred to the multidisciplinary 
rehabilitation team, which includes a physician specializing in physical 
medicine and rehabilitation, a physical therapist, and an occupational 
therapist.

This chapter describes the rehabilitation approach used at M. D. Anderson 
to minimize morbidity associated with breast cancer treatment. The chapter
focuses on rehabilitation after modified radical mastectomy or segmental 
mastectomy with axillary lymph node dissection (ALND), rehabilitation
issues caused by radiation therapy and chemotherapy, rehabilitation issues 
in patients with metastatic disease, and psychosocial and vocational reha-
bilitation after breast cancer treatment.
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POTENTIAL PHYSICAL SEQUELAE OF MASTECTOMY WITH ALND

After surgical treatment of breast cancer, physical impairments of varying 
degrees can develop that affect survivors’ quality of life. The sequelae of 
breast cancer surgery can lead to limitations in activities of daily living 
and reduction in the overall level of physical activity.

The risk of physical impairment and the degree of impairment are simi-
lar in patients who undergo modified radical mastectomy and patients 
who undergo segmental mastectomy with ALND. The current literature 
suggests that lymphatic mapping with sentinel lymph node biopsy, which 
takes the place of complete ALND in selected patients, is associated with 
less morbidity than ALND but is still associated with a risk of lymph-
edema (Schrenk et al., 2000; Blanchard et al., 2003; Schijven et al., 2003).

Modified radical mastectomy, segmental mastectomy with ALND, 
and reconstructive surgery can lead to shoulder dysfunction, including 
shoulder immobility (Box et al., 2002b); other functional problems; upper 
extremity swelling; lymphedema; and pain (Caffo et al., 2003). After modi-
fied radical mastectomy or segmental mastectomy with ALND, it is com-
mon for patients to have disorganized fibrous tissue deposits (described 
as “cordlike” bands) in the axillary area and chest wall area that restrict 
range of motion of the shoulder in all planes (Figures 17–1 and 17–2); for-
mation of fibrous tissue is part of the normal healing process. It is also 
common for patients to have myofascial or soft tissue contractures and 
adhesions to nearby structures (Figure 17–2), although if patients perform 
routine gentle stretches during the postoperative period, soft tissue con-
tracture is likely to be prevented. Functional problems frequently seen 

Figure 17–1. Cording in the axilla in a patient who received radiation therapy.
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after breast cancer surgery include postural abnormality, range-of-motion 
deficits in the glenohumeral joint, elbow problems due to cording (Figure 17–3),
decreased chest wall movement secondary to scarring, pectoralis muscle 
spasm, abnormal scapular movement, and a winged scapula due to neur-
apraxia of the long thoracic nerve or the thoracodorsal nerve.

In a cross-sectional study, 95 patients with unilateral breast cancer who 
had undergone ALND were evaluated at routine follow-up for symp-
toms including arm swelling, chest wall pain, decreased arm mobility, and 
weakness (Kakuda et al., 1999). Upper extremity strength, active range of 
motion, and circumference were measured. Overall, 70% of patients had at 

Figure 17–2. Chest wall adhesions and cording in the axilla after mastectomy.

Figure 17–3. Cording in the right arm and forearm.
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least one complaint, and 18% of patients had moderate to severe symp-
toms. Twenty-one percent had notable decrements in strength or range of 
motion, and 6.4% changed their vocational status because of surgical mor-
bidity. Older women with depressive symptoms have an elevated risk of 
not fully recovering shoulder mobility after being treated for breast cancer 
(Caban et al., 2006).

Patients who have undergone immediate breast reconstruction are at 
risk for additional problems. Patients who have undergone reconstruction 
with a transverse rectus abdominis myocutaneous flap may be at risk for 
back pain or sacroiliac joint dysfunction because of the harvesting of muscle 
and subcutaneous tissue from the abdominal wall. Some patients who have 
undergone reconstruction with a latissimus dorsi pedicled flap can 
have altered glenohumeral and scapular rhythm, leading to shoulder mobi-
lization problems. For these patients, longer duration of treatment (longer 
than 4 weeks) with an experienced therapist is crucial to recovery.

ASSESSMENT OF PATIENTS AFTER SURGERY

In assessment of patients after breast cancer surgery, the extremity, the 
upper trunk, and the rest of the body are considered together as a closed 
kinetic chain. Impairment in one structure leads to an imbalance in the 
rest of the structures, and this imbalance leads to compensation and, con-
sequently, overuse and decompensation. The goal of physical rehabilita-
tion is to recognize this biomechanical imbalance and reset the involved 
structures to the previous or a new equilibrium.

At M. D. Anderson, patients with extremity dysfunction, such as decreased 
range of motion, movement-associated pain, or fullness and heaviness of 
extremities, are referred to a physical medicine and rehabilitation specialist 
soon after breast cancer surgery.

TIMING OF PHYSICAL THERAPY

Until recently, the typical role of physical medicine and rehabilitation special-
ists in the treatment of breast cancer patients was to evaluate patients with 
shoulder dysfunction years after the surgery. With this delayed approach, 
therapeutic options designed to improve scarred tissue and contraction of 
the shoulder joint (adhesive capsulitis) often brought about little improve-
ment. In recent years, recognizing that musculoskeletal and soft-tissue 
reparative responses to surgery are amenable to manual therapy before the 
tissue becomes scar tissue, physical medicine and rehabilitation specialists 
have begun to see patients soon after surgery. With this new approach to 
rehabilitation, patients regain shoulder function more rapidly, have less 
pain, and are better able to resume activities of daily living.
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Addressing flexibility of fibrotic tissues is easier before joint contrac-
tures develop, which usually occurs within 1 week (Trudel and Uhthoff, 
2000). If patients delay postoperative exercises until drains have been 
removed, which can take weeks and even as long as a month, poor range 
of motion as well as prolonged pain and suffering may result. Patients can 
initiate exercises immediately after surgery, although shoulder exercises 
should be limited if a surgical drain is still present. Patients’ functional 
recovery varies with patient age, type of surgery, wound healing, and 
complications. If, 1 month after the skin is healed, a patient continues to 
have a functional deficit, she should be referred to a physical medicine 
and rehabilitation specialist for evaluation.

The effect of the timing of rehabilitation on seroma formation is another 
important question. Recently, Shamley et al. (2005) performed a system-
atic review of the randomized controlled trials of early versus delayed 
(maximum 2 weeks delay) shoulder mobilization after surgery in women 
with breast cancer. Twelve randomized controlled trials were included in 
the review, of which six were included for meta-analysis. Delaying shoul-
der exercises significantly decreased the incidence of seroma formation 
(odds ratio, 0.4; 95% confidence interval, 0.2–0.5; P = .00001). The timing 
of rehabilitation had no impact on drainage volume or length of hospital 
stay (Shamley et al., 2005).

REHABILITATION OF THE IPSILATERAL UPPER EXTREMITY

AFTER MASTECTOMY

At M. D. Anderson, we are proactive in our approach to rehabilitation 
of the ipsilateral upper extremity after mastectomy and axillary surgery. 
We anticipate and recognize common problems and treat these problems 
before they become complications.

Home Exercise Program in the Early Postoperative Period

Before surgery, patients are educated about what to expect during the 
recovery period. Exercise instructions and other educational materials, 
including videos, are available on line to provide patients the informa-
tion they need to improve range of motion in the ipsilateral shoulder. 
This information is given to patients by the treating surgical and medical 
oncologists and staff members. If a patient is referred to physical medicine 
and rehabilitation, the physical therapist or occupational therapist pro-
vides more detailed teaching and demonstration of the exercises.

Immediately after surgery, while drains are still in place, patients are 
instructed to do shoulder shrugs, shoulder internal rotation, and shoulder 
external rotation while restricting shoulder flexion and abduction. Once 
the drains are removed, patients are instructed to gradually increase their 
shoulder range of motion according to the patient’s tolerance.
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Physical Therapy in Patients with Limited Range of Shoulder Motion

Some patients develop limited range of shoulder motion despite this home 
exercise program—especially patients suffering from cording in the axilla 
and chest wall, poorly managed postoperative pain, muscle tightness, or fear 
of harming the wound. If, 1 month after the skin is healed, a patient contin-
ues to have a functional deficit, she should be referred to physical medicine 
and rehabilitation for evaluation. Functional deficits may include but are not 
limited to swelling of the ipsilateral arm, decreased shoulder range of motion, 
cording and pectoral tightness, or shoulder pain with or without movement.

The physical medicine and rehabilitation specialist performs a thor-
ough history and a physical examination before generating the specific 
therapeutic prescription. The physical examination includes a neurologic 
examination, circumferential measurements of the upper extremities, and 
range-of-motion measurements.

The basic goals of physical therapy are to increase flexibility of the myo-
fascial and soft tissues of the shoulder, the chest wall scar tissue, and scap-
ula stabilizers prior to shoulder mobilization. Overhead pulleys used in 
the home setting further facilitate increase in range of motion. Pain control 
measures, including warm and cold packs and transcutaneous electrical 
nerve stimulation, are added to reduce muscle guarding. Deep breathing 
and relaxation methods can be added. Postural education is added to pre-
vent further strain on the upper back and neck and to decrease strain on 
axial structures. If the patient underwent reconstruction with a latissimus 
dorsi flap, a cautious shoulder exercise regimen is recommended to avoid 
disruption of the flap. Physical therapy in patients who have undergone 
transverse rectus abdominis myocutaneous flap breast reconstruction is 
initiated after drains are removed.

After surgery, patients who did not undergo reconstruction are given 
a temporary prosthesis (a cotton fluff). Assuming minimal swelling and a 
well-healed incision, patients are usually ready to be fitted for a perma-
nent prosthesis 3–6 weeks after surgery.

Each of the above-mentioned physical therapy interventions can be 
accomplished on an outpatient basis. The intensity and duration of ther-
apy depend on the patient’s symptoms and clinical presentation, as well 
as the oncology treatment course. The median number of physical therapy 
sessions prescribed is 12. Most patients experience a complete recovery 
with this type of therapeutic program.

These interventions can benefit not only patients who are in the early 
postoperative period but also patients who underwent surgery several 
years earlier. Some improvement in soft tissue mobility and hence shoul-
der range of motion can be expected even years after surgery.

When a patient has preexisting musculoskeletal abnormalities, such as 
arthritis or rotator cuff tears or impingement, the postoperative recovery 
will be complicated. At M. D. Anderson, such at-risk patients are referred 
to a physical medicine and rehabilitation physician after surgery to ensure 
that they have as complete a recovery as possible.
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Once the formal course of physical therapy is complete, patients are 
prescribed a home exercise program to be performed at least 3–5 times a 
week until full functional recovery. In addition, patients are given written 
guidelines for reducing the risk of lymphedema (Table 17–1). It is recom-
mended that patients follow these guidelines indefinitely.

TREATMENT OF NEUROLOGIC COMPLICATIONS

Peripheral Nerve Damage

Neurapraxia of the long thoracic nerve, a rare occurrence, causes weak-
ness of the serratus anterior muscle and, as a consequence, winging of 
the medial border of the scapula (Figure 17–4). The therapeutic approach 
is to strengthen residual serratus anterior muscle and other muscles 
that stabilize the scapula (the rhomboid muscles, the levator muscle of 

Table 17–1. Precautions to Reduce the Risk of Lymphedema

• Avoid needle puncture and sphygmomanometry on the ipsilateral extremity.
• Keep the skin moist and clean to prevent the skin from cracking, drying, or 

tearing.
• Wear long sleeves and gloves when outdoors to reduce the risk of cuts, scrapes, 

insect bites, and sunburn.
• Do not wear shirts with tight elasticized cuffs; tight-fitting jewelry; or a tight-

fitting bra.
• Use an electric razor when shaving the ipsilateral extremity.
• Use protective hand and finger coverings when washing dishes, cooking, or 

sewing.
• Refrain from carrying heavy loads (more than 10 pounds) and refrain from 

excessive repetitive use of the ipsilateral extremity.
• Inspect skin and extremity daily for swelling, pain, or color changes.
• Drink adequate water daily (six glasses a day).
• Avoid rapid weight gain.
• If a handbag must be carried, carry a lightweight handbag (minimize contents) 

and carry it on the contralateral extremity.
• Avoid dangling the ipsilateral extremity when walking; swing the extremity 

with the elbow bent.
• Elevate the ipsilateral extremity above the level of the heart during prolonged 

sitting. Flex and extend the elbow, and perform circular extremity motions.
• Limit the weight used for extremity-strengthening exercises to 3–5 pounds, and 

discontinue any painful exercises.
• Do not cut nails too closely to the nail bed.
• Avoid saunas, solariums, and cold temperatures.
• An elastic compression sleeve is recommended during travel by airplane.
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the scapula, and the trapezius muscle), thus reducing further muscle atro-
phy and progression of shoulder girdle imbalance. Electrical stimulation 
is used to maintain muscle bulk. The muscle weakness and scapular wing-
ing usually improve within 3 months in the case of neurapraxia. Electro-
myography is often needed to differentiate neurapraxia from neurotmesis 
(partial or complete severance of a nerve). The chances for neurologic 
recovery are less in the case of neurotmesis.

Radiation Plexopathy

Radiation may injure the brachial plexus (Schierle and Winograd, 2004).
Clinically, differentiation of radiation plexopathy from plexopathy 

due to recurrent tumor can be challenging. A comparison of the two enti-
ties is presented in Table 17–2. Radiation plexopathy classically presents 
as aching pain around the shoulder region, radiating from the scapula 
to the forearm. Radiation plexopathy may also cause paresthesias of the 
arm or the hand or weakness of the hand muscles. Various studies indi-
cate that patients with plexopathy due to recurrent tumor are more likely 
than patients with radiation plexopathy to experience significant pain. 
Recurrent tumor plexopathy usually affects the lower trunk of the plexus, 
whereas radiation plexopathy usually affects the upper trunk. Radiation 
plexopathy can occur as long as 5 years after therapy. Magnetic resonance 
imaging (Wittenberg et al., 2000) and computed tomography scans may 
be beneficial in distinguishing radiation plexopathy from recurrent tumor 
plexopathy; however, these scans must be interpreted carefully, and the 
findings on clinical examination must be taken into account. Electromy-
ography is helpful for distinguishing between radiation plexopathy and 
recurrent tumor plexopathy.

Figure 17–4. Scapular winging due to weakness of the serratus anterior muscle.
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Radiation brachial plexopathy can be managed with therapeutic strength-
ening, electrical stimulation, and appropriate orthotic prescription. The goal 
is to maximize function within the constraints of the neuronal damage.

Peripheral Polyneuropathy

Postoperative chemotherapy and endocrine therapy may cause periph-
eral polyneuropathy (Boehmke and Dickerson, 2005). Polyneuropathy 
affects nerve fibers in a length-dependent fashion; therefore, patients with 
peripheral polyneuropathy complain of dysesthesia or hyperesthesia in a 
glove and stocking pattern. Dysesthesia and hyperesthesia may occur in 
the distal part of the extremities and can be quite disabling with respect 
to activities requiring fine hand movements. Failure to manage such dys-
esthesia successfully can leave patients unable to perform any work that 
requires fine hand dexterity.

If the neuropathy interferes with activities of daily living, an occupational 
therapist can suggest compensation strategies and adaptive equipment. 
The work environment can be ergonomically modified to compensate for 
weakness in the extremities. A physical therapist can address gait distur-
bances resulting from lack of proprioception in the lower extremities. In 
patients with hyperesthesia, amitriptyline or gabapentin may be helpful 
for symptom management.

Pain

Patients who undergo mastectomy are at risk for long-term pain.
Disruption of the intercostobrachial nerve (Torresan et al., 2003) during 

surgery can cause neuralgia known as “postmastectomy pain syndrome.” 
The mastectomy scar can cause adhesions of the chest wall, irritating the 
nerves as well as surrounding muscles and soft tissue. Approximately 
43% of patients who undergo mastectomy experience postmastectomy 
pain long after the mastectomy (Smith et al., 1999). Young age, tall stature, 
and increased body weight are associated risk factors.

Table 17–2.  Comparison between Radiation Plexopathy and Recurrent Tumor 
Plexopathy

Characteristic Radiation Plexopathy Tumor Plexopathy
Pain Frequently absent Frequently present
Onset Insidious Fairly rapid progression
Location Upper trunk of the  Lower trunk of the
  brachial plexus  brachial plexus
Location of weakness Mainly in the shoulder Mainly in the hand
Paresthesia Present in the hand Present in the neck 
   and shoulder
Findings on  Diagnostic for myokymia Not distinguishable 
 electromyography   from other processes
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Phantom breast pain is described as a sensation of the breast’s still 
being present and intact even though it has been surgically removed. The 
reported incidence of phantom breast pain, 20–30% (Hsu and Sliwa, 2004), 
is thought to represent an underestimate because women may hesitate to 
report such pain to their health care provider unless they are specifically 
questioned about it. Phantom breast pain is common in women who had 
breast pain prior to mastectomy. Trials of transcutaneous electrical nerve 
stimulation, medications (e.g., gabapentin), or both may be helpful during 
the initial treatment phase (Hsu and Sliwa, 2004).

In patients with postmastectomy pain, use of oral pain medications 
during home exercises and physical therapy can increase patients’ toler-
ance for range-of-motion exercises.

DIAGNOSIS AND TREATMENT OF LYMPHEDEMA

Lymphedema results from functional overload of the lymphatic system—
i.e., the situation in which lymph volume exceeds transport capabilities. 
When lymph flow stops (“lymphostasis”), fluid and proteins collect in the 
interstitium, promoting chronic inflammation and subsequent prolifera-
tion of connective tissue, which can result in the development of fibro-
sclerosis. Fibrosclerosis increases the risk of infection. Lymphedema also 
adversely affects the quality of life in survivors of early-stage breast cancer 
(Beaulac et al., 2002).

Lymphedema can begin insidiously at any interval after sentinel lymph 
node biopsy, ALND, mastectomy without lymph node surgery, or breast-
conserving surgery without lymph node surgery. Risk factors for lymphe-
dema are treatment with ALND, treatment with radiation therapy, higher 
body weight, older age, and complex surgery (Morrell et al., 2005). The risk 
of lymphedema after sentinel lymph node biopsy is significantly lower 
than the risk after ALND (Leidenius et al., 2005). The pathophysiology 
of lymphedema is not fully understood. An intimate relationship exists 
between the lymphatic system, the vascular system, and the surrounding 
soft tissues. This complex relationship plays a significant role in the devel-
opment of lymphedema and ultimately the response to treatment.

Various methods for measuring the edematous arm have been described 
in the literature, and there is currently no consensus about what degree of 
enlargement constitutes lymphedema. Therefore, the incidence of breast 
cancer–related lymphedema varies in the medical literature. A review by 
Petrek and Heelan (1998) suggested an incidence of 15–20%. The appear-
ance of arm swelling can be more distressing for the patient than the breast 
cancer surgery and perhaps the cancer itself. Approximately 80% of cases 
of lymphedema manifest within 2 years after primary surgery.

Because controlling lymphedema requires daily attention and because 
a cure for lymphedema has not been established, emphasis must be placed 
on prevention. The literature on the prevention of lymphedema is focused 
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primarily on specific surgical techniques designed to reduce damage to 
the axillary lymphatic system. Only two randomized controlled trials 
have addressed nonsurgical interventions designed specifically to prevent 
lymphedema after breast cancer surgery (Box et al., 2002a; Campisi et al., 
2002). In these two studies, multiple sessions of physical therapy were 
effective. Unfortunately, the practical application of physical therapy as a 
preventive strategy is severely limited because of the high cost and lim-
ited availability of such treatment.

Traditionally, lymphedema has been classified as stage I, stage II, or stage 
III. However an increasing number of health care professionals are recogniz-
ing a stage 0. In stage 0 lymphedema, swelling is not evident, but there is alter-
ation in lymph transport. In stage I, there is accumulation of a highly protein 
laden fluid (versus venous edema) that subsides with limb elevation. Pitting 
of the extremity may be present. In stage II, limb elevation alone rarely reduces 
tissue swelling, and pitting is present. In late stage II, fibrosis is present, and 
there may or may not be pitting of the extremity. Stage III is characterized by 
lymphostatic elephantiasis. Pitting is absent, and the skin is characteristically 
acanthotic with warty overgrowth (Mortimer, 1990). Lymphangiosarcoma 
(Stewart–Treves syndrome) can develop as a result of chronic lymphedema 
(Roy et al., 2004). Within each stage of lymphedema, the severity of the disease 
can be further described as minimal (less than 20% increase in volume), mod-
erate (20–40% increase), or severe (more than 40% increase).

Diagnosis

The diagnosis of lymphedema is made by history and physical exami-
nation. Measurements of arm circumference with a tape measure, water 
displacement volumetry, opto-electronic perometry, and bioelectrical 
impedance analysis are frequently used to monitor disease progression. 
Lymphoscintigraphy (El-Shazly et al., 2003) is recommended if lymphatic-
to-lymphatic or lymphatic-to-venous anastomosis is planned. Blood tests 
are not needed to diagnose lymphedema, and lymphographic examina-
tions are usually not required. Phlebography should be performed only 
if the results will affect therapeutic management. Computed tomography 
and magnetic resonance imaging are usually not helpful in the evaluation 
of lymphedema except in the case of a search for recurrent tumor.

The differential diagnosis of lymphedema includes venous stasis, 
venous thrombosis, complex regional pain syndrome, chronic inflamma-
tory arthritis, and recurrent tumor.

Complex Decongestive Therapy

Even though complex decongestive therapy (CDT) for lymphedema 
has been described since the late nineteenth century, it is only within 
the past 30 years that this treatment has become widely accepted. 
CDT is well tolerated and has almost no side effects. Many studies 
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have proven the effectiveness of this treatment (Badger et al., 2004b; 
Kligman et al., 2004).

The therapeutic goal of CDT is to achieve faster lymph transport in 
the edematous area and thus reduce the accumulation of proteins in the 
interstitium. CDT combines several treatments that synergistically pro-
mote reduction of lymphostasis. These treatments include manual lymph 
drainage, compression bandaging to avoid new fluid accumulation in the 
treated area, hygienic measures, and decongestive exercises for the band-
aged extremity. CDT is usually performed on an outpatient basis. Each 
stage of CDT must be meticulously completed for success, and only spe-
cially trained therapists should perform CDT. CDT is contraindicated in 
patients with thrombosis, cardiac failure, or active local infection.

Manual lymph drainage consists of massage with slow, rotating, mild 
tissue compression (Figure 17–5). The massage is begun at the central 
portion of the arm and proceeds to the peripheral extremity. Manual 
lymph drainage results in a “sucking effect” on the lymphatic, which 
increases the transport capacity of the lymphatic system. Increased lymph 
drainage promotes the protein-degrading activity of macrophages and 
therefore reduces the volume of lymph transport waste. These processes 
facilitate fragmentation of subcutaneous collagen fibers.

After manual lymph drainage, the arm must be bandaged with low-
stretch bandages (Figure 17–6). This technique maintains pressure on the 
arm and thus helps prevent the accumulation of more fluid. Once lymph-
edema reduction is stabilized, a compression garment with a compres-
sion pressure of 30–60 mm Hg is necessary for maintenance (Figure 17–7). 
Compression bandages and garments increase tissue pressure, which 
reduces abnormal ultrafiltration and improves reabsorption. The pressure 
also causes the joint and muscle to pump lymphatic fluid more effectively, 
which increases lymph motoricity and reduces fibrosis and sclerosis.

Figure 17–5. Therapist performing manual lymph drainage.
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Figure 17–6. Compression bandaging of the extremity after manual lymph drainage.

Figure 17–7. Compression sleeve and glove worn on the extremity.

Maintenance and preventive care are essential to successful treatment of 
lymphedema. The patient should be instructed to perform manual lymph 
drainage three times a week, to elevate the extremity daily, to apply or have 
someone else apply compression bandaging, and to perform arm and skin 
care assessments. A lymphedematous extremity is more susceptible to 
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infection; therefore, aggressive treatment is needed to avoid cellulitis and 
adenolymphangitis. Incomplete treatment, compliance problems, occult 
infection, tumor recurrence, or an incorrect diagnosis can result in failure 
of CDT.

The initial skin texture of the affected arm and the initial edema volume 
correlate with the response to treatment. The response to CDT is greater in 
patients with edema volume of less than 500 cc than in those with greater 
edema volume.

Use of Pneumatic Compression Pump

Controversy exists in the literature regarding the usefulness of compression 
pumps in the treatment of lymphedema (Rinehart-Ayres, 1998; Hassall et al., 
2001). Compression pumps promote temporary movement of fluid from the 
distal to the proximal end of the extremity. Stasis of proximal edema may 
lead to the development of fibrosis, creating a “bottleneck” appearance of the 
extremity. Increased lymphatic transport capacity requires the proximal trunk 
to be free of edema to facilitate clearance. Only manual lymph drainage can 
produce this outcome. Compression pumps are not suitable as an exclusive 
decongestive therapy for chronic lymphedema and cannot replace manual 
lymph drainage. Compression pumps cannot be used without risk in any 
situation and should be used only by experienced lymphedema therapists.

Medications

Currently, lymphedema cannot be treated effectively with medications. 
Administering diuretics would cause water extraction, resulting in a 
higher protein concentration in the tissues and the promotion of fibro-
sclerotic processes. Benzopyrones might seem promising because they 
stimulate macrophage activity and increase lymph transport. However, 
currently available data indicate no therapeutic effect of benzopyrones 
on chronic lymphedema, and benzopyrones have not been approved for 
treatment of lymphedema (Badger et al., 2004a; Morrell et al., 2005).

Surgical Management

Surgical treatment of lymphedema is considered only if a trial of conserv-
ative treatment fails and the diagnosis of lymphedema is confirmed. Two 
types of surgical procedure are available: drainage procedures (micro-
surgical procedures) and excisional (debulking) therapy with or without 
skin grafting. Drainage procedures involve performing lymphatic-to-
lymphatic or lymphatic-to-venous anastomosis with the goal of improving 
drainage. Excisional therapy involves removing a large section of skin 
and subcutaneous tissue down to the muscle fascia and reapproximating 
the wound edges. Problems associated with excisional therapy relate to 
wound healing. Liposuction combined with constant use of a compres-
sion garment has also been reported (Brorson, 2003). Since more studies 
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are needed regarding surgical procedures for lymphedema treatment, 
these procedures are rarely done at M. D. Anderson.

INPATIENT REHABILITATION

Breast cancer patients undergoing rehabilitation can be divided into two 
groups: those with local disease and disability and those with systemic 
disease and disability. For patients with localized breast cancer, rehabili-
tation can usually be accomplished on an outpatient basis. However, in 
patients with metastatic breast cancer, rehabilitation may need to take 
place in an inpatient setting.

Metastatic disease involving the central nervous system, bone, liver, or 
lungs is often accompanied by significant pain, mobility problems, self-
care deficits, and fatigue. The medical consequences of this metastatic 
involvement can include fractures, neurologic compromise from spinal 
cord compression or neuropathy, and metabolic complications. Functional 
sequelae of neurologic complications can include weakness or paraparesis 
with neurogenic bladder or bowel dysfunction.

Inpatient rehabilitation is a multidisciplinary effort, led by a physical 
medicine and rehabilitation physician who coordinates medical and thera-
peutic treatment for the patient. Other members of the rehabilitation team 
include a physical therapist, occupational therapist, speech and language 
pathologist, social worker, case manager, dietitian, rehabilitation nurse, 
and chaplain. The major goals of rehabilitation in patients with metastatic 
breast cancer are to achieve optimal pain relief and comfort; to enable self 
care and resumption of mobility as much as possible; to increase endur-
ance and strength; to provide education for patients and their families to 
prepare them to continue care in the home; to ensure a safe discharge to 
home; and to provide support while being realistically hopeful.

Previous studies have shown that inpatient rehabilitation is effective 
for cancer patients (Cole et al., 2000; Heim et al., 2001). Cancer patients 
make gains in function similar to those of noncancer patients. Chemo-
therapy, radiation therapy, and specific tumor types have not been shown 
to adversely affect the outcome of rehabilitation. Poor long-term progno-
sis should not preclude inpatient rehabilitation if functional gains (even 
short-term gains) are likely to be made.

PSYCHOLOGICAL AND VOCATIONAL ISSUES

From the time of diagnosis, a patient with breast cancer and her fam-
ily experience a wide range of feelings. The patient undergoes physi-
cal and emotional trauma and recuperation. She experiences varying 
degrees of depression, mourning, anger, and fear—all of which require 
time to be resolved.
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Although coping styles differ among individuals, several different psy-
chological issues are common after modified radical mastectomy or seg-
mental mastectomy and ALND. Patients may have a worsened self-image 
because of loss of the breast and a sense of loss of a body part that is sexually 
significant. Patients may also see themselves as unattractive and withdraw 
from mates. Patients may believe that shoulder dysfunction and lymph-
edema are unavoidable consequences of breast cancer surgery; thus, they 
may believe that they should be able to endure these side effects without 
help. Patients may feel embarrassed about having had a mastectomy. As a 
means of moving toward a healthy denial of the breast cancer experience, 
patients may try to keep others from knowing about their surgery. Other 
common themes are fear and anxiety about recurrence of disease, further 
surgery, and possibly death and concerns regarding burdening family 
members with the stress associated with the cancer (Edwards et al., 2004).

Side effects of chemotherapy and radiation therapy may hinder resump-
tion of work or even prevent a woman from returning to her previous 
occupation. In one study, about 80% of patients returned to work by 12–18 
months after diagnosis, and 87% reported that their employer was accom-
modating to their cancer illness and treatment (Bouknight et al., 2006).

Rehabilitation interventions not only facilitate physical recovery but also 
direct the patient towards psychological recovery strategies. A multidisci-
plinary approach combining comprehensive rehabilitation with psychiat-
ric and psychological support has been shown to improve outcomes in the 
management of breast cancer. Therapies address difficulties with activities 
of daily living, sleep, work, and driving. The identification and treatment of 
these dysfunctions will maximize the patient’s performance, thereby reduc-
ing anxiety and symptoms of depression. Relaxation techniques are helpful 
and can give the patient a sense of mastery and control (Yoo et al., 2005).

The interventions of the rehabilitation team improve or restore function 
and preserve independence to assure quality of life for cancer survivors 
(Courneya et al., 2003). We must look at the whole patient and not divorce 
emotional care from physical care.

K E Y  P R A C T I C E  P O I N T S
● A multidisciplinary approach to the care of breast cancer patients is crucial for 

optimal recovery after breast cancer surgery.
● Shoulder dysfunction due to breast cancer surgery can be treated or mini-

mized with early physical exercise.
● Lymphedema can be managed with CDT.
● The rehabilitation team can comprehensively address and treat the physical 

disabilities that result from metastatic disease.
● Recognizing, minimizing, and preventing physical and psychological insults 

can dramatically improve the quality of life of breast cancer survivors.
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CHAPTER OVERVIEW

Because of treatment with chemotherapy, women with a history of breast 
cancer are more likely to be exposed to estrogen deficiency and often 
experience estrogen deficiency for a longer duration than women in the 
general population. Estrogen deficiency can cause hot flashes, vasomotor 
instability, genitourinary atrophy, cardiovascular disease, and osteoporosis.
Hormone replacement therapy (HRT) is effective in the prevention and 
treatment of vasomotor instability, genitourinary atrophy, and osteoporosis.
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However, there are concerns that HRT may increase the risk of coronary 
heart disease and stroke. In addition, because breast cancer is believed to 
be a hormonally responsive disease, HRT is considered contraindicated in 
women with a history of this disease. Numerous nonhormonal alternatives 
are available to manage the symptoms of estrogen deficiency in breast can-
cer survivors. Despite the general consensus that HRT is contraindicated 
in breast cancer survivors, preliminary evidence indicates that in carefully 
selected women successfully treated for localized breast cancer, HRT does 
not have a pronounced adverse effect on the rate of cancer recurrence and 
may be considered after appropriate patient counseling. Women diagnosed 
with breast cancer while receiving HRT have a better prognosis than do 
women diagnosed with breast cancer while not receiving HRT.

INTRODUCTION

Women with a history of breast cancer are more likely to be exposed to 
estrogen deficiency and may experience estrogen deficiency for longer 
durations than women in the general population. Chemotherapy, which 
is increasingly advocated for women with localized breast cancer as well 
as for women with advanced disease, generally precipitates premature 
ovarian failure. In women with breast cancer or a history of this disease, 
hormone replacement therapy (HRT) is considered contraindicated as a 
matter of conventional practice because breast cancer is thought to be a 
hormonally responsive disease. For these women, then, it is frequently 
necessary to delineate nonhormonal alternatives for management of prob-
lems linked to estrogen deficiency.

CONSEQUENCES OF ESTROGEN DEFICIENCY

Ovarian estrogen production gradually declines after women reach the 
age of about 50 years. During the following decades, estrogen deficiency 
results in complex changes that characterize the menopausal years. Hot 
flashes and vasomotor instability are the most frequent and distressing
symptoms and are the symptoms that most often motivate women to 
seek treatment. Genitourinary atrophy may also occur; this condition 
often leads to dyspareunia and may predispose patients to bladder infec-
tions. The most serious health hazard associated with estrogen deficiency 
is a progressive increase in the risk of cardiovascular disease, which is 
the leading cause of death among older women. Estrogen deficiency also 
results in accelerated bone loss, leading to clinically significant osteoporosis
in many women. Osteoporosis is the most common metabolic bone 
disease in postmenopausal women and is responsible for more than one 
million hip fractures per year in the world.
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In light of the long-term health hazards of estrogen deficiency, the 
medical community has made a concerted effort to develop sensible and 
effective health-maintenance strategies for aging women, using HRT as 
the principal intervention.

HRT FOR MANAGEMENT OF MENOPAUSE

HRT gained wide acceptance over 30 years ago and gradually became a 
staple in the treatment of estrogen deficiency. Patients were pleased by 
the relief of menopausal symptoms offered by HRT, and physicians were 
generally eager to embrace this fairly convenient therapy that delayed or 
prevented the onset of osteoporosis through positive effects on bone turn-
over. In the decades since HRT was introduced, its efficacy in preventing 
or ameliorating vasomotor instability and genitourinary atrophy has been 
well established, and its efficacy in preventing osteoporosis has been con-
firmed by a sizable body of studies.

Early population-based retrospective analyses suggested that HRT 
reduced overall cardiovascular mortality through beneficial effects on the 
heart and vasculature. Initial enthusiasm for the use of HRT to address the 
increased risk of coronary heart disease (CHD) associated with estrogen 
deficiency was reflected in a position statement by the American College
of Physicians (Guidelines for counseling…, 1992) proposing that all 
postmenopausal women be offered HRT. However, conflicting reports 
periodically emerged that raised doubts about the cardiovascular benefits 
of HRT and suggested that HRT might increase the risk of not only throm-
boembolism but also breast cancer. Over the past several years, a series of 
prospective trials designed to answer these questions has led to a para-
digm shift in the management of estrogen deficiency and its sequelae.

Observational studies have differed in their assessments regarding the 
impact of HRT on CHD risk. For example, the Framingham Heart Study 
(Wilson et al., 1985) found no decrease in CHD risk in estrogen users, but 
the first part of the Nurse’s Health Study (Stampfer et al., 1985) found a 
significant decrease in CHD events with estrogen use. In the Heart and 
Estrogen/Progestin Replacement Study (Hulley et al., 1998; Grady et al., 
2002), a large randomized trial specifically designed to study the effect 
of HRT on secondary prevention of CHD, postmenopausal patients with 
established heart disease were followed for 6.8 years. HRT use was associ-
ated with an increased risk of CHD events in the first year and a decreased 
risk of CHD events during years 3–5, but the cumulative risk of CHD was 
no different from that of the placebo group. Another large randomized 
trial, the landmark Women’s Health Initiative (WHI) trial (Rossouw 
et al., 2002; Anderson et al., 2004), evaluated the use of HRT for primary 
 prevention of CHD. The study was made up of two parallel trials that 
compared estrogen or estrogen plus progesterone with placebo in healthy 
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postmenopausal women. In patients treated with estrogen plus progester-
one, a significant increase of 29% was observed in CHD events, most of 
which were nonfatal myocardial infarctions; no significant difference was 
observed in CHD deaths or revascularization procedures. The estrogen-
only arm showed a 9% decrease in CHD events, but this finding was not 
statistically significant.

The question of thromboembolic risk associated with HRT was 
addressed by the Women’s Estrogen for Stroke Trial (Viscoli et al., 2001), a 
prospective randomized study of secondary prevention of ischemic stroke 
in postmenopausal women. In this trial, estrogen therapy did not alter the 
risk of nonfatal stroke. However, compared to women in the placebo group, 
women in the estrogen group were more likely to have a fatal stroke and 
had worse neurological deficits after nonfatal stroke. The effect of HRT 
on primary prevention of ischemic stroke was explored in the WHI trial, 
which found a 41% increase in the risk of ischemic stroke with estrogen 
and progesterone and a 39% increase in risk with estrogen alone; increases 
in risk were mostly due to nonfatal events. The risk of deep venous throm-
bosis was significantly increased in both the estrogen-plus-progesterone and 
estrogen-only arms of the WHI trial.

Apprehension that HRT may increase the risk of developing breast 
cancer is the most frequent reason women cite for avoiding HRT. The 
current consensus is that very prolonged estrogen use may contribute to 
breast cancer risk and that this risk is augmented by the use of proges-
terone. The estrogen-plus-progesterone arm of the WHI trial was termi-
nated early because of a significant 26% increase in the risk of invasive 
breast cancer but showed no change in the risk of in situ breast cancers. 
The estrogen-only arm of the WHI trial showed a 23% reduction in inva-
sive breast cancer risk that narrowly missed statistical significance 
(P =.06). The Million Women Study (Beral, 2003), an observational cohort 
study of over one million women aged 50–64 years, tracked breast cancer 
incidence and the breast cancer mortality rate in HRT users in the United 
Kingdom. Results of the study showed that the relative risk of breast can-
cer was greater in current users than never users of HRT and increased 
with total duration of use. The relative risks of breast cancer for less than 
5 years of use and for 5 or more years of use were 1.70 (95% confidence 
interval [CI], 1.56 to 1.85) and 2.21 (95% CI, 2.06 to 2.37), respectively, in 
women receiving estrogen and progesterone and 1.21 (95% CI, 1.07 to 
1.37) and 1.34 (95% CI, 1.23 to 1.40), respectively, in women receiving 
estrogen only. Past users of HRT were at no increased risk of breast can-
cer, regardless of the duration of prior use.

The implication of these recent studies is that the evidence no longer 
favors HRT in the routine treatment of menopause. Many alternatives 
to HRT are available to address the cardiovascular and skeletal sequelae 
of estrogen deficiency. However, HRT remains the most effective agent 
for the treatment of vasomotor and other climacteric symptoms, and if a 



Menopausal Health After Breast Cancer 509

woman is unable to find relief from disabling symptoms with alternative 
therapies, a joint decision between the physician and the informed patient 
to prescribe HRT remains a reasonable course of action.

ALTERNATIVE INTERVENTIONS FOR MANAGEMENT OF MENOPAUSE

Many alternative approaches are available to correct or palliate the sequelae 
of estrogen deficiency, some of which are listed in Table 18–1.

Cardiovascular Health

That cardiovascular disease constitutes the most serious threat to the 
health of aging women has been amply emphasized in recent years. Con-
stitutional factors that increase the risk of cardiovascular disease include a 
family history of CHD at a young age; hypertension; a history of claudica-
tion or stroke; diabetes mellitus; and hyperlipidemia. Lifestyle factors such 
as smoking, obesity, and physical inactivity are also important. Clearly, 

Table 18–1.  Nonhormonal Alternatives for Treatment of Estrogen-Deficiency 
Symptoms in Postmenopausal Women with a History of Breast 
Cancer

Symptom Intervention
Cardiovascular  Healthy lifestyle
 health Weight regulation
 Physical fitness
 Smoking cessation
 Control of comorbid conditions (e.g., hypertension and
 diabetes)
 Lipid-lowering agents
 Selective estrogen receptor modulators (not confirmed yet)
Osteoporosis Exercise (weight bearing)
 Smoking cessation
 Calcium and vitamin D supplements
 Bisphosphonates
 Calcitonin
 Teriparatide
 Strontium ranelate
 Selective estrogen receptor modulators
Climacteric  Bellergal (ergotamine, belladonna, and phenobarbital)
 symptoms Clonidine
 Venlafaxine
 Gabapentin
 Selective serotonin reuptake inhibitors
Genitourinary  Nonhormonal lubricants
 atrophy Low-dose topical estrogen
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smoking cessation, weight regulation, and physical fitness are important 
goals for preserving cardiovascular health and for maintaining a sensible, 
healthy lifestyle in general. Meticulous control of hypertension, hyperlipi-
demia, and diabetes is critically important to avoid vascular complications 
in all affected patients regardless of their age and gender; the panoply of 
available medications and therapeutic algorithms are outlined in standard 
medical textbooks.

Osteoporosis

Progressive bone loss occurs with advancing age, and in women, the rate 
of bone loss is accelerated after menopause. Nevertheless, clinically 
significant osteoporosis with disabling vertebral or hip fractures is far from 
inevitable. While estrogen deficiency remains a very important correlate 
with osteoporosis, hereditary and racial influences on bone mass are becom-
ing increasingly appreciated. Thin frame, sedentary lifestyle, white race, 
and smoking are all important risk factors for osteoporosis. Currently, two 
classes of agents are available for the treatment of osteoporosis: antiresorp-
tive and anabolic agents. Antiresorptive agents include bisphosphonates, 
calcitonin, and selective estrogen receptor modulators; anabolic agents 
include teriparatide (recombinant human parathyroid hormone) and stron-
tium ranelate. Vitamin D and calcium supplements are integral components 
of any approach to fracture prevention in postmenopausal patients.

Bisphosphonates

In recent years, bisphosphonates have emerged as an effective and well-
tolerated group of compounds that support and even enhance bone min-
eral density, primarily through the inhibition of osteoclast attachment to 
the bone matrix. The bisphosphonates are the most widely prescribed 
antiresorptive agents and should be regarded as first-line agents for the 
prevention and treatment of osteoporosis. The available data indicate that 
the benefits of bisphosphonates persist during several years of continu-
ous therapy. The impact of bisphosphonates on long-term morbidity and 
mortality from skeletal fractures is still under investigation but appears 
promising on the basis of results of initial studies spanning several years 
of continued use (Tonino et al., 2000; Bone et al., 2004). The available 
bisphosphonates include alendronate and risedronate, both of which have 
been shown to reduce the incidence of hip, vertebral, and other nonvertebral
fractures by nearly 50%. Ibandronate is a newer bisphosphonate, but there 
is less clinical experience with this drug than with other bisphosphonates. 
The most significant side effect of bisphosphonates is esophageal irritation, 
which can be minimized by taking the drug on an empty stomach in an 
upright position with at least 6 ounces of water and maintaining the upright 
position for 30 minutes. For patients unable to tolerate oral administration,
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intravenous bisphosphonates, such as pamidronate and zoledronate, may 
be considered. However, the efficacy of the intravenous bisphosphonates 
in preventing fractures in postmenopausal women has not been estab-
lished.

Calcitonin

Calcitonin is approved for the treatment of osteoporosis. It prevents bone 
loss and has important analgesic properties, although there is no good 
evidence that it reduces the incidence of hip fracture. Calcitonin adminis-
tered as a daily injection frequently causes nausea and flushing; these side 
effects can be especially disturbing to women with a history of cancer and 
prior exposure to chemotherapy. The nasal-spray formulation appears to 
be tolerated better.

Teriparatide

Teriparatide, a synthetic human parathyroid hormone analogue, has been 
demonstrated to have anabolic effects on bone and was recently approved 
for the treatment of osteoporosis. In patients treated with teriparatide, both 
vertebral and nonvertebral fractures were decreased by more than 50% (Neer 
et al., 2001). Use of teriparatide is limited to 2 years because of a lack of infor-
mation regarding safety beyond that duration. Teriparatide is recommended 
for use in patients with moderate to severe osteoporosis. Paradoxically, con-
current use with bisphosphonates has been shown to dampen the effect of 
teriparatide on bone formation. Side effects include nausea, dizziness, and 
leg cramps. Development of osteosarcoma was noted in animal models but 
has yet to be observed in human subjects. However, given the theoretical 
risk, patients with or at risk for osteosarcoma should not receive teriparatide. 
Breast cancer patients who have received radiation therapy to the chest for 
their breast cancer have an increased risk of radiation-induced osteosarcoma 
and, likewise, should not receive teriparatide. Breast cancer patients with 
established metastatic bone disease should not be treated with teriparatide. 
Since the drug is associated with a modest increase in serum calcium levels, 
it should not be administered to anyone with hypercalcemia.

Strontium Ranelate

Strontium ranelate has recently been the subject of renewed interest 
because of its anabolic effects on bone. Unlike other available therapies 
for the prevention and treatment of osteoporosis, strontium ranelate 
may simultaneously decrease bone resorption and promote bone forma-
tion. Recent reports indicate that this drug decreases both vertebral and 
nonvertebral fractures, but long-term studies of efficacy are lacking. Side 
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effects of strontium ranelate include nausea and diarrhea, which generally 
abates after 3 months of use.

Prevention of Calcium and Vitamin D Deficiency

Prevention of calcium and vitamin D deficiency is an important measure 
for the maintenance of skeletal integrity. Calcium supplementation sig-
nificantly slows bone loss in healthy postmenopausal women and is gen-
erally included in regimens designed to prevent or treat osteoporosis. The 
issue of whether pharmacologic administration of vitamin D can signifi-
cantly reduce the risk of vertebral or hip fracture remains controversial. 
Analysis of data pooled from randomized trials in the Cochrane database 
indicates that co-administration of 1,000 mg calcium with 700–800 IU vita-
min D results in a statistically significant reduction in the incidence of 
hip fractures and of all nonvertebral fractures in the populations studied 
(Avenell et al., 2005). Recent data from the WHI trial have raised questions 
about the benefit of calcium and vitamin D use in reducing the risk of hip 
fracture. Issues surrounding the doses of calcium and vitamin D in that 
trial and the design of the trial to achieve suitable power make the data 
difficult to interpret. It remains our policy to ensure that all women with 
or at risk for osteoporosis receive adequate daily calcium and vitamin D.

Additional Interventions to Prevent or Treat Osteoporosis

Benefit of exercise in the prevention of osteoporosis is an intuitive 
concept but has been difficult to document. While immobilization 
and weightlessness result in significant bone loss, neither endurance 
nor weight-bearing-exercise programs have been shown to prevent or 
reverse menopause-induced osteopenia. Perhaps the single most impor-
tant measure that can reduce the cost and suffering associated with 
osteoporosis is the prevention of accidental falls, which are the most 
frequent immediate cause of hip fractures.

Climacteric Vasomotor Instability

Hot flashes are the most prominent peri- and postmenopausal symptom. 
They affect more than 70% of women and may persist for several years, 
although they usually abate spontaneously after 2 years. Hot flashes are 
characterized by a sensation of heat, sweating, flushing, and anxiety. The 
cause of hot flashes remains unclear, but they are considered to be a result 
of dysfunctional thermoregulation, which may be mediated by changes of 
central catecholamine secretion. This presumed etiology has guided the 
design of nonhormonal therapies, most of which have been discovered 
serendipitously.

Bellergal (a combination of ergotamine, belladonna, and phenobarbital)
has been used for many years for the treatment of hot flashes and is 
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moderately helpful. Blurred vision, dry mouth, and gastrointestinal symptoms
are frequent side effects, and these lead many women to abandon bellergal
after several months.

Clonidine, a centrally active α-agonist, is also used to treat hot flashes. 
Initially developed as an antihypertensive medication, clonidine has been 
shown in several studies to alleviate both the frequency and severity of 
hot flashes associated with estrogen deficiency or tamoxifen administra-
tion. Drowsiness and dry mouth are frequent side effects but are usually 
not severe enough to cause interruption of therapy. Orthostatic symptoms, 
however, may force discontinuation of clonidine and should be monitored 
closely, especially at the beginning of treatment.

Venlafaxine, a centrally acting inhibitor of serotonin and norepinephrine 
reuptake, has been demonstrated to be effective in managing hot flashes. 
In a prospective randomized trial of breast cancer survivors (Loprinzi 
et al., 2000), daily administration of 75 mg of venlafaxine resulted in a 
61% decrease in the frequency of hot flashes. A lower dose (37.5 mg daily) 
was less effective (37% decrease in hot-flash frequency), and a higher 
dose (150 mg) was associated with more frequent side effects, including 
decreased appetite, nausea, dry mouth, and constipation.

Gabapentin, a γ-aminobutyric acid analogue, has been found to have 
beneficial effects on vasomotor symptoms. In a recent randomized trial in 
breast cancer patients (Pandya et al., 2005), gabapentin at a dose of 900 mg 
per day reduced the frequency of hot flashes by 26% versus placebo. At 
this dose, patients experienced a 30% improvement in the severity of hot 
flashes. There was no statistically significant benefit in terms of symptoms 
when the dose of gabapentin was reduced to 300 mg per day. Somnolence 
and nausea are side effects of gabapentin.

Selective serotonin reuptake inhibitors, such as paroxetine and fluoxet-
ine, are effective in the treatment of hot flashes. A prospective crossover 
trial of patients randomly assigned to paroxetine (10 or 20 mg daily) for 4 
weeks followed by placebo for 4 weeks or placebo for 4 weeks followed by 
paroxetine (10 or 20 mg daily) for 4 weeks found that after 4 weeks, par-
oxetine reduced the frequency of hot flashes by greater than 40% versus 
placebo (Stearns et al., 2005). The higher dose of paroxetine was not asso-
ciated with benefits compared to the lower dose but was associated with 
a greater frequency of side effects. Potential side effects of paroxetine and 
other selective serotonin reuptake inhibitors include nausea, somnolence, 
and sexual dysfunction (anorgasmia and diminished libido).

Progestational agents are often considered in the management of hot 
flashes (Love et al., 1991). However, since progesterone is an ovarian hor-
mone with significant potential to promote the proliferation of breast tissue, 
progesterone should not be used until carefully designed studies have 
determined its safety. Estriol, a relatively weak estrogen, has been used to 
relieve hot flashes and improve genitourinary symptoms. It enjoys popular-
ity among menopausal women and clinicians, especially in Europe, and is 
often discussed as an attractive alternative to HRT for women with a history 
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of breast cancer. However, sufficient data regarding the safety of estriol in 
postmenopausal women are not available, and estriol should be considered 
as yet another estrogenic preparation. Similarly, the safety of prasterone 
(dehydroepiandrosterone), an adrenal steroid frequently discussed as an 
alternative to estrogen, is not defined for postmenopausal women.

Nonprescription nutritional supplements are popular remedies 
for the relief of climacteric symptoms. Among these, vitamin E was 
examined in a randomized trial of breast cancer survivors with hot 
flashes (Barton et al., 1998) and found to be ineffective. It is impor-
tant to remember that estrogenic compounds are widely distributed in 
natural foodstuffs and in herbal remedies for the treatment of meno-
pausal symptoms. The symptomatic benefit derived from supplements 
such as Chinese herbs and soy products may well be related to their 
estrogenic properties. Phytoestrogens have been used for centuries 
by many cultures to relieve climacteric symptoms and are the subject 
of discussion and investigation as potential protective agents against 
the development of several cancers, including breast cancer. However, 
phytoestrogens can clearly interact with the estrogen receptor both in 
vitro and in vivo; their safety in patients with breast cancer remains 
unestablished. In a recent placebo-controlled study (MacGregor et al., 
2005), soy protein was found to be ineffective in controlling climacteric 
symptoms in breast cancer survivors.

Other Climacteric Symptoms

Genitourinary atrophy, bladder dysfunction resulting in stress incon-
tinence and infections, dyspareunia, and decreased libido frequently 
develop at the time of menopause. These symptoms, a result of estrogen 
deficiency, may become increasingly troublesome with time. Nonhormo-
nal lubricants are often used to improve dyspareunia but provide no relief 
of bladder problems. Vaginal estrogen in the form of an ointment or a 
slow-release ring can be very helpful when used judiciously and at doses 
low enough to avoid significant systemic absorption but high enough to 
correct genitourinary symptoms. It is generally possible to monitor sys-
temic levels of estrogen and gonadotropin and to adjust the dose of topi-
cal estrogen with good results. Other hormonal preparations to relieve 
genitourinary atrophy may be obtained without prescription; however, 
as with topical estrogen, concerns regarding systemic absorption apply. 
Caution should be exercised with all hormonal preparations, regardless of 
whether they require medical prescription.

Emotional symptoms such as irritability, nervousness, depression, 
insomnia, and inability to concentrate are also described by many meno-
pausal women, but whether there is a causal association between these 
symptoms and estrogen deficiency is still being debated. A number of 
herbal remedies, such as hypericum (St. John’s wort), are advocated by 
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the health-food industry and are widely used, but information about their 
efficacy remains anecdotal.

Selective Estrogen Receptor Modulators

A number of compounds have been developed that have antiestrogenic 
effects on some tissues but act as estrogens in others. These compounds 
are known as selective estrogen receptor modulators (SERMs).

Tamoxifen, the oldest SERM, is a very effective antineoplastic agent 
that is in widespread use and is used for prolonged periods in postmeno-
pausal women with breast cancer. Early concerns that this antiestrogen 
might have deleterious effects on the cardiovascular and skeletal systems
have, fortunately, proved unwarranted. Tamoxifen administration is 
associated with a fall of total and LDL cholesterol levels; the effects of 
tamoxifen on HDL cholesterol levels are less consistent. These beneficial 
effects persist during at least 2 years of continuous tamoxifen therapy and 
may be accompanied by improvements in clinical cardiovascular morbid-
ity. The possibility of benefit is supported by reports that among patients 
randomly assigned to tamoxifen or no treatment, fewer tamoxifen-treated 
patients were admitted to the hospital for cardiac disease or suffered a 
fatal heart attack (Love et al., 1991; Rutqvist et al., 1993).

Equally promising is evidence that tamoxifen may exert an estrogenic 
effect on the skeleton and thus prevent postmenopausal bone loss (For-
nander et al., 1990). In the National Surgical Adjuvant Breast and Bowel 
Project P-1 trial, in which women at risk for breast cancer were randomly 
assigned to either tamoxifen or placebo and prospectively followed for 
5 years, tamoxifen was found to reduce the rate of fractures by 29% in 
women aged 50 years or older (Fisher et al., 2005). However, a long-term 
reduction in the rate of vertebral and hip fractures has yet to be clearly 
demonstrated. On the other hand, tamoxifen may exacerbate climacteric 
vasomotor symptoms and depression and may cause additional side 
effects, especially endometrial proliferation.

At this time, the most effective uses of tamoxifen are adjuvant ther-
apy for breast cancer and chemoprevention of breast cancer rather than 
management of menopause. The recent increased use of aromatase inhibi-
tors, such as anastrozole, in place of tamoxifen has been predicated upon 
accumulating data showing greater effectiveness of aromatase inhibitors 
in all stages of breast cancer. Although anastrozole has no significant det-
rimental effect on serum lipids or cardiovascular health, it is associated 
with increased bone turnover and may predispose patients to more pro-
nounced bone loss than that caused by tamoxifen; systematic skeletal 
surveillance is very important in this setting.

Raloxifene, another SERM, is approved for the prevention of osteoporo-
sis (Delmas et al., 1997). Like tamoxifen, raloxifene decreases total and 
LDL cholesterol. The Multiple Outcomes of Raloxifene Evaluation trial 
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prospectively followed osteoporotic postmenopausal women randomly 
assigned to raloxifene or placebo for 3 years (Ettinger et al., 1999; Barrett-
Connor et al., 2002). Results of the study were notable for a reduced risk 
of new vertebral fractures (reduced up to 50%) among raloxifene users. 
A decrease in CHD events in women with increased cardiovascular risk 
was also observed in the raloxifene group. The use of raloxifene was asso-
ciated with a 72% reduction in the risk of invasive breast cancer, largely due 
to an 84% reduction in the risk of estrogen receptor–positive breast cancers 
(there was no effect on estrogen receptor–negative breast cancers). The 
Continued Outcomes Relevant to Evista trial studied the same population 
of women for an additional 4 years and found a continued reduction in the 
risk of invasive breast cancer with extended use of raloxifene (Martino et al., 
2004). Initial results from the Study of Tamoxifen and Raloxifene, a large, 
randomized trial comparing raloxifene to tamoxifen for breast cancer 
prevention in postmenopausal women, have recently been announced 
(National Cancer Institute, 2006). The study found that women treated 
with raloxifene had 29% fewer deep venous thromboses and pulmonary 
embolisms than women treated with tamoxifen, but there was no differ-
ence in the number of strokes or deaths from strokes in the two groups. 
There was a higher incidence of uterine cancer in the tamoxifen group than 
in the raloxifene group, but further review of the data is necessary to deter-
mine the significance of this finding. Raloxifene was shown to be as effec-
tive as tamoxifen in lowering the incidence of invasive breast cancer. The 
incidences of lobular carcinoma in situ and ductal carcinoma in situ were 
reduced by half in the tamoxifen group, but there was no apparent reduc-
tion in the incidence of these noninvasive cancers in the raloxifene group.

Additional SERMs, including tibolone and droloxifene, are under 
investigation or available outside the United States for management of 
menopausal symptoms.

HRT AFTER DIAGNOSIS AND TREATMENT OF BREAST CANCER

The principle that women who have been treated for breast cancer should 
avoid exogenous estrogen has been an area of general agreement and 
standard practice for many years; it is based on both theoretical consid-
erations and experimental data. However, this proscription has been chal-
lenged recently because both the population characteristics and the health 
needs of women with a prior diagnosis of breast cancer have been chang-
ing. The emerging skepticism about our current practice regarding HRT 
in breast cancer survivors is reflected in many recent editorials and com-
mentaries. Many investigators have emphasized the need for clinical trials 
specifically designed to evaluate the use of HRT in breast cancer survivors.
A consensus statement regarding treatment of estrogen deficiency symp-
toms in women survivors of breast cancer was released after a conference 
of scientists and survivors (Sellers et al., 1997). The consensus statement 
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discourages use of HRT and encourages appropriate studies to explore 
alternatives.

In any discussion with a breast cancer survivor considering HRT, the 
health professional must carefully examine the woman’s views and opin-
ions regarding HRT, because the woman needs to be a thoughtful partner 
in all health-care decisions. Opinion pieces, editorials, scientific studies, 
and philosophical analyses of menopause and its “management” have 
occupied a prominent position in both the medical and popular literature 
in recent years. New titles are published regularly, adding information 
and points of view. In addition, women receive advice about HRT from 
their health-care providers, their relatives, and their friends. Opinions 
about HRT shift in response to new studies, personal experiences, and 
anecdotes, and well-intended but frequently contradictory advice is quite 
common. The shifting opinions about HRT in the medical and lay literature 
underscore the complexity of decision-making regarding HRT after breast 
cancer. The long-standing “standard” position of regulatory agencies and 
medical practice that HRT is contraindicated in breast cancer survivors 
places significant constraints on health professionals. In addition, many 
patients with a history of breast cancer are reluctant to receive HRT; this 
reluctance leads them to avoid estrogen despite considerable climacteric 
discomfort. It is important, however, to recognize that a number of women 
resolve that the potential benefits of HRT outweigh the potential risks and 
make a personal decision to begin taking estrogen (Vassilopoulou-Sellin 
and Zolinski, 1992; Utian and Schiff, 1994; Grodstein et al., 1997).

Many investigators have discussed the importance of developing 
appropriate guidelines for use of HRT in women with a history of breast 
cancer and have emphasized the need for clinical trials of HRT specifi-
cally designed for this population. We recently conducted a 5-year rand-
omized clinical trial to assess the safety and efficacy of prolonged estrogen 
replacement therapy in a group of menopausal women with localized 
(stage I or II) breast carcinoma and a minimum disease-free interval of 
2 years (if estrogen receptor status was negative) or 10 years (if estrogen 
receptor status was unknown) (Vassilopoulou-Sellin et al., 2002). In total, 
our analysis included 56 women receiving estrogen and 243 women not 
receiving estrogen; patient and disease characteristics were similar in the 
two groups. Two (3.6%) of the 56 women receiving estrogen developed 
a contralateral, new breast carcinoma, and 33 (13.5%) of the 243 women 
not receiving estrogen developed a new or recurrent breast carcinoma. 
We concluded that estrogen replacement therapy did not compromise 
disease-free survival in selected patients previously treated for localized 
breast carcinoma.

Two randomized trials based in Scandinavia were designed to address 
the safety of HRT use in patients with a history of breast cancer: the Hor-
monal Replacement Therapy after Breast Cancer: Is It Safe? (HABITS) 
trial and a similar study from Stockholm (Holmberg et al., 2004). In the 
HABITS trial, 434 women with a history of breast cancer were randomly 
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assigned to either HRT or placebo. After a median follow-up of 2.1 years, 
26 women in the HRT group and 7 in the non-HRT group had had a new 
breast cancer event, prompting the HABITS steering committee to termi-
nate the trial. Because of slow recruitment for the Stockholm study, data 
from that study were pooled with data from the HABITS trial, and a joint 
data monitoring committee was formed. Interim analyses showed a rela-
tive hazard of a new breast cancer of 3.29 in the HABITS trial but 0.82 in 
the Stockholm study. The difference between the two studies was statis-
tically significant (P = .02), but in spite of the lower relative hazard, the 
Stockholm study was also terminated because the pooled analysis of all 
data showed a significantly increased risk with HRT. The reason for these 
divergent findings is unclear.

We are aware of no other randomized clinical trials addressing the 
safety of HRT in women with a history of breast cancer. However, addi-
tional information about this topic can be obtained from prior retrospec-
tive and prospective single-arm and pilot studies, some of which are 
outlined in Table 18–2. In general, these studies tended to include women 
with localized disease with different combinations of hormone receptor 
and lymph node status. It is difficult to reach meaningful conclusions 
about the safety of HRT from such limited reports. Still, the recurrence 
rates reported in these studies are fairly low and similar to what might 
generally be expected among HRT nonusers.

From such reports and the aforementioned prospective studies, one can 
reasonably infer that HRT does not have a pronounced adverse effect on 
cancer recurrence in patients with a history of breast cancer who were 
rendered disease free after treatment for localized disease. Nevertheless, 
in routine clinical practice, it is not appropriate to deviate from the widely 

Table 18–2.  HRT After Breast Cancer: Retrospective and Single-Arm and Pilot 
Prospective Studies

  Median
  Duration  No. of
  of HRT,  Follow-up,  Breast
 No. of Months  Months Cancer
Study Patients (Range) (Range) Cases
Powles et al. (1993) 35 15 (1–238) 43 (NA) 2
Eden et al. (1995) 90 18 (4–144) 84 (4–360) 7
DiSaia et al. (1996) 77 27 (1–233) 59 (10–425) 7
Peters and Jones (1996) 67 37 (2–192) 94 (1–454) 0
Decker et al. (1996) 61 26 (3–198) NA 6
Gorins et al. (1997) 28 33 (NA) NA 1
Bluming et al. (1997) 146 28 (1–52) NA 4
Marsden and Sacks (1997) 50  6 (NA) < 6 (NA) 0
Vassilopoulou-Sellin et al. (1997) 43 31 (24–142) 144 (46–342) 1
Guidozzi (1999) 24 48 (42–61) 68 (32–134) 0
Abbreviations: HRT, hormone replacement therapy; NA, not available.



Menopausal Health After Breast Cancer 519

held, established standards of care unless appropriate safety data become 
available. In the absence of definitive safety data, we continue to counsel 
our patients that a history of breast cancer remains a relative contraindi-
cation to HRT. We do, however, take into account the menopausal health 
of individual patients and occasionally agree together with a patient that 
HRT is the preferred choice. Rather than attempt to construct arbitrary 
criteria for such a decision, we weigh the anticipated benefits against the 
potential risks and frankly discuss the inherent uncertainties with the 
patient. We particularly discourage patients with recently treated, exten-
sive, or hormonally responsive disease from using HRT.

COURSE OF WOMEN WHO DEVELOP BREAST CANCER WHILE

RECEIVING HRT

If estrogen stimulates the growth of malignant breast cells, one might be 
concerned that subclinical disease may be fueled by HRT and grow rapidly, 
resulting in a worse clinical outcome. We have no information on the outcome 
of recurrent disease in women who begin HRT after having been treated for 
breast cancer. In the general population, however, the hypothesis that HRT 
could result in more aggressive disease has been the subject of several stud-
ies, all of which have provided reassuring evidence that the prognosis of 
women who are taking HRT when they are initially diagnosed with breast 
cancer is similar to, if not better than, the prognosis of women who are not 
receiving HRT when they are initially diagnosed with breast cancer.

HRT appears to beneficially influence the biological characteristics of 
breast tumors (Squitieri et al., 1994; Harding et al., 1996; Magnussom et al., 
1996; Bonnier et al., 1998; Gapstur et al., 1999). Breast tumors diagnosed in 
women receiving HRT behave less aggressively than other breast tumors 
(Holli et al., 1998; Bergkvist et al., 1989; Strickland et al., 1992), and overall 
mortality from breast cancer in women receiving HRT at diagnosis has been 
reported to be either unchanged (Yuen et al., 1993; Fowble et al., 1999; Hunt 
et al., 1990; Jernstrom et al., 1999) or improved (Willis et al., 1996; Schairer 
et al., 1999; Sellers et al., 1997; Hormone Foundation et al., 1998) compared 
to mortality in women not receiving HRT at diagnosis. It is possible that the 
improved outcome of HRT recipients is due to a combination of a health-
conscious lifestyle, including conscientious screening, plus a favorable effect 
of HRT on the biology of the disease.

CONCLUSIONS

Many menopausal women, including breast cancer survivors, experience 
mild and self-limited climacteric symptoms but, by virtue of their individ-
ual health profiles, are not at risk for heart or bone disease. For these women, 
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no medical interventions are needed. Other women have an increased risk 
of heart disease or osteoporosis but not both. For some women, climacteric
symptoms are overwhelming and overshadow all other considerations. 
The therapeutic decisions in these various potential scenarios must be 
individualized.

At M. D. Anderson, we believe that appropriate nonhormonal meas-
ures should be carefully and vigorously explored as a first approach to 
relief of menopausal symptoms in breast cancer survivors. However, if cli-
macteric symptoms or skeletal and cardiovascular morbidity compromise 
a patient’s health or quality of life, estrogen use may be considered in the 
context of clinical trials or after thoughtful, individualized discussion.
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CHAPTER OVERVIEW

A number of studies surveying breast cancer survivors have documented 
the impact of breast cancer diagnosis and breast cancer treatment on sex-
ual function, sexual feeling, and sexual self-image. Women with breast 
cancer may experience loss of sexual desire, decreased arousability, dimin-
ished orgasmic capacity, impaired vaginal physiology, depression, and a 
lessened sense of “femaleness.” Untreated sexual problems negatively 
affect intimate relationships, self-confidence, and physical well-being. 
Addressing the issue of sexual function before cancer treatment begins 
alerts the patient to the clinician’s interest in this aspect of survivorship 
and increases the chance that the patient will bring future sexual prob-
lems to the attention of the treatment team. Depending on the nature of 
the problem and the disease context, interventions are available for treat-
ment of sexual problems in breast cancer survivors. These include vaginal 
moisturizers, lubricants, medications or psychological therapy to allevi-
ate depression-related sexual dysfunction, and couples therapy to address 
sexual and more general issues.
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INTRODUCTION

According to Pelusi, sexuality is a complex and subjective concept that 
changes with age and experience and involves more than just being physi-
cally able to perform a sex act or conceive a child (Pelusi, 2006). Sexual-
ity can include sexual response (interest, function, and satisfaction), body 
image (how a woman sees herself physically and views her overall health 
and sexuality), sexual roles, and relationships. Ultimately, “sexuality is 
a personal expression of one’s self and one’s relationship with others” 
(Pelusi, 2006).

A number of studies have looked at quality of life, including sexual 
function, in breast cancer survivors (Dorval et al., 1998; Ganz et al., 1998; 
Ganz et al., 2002; Kornblith et al., 2003; Bloom et al., 2004; Casso et al., 
2004; Ganz et al., 2004; Kroenke et al., 2004; Arndt et al., 2005; Schultz et al., 
2005). These studies suggest that sexuality in some women may be altered 
by breast cancer diagnosis and treatment.

Ganz et al. (1998) studied health-related quality of life and sexual 
functioning in a cross-sectional sample of breast cancer survivors from 
Los Angeles and Washington, D.C., who had been diagnosed 1–5 years 
earlier with early-stage (stage 0–II) disease, had completed all breast 
cancer therapy other than tamoxifen, and had no evidence of recurrent 
disease. In this study, the respondents, who had a mean age of 56.2 years, 
reported health-related quality of life and sexual functioning that was 
similar to that of healthy age-matched women. With further follow-up, 
when women were 5–10 years from diagnosis, there was no change in 
the frequency of pain with intercourse, no change in sexual interest, and 
no change in body image, although there was a significant decline in the 
frequency of sexual activity (Ganz et al., 2002). In the Moving Beyond 
Cancer Study (Ganz et al., 2004), breast cancer survivors who had com-
pleted primary treatment that included chemotherapy were more likely 
to report worse sexual functioning than were survivors who had not 
received chemotherapy, regardless of the type of surgery. Kornblith 
et al. (2003) found that 20 years after adjuvant therapy, 29% of survivors 
of early-stage breast cancer reported sexual problems that they attrib-
uted to having had cancer. Another study compared breast cancer sur-
vivors 8 years after diagnosis with controls who never had cancer and 
were matched by age and area of residence (Dorval et al., 1998). In this 
study, no differences were found between the two groups in the wom-
en’s satisfaction with their marital relationship or being sexually active 
with their spouse in the previous 12 months. Survivors, however, were 
less likely to be satisfied with their sexual life.

While a few studies have suggested that younger breast cancer sur-
vivors may be more likely than older breast cancer survivors or age-
matched controls to report a decline in sexual function (Casso et al., 2004; 
Kroenke et al., 2004; Arndt et al., 2005), another study of young breast 
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cancer survivors found no significant changes in sexual activity or sexual 
problems over time (Bloom et al., 2004).

It is important that we as healthcare teams provide an environment 
in which patients can discuss topics such as decreased libido, vaginal 
dryness, dyspareunia, and changes in body image as a result of seque-
lae of surgery or other therapy—for example, alopecia or weight gain. At 
M. D. Anderson Cancer Center, our teams caring for breast cancer sur-
vivors include nurses, physician extenders such as advanced practice 
nurses, physician assistants, social workers, and surgical, radiation, and 
medical oncologists. We also work with our colleagues in the Departments 
of Gynecologic Oncology and Psychiatry; one of the advanced practice 
nurses in the Department of Psychiatry has a special interest in sexual 
dysfunction among breast cancer survivors.

ASSESSMENT OF SEXUAL FUNCTION IN BREAST CANCER SURVIVORS

Inquiring about topics such as menopausal status, birth control, vaginal 
dryness, and dyspareunia shows the breast cancer patient that her healthcare 
team members consider topics influencing sexuality to be important. This 
may increase the likelihood that the patient will tell a member or members 
of her healthcare team about any sexual problems that arise during active 
treatment and subsequent follow-up. There are a number of predisposing 
factors for sexual dysfunction after breast cancer diagnosis and treatment, 
including preexisting sexual problems and normal age-related changes in 
sexual function.

Basson (2006) has recently reviewed sexual desire and arousal disor-
ders in women and offered guidelines for assessment and diagnosis of 
sexual dysfunction. In addition to information obtained from interview-
ing the couple, information obtained from each partner during separate 
interviews should include the partner’s assessment of the problem and 
information about sexual response with self-stimulation; past sexual 
experiences; developmental history; past or current sexual, emotional, or 
physical abuse; and physical health (especially conditions that can lead to 
debility and fatigue, impaired mobility, or difficulties with self-image). In 
addition, each partner’s mood should be assessed. Basson also discusses 
the components of the physical examination that could be important in 
diagnosing and treating sexual dysfunction in a woman: examination of 
the external genitalia, examination of the introitus, full bimanual exami-
nation, and nongenital physical examination.

Such a detailed history and physical examination may be difficult for a 
medical, surgical, or radiation oncologist to accomplish during an office 
or clinic visit—physicians may not be comfortable with the topic of sex-
ual dysfunction and may have limited knowledge of sexual desire and 
arousal disorders in women, and both time and expertise are required 
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to accurately diagnose and effectively treat such disorders. Therefore, 
at M. D. Anderson, a multidisciplinary approach is used to adequately 
identify and treat sexual dysfunction in breast cancer survivors. We rely 
on the expertise of our colleagues in the Departments of Gynecologic 
Oncology and Psychiatry to help us, our patients, and their partners deal 
with this sensitive but important survivorship issue.

MANAGEMENT OF SEXUAL PROBLEMS IN BREAST CANCER SURVIVORS

According to Basson (2006), the management of sexual desire and 
arousal disorders in women includes psychological and pharmacologic 
interventions.

Psychological Interventions

There are a number of different psychological interventions that may be 
helpful for breast cancer survivors with sexual desire and arousal disorders.

Cognitive behavioral therapy is used to identify and modify factors 
contributing to sexual dysfunction. Such factors may include maladap-
tive thoughts, unreasonable expectations, and insufficient nongenital 
physical stimulation. These sessions vary in number and usually include 
both partners in order to work on strategies to improve the couple’s emo-
tional closeness and communication and to improve erotic stimulation 
(Basson, 2006).

Sexual therapy is similar to cognitive behavioral therapy but includes 
sensate focus techniques that are used to change the focus from a perform-
ance goal—that is, orgasm—to giving pleasure through touch. Although 
one study reported that women treated with a combination of behavioral 
and sexual therapy had improved sexual and marital satisfaction (Trudel 
et al., 2001), there are few data on the efficacy of such interventions among 
breast cancer survivors.

Short-term psychotherapy could be utilized to explore poor sexual self-
image and nonsexual experiences in childhood that could affect current 
sexual function. There are, however, few data to support the benefit of this 
therapy (Heiman, 2002).

If the breast cancer survivor with sexual dysfunction is known or 
thought to have a mood disorder such as depression or anxiety, we engage 
our colleagues in the Department of Psychiatry to ensure that the disor-
der is appropriately managed. They review the woman’s medications to 
ensure that they are not contributing to sexual dysfunction. A small, short-
term study of bupropion (Wellbutrin) in nondepressed, premenopausal 
women found an increase in arousability and sexual response but not in 
initial desire (Segraves et al., 2004).
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Systemic Pharmacologic Interventions

Estrogen

In the United States, the only medication approved by the Food and 
Drug Administration for the treatment of sexual dysfunction in women 
is  estrogen (Basson, 2006). Systemic estrogen can decrease vasomotor 
 symptoms and insomnia as well as dyspareunia secondary to vaginal atro-
phy and thus may improve sexual motivation, although this premise has 
not been rigorously tested (Basson, 2006). However, the use of systemic 
estrogen in breast cancer survivors, particularly those who had hormone-
sensitive tumors, is controversial.

In a small clinical trial conducted at M. D. Anderson, menopausal 
women with a history of stage I or II breast cancer with a disease-free 
interval of at least 2 years (for estrogen receptor–negative tumors) or at 
least 10 years (for tumors with unknown estrogen receptor status) were 
given estrogen replacement therapy (ERT) (Vassilopoulou-Sellin et al., 
2002). Of the 56 breast cancer survivors who received ERT, 30 took ERT 
for more than 5 years, 20 took ERT for 2–5 years, and 6 took ERT for less 
than 2 years. Although ERT did not appear to compromise disease-free 
survival in this highly selected patient population, the authors con-
cluded that larger randomized trials were needed to confirm the safety 
of ERT in breast cancer survivors. At M. D. Anderson, we do not rou-
tinely recommend hormone replacement therapy for our breast cancer 
survivors.

Given that desire and orgasm are mediated by testosterone, estrogen-
deficient women can experience desire and can get pleasure from mastur-
bating or being touched.

There was no difference in sexual satisfaction between the estrogen-
plus-progestin and placebo groups of the Women’s Health Initiative trial, 
which examined exogenous hormone use in postmenopausal women 
(Hays et al., 2003). However, sexual dysfunction was not a primary end 
point of this trial, and there is concern that the assessment tool used was 
inadequate (Basson, 2006).

Testosterone

Basson has reviewed the recent randomized, controlled clinical tri-
als that investigated the impact of testosterone supplementation on a 
number of outcomes, including sexual responsiveness, level of desire, 
and the number of sexually satisfying events (Lobo et al., 2003; Braun-
stein et al., 2005; Buster et al., 2005; Simon et al., 2005; Basson, 2006; 
Davis et al., 2006). In the five trials discussed in Basson’s review, post-
menopausal women were treated with systemic estrogen therapy com-
bined with either methyltestosterone (Lobo et al., 2003) or testosterone 
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(Braunstein et al., 2005; Buster et al., 2005; Simon et al., 2005; Davis et al., 
2006). When the data from the four estrogen-combined-with-testoster-
one trials were combined, women receiving estrogen and testosterone 
reported 1.9 more sexually satisfying events per month than they had at 
baseline, while women receiving placebo reported 0.9 more such events 
 (Braunstein et al., 2005; Buster et al., 2005; Simon et al., 2005; Davis et al., 
2006). These trials did not address the long-term implications of the use 
of this combination therapy.

No safety or efficacy data are available for testosterone supplemen-
tation for estrogen-deficient women (Basson, 2006). Not surprisingly, 
the use of testosterone in breast cancer survivors is controversial. At 
M. D. Anderson, we do not routinely prescribe testosterone therapy for 
our breast cancer survivors with sexual dysfunction.

Phosphodiesterase Inhibitors

Sildenafil (Viagra) is a selective inhibitor of phosphodiesterase type 5, 
an enzyme responsible for degrading cyclic guanosine monophosphate 
in the corpus cavernosum of the penis. By diminishing the effect of 
 phosphodiesterase type 5, sildenafil facilitates the effect of nitric oxide dur-
ing sexual stimulation: cyclic guanosine monophosphate levels increase, 
smooth muscle relaxes, and blood flows into the corpus cavernosum, 
 producing an erection in men (Sildenafil, 2007). However, in two large 
randomized trials of women with arousal and desire disorders, sildena-
fil did not improve sexual desire, sensation, lubrication, or satisfaction 
(Basson et al., 2002). In a small laboratory-based, randomized trial, some 
women with genital arousal disorder appeared to respond to a single dose 
of sildenafil (Basson and Brotto, 2003). Clearly, further studies are needed 
on the safety and efficacy of these drugs in women with sexual dysfunc-
tion, including breast cancer survivors.

Alternative Therapies

Ginseng, Ephedra equisetina (ma huang), and Ginkgo biloba extract are 
alternative therapies that have been used for sexual problems (Bartlik 
et al., 1999). These agents should all be used with extreme caution in 
cancer patients. Ginseng may lead to agitation and may promote tumor 
growth. Ma huang (ephedra) may result in sympathetic activation and 
has been associated with serious, even fatal, side effects such as heart 
attack, stroke, and arrhythmias (U.S. Food and Drug Administration, 
2004). Ginkgo biloba extract is reported to improve cerebral circulation 
and blood flow by its inhibition of platelet-activating factor and may 
improve genital blood flow by the same mechanism. However, Ginkgo 
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biloba should be used with caution when bleeding or thrombocytopenia 
is a concern.

Topical Treatments for Vaginal Atrophy and Dryness

Vaginal dryness should be addressed early because it is easier to pre-
vent vaginal atrophy than to cure it. Women should start using vaginal 
moisturizers at the start of chemotherapy or antiestrogen therapy such as 
tamoxifen or an aromatase inhibitor. Vaginal moisturizers such as Replens 
are helpful in preventing atrophy, and water-soluble lubricants such as KY 
Jelly and Astroglide may make intercourse more comfortable. The woman 
should apply a liberal amount to her partner and to the inside and outside 
of her vagina before her partner attempts penetration.

The use of topical estrogen therapy is controversial in breast cancer 
survivors. Weisberg et al. (2005) found that a continuous estradiol-releas-
ing vaginal ring (Estring) and a vaginal estradiol tablet (Vagifem) were 
equally safe and effective in the relief of the symptoms and signs of uro-
genital estrogen deficiency in postmenopausal women. In this study of 
women who were presumably well and without a history of breast can-
cer (this information is not specified in the methods section of the paper), 
estradiol and total serum estrone levels showed a small increase during 
treatment but still stayed within or near the normal range for postmeno-
pausal women.

In a small study of seven postmenopausal women taking aromatase 
inhibitors for the treatment of early breast cancer, six experienced an 
increase in serum estradiol levels when they started using topical estro-
gen therapy (Kendall et al., 2006). These levels returned to the post-
menopausal range by week 7–10 of topical estrogen therapy in four 
of these six women. Thus, one should caution breast cancer survivors 
taking aromatase inhibitors that the use of topical estrogen for vagi-
nal atrophy may reduce the efficacy of the aromatase inhibitors. Ken-
dall et al. (2006) suggest that for breast cancer survivors with severe 
atrophic vaginitis, short-term use of vaginal estrogens in combination 
with tamoxifen, followed by a return to the use of aromatase inhibitors, 
may be an option.

Dilator Use for Treatment of Dyspareunia

A gynecologist should evaluate a woman with painful intercourse if the 
cause is believed to be more complex than simple vaginal dryness. 
A woman with a small, tight vagina may need to use a dilator. If a woman 
is at risk for vaginal atrophy and has sexual intercourse less than once a 
week, she may need to use a dilator regularly (4–5 times a week) to “practice”
good vaginal health.
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K E Y  P R A C T I C E  P O I N T S
● Studies suggest that sexuality in some women may be altered by breast cancer 

diagnosis and treatment.
● Inquiring about topics such as menopausal status, birth control, vaginal dryness, 

and dyspareunia provides an opportunity to show the patient that her healthcare 
team members consider topics influencing sexuality to be important.

● In breast cancer survivors with desire or arousal disorders, information should be 
obtained through interviews with the couple (i.e., the woman and her partner) 
as well as from each partner in separate interviews. The information obtained 
from the separate interviews should include the partner’s assessment of the 
problem and information about sexual response with self-stimulation; past 
sexual experiences; developmental history; past or current sexual, emotional, 
or physical abuse; and physical health (especially conditions that can lead to debil-
ity and fatigue, impaired mobility, or difficulties with self-image). In addition, 
each partner’s mood should be assessed. The components of the physical 
examination that could be important in diagnosing and treating sexual dys-
function in a woman are examination of the external genitalia, examination of 
the introitus, full bimanual examination, and nongenital physical examination.

● The management of sexual desire and arousal disorders in women includes 
psychological and pharmacologic interventions.

● In general, we do not routinely use systemic estrogen therapy or use testo-
sterone alone or in combination with estrogen for the treatment of sexual 
dysfunction in breast cancer patients.

● Further data are needed on the use of phosphodiesterase inhibitors such as 
sildenafil for female sexual dysfunction.

● Vaginal estrogen therapy should be used with caution in breast cancer survi-
vors taking aromatase inhibitors.
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radiation therapy for, 29
screening mammograms to detect, 89
surgical management of, 202–205
treatment of, 274–278

Ductography, 101–103
in nipple discharge, 53

after sonography, 102
Dyspareunia, 445–446

nonhormonal lubricants to improve, 
514

E
Early Breast Cancer Trialists’ 

Collaborative Group, 288
on adjuvant ovarian ablation, 425
on duration of adjuvant 

chemotherapy, 349
evaluation of doxorubicin, 351–352

Early-stage invasive breast cancer, 
11–13, 205–207, 279–283

breast conservation therapy in, 
11–12, 205–207

guidelines for surveillance after 
treatment of, 13

local treatment for, 11–12
surgical management of, 205–207
systemic therapy in, 12–13
treatment of, 279–283

Eastern Cooperative Oncology Group 
performance status scale, 365, 
398

E-cadherin, 326
hereditary diffuse gastric cancer 

and, 66
staining for, to distinguish ductal 

from lobular carcinoma in 
situ, 188

Edema
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sonography of, tamoxifen and, 
451–453

Enzyme-linked immunosorbent 
assays, for measuring HER-
2/neu in serum, 314

EORTC. See European Organization 
for Research and Treatment of 
Cancer

Ephedra equisetina, 530
Epidemiology, of breast cancer, 29–31
Epidural spinal cord compression

diagnosis of, during cancer therapy, 
462

emergency treatment of, 
474–477

Epirubicin, 12
efficacy of in improving relapse rate 

and survival, 351
ErbB-1 tyrosine kinase, 13
Erlotinib, 13
Erosive lichen planus, of vagina, 

440, 441
Erysipeloid lymphedema, 495
Estradiol-releasing vaginal ring 

(Estring), 531
Estring, 531
Estriol, for managing menopause 

symptoms, 513–514

Estrogen
deficiency of

consequences, 506–507, 529
as quality-of-life issue, 13

functions of, 529
luteinizing hormone-releasing 

hormone agonists, reduction 
of, 415

prolonged use of, risk of breast 
cancer and, 33–34

vs. antiestrogens, 420–423
Estrogen receptor(s)

assessing in early-stage invasive 
breast cancer, 11

for assessing prognosis in breast 
cancer, 310, 315

determining status before surgery, 351
as molecular markers, 329–330

and response to endocrine 
therapy, 412–413

and tamoxifen treatment, 12
of tubular carcinomas, 178

Estrogen receptor modulator, 
raloxifene as selective, 42–45, 
429–430

Estrogen replacement, to prevent 
postmenopausal morbidities, 
506

Ethical, Legal, and Social Implications 
Working Group, workshop 
on genetic discrimination and 
health insurance, 71

European Organization for Research and 
Treatment of Cancer (EORTC), 
assessment of radiation 
therapy for ductal carcinoma in 
situ, 192, 202, 276–277

Excisional biopsy, 201
axillary dissection after, 218
in bloody nipple discharge, 227

Exemestane, 414, 419–420
adjuvant endocrine therapy, 425

Exercise
breast cancer prevention and, 38
Kegel exercises, 449
after mastectomy, benefit in 

preventing osteoporosis, 512
Extended-field-of-view imaging, 123
Extranodal lymphoma, defined, 98
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F
Fadrozole

comparison with megestrol acetate, 
420

competitive aromatase inhibitor, 
414, 420

Family history
as criterion for inclusion, Royal 

Marsden Hospital tamoxifen 
study, 42

risk of breast cancer and, 32, 67
Febrile neutropenia, 

granulocyte-macrophage 
colony-stimulating factor for, 
363

Fenretinide, prevention of second 
breast malignancy, 76

Fetus, exposure to radiation in treating 
breast cancer, 466–467

Fibroadenomas
differentiating from phyllodes 

tumor, 186, 228
follow-up after pathologic 

evaluation of cellular 
aspirate, 51

Fibrosclerosis, in lymphostasis, 495
Fibrosis, radiation-induced, 298
Film-screen mammography systems, 

115
Fine-needle aspiration (FNA)

versus core needle biopsy, 
171–174

for establishing diagnosis of 
metastases, 199–200

for evaluating masses, 51
in pregnant patients, 463

for evaluating nonpalpable breast 
lesions, 143

for evaluating palpable breast 
lesions, 173

for evaluating recurrences, 16
false-negative diagnosis, 172, 173
Radiologic Diagnostic Oncology 

Group, multi-institutional 
study comparing core needle 
biopsy with, 171–172

rate of metastasis found in, 226
sensitivity of, 172–174
ultrasound-guided, 171–172

FinHer study, 356
First-echelon nodes, 273
FISH. See Fluorescent in situ 

hybridization
Fludarabine, in allogeneic 

transplantation trials, 403
Fluid retention

with docetaxel treatment, 372
as side effect of progestin 

administration, 415
Fluorescent in situ hybridization 

(FISH), 330–331
5-Fluorouracil

for adjuvant systemic chemotherapy, 
12

for chemotherapy during pregnancy, 
466

in combination with other drugs 
(FAC), 351

for metastatic breast cancer, 314
for preoperative chemotherapy, 229

FNA. See Fine-needle aspiration
Fold failure, in saline implants, 243
Formestane

(4-hydroxyandrostenedione), 
414, 418

Founder effects
in BRCA1 and BRCA2 mutations, 

70
and hereditary cancers, 66

Framingham Heart Study, 507
Fulvestrant, 414, 422

G
Gabapentin (Neurontin), 48, 494, 495, 

509, 513
for reducing hot flashes, with 

tamoxifen use, 48
Gadolinium, for visualization of 

malignant breast tumors with 
magnetic resonance imaging, 
112

Gail model
for evaluating bilateral prophylactic 

mastectomy, 219
nongenetic, for predicting risk of 

breast cancer, 37–38, 72
use in Breast Cancer Prevention Trial 

evaluation of tamoxifen, 75
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Galactography, 101–103
Gallbladder cancer, risk of, in BRCA2

mutations, 63–64
Gardnerella vaginalis infection, 437
Gastric cancer, hereditary 

diffuse, 66
G-CSF. See Granulocyte colony-

stimulating factor
Gefitinib, 13
Gemcitabine, for metastatic breast 

cancer, 378–379
Gene expression profiling, molecular 

classification of breast cancer 
based on, 335–336

Genentech, 13
Genetic counseling, 67–68
Genetic discrimination and health 

insurance, workshop, 
National Action Plan on 
Breast Cancer, 71

Genetic predisposition
to breast cancer, 57–79

estrogen receptor-negative cancers 
in women with, 48

and screening recommendations, 49
Genetic testing

American Society of Clinical 
Oncology guidelines on, 
71–72

for cancer predisposition, 68–71
patient counseling in connection 

with, 220–221
Genital prolapse, 446–447
Genital tract infections, treatment of, 

summary, 439
Genitourinary atrophy, during 

menopause, 506
Gilda Radner Familial Ovarian Cancer 

Registry, 457
Ginkgo biloba, 530–531
Ginseng, 530
Gluteal flaps, for breast reconstruction, 

250
GM-CSF. See Granulocyte-macrophage 

colony-stimulating factor
Gonadotropin levels, rise in, with 

luteinizing hormone 
releasing hormone agonist 
administration, 415

Goserelin acetate, for treating 
metastatic breast cancer in 
premenopausal women, 427

Graft-versus-host disease (GVHD), 
402–403

Graft-versus-tumor effect, inducing, 
to treat leukemia and 
lymphoma, 402

Granulocyte colony-stimulating factor 
(G-CSF), 391

as supportive therapy after 
high-dose chemotherapy, 392

Granulocyte-macrophage 
colony-stimulating factor 
(GM-CSF), 391

as supportive therapy after 
high-dose chemotherapy, 392

Group A streptococci, vaginitis, 440, 441
Growth factors, for patients with 

febrile neutropenia after 
adjuvant chemotherapy, 363

GVHD. See Graft-versus-host disease
Gynecological problems, in patients 

with breast cancer, 435–459
Gynecologic examinations, annual, for 

women taking tamoxifen, 47
Gynecologic Oncology Center, 436, 437

goals, 446

H
HABITS. See Hormonal Replacement 

Therapy after Breast Cancer: 
Is It Safe? trial

Hamartomas, as indication of 
hereditary cancer syndrome, 
64, 65

Harmonic imaging of tissue, 123
Health Insurance Portability and 

Accountability Act, 71
HER-2/neu

assay for, 11, 17, 175, 330–331, 351, 
365–366

oncogene product of, 314–315
as prognostic marker, 315
tumors overexpressing, treatment of, 

17, 352–353, 376–377
Herceptin. See Trastuzumab
Herceptin Adjuvant (“HERA”) 

trial, 355
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Hereditary cancers
diffuse gastric, 66
historic observation of, 58
syndrome associated with, 59–64

Hereditary diffuse gastric cancer, 66
Herpes simplex virus infection, 

442–443
Herpes zoster virus infection, 443
High-frequency linear-array 

transducer, for sonography, 
123

High-intensity focused ultrasound, 
for ablation of breast masses, 
pilot studies, 149

Histopathologic markers, 325–329
grade, 328
HER-2/neu status, 330–331
invasion, presence/absence, 325
lymphovascular invasion, 328
surgical margin status, 328–329
tumor size, 328
tumor type, 325–327

Hodge’s pessary, 447
Hodgkin’s disease, chest irradiation 

in, 86
Holmium 166 (166Ho)-DOTMP, 401
Hormonal Replacement Therapy after 

Breast Cancer: Is It Safe? 
(HABITS) trial, 517–518

Hormonal therapy. See Endocrine 
therapy

initial, in documented visceral 
metastasis, 16–17

for metastatic breast cancer, 
365–367

Hormone receptors
assays for, in recurrences and 

metastasis, 17
evaluation with immunohistochemical 

techniques, 174–175
prediction of response to therapy 

from, 413
status of, determining, in recurrence, 

365
Hormone replacement therapy (HRT)

after breast cancer diagnosis and 
treatment, 516–519

breast cancer diagnosis and 
treatment during, 519

concomitant use of, in tamoxifen 
evaluation trials, 42

for management of menopause, 
507–509

studies, summary, 518
Hot flashes

Bellergal-S for, 48, 512–513
clonidine for, 48, 513
gabapentin with tamoxifen for, 48
progestational agents for, 513–514
with tamoxifen use, 42, 48
tamoxifen with venlafaxine for, 48

HPV. See Human papillomavirus 
infection

HRT. See Hormone replacement 
therapy

Human immunodeficiency virus 
type 1, reactivity of RAK 
antigens with proteins 
encoded by, 315

Human papillomavirus (HPV) 
infection, 440–442

Hypercalcemia, during treatment for 
breast cancer, 462, 477–479

I
IBIS-1. See International Breast Cancer 

Intervention Study
Imaging, overview, 84
Imiquimod cream, 441
Immunoassay, for measuring MUC-1

gene product, 313
Immunohistochemistry, for measuring 

cytokeratin, in axillary lymph 
node samples, 175

IMPACT trial, 428
Implant capsule, calcifications 

of, 243
Implants. See Breast implants
Induction therapy, 390–391
Inflammatory breast cancer, 227

radiation therapy for, 296
recurrences of, 297–298
simulation by metastatic breast 

disease, 99
skin changes in, 53

differentiating from radiation 
effects, 284

treatment of, 227, 295–297
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Inflammatory diseases, transient 
increases in carcinoembryonic 
antigen from, 312

Informed consent
for genetic testing, 69
for high-dose chemotherapy, 

autologous hematopoietic 
stem cell transplantation, 389

Infraclavicular fossa, recurrences 
at, 290

Inoperable breast cancer, 15, 361–362
Inpatient rehabilitation, 500
In situ lesions, 9–11
In situ tumor ablation, 231–232
Insurance coverage

for breast reconstruction, 237
and genetic testing, 71
for high-dose chemotherapy trial 

participation, 389
Intergroup Exemestane Study, 425
Intermediate-stage breast cancer, 14
Internal mammary chain, clinical 

recurrence in, 290
Internal mammary nodes, irradiation 

of, 294–295
International 304 Study Group, 

evaluation of docetaxel 
therapy, 372

International Breast Cancer 
Intervention Study (IBIS-1), 42

International Federation of 
Gynecology and Obstetrics, 
classification of endometrial 
cancers by, 41

Intraductal growths, identifying, 
101– 103

Invasive breast cancer
early-stage, 11–13

surgical management of,
 205–207

treatment of, 279–283
effect of tamoxifen on risk of, 40
guidelines for treating, 21–25
high-dose chemotherapy for, 11

Invasiveness
determining by core needle biopsy, 

172–174
grading system for, 175

Iressa, 13

Irradiation. See also Radiation therapy
at early age, and risk of breast 

cancer, 35
effect of, on reconstruction, 255
postmastectomy, 288–295

Isosulfan blue, 110
Italian Tamoxifen Prevention Study, 42

J
Julie and Ben Rogers Breast Diagnostic 

Clinic, 2
Junctional hot spots, avoiding in 

radiation planning, 293

K
Kegel exercises, 449
Keratin-positive cells, in spindle-cell 

carcinomas, 187
Ki-67, marker for assessing prognosis, 

143, 310, 328
KY Jelly, 531

L
Laboratory tests, routine, before 

therapy, 350
Lactate dehydrogenase level, 

in surveillance after 
chemotherapy, 364

Lactobacilli, 438
Lapatinib, 13
Latissimus dorsi flap

for reconstruction
augmented by implant, 248–250
and subsequent physical 

problems, 489
for repair in modified radical 

mastectomy, 211
shoulder exercise after surgery, 490

LCIS. See Lobular carcinoma in situ
Lead-time bias, in cancer detection 

with mammography, 85
Left ventricle, avoiding, in irradiation, 292
Left ventricular ejection fraction, 

reduction in, as side effect of 
trastuzumab, 376

Leptomeningeal carcinomatosis
as complication of breast cancer, 

469–473
diagnosis of, 462
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Lesions. See specific lesions
Letrozole, 414, 419, 424–425
Leukemia

acute, from cyclophosphamide 
therapy, 363

identifying on mammography, 99
after radiation therapy, 480

Leukoencephalopathy, necrotizing, 473
Leukophoresis, to collect peripheral 

blood stem cells, 391
Lifestyle, and risk of breast cancer, 36, 

38–39
Li-Fraumeni syndrome, 64–65, 74
Linguini sign, in implant rupture, 111
Lipids, dietary, and growth of 

mammary tumors, 36
Lobular carcinoma in situ (LCIS), 

5, 9–10
chemoprevention versus prophylactic 

mastectomy in, 39–40
differentiating from ductal 

carcinoma in situ, 187–188
differentiating from lobular 

hyperplasia, 9
screening for women with, 49

Lobular carcinoma, invasive, effect 
of contralateral prophylactic 
mastectomy in, 221–222

Locally advanced breast cancer
adjuvant chemotherapy for, 361–362, 

403–404
immediate reconstruction in, 254–255
modified radical mastectomy in, 

208–211
preoperative chemotherapy for, 

229–231
surgical management of, 207–211
tamoxifen for, 361

Local-regional recurrent cancer
after mastectomy, 289–290
treatment of, 297–298

LPA. See Lysophosphatidic acid
LPC. See Lysophosphatidyl choline
Lumbar punctures, in leptomeningeal 

carcinomatosis
for diagnosis, 470
for monitoring chemotherapy, 472

Lumpectomy, reconstruction after, 
251–257

Lung cancer
risk of, after treatment for breast 

cancer, 36, 479–480
Luteinizing hormone-releasing 

hormone agonists, 415
Lymphazurin, for locating sentinel 

lymph nodes, 214
Lymphedema

delayed, 495
from delayed breast reconstruction, 

259
erysipeloid, management of, 495
pneumatic compression pump for, 

499
prevention of, 490
treatment of, 495–496

Lymph node mapping, 109–110, 
211–219. See also Sentinel 
lymph node mapping and 
biopsy

as alternative to axillary dissection, 
11–12

Lymph nodes. See also Axillary lymph 
nodes; Sentinel lymph nodes

first-echelon, 273
including in radiation therapy, 287
regional, staging system, 6–8

Lymphoma, detecting with 
mammography, 98

Lymphoscintigraphy, preoperative, in 
sentinel node biopsy, 213–219

Lymphovascular invasion, 
histopathologic markers of, 
328

Lysophosphatidic acid (LPA), potential 
marker for breast cancer, 315

Lysophosphatidyl choline (LPC), 315

M
Ma-17 trial, 425
Macrophage colony-stimulating factor, 

391, 392
Magnetic resonance imaging

for detecting breast cancer, 84, 
110–112

for detecting implant-related 
problems, 224–225

in follow-up after breast 
conservation therapy, 98
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Magnetic resonance imaging (cont.)
gadolinium-enhanced, 470, 475
for staging breast cancer during 

pregnancy, 465
Mammary nodes, internal, detecting 

metastatic deposits in, 273
Mammary parenchyma, extent of, 272
Mammography, 89–100

characteristics of, during pregnancy, 
463

diagnostic evaluation of 
abnormalities found on, 50, 
89–93

digital, 85, 115
film-screen, 115
for guiding needle localizations, 84
for nipple discharge, diagnosis of, 

52–53, 226–227
for pretreatment evaluation, 350
screening, 48–49, 85–89
for surveillance, 13, 95, 99

decreased mortality rate from, 85
for women taking tamoxifen, 48

Marital problems, brought about by 
breast cancer, 526, 528

Mastectomy
adhesions after, 487
in advanced-stage breast cancer, 

208–211
in breast cancer during pregnancy, 

466
in ductal carcinoma in situ, 204, 275
indications for irradiation after, 12
local-regional recurrent cancer after, 

289–290
modified radical, 208–211, 227–228
myofascial contractures after, 487
option of, in early-stage invasive 

breast cancer, 11–12
partial, 257–261
potential physical sequelae of, 

487–490
prophylactic, 39–40, 219–223
reconstruction after, 251–257
in recurrence after breast 

conservation therapy, 16
segmental, outpatient procedure, 

223–224
total glandular

in advanced-stage breast cancer, 
14

in ductal carcinoma in situ, 10–11, 
202–205

Mastectomy flaps, inclusion in 
irradiation volume, 292

Mastitis, differentiating from 
inflammatory breast cancer, 
227

Medullary cancer, sonographic 
characteristics of, 130

Megestrol acetate, 415, 418, 420
Melanoma

metastasis to breast, 99
risk of, in BRCA2 mutations, 64

Melphalan, in allogeneic 
transplantation, 403

Men
breast cancer in, 63, 130, 227–228
carcinomas of breast in, sonographic 

characteristics of, 130
malignancy diagnosed after nipple 

discharge, 103
risk of breast cancer, in BRCA2

mutations, 63
Menopausal health, after breast cancer, 

505–520
Menopausal status, and choice of 

drugs for endocrine therapy, 
412

Menopause
depression and, 514
estriol for symptoms of, 513–514
genitourinary atrophy after, 506
genitourinary symptoms of, vaginal 

estrogen for, 514
hormone replacement therapy for 

management of, 507–509
nonestrogen alternatives for 

management of, 509–516
symptoms of, 506, 514–515

Menstrual history, and relative risk of 
breast cancer, 32–33

Mesenchymal stem cells (MSCs), 
405–406

Metastases
to bone, 299, 401–402

development of epidural spinal 
cord compression and, 474
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Metastases (cont.)
to brain, 300
to breast, 226
detecting on mammography, 99
guidelines for treating, 25
involving the central nervous 

system, 500
testing for, in breast cancer during 

pregnancy, 465
Metastatic breast cancer

chemotherapy for, 314, 367–371, 
374–375, 378–379, 394, 403

endocrine therapy for, 415–420
goserelin acetate for, 427
high-dose chemotherapy for, 

387–407
hormonal therapy for, 365–367
ovarian ablation and, 413–415
serial monitoring of, 313–314
therapeutic goals in, 364–365
trastuzumab (Herceptin) and, 

376–378, 403
monitoring response to, 314–315

treatment design for, 364–379
treatment guidelines for, 368
workup for, before therapy, 365

Methotrexate
in combination with other drugs, 

351
for leptomeningeal carcinomatosis 

treatment, 472
for metastatic breast cancer 

treatment, 314
pregnancy as contraindication to use 

of, 467
toxic effects of, 463

Methyltestosterone, 529
Microcalcifications, 107, 165–168, 174
Microtubule function, effect of 

paclitaxel on, 353
Million Women Study, 508
Mitotic figures, in spindle cell 

carcinomas, 186–187
Modified Black’s nuclear grading 

system, 175
Molecular markers

estrogen receptor, 329–330
multigene prognostic signatures, 

334–335

oncotype DX recurrence score, 
331–333

progesterone receptor, 329–330
single-gene prognostic, 333–334

Morbidity
cardiac, in breast irradiation, 301
in high-dose chemotherapy, 393

MORE. See Multiple Outcomes of 
Raloxifene Evaluation

Mortality
breast cancer, declining rate of, 30–31
breast-cancer specific, after 

treatment of ductal carcinoma 
in situ, 276

in high-dose chemotherapy, 393
MSCs. See Mesenchymal stem cells
MUC-1 gene product, 310, 313–314
Mucin, identifying in core needle 

biopsy specimens, 185
Mucinous cystadenoma, 454
Mucocele-like tumors, distinguishing 

from mucinous carcinoma, 
184–186

Mucositis, from taxane-doxorubicin 
administration, 374

Multicentric disease, 94, 206, 208
Multidisciplinary Breast Planning 

Clinic, 3–5
Multidisciplinary team

for cancer genetic counseling, 67–68
for patient care, 1–25, 361–362
for rehabilitation assessment after 

surgery, 486
Multifocal disease, identifying, 94
Multigene prognostic signatures, 334–335
Multiple Outcomes of Raloxifene 

Evaluation (MORE), 42–43, 
515–516

Musculoskeletal abnormalities, effect 
on postoperative recovery, 490

Myalgias, in docetaxel versus paclitaxel 
treatment, 372

Myelodysplastic syndrome, 363, 480
Myelopathy, in patients with epidural 

spinal cord compression, 475
Myelotoxicity, of paclitaxel, 371
Myocutaneous flaps, for repair in 

modified radical mastectomy, 
211
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Myoepithelial cells
in carcinoma in situ, 188–189
in distinguishing papillomas 

from papillary carcinomas, 
182–184

in sclerosing adenosis, 178
Myofascial contractures, after 

mastectomy, 487
Myriad II, 72

N
Narcotic analgesics, in radiation 

treatment for palliation, 299
National Action Plan on Breast 

Cancer, workshop on genetic 
discrimination and health 
insurance, 71

National Cancer Institute of 
Canada Clinical Trials 
Group, trial comparing 
5-fluorouracil, epirubicin, 
and cyclophosphamide with 
DMF, 351

National Comprehensive Cancer 
Network (NCCN), 71–72

Breast Cancer Screening and 
Diagnosis Guidelines, 48

guidelines for management of breast 
cancer and leptomeningeal 
carcinomatosis, 469

National Prophylactic Mastectomy 
Registry, 220–221

National Surgical Adjuvant Breast and 
Bowel Project (NSABP), 40, 
202, 276, 429–430

assessment of radiation therapy for 
ductal carcinoma in situ, 276

comparison of neoadjuvant 
chemotherapy with adjuvant 
chemotherapy, 349

evaluation of doxorubicin, 351
incidence of myelodysplastic 

syndrome or acute myeloid 
leukemia after chemotherapy, 
480

initiation of Breast Cancer 
Prevention Trial by, 75

on treatment of ductal carcinoma in 
situ, 202, 205

Nausea, as side effect
of gemcitabine, 379
of progestin, 415
of vinorelbine, 379

NCCN. See National Comprehensive 
Cancer Network

Necrosis, after irradiation, 251, 265
Needle biopsy. See also Core 

needle biopsy; Fine-needle 
aspiration

image-guided, for patients with 
breast implants, 225

Needle localization excisional biopsy
mammographic guidance for, 

108–109, 201
of nonpalpable breast lesions, 

164–193
technical considerations in, 

167–170
Nellie B. Connally Multidisciplinary 

Breast Center, 2–3
Neurological dysfunction, 

in leptomeningeal 
carcinomatosis, 469

Neuropathy
in docetaxel versus paclitaxel 

treatment, 372
peripheral, 494

Neurotoxicity, of paclitaxel, 371
Neutropenia, 370, 372, 374, 379
Nipple

discharge from
evaluating, 52–53, 226–227
evaluating with galactography, 

101–103
in papillary carcinoma, 182

Paget’s disease of, 228
spontaneous discharge from, 

102–103
Nipple-areola, repair of defect 

following partial mastectomy, 
259–260

Nodularity, assessment with 
sonography, 52

Nonestrogen alternatives, in 
management of menopause, 
509–516

Noninvasive breast cancer, guidelines 
for treating, 20, 357
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Nonpalpable breast lesions
core needle biopsy of, 164–193
intraoperative sonographic 

localization of, 201
needle-localization excisional biopsy 

of, 199–200
Nonsteroidal antiinflammatory drugs, 

299
North American Breast Cancer 

Intergroup trial E1199, 354
NSABP. See National Surgical 

Adjuvant Breast and Bowel 
Project

O
Oncotype DX recurrence score 

molecular marker, 331–333
Oophorectomy

prophylactic, 456–459
effect on probability of developing 

breast cancer, 77–78
reduction in risk of breast cancer 

and, 39
reduction in risk of breast cancer 

and, 32–33
Operable locally advanced breast 

cancer, 361–362
Oral contraceptives, 456, 458

and risk of breast cancer, 34
Osteoporosis

alendronate sodium for preventing 
and treating, 456

bisphosphonates for treating, 
510–511

calcitonin for treating, 511
exercise after mastectomy, benefit in 

preventing, 512
raloxifene for preventing, 

515–516
Osteoporotic fractures, effects of 

tamoxifen and raloxifene on 
rate of, 41–44

Outcomes, Breast Cancer Prevention 
Trial, 41

Outpatient surgery, for breast cancer, 
223–224

Ovarian ablation, 423
to manage metastatic breast cancer, 

413–415

Ovarian cancer, risk of in BRCA1 or 
BRCA2 mutations, 61

Ovarian cysts, 454–456
Ovarian enlargement, 454–456
Ovarian failure, in women receiving 

adjuvant chemotherapy, 363
Overdiagnosis, in breast cancer 

screening, 85–86
Overflow incontinence, 449

P
P53 abnormalities 60–61, 64–65
P024 trial, 428
Paclitaxel (Taxol), 375

for adjuvant systemic chemotherapy, 
12

with doxorubicin, 353–354, 374
combination with trastuzumab, 376

for treating metastatic breast 
cancer, 403

side effects of, 363
for treating metastatic breast cancer, 

370–371
Paget’s disease, 53, 94, 228
PAI-1. See Plasminogen activation 

inhibitor 1
Pain

association with epidural spinal cord 
compression, 474–475

phantom breast, 495
postmastectomy, 494–495
relief of, through radiation therapy, 

299
as side effect of vinorelbine, 379

Palliation
of pain, in epidural spinal cord 

compression, 476
radiation therapy for, 299–300

Pamidronate disodium (Aredia), 511
for treating bony metastases, 478

Pancreatic cancer, 65, 310
Papillary carcinoma, differentiating 

from papilloma, 182–184
Papillary lesions, core needle biopsy 

diagnosis of, 183
Papillomas

differentiating from papillary 
carcinoma, 182–184

intraductal, 102
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Papillomas (cont.)
multiple, diagnosis using 

histopathologic evaluation, 
102

Parathyroid hormone-related protein, 
478

Paroxetine (Paxil), 48
Partial flap loss, 246, 251, 254
Pathologic diagnosis

of breast cancers during pregnancy, 
464–465

from stereotactic core needle biopsy, 
200

Pathology report, 174–177
for treatment planning, 4–5

Patient care, multidisciplinary, 1–25
Patient selection

for adjuvant chemotherapy, 
347–348

for breast reconstruction, 264–267
for implants, 239, 241

PBSCs. See Peripheral blood stem 
cells

Pedicled flap, for breast reconstruction, 
245

Pelvic examinations, in breast cancer 
survivors, 13

Percutaneous biopsy, stereotactic and 
ultrasound-guided, 84

Perforator flap, for breast 
reconstruction, 250

Peripheral blood stem cells (PBSCs), 
390–391

Peripheral nerve damage, treating, 
492–493

Peripheral neuropathy, 494
Peutz-Jeghers syndrome, 58, 65–66
Phantom breast pain, 495
Phosphatase and tensin homolog 

deleted on chromosome ten 
(PTEN), 64

Phosphodiesterase inhibitors, 530
Phyllodes tumor, 186, 228
Physical therapy, after surgery, 

489–490
Physiologic cysts, ovarian, 454
Phytoestrogens, 514
Plasminogen activation inhibitor 1 

(PAI-1), 315

Plastic surgeon, consultation about 
breast reconstruction, 257, 
262–263

Platelet counts, 230, 365
Plexopathy, 493
Pneumatic compression pump, in 

treating lymphedema, 499
Pneumocystography, 91
Pneumonitis, after radiation therapy, 301
Polychemotherapy, 369
Postmenopausal morbidities, estrogen 

replacement for, 506
Postural education, after mastectomy, 491
Pregnancy

diagnosis of breast cancer during, 
462, 463–469

history of, and relative risk of breast 
cancer, 32

Pressure bandages, for managing 
lymphedema, 497

Prevention
of breast cancer, 28–54, 74–78
of ovarian cancer, 74–78

PROACT trial, 428
Progestational agents, for managing 

hot flashes, 513–514
Progesterone receptors

assessing in early-stage invasive 
breast cancer, 11

determining status before 
surgery, 351

as molecular markers, 329–330
and response to endocrine therapy, 

413
Progestins

combined with estrogen therapy, 
risk of breast cancer and, 34

for patients with documented 
visceral metastasis, 17

for patients with metastatic breast 
cancer, 415

Prognosis
with HER-2/neu gene amplification, 

314
information about, from axillary 

staging, 211–212
in leptomeningeal carcinomatosis, 

473–474
in metastasis to breast, 226
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Proliferative breast disease, and risk of 
breast cancer, 35, 48

Prophylactic bilateral oophorectomy, 
456–457

Prophylactic surgery, 38, 76–78. 
See also Mastectomy, 
prophylactic; Oophorectomy, 
prophylactic

Prostate cancer, risk of, in BRCA2
mutations, 63

Psychological/psychosocial issues
during rehabilitation, 500–501
response to genetic testing, 70–71
sexual function and, 528

PTEN. See Phosphatase and tensin 
homolog deleted on 
chromosome ten

Pulmonary embolism, tamoxifen use 
and, 41

Q
Quality of life

and adjuvant chemotherapy, 
346–347

estrogen deficiency as issue in, 13
and response to chemotherapy, 379

R
Race

applicability of Gail and Claus 
models for risk assessment 
and, 37, 72

baseline rates of vascular events 
and, 46

incidence of breast cancer and, 30–31
Radiation plexopathy, 493
Radiation therapy, 271–302

for advanced breast cancer, 15
autologous reconstruction and, 

265–266
bone marrow suppression and, 391
for breast cancer in men, 

227–228
for breast conservation therapy, 12, 

276
breast reconstruction and, 

265–266
cardiac mortality following, 301
changes in mammograms due to, 95

for ductal carcinoma in situ, 29, 202
edema after, 96, 284
for epidural spinal cord 

compression, 476–477
implants and, 241, 265–266
for inflammatory breast cancer, 296
for leptomeningeal carcinomatosis, 

471, 473
lymph nodes included in, 287
after mastectomy, 288–291
for palliation, 299–300
planning of, 283–284
pneumonitis after, 301
preoperative, 230
recurrences, risk of, with, 289
risk for leukemia after, 480
screening mammography after, 86
sequencing of, 231
side effects of, 300–302
technique, 291–295
thoracic, risk of breast cancer and, 49
timing of, relative to adjuvant 

chemotherapy and surgery, 
348

Radiation Therapy Oncology 
Group, prospective trial of 
ductal carcinoma in situ 
management options, 10

Radiofrequency ablation of breast 
masses, pilot studies, 150

Radiography
of chest, after breast conservation 

therapy, 13
for evaluation of epidural spinal cord 

compression diagnosis, 475
for evaluation of leptomeningeal 

carcinomatosis, 470
specimen

after excisional biopsy, 13
after surgical removal of 

abnormality, 108
Radiologic Diagnostic Oncology 

Group, multi-institutional 
study comparing core needle 
biopsy with fine-needle 
aspiration, 171–172

Radionuclide techniques, 85
Radiopharmaceuticals, for lymphatic 

mapping, 110



556 Index

RAK antigens, as potential markers for 
breast cancer, 315

Raloxifene
low-density cholesterol, reduction in 

levels of, 515
for preventing osteoporosis, 515–516
as selective estrogen receptor 

modulator, 42–45, 429–430
Reconstructive surgery. See Breast 

reconstruction
Recurrences

after adjuvant chemotherapy, 364
documentation of, 367
in ductal carcinoma in situ, with and 

without radiation therapy, 
275–278

effect of pregnancy on, 469
guidelines for treating, 25
indication of, from tumor marker 

monitoring, 310
in inflammatory breast cancer, 

297–298
in ipsilateral breast, 277
local-regional, 16–17
metastatic, 16–17, 364–379
rate of, in breast conservation 

therapy, 96, 98
risk of, and radiation therapy, 289
with tamoxifen therapy, 429

Rehabilitation, of patients with breast 
cancer, 485–501

Replens, 48, 531
Retinoids, 76
Reverse transcriptase–polymerase 

chain reaction, for detecting 
cancer cells in the peripheral 
circulation, 213, 317, 332, 334

Ring pessary, 447
Risk(s)

of anesthesia, reduction by 
immediate reconstruction, 252

decreasing, with primary prevention 
measures, 38–48

determinants of, summary, 33
increased, defined, 37
of malignancy in contralateral 

breast, 95
of prophylactic oophorectomy, 39
of tamoxifen therapy, 42, 44

Risk assessment
at Cancer Prevention Center, 29
computerized, 28
mathematical models for, 36–38
models for, 72–73

Risk factors for breast cancer, 31–36
Risk management, recommendations 

for, in genetic counseling, 
67–68

Rod and chain technique, for 
irradiation, 293

Rodenhuis study, 398
Rotter’s nodes, interpectoral, 273, 287
Royal Marsden Hospital Tamoxifen 

Prevention Pilot Trial, 42
Ruben’s flap, for breast reconstruction, 

250

S
Sarcomas, risk of, from irradiation, 301
Scars, characteristics of, on 

mammograms, 95
SCNB. See Stereotactic core needle 

biopsy
Screening. See also Mammography, 

screening
in cancer prevention, 48–49
in Li-Fraumeni syndrome, 65

Second malignancies, 479–482
Seizures, with high levels of 

methotrexate in cerebrospinal 
fluid, 473

Selective estrogen receptor modulators 
(SERMs), 420–423, 
515–516

Self-selection bias, in clinical trials, 86
Sensitivity

of core needle biopsy, 172–174
stereotactic, 108

of fine-needle aspiration, 172–174
of technetium 99 sestamibi imaging, 

112–113
Sentinel lymph node mapping and 

biopsy, 109–110, 211–219. See
also Lymph node mapping

SERMs. See Selective estrogen receptor 
modulators

Seroma formation, 490
Serum tumor markers, 310–315
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Sestamibi breast imaging, 112–114
axillary lymph nodes and, 114
for evaluating palpable lesions, 84

Sex-hormone-binding globulin 
(SHBG), increase in, from 
supplemental estrogen 
administration, 418, 419

Sex therapist, referral to, 528
Sexual function

assessment of in breast cancer 
patients, 527–528

pharmacologic interventions for, 
529–531

problems in women with breast 
cancer, 525–532

SHBG. See Sex-hormone-binding 
globulin

Shoulder function, restoring after 
surgery, 486, 487

Side effects
of adjuvant chemotherapy, 363
of alendronate sodium, 456
headache, association with sustained-

release cytarabine, 473
of progestins, 415
of radiation therapy, 300–302

SIEA flap. See Superficial inferior 
epigastric artery flap

Sildenafil (Viagra), 475, 530
Silicone shell, for breast implants, 238–243
Single-gene prognostic molecular 

marker, 333–334
Skin

abdominal, for autologous tissue flap 
reconstruction, 247

changes in
inflammatory breast cancer and, 53

differentiating from radiation 
effects, 284

Paget’s disease and, 53
edema of, as contraindication for 

breast conservation therapy, 
207

Skin-sparing mastectomy and 
immediate reconstruction, 
207, 253

Smoking, and lung cancer after 
treatment for breast cancer, 
36, 479–480

Smooth-muscle actin heavy chain, for 
identifying myoepithelial 
cells, 188–189

Socioeconomic status, correlation with 
breast cancer incidence, 36

Sonography, 122–157
dependence on operator, 154
for evaluation

of breast cancer in pregnancy, 465
of dominant mass, 50–52
of early-stage invasive breast 

cancer, 11
of endometrium, in patients 

taking tamoxifen, 
451–453

of intermediate-stage invasive 
breast cancer, 14

in follow-up after breast 
conservation therapy, 98

high-frequency linear-array 
transducer for, 123

in nipple discharge, 227
determining origin of, 102

papillary carcinoma appearance on, 
182

Southwest Oncology Group, 468
S-phase fraction, determining before 

surgery, 351
Spinal cord compression, irradiation 

for, 300
Spindle cell carcinoma, 186–187
Spot magnification views, to identify 

calcifications, 94
Staging, 5–17

before adjuvant chemotherapy, 
350–351

of breast cancer during pregnancy, 
465

laboratory and radiographic 
evaluation, summary, 350–351

local-regional, sonographic 
characteristics, 134–138

magnetic resonance imaging for, 
111–112

STAR. See Study of Tamoxifen and 
Raloxifene

Stem cells. See also Autologous 
hematopoietic stem cell 
transplantation (AHST)
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Stem cells. See also Autologous 
hematopoietic stem cell 
transplantation (AHST) (cont.)

hematopoietic
collecting for autologous 

transplantation, 390–391
malignant cells in, 394

intravenous infusion of, 392
Stereotactic core needle biopsy 

(SCNB), 84, 103–107
advantages of, 199–200
in breast conservation therapy, 94
in ductal carcinoma in situ, 

203–204
Stewart–Treves syndrome, 496
STK11/LKB1 gene, 65–66
Stroke, and tamoxifen use, 41
Stromal features, of tubular carcinoma, 

178
Strontium ranelate, 511–512
Study of Tamoxifen and Raloxifene 

(STAR), 43
Superficial inferior epigastric artery 

(SIEA) flap, 246–247
Supportive care, after failure of 

chemotherapy, 17
Supraclavicular fossa

recurrence at, 290
target in postmastectomy radiation 

therapy, 294
Surgery, 198–231

assessment of patient after, 489
contralateral prophylactic 

mastectomy, 222
integration with other treatment 

strategies, 229–231
in leptomeningeal carcinomatosis 

treatment, 473
for managing lymphedema, 499–500
prophylactic, 28, 47
special situations, management of, 

224–228
Surgical biopsy, 325
Surgical site, mammographic changes 

at, 95
Surveillance

after adjuvant chemotherapy, 364
of ductal carcinoma in situ patients, 

11, 205

for early-stage invasive carcinoma 
patients, 13

Survival benefit
from bilateral prophylactic 

mastectomy, 219–220
from contralateral prophylactic 

mastectomy, 221–222
from neoadjuvant chemotherapy, 349

Survival rate, and race, 30–31
Survivors, physical and psychosocial 

impairments of, 486
Sustained-release cytarabine 

(DepoCyt), 472, 473
Systemic therapy. See also 

Chemotherapy; Endocrine 
therapy

in breast cancer during pregnancy, 
466–467

in early-stage invasive breast cancer, 
12–13

in epidural spinal cord compression, 
476

in leptomeningeal carcinomatosis, 
solid-tumor, 473

for patients with tumors larger than 
1 cm, 229–231

T
Tamoxifen, 425–426, 429

age and, 44
risk of endometrial cancer 

and, 40
American College of Obstetrics 

and Gynecology 
recommendations for women 
taking, 451

association with benign 
endocervical or endometrial 
polyps, 444

Breast Cancer Prevention Trial 
evaluation of, 40, 75–76

cardiac disease and, 515
cataract development and, 4, 41
for chemoprevention, 38–39, 75–76
clinical trials of, 42
after cytotoxic chemotherapy, 13
deep-vein thrombosis and, 41
diethylstilbestrol, comparison with, 

421
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Tamoxifen (cont.)
for early-stage breast cancer, after 

surgery, 13
effect of

on ductal carcinoma in situ 
recurrence after treatment, 
10–11, 205

on risk of breast cancer, 28
endometrial abnormalities and, 13, 

42, 450–453
for estrogen and progesterone 

receptor-positive tumors, 12, 
40, 358

gynecologic examinations, annual, 
47

hormone replacement therapy, 
concomitant use of, 42

hot flashes and, 42, 48
invasive breast cancer and, 40
Italian Tamoxifen Prevention Study, 

42
for locally advanced breast cancer, 

361
mammography screening and, 48
osteoporotic fractures and, 41, 42
paroxetine (Paxil) and, 48
patient care during treatment, 

47–48
pulmonary embolism and, 41
recurrences with, 429
Royal Marsden Hospital Tamoxifen 

Prevention Pilot Trial, 42
sonography of endometrium and, 

451–453
stroke and, 41
Study of Tamoxifen and Raloxifene 

(STAR), 43
thromboembolic events and, 41
transient ischemic attack and, 41
vaginal discharge and, 40–42, 48
vaginal dryness and, 48

Tarceva, 13
TAS-108, 422–423
Task Force on Genetic Testing, 

recommendation on informed 
consent, 69

Taxanes
combination with doxorubicin, 

373–375

for neoadjuvant chemotherapy, 15
Teardrop sign, in magnetic resonance 

imaging of implants, 111
Technetium 99m sestamibi 

imaging, 84
to locate sentinel lymph nodes, 110, 

213–219
specificity of, 112–113

Telemammography, future application 
of digital systems, 115

Teriparatide, 511
Testolactone, 414, 417
Testosterone, functions of, 

529–530
Thigh, flaps from, for reconstruction, 

250
Thiotepa

in combination with
carmustine, 38, 391, 402, 404, 405
cyclophosphamide and 

carmustine, 391
for leptomeningeal carcinomatosis 

treatment, 472
Thromboembolic events

raloxifene use and, 43
as side effect of progestin 

administration, 415
tamoxifen use and, 41

Thyroid carcinoma, radiation therapy 
for, screening mammography 
after, 86

Timing
of adjuvant chemotherapy, 348
of reconstruction, 251–257

Tissue diagnosis, after mammographic 
abnormality findings, 50

Tissue harmonic imaging, 123
Tissue heterogeneity correction, in 

irradiation planning, 293
Topoisomerase inhibitors

doxorubicin as, 353
side effects of, 363

Toremifene, 414, 421–422
Toxicity

of chemotherapy for leptomeningeal 
carcinomatosis, 473

of proposed adjuvant chemotherapy, 
consideration of, 347

TP53 gene, 65
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Transient ischemic attack, tamoxifen 
use and, 41

Transverse rectus abdominis 
myocutaneous (TRAM) flap

physical problems related to, 489
for reconstruction, 245–247

delayed, 255–257
for repair

in modified radical mastectomy, 211
in partial mastectomy, 259, 261
in prophylactic mastectomy, 

222–223
Trastuzumab (Herceptin), 368

for documented visceral metastasis, 
17

effect in metastatic breast cancer 
with overexpression of 
HER-2/neu, 376–378

monitoring response to, 314–315
with paclitaxel, in treating metastatic 

breast cancer, 403
Treatment

assessment of response to, using 
serum tumor markers, 310

of epidural spinal cord compression, 
476–477

guidelines, 5–17, 20–25
increased risk of second cancer from, 

462
second malignancies related to, 

479–481
Trichomonas vaginitis, 440
Tubular carcinomas

axillary staging in, 212
differentiating from adenosis, 177–182
identification on screening 

mammography, 87
Tubulin polymerization, by docetaxel, 

371–373
Tumor(s)

axillary tumor burden, 273
circulating tumor cells, 316–320, 399, 

401
downstaging of primary, with 

neoadjuvant chemotherapy, 
348–349

mucocele-like, distinguishing 
from mucinous carcinoma, 
184–186

nonpalpable mucocele-like, 
mammographic detection of, 
184–186

Phyllodes, differentiating from 
fibroadenoma, 186, 228

primary, staging system, 6
Tumor burden, reducing with 

standard-dose chemotherapy, 
390

Tumor proliferation rate, evaluation 
with immunohistochemical 
techniques, 174–175

Tumor suppressor gene, 59, 62, 64–66, 317
Tykerb, 13

U
Ultrasonography. See Sonography
Ultrasound-guided biopsy, 84

keys to success of, 146–147
percutaneous, 84
using automated spring-loaded 

devices, 168
Ultrasound-guided fine-needle 

aspiration
accuracy of, 133–134, 171
acoustic coupling medium in, 142
of solid lesions, 171
specificity of, 172

uPA. See Urokinase plasminogen 
activator

Urge incontinence, 448
Urinary incontinence, 447–450
Urokinase plasminogen activator 

(uPA), 315
Uterine enlargement, from 

leiomyomas, 454
Uterine prolapse, 446–447

V
Vagifem, 531
Vaginal atrophy, 449, 529, 531
Vaginal discharge, and tamoxifen use, 

40–42, 48
Vaginal dryness, side effect of 

tamoxifen, managing, 48
Vaginal estrogen, to correct 

genitourinary symptoms of 
menopause, 514

Vaginal pessaries, 447
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Vaginal prolapse, 446–447
Vasomotor instability, climacteric, 

512–514
Venlafaxine (Effexor), 513

for reducing hot flashes, with 
tamoxifen use, 48

Viagra. See Sildenafil
Vinorelbine, 378–379
Viral infections, 440–443
Vitamin D, prevention of deficiency, 512
Vulvovaginal candidiasis, 438–440
Vulvovaginitis, 437–443

W
Web address

for breast cancer guidelines, 9
for breast cancer risk calculation, 37
for clinical trial listing, 9

Weight, risk of breast cancer and, 36
Wellness, in early-stage breast cancer 

patients, 13
WHI. See Women’s Health Initiative
Women’s Contraceptive and 

Reproductive Experiences 
trial, 34

Women’s Estrogen for Stroke Trial, 
508

Women’s Health and Cancer Rights 
Act of 1998, 237

Women’s Health Initiative 
(WHI), 529

randomized trial, 34

X
Xeloda, 378
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