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A B S T R A C T

Purpose
Animal and in vitro studies suggest that aspirin may inhibit breast cancer metastasis. We studied
whether aspirin use among women with breast cancer decreased their risk of death from
breast cancer.

Methods
This was a prospective observational study based on responses from 4,164 female registered
nurses in the Nurses’ Health Study who were diagnosed with stages I, II, or III breast cancer
between 1976 and 2002 and were observed until death or June 2006, whichever came first. The
main outcome was breast cancer mortality risk according to number of days per week of aspirin
use (0, 1, 2 to 5, or 6 to 7 days) first assessed at least 12 months after diagnosis and updated.

Results
There were 341 breast cancer deaths. Aspirin use was associated with a decreased risk of breast
cancer death. The adjusted relative risks (RRs) for 1, 2 to 5, and 6 to 7 days of aspirin use per week
compared with no use were 1.07 (95% CI, 0.70 to 1.63), 0.29 (95% CI, 0.16 to 0.52), and 0.36
(95% CI, 0.24 to 0.54), respectively (test for linear trend, P � .001). This association did not differ
appreciably by stage, menopausal status, body mass index, or estrogen receptor status. Results
were similar for distant recurrence. The adjusted RRs were 0.91 (95% CI, 0.62 to 1.33), 0.40 (95%
CI, 0.24 to 0.65), and 0.57 (95% CI, 0.39 to 0.82; test for trend, P � .03) for 1, 2 to 5, and 6 to 7
days of aspirin use, respectively.

Conclusion
Among women living at least 1 year after a breast cancer diagnosis, aspirin use was associated
with a decreased risk of distant recurrence and breast cancer death.

J Clin Oncol 28. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Aspirin use could possibly increase survival amo-
ng women with breast cancer. Aspirin and other
nonsteroidal anti-inflammatory drugs (NSAIDs)
inhibit production of prostaglandins and cyclo-
oxygenase, which comes in two isoforms (COX-1
and COX-2).

In vitro studies have shown that breast cancers
produce prostaglandins in greater amounts than
normal breast cells1 and that aspirin can inhibit
growth2 and decrease the invasiveness of breast
cancer cells,3 reduce cytokines involved in bony
metastasis,2 and stimulate immune responsiveness.4

Animal studies have shown increased COX-2 activ-
ity in metastatic breast cancer cells.5 COX-2 knock-
out mice or wild-type mice treated with a NSAID
had less tumor growth.6 We hypothesized that aspi-
rin use after diagnosis is associated with a decreased
risk of breast cancer death and distant recurrence
among women with stage I to III breast cancer in the
Nurses’ Health Study (NHS).

METHODS

Study Participants and Identification of

Breast Cancer

The NHS was established in 1976 when 121,700 fe-
male registered US nurses, age 30 to 55 years, answered
a mailed questionnaire on cancer and cardiovascular
risk factors. We have sent questionnaires every 2 years
since. Follow-up of the entire cohort’s person-years is
95% complete.

For any report of breast cancer, participants gave
written permission for physicians (blinded to exposure
information) to review their medical records. Overall,
99% of self-reported breast cancers for which records were
obtained have been confirmed. All participants in this
analysis had medical record review.

The study was approved by the Institutional Review
Board of Brigham and Women’s Hospital (Boston, MA).
We excluded women from the analysis for the following
reasons: unknown birth or diagnosis date (n � 2), calcu-
lated recurrence date before 1976 (n � 3), other cancer
(except nonmelanoma skin cancer) before 1976 (n�284),
death before aspirin assessment (n � 16) or recurrence
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before aspirin assessment (n � 228), missing aspirin assessment (n � 2,910),
first aspirin assessment more than 6 years after diagnosis (n � 119), missing
stage (n � 926), stage IV disease (n � 28), and stage III disease without a
metastatic work-up (n � 244). A metastatic work-up consisted of negative
chest x-ray (or computed tomography), bone scan, and liver function tests (or
liver scan) or physician documentation of no metastatic disease.

Exposure Assessment

Aspirin use was first assessed in 1980 and every 2 years thereafter except
1986. Aspirin use in 1984 was carried forward for 1986. Days per week of use
were available as predetermined questionnaire categories. Aspirin use was then
analyzed as regular use in the past 2 years according to the following categories:
never, past, and current 1, 2 to 5, and 6 to 7 days per week. Past use was
calculated as use after breast cancer diagnosis that was subsequently stopped.
For each woman, aspirin use was first assessed using the questionnaire that
occurred after the questionnaire in which the participant reported her breast
cancer diagnosis and subsequently updated until end of follow-up. Duration
(total number of years of aspirin use) was used in a time-dependent model and
was carried forward to replace missing information for a maximum of two
cycles; if duration was missing for three cycles in a row, it became permanently
missing. Missing duration of aspirin use was entered as a separate category into
analyses of duration. Questionnaires asked about aspirin use in the last 2 years,
and we avoided aspirin use assessments during the first 12 months after
diagnosis because aspirin is discouraged during chemotherapy. For example,
for women diagnosed between 1976 and 1977, the 1980 questionnaire was
used as the baseline aspirin assessment. For women diagnosed between 1977
and 1979, the 1982 questionnaire was used as the baseline aspirin assessment
and so forth.

In 1999, a supplemental questionnaire was sent to analgesic users that
asked a series of questions about the reason for aspirin use. For each question,
the range of women using aspirin for that reason could be between 0% and
100%, and each question was independent of the others. Reasons for use
among 3,876 women were heart disease prevention (35%), muscle or joint
pain (16%), headache (13%), backache (7%), menstrual cramps (� 1%), and
other reasons (9%). In a secondary analysis, we assessed the association of
breast cancer death with NSAID and acetaminophen use, which was first
assessed in 1990 in a similar fashion to aspirin.

End Points: Breast Cancer Death and Distant Recurrence

Deaths were reported by the family or post office. Nonresponders were
searched in the National Death Index. More than 98% of deaths in the NHS
have been identified by these methods. Physician reviewers blinded to expo-
sure information ascertained cause of death from death certificates, which
were supplemented with medical records if necessary. We also assessed distant
breast cancer recurrence (Appendix, online only).

Numbers of patients with recurrent breast cancer calculated with these
methods are similar to those found in a large (N � 5,569) radiation treatment
trial in early-stage breast cancer.7 In a sensitivity analysis, we also considered
patients to have experienced recurrence 4 years before death.

Covariates

Covariates, including stage, diet, physical activity, body mass index
(BMI), weight change, and reproductive factors, were those previously associ-
ated with breast cancer survival in this cohort. We also adjusted for treatment
(chemotherapy, radiation, and hormonal therapy). We adjusted for smoking
because it is associated with total mortality. We adjusted for calendar year to
account for secular trends. Please see the Appendix for further description of
covariate assessment.

Categories were created for missing data. Simple models were stratified
for time since diagnosis (in months) and adjusted for age. Multivariate models
were stratified for time since diagnosis and adjusted for age, calendar year,
smoking status, BMI, age at first birth and parity, oral contraceptive use,
menopausal status and use of hormone replacement, disease stage, treatment,
protein and energy intake, physical activity, and weight change.

Statistical Analysis

Cox proportional hazards models with time since diagnosis in months as
the underlying time variable were used to calculate relative risks (RRs) and
95% CIs. This means that each event was compared only with the risk set of
participants who were at exactly the same time since diagnosis measured in
months, providing for tight control of confounding by time since diagnosis. In
these left-truncated Cox regression models, follow-up begins at the time of the
first aspirin assessment after diagnosis (the baseline assessment for this study)
and ends at death or June 2006, whichever occurred first. Aspirin use was
entered as a time-varying covariate with records for each 2-year period. In the

Table 1. Age-Standardized Clinical Characteristics of 4,164 Women With Breast Cancer by Baseline Aspirin Use After Diagnosis

Characteristic

Aspirin Use

Never Past Current, 1 Day a Week Current, 2 to 5 Days a Week Current, 6 to 7 Days a Week

No. of person-years� 5,707 17,450 4,921 4,902 11,416
No. of breast cancer deaths� 56 173 44 16 49
Mean body mass index at diagnosis, kg/m2 25.3 26.0 25.0 25.2 26.3
Mean total energy intake after treatment, kcal/d 1,613 1,713 1,705 1,716 1,694
Mean protein intake after treatment, g/d 74.1 74.0 74.5 74.1 74.6
Mean physical activity after treatment, MET-hours/wk 15.4 16.1 16.8 16.2 15.6
Mean parity, No. of children 2.9 2.9 3.0 2.9 2.9
Current smoker at diagnosis, % 16 14 20 19 17
Ever used oral contraceptives, % 37 49 38 41 45
Current users of postmenopausal hormones, % 31 42 31 38 42
Disease stage, %

I 58 59 62 61 61
II 35 35 33 35 35
III 6 7 6 5 4

Estrogen receptor positive, % 81 81 79 76 80
Treatment, %

Radiation 48 55 40 49 53
Chemotherapy 38 41 34 35 39
Tamoxifen or aromatase inhibitor 68 70 58 64 72

Gained weight after treatment (� 0.5 kg/m2), % 45 47 48 50 46

�In the total population, there were 45,139 person-years and 341 breast cancer deaths; in the category of current aspirin use of unknown frequency, there were
744 person-years and three breast cancer deaths.
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main analysis, death from breast cancer was the end point, and deaths from
other causes were censored. In a secondary analysis, distant breast cancer
recurrence was the end point, and deaths from non–breast cancer causes were
censored. Another analysis used death from any cause as the end point. After
the baseline aspirin assessment, if a woman failed to report aspirin use, her use
at the previous interval was carried forward. In an alternative analysis, aspirin
use was carried forward for no more than one interval and then censored if it
continued to be missing. If a participant indicated current aspirin use but did
not indicate frequency of use, she was categorized as a current user of aspirin of
unknown frequency.

RRs and 95% CIs are shown for categories of aspirin use, with never use
being the reference. The two-tailed P value for the linear trend test across
categories of current use (with past use entered as a separate term) was calcu-
lated by assigning the median value to each category. Interaction terms were
calculated by multiplying the two risk factors and entering these into the
relevant models, and likelihood ratio tests were used to assess their statisti-
cal significance.

Women who develop recurrent disease are likely to be treated with
chemotherapy and told not to take aspirin. This may bias results in favor of a
beneficial aspirin effect. The converse may also be true because women expe-
riencing pain may take aspirin. We coped with this potential bias in several
ways. First, we adjusted for treatment. Second, we performed analyses with
distant recurrence as the end point.

Furthermore, time-varying indicators of disease severity (beyond stage at
diagnosis) may be both risk factors for outcomes and determinants of changes
in aspirin use during follow-up. For example, women whose breast cancer
worsens may increase aspirin use because of symptoms or decrease use because
it interferes with treatment. However, aspirin use itself may influence whether
the disease worsens. In this case, standard Cox models may lead to biased
estimates, whether one does or does not adjust for the potential time-
dependent confounders.8 Therefore, we used marginal structural Cox models,
which appropriately adjust for measured time-dependent confounding. The
parameters of marginal structural models were estimated by inverse probabil-
ity weights at the current time interval, given information available up to that
time.9-11 In previous applications, marginal structural models have yielded
effect estimates close to those from randomized trials.12,13 Cook et al14 used
these methods to determine the effect of aspirin on cardiovascular mortality.

RESULTS

Among 4,164 participants for whom aspirin was assessed after breast
cancer diagnosis, there were 341 breast cancer deaths, 400 distant
recurrences (including the 341 breast cancer deaths), and 732 deaths
from any cause. In total, 2,910 women diagnosed with breast cancer
(33%) never provided an aspirin assessment after diagnosis. In gen-
eral, women missing baseline aspirin assessment and women excluded
for other reasons were similar to women included in the analysis in
terms of age at diagnosis, BMI, dietary intake, and treatment (data
not shown).

The median interval between date of diagnosis and first aspirin
assessment was 48 months. Age-standardized characteristics at time of
baseline aspirin assessment are listed in Table 1. Most covariates asso-
ciated with survival did not have any consistent associations across
aspirin use categories.

The results for simple and multivariate analyses of updated aspi-
rin intake and breast cancer death are listed in Table 2. In addition,
Table 2 includes simple and multivariate results stratified by stage at
diagnosis, menopausal status, BMI, and estrogen receptor (ER) status.
Aspirin use was associated with a decreased risk of breast cancer death.
Relative to never aspirin users, the multivariate adjusted RRs were 0.88
(95% CI, 0.64 to 1.22), 1.07 (95% CI, 0.70 to 1.63), 0.29 (95% CI, 0.16
to 0.52), and 0.36 (95% CI, 0.24 to 0.54; test for trend, P � .001) for
past, current 1 day per week, current 2 to 5 days per week, and current
6 to 7 days per week of use, respectively. Simple models adjusted for
time since diagnosis and age were similar. Results did not differ appre-
ciably when stratified by stage, BMI, menopausal status, or ER status.
An analysis using only the first 10 years after diagnosis and an analysis
that began more than 10 years after diagnosis each gave similar results
(data not shown). Likewise, an analysis that carried forward aspirin
use for no more than one cycle to cover missing use gave similar results

Table 2. Relative Risk of Breast Cancer Death According to Aspirin Intake

Factor

All Women

Aspirin Intake

None Past

No. of
Person-
Years�

No. of
Deaths�

No. of
Person-
Years

No. of
Deaths

Relative
Risk 95% CI

No. of
Person-
Years

No. of
Deaths

Relative
Risk 95% CI

All women 45,139 341 5,707 56 17,450 173
Simple model 1.00 — 0.85 0.62 to 1.15
Multivariate model 1.00 — 0.88 0.64 to 1.22

Multivariate model
Stage I 26,130 111 3,133 16 1.00 — 9,914 54 0.84 0.46 to 1.55
Stage II 16,240 169 2,211 33 1.00 — 6,295 82 0.76 0.48 to 1.21
Stage III 2,769 61 363 7 1.00 — 1,241 37 0.76 0.17 to 3.38
Premenopausal 12,898 107 1,809 16 1.00 — 5,058 60 1.05 0.55 to 2.04
Postmenopausal 28,525 218 3,145 31 1.00 — 11,001 109 0.93 0.60 to 1.43
Body mass index

� 25 kg/m2 26,568 198 3,623 36 1.00 — 10,072 97 0.78 0.51 to 1.20
Body mass index

� 25 kg/m2 18,571 143 2,084 20 1.00 — 7,378 76 1.05 0.59 to 1.87
Estrogen receptor

positive 28,039 231 3,427 37 1.00 — 11,156 119 0.93 0.61 to 1.42
Estrogen receptor

negative 7,740 49 861 8 1.00 — 2,931 21 0.94 0.27 to 3.26
(continued on following page)
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(data not shown). There was an attenuated association for first aspirin
assessment after breast cancer diagnosis (baseline). The multivariate
adjusted RRs were 0.90 (95% CI, 0.64 to 1.25), 0.85 (95% CI, 0.60 to
1.20), 0.93 (95% CI, 0.63 to 1.38), and 0.68 (95% CI, 0.45 to 1.02; test
for trend, P � .30) for past, current 1 day per week, current 2 to 5 days
per week, and current 6 to 7 days per week of use, respectively.

Results with distant recurrence as the outcome were similar to
results for breast cancer death (Table 3). Also, sensitivity analyses
varying the definition of time of distant recurrence for patients who
died showed no difference.

To apply marginal structural Cox models, we first estimated that
the RR of dichotomous aspirin use (yes or no) in relation to breast

Table 2. Relative Risk of Breast Cancer Death According to Aspirin Intake (continued)

Factor

Aspirin Intake

P
(linear trend)†

P
(interaction)

Current, 1 Day a Week Current, 2 to 5 Days a Week Current, 6 to 7 Days a Week

No. of
Person-
Years

No. of
Deaths

Relative
Risk 95% CI

No. of
Person-
Years

No. of
Deaths

Relative
Risk 95% CI

No. of
Person-
Years

No. of
Deaths

Relative
Risk 95% CI

All women 4,921 44 4,902 16 11,416 49
Simple model 1.04 0.70 to 1.55 0.27 0.15 to 0.47 0.31 0.21 to 0.46 � .001
Multivariate model 1.07 0.70 to 1.63 0.29 0.16 to 0.52 0.36 0.24 to 0.54 � .001

Multivariate model
Stage I 2,688 21 1.62 0.79 to 3.32 2,764 4 0.20 0.07 to 0.63 7,631 16 0.26 0.12 to 0.56 � .001
Stage II 1,874 20 0.77 0.42 to 1.43 1,895 7 0.17 0.07 to 0.42 3,965 27 0.36 0.20 to 0.64 .08
Stage III 360 3 0.35 0.03 to 3.80 243 5 0.20 0.02 to 2.16 563 9 0.54 0.12 to 2.39 .74 .47
Premenopausal 2,222 18 1.00 0.45 to 2.19 1,631 3 0.16 0.04 to 0.57 2,178 10 0.30 0.12 to 0.76 .01
Postmenopausal 2,311 24 1.36 0.76 to 2.44 2,841 13 0.42 0.21 to 0.85 9,226 41 0.43 0.26 to 0.71 � .001 .28
Body mass index

� 25 kg/m2 3,276 27 0.86 0.50 to 1.47 3,238 8 0.19 0.09 to 0.42 6,359 30 0.35 0.20 to 0.60 .02
Body mass index

� 25 kg/m2 1,646 17 1.71 0.80 to 3.67 1,663 8 0.46 0.18 to 1.15 5,800 22 0.35 0.17 to 0.70 � .001 .07
Estrogen receptor

positive 2,637 25 1.04 0.59 to 1.81 2,966 10 0.32 0.15 to 0.66 7,853 40 0.42 0.26 to 0.69 .006
Estrogen receptor

negative 860 8 1.89 0.39 to 9.24 970 4 0.33 0.06 to 1.78 2,118 8 0.29 0.06 to 1.29 .03 .52

NOTE. The simple model is adjusted for time since diagnosis (by stratification) and age at diagnosis (in the model). Multivariate models are adjusted for the following
factors at the time of diagnosis: age (continuous), calendar year, smoking status (never, current, or past), body mass index (� 21, 21 to 22.9, 23 to 24.9, 25 to 28.9,
or � 29 kg/m2), age at first birth and parity (nulliparous, � 25 years and one to two births, � 25 years and � three births, � 25 years and one to two births, or � 25
years and � three births), oral contraceptive use (never or ever), menopausal status and use of hormone replacement (premenopausal, unknown, postmenopausal
never user, postmenopausal past user, or postmenopausal current user), disease stage (I, II, or III), radiation treatment (yes or no), and systemic treatment with
chemotherapy and/or hormonal therapy (chemotherapy no and hormonal therapy no, chemotherapy yes and hormonal therapy no, chemotherapy no and hormonal
therapy yes, or chemotherapy yes and hormonal therapy yes). Multivariate models are additionally adjusted for the following factors after diagnosis and treatment:
protein and energy intake (quintiles), physical activity (quintiles), weight change (loss � 0.5 kg/m2, gain � 0.5 kg/m2, or maintained weight), and current use of aspirin
of unknown frequency (yes or no). Stratified analyses are multivariate adjusted.

�The sums of the Nos. of deaths and person-years across categories of aspirin intake shown do not add up to the total No. of deaths and person years because
models were additionally adjusted for current aspirin use of unknown quantity (results not shown), which represented � 2% of the total person-years, in the main
analyses. In the stratified analyses, current aspirin use of unknown quantity was categorized with current aspirin use 6 to 7 days a week.

†P value for linear trend is across categories of current aspirin use of known frequency.

Table 3. Relative Risk of Breast Cancer Recurrence, According to Aspirin Intake

Model
All

Women

Aspirin Intake

P
(linear trend)�None Past

Current, 1 Day
a Week

Current, 2 to 5 Days
a Week

Current, 6 to 7 Days
a Week

Person-years† 44,177 5,521 16,963 4,814 4,847 11,240
Recurrences† 400 65 191 53 21 67
Simple model .0002

Relative risk 1.00 0.89 1.00 0.35 0.44
95% CI 0.67 to 1.19 0.69 to 1.44 0.21 to 0.58 0.31 to 0.63

Multivariate model .03
Relative risk 1.00 1.03 0.91 0.40 0.57
95% CI 0.76 to 1.39 0.62 to 1.33 0.24 to 0.65 0.39 to 0.82

NOTE. Adjusted for the same factors as described in the footnotes of Table 2.
�P value for linear trend is across categories of current aspirin use of known frequency.
†The sums of the Nos. of deaths and person-years across categories of aspirin intake shown do not add up to the total No. of deaths and person years because

models were additionally adjusted for current aspirin use of unknown quantity (results not shown), which represented � 2% of the total person-years, in the main
analyses. In the stratified analyses, current aspirin use of unknown quantity was categorized with current aspirin use 6 to 7 days a week.
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cancer mortality was 0.51 (95% CI, 0.41 to 0.65). Using marginal
structural models to account for potential confounding as a result of
changing disease severity over time, results did not change substan-
tially (RR � 0.53; 95% CI, 0.40 to 0.70). This provides assurance that
updating the aspirin exposure and time-dependent covariates did not
bias results in favor of aspirin. A 5-year duration of use (past and
current) was associated with a small reduction in multivariate adjusted
risk of breast cancer death (RR � 0.95; 95% CI, 0.90 to 1.00).

Aspirin use was also associated with a decreased risk of death
from any cause. The multivariate RRs for overall mortality were 0.96
(95% CI, 0.76 to 1.21), 0.94 (95% CI, 0.67 to 1.32), 0.53 (95% CI, 0.37
to 0.76), and 0.54 (95% CI, 0.41 to 0.70; test for trend, P � .004) for
past, current 1 day per week, current 2 to 5 days per week, and current
6 to 7 days per week of use, respectively; however, there was no clear
evidence of a protective association for aspirin use with non–breast
cancer deaths, with multivariate RRs of 1.03 (95% CI, 0.70 to 1.53),
0.45 (95% CI, 0.22 to 0.94), 0.69 (95% CI, 0.40 to 1.19), and 0.61 (95%
CI, 0.40 to 0.93; test for trend P � .65), respectively. Therefore, the
protective effect associated with aspirin seems driven by the impact on
breast cancer death.

There were 10 fewer years of follow-up for nonaspirin NSAID
and acetaminophen assessment and fewer breast cancer deaths (122
and 124 deaths, respectively), limiting statistical power. However,
there was a suggestion of a protective association with NSAID intake
but none for acetaminophen. Compared with no use or past use, the
RRs for breast cancer mortality for current use of 1 day per week, 2 to
5 days per week, and 6 to 7 days per week were 1.03 (95% CI, 0.43 to
2.43), 1.17 (95% CI, 0.61 to 2.24), 0.52 (95% CI, 0.30 to 0.88; test for
trend, P � .04), respectively, for NSAIDs and 2.40 (95% CI, 1.22 to
4.71), 1.28 (95% CI, 0.72 to 2.27), 1.44 (95% CI, 0.81 to 2.57; test for
trend, P � .17), respectively, for acetaminophen.

DISCUSSION

We found that aspirin use after a breast cancer diagnosis was associ-
ated with a decreased risk of distant recurrence, breast cancer death,
and death from any cause. This is all the more notable because the
NHS did not find an association between aspirin use and breast cancer
incidence.15 We speculate that the association was stronger with breast
cancer death than with recurrence because recurrence is more likely to
be misclassified than death. We found a modest association with
duration of aspirin use. Aspirin may influence proximal rather than
distal events in the cancer pathway.

Of several large prospective studies of the association of aspirin
use with breast cancer incidence, only one found a protective associa-
tion,16 whereas four others did not.17-20 The 10-year Women’s Health
Study Trial found no effect of low-dose aspirin intake (100 mg every
other day) on breast cancer incidence among almost 40,000 women.21

However, meta-analyses of either NSAID or aspirin use have found a
9% to 30% reduced risk of breast cancer incidence.22-25

Despite inconclusive evidence linking aspirin and breast cancer
incidence, aspirin may improve survival through various mecha-
nisms. NSAIDs, including aspirin, may lower serum estradiol. A cross-
sectional study of 260 postmenopausal women reported lower
adjusted geometric mean estradiol levels among NSAID users versus
nonusers (17.8 v 21.3 pmol/L, respectively; P � .03).26 Aspirin and
other NSAIDs may affect hormone receptor–negative tumors as

well. Elevated tissue levels of prostaglandins were noted in ER-
negative and progesterone receptor–negative tumors more than 20
years ago.27 Aspirin may prevent early metastasis because COX-2
overexpression has been associated with metastatic animal5 and hu-
man breast cancer.28

Until recently, there has been little direct evidence regarding the
effect of aspirin and other NSAIDs on survival after breast cancer in
humans. Early trials since the 1980s of NSAIDs to treat advanced or
metastatic breast cancer showed little effect.29-31 However, aspirin and
NSAIDs may still have a role in preventing metastasis.32

Our results are consistent with two other studies reported in
2007. Kwan et al33 reported on NSAID use and recurrence among
2,292 women with early-stage breast cancer. They found a reduced
risk of recurrence for current regular (� 3 days per week) use of
ibuprofen (RR � 0.56; 95% CI, 0.32 to 0.98) but not aspirin (RR �
1.09; 95% CI, 0.74 to 1.61); short follow-up (5 years) may have pre-
cluded detecting an association. Blair et al34 reported a borderline
reduced risk of breast cancer death (RR � 0.64; 95% CI, 0.39 to 1.05)
for any use of NSAIDs after diagnosis among 591 postmenopausal
women with breast cancer in the Iowa Women’s Health Study. In that
study, aspirin and nonaspirin NSAID use was combined, but use of
aspirin only (43%) was considerably more common than use of non-
aspirin NSAIDs only (10%) or use of both (27%).

Despite low power, our results were suggestive for a protective
association with NSAID use. The lack of association with acetamino-
phen suggests that the associations seen with aspirin and NSAIDs
may represent biologically plausible effects and not just confound-
ing by indication.

Limitations of our study include the following. Information on
aspirin intake, treatment, and distant recurrence was self-reported.
However, we believe our frequent updating improves accuracy. We
lack details on aspirin dose. If there is a dose response, the effect size in
the current study may be diminished because frequent aspirin users
may be more likely to be low-dose users attempting to prevent heart
disease. Confounding is always a limitation of observational studies.
We addressed this by adjusting for all relevant covariates and through
marginal structural models.

Our results may be generalizable only to longer term breast
cancer survivors (ie, only women who have lived long enough after
diagnosis to report aspirin use after diagnosis, which is approximately
4 years). Fortunately, almost 90% of women diagnosed with breast
cancer live at least 5 years.35 Thus, our findings have considerable
clinical importance.

Strengths of our study include the prospective design, large size,
and long duration. We have repeated measures of aspirin intake. We
used novel statistical techniques to adjust for potential bias introduced
by the changing severity of disease affecting aspirin intake over time.

To our knowledge, this is the first study reporting a survival
advantage among women with breast cancer who take aspirin. Abun-
dant scientific evidence supports why aspirin may confer this advan-
tage. More than 2 million US women are living after a breast cancer
diagnosis.36 Survival among women with breast cancer is variable, and
risks of dying of the disease are elevated even 10 or 15 years after
diagnosis.37 Aspirin has relatively benign adverse effects compared
with cancer chemotherapeutic drugs and may also prevent colon
cancer,38 cardiovascular disease,39 and stroke.40 Aspirin seems to affect
both ER-positive and -negative tumors.
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The ability to affect length and quality of life after breast cancer by
a common medication would be welcome. Further studies are needed
to determine the possible mechanism of aspirin’s action, including
perhaps ultimately, a randomized trial of aspirin use after breast can-
cer diagnosis with survival as the end point. If confirmed, our results
may broaden the scope of interventions available to reduce breast
cancer–related morbidity and mortality.

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

The author(s) indicated no potential conflicts of interest.

AUTHOR CONTRIBUTIONS

Conception and design: Michelle D. Holmes, Wendy Y. Chen, Lisa Li,
Ellen Hertzmark, Donna Spiegelman, Susan E. Hankinson
Collection and assembly of data: Michelle D. Holmes, Wendy Y. Chen,
Susan E. Hankinson
Data analysis and interpretation: Michelle D. Holmes, Wendy Y. Chen,
Lisa Li, Ellen Hertzmark, Donna Spiegelman, Susan E. Hankinson
Manuscript writing: Michelle D. Holmes, Wendy Y. Chen, Lisa Li, Ellen
Hertzmark, Donna Spiegelman, Susan E. Hankinson
Final approval of manuscript: Michelle D. Holmes, Wendy Y. Chen,
Lisa Li, Ellen Hertzmark, Donna Spiegelman, Susan E. Hankinson

REFERENCES

1. Bennett A, Charlier EM, McDonald AM, et al:
Prostaglandins and breast cancer. Lancet 2:624-626,
1977

2. Sotiriou C, Lacroix M, Lagneaux L, et al: The
aspirin metabolite salicylate inhibits breast cancer
cells growth and their synthesis of the osteolytic
cytokines interleukins-6 and -11. Anticancer Res
19:2997-3006, 1999

3. Natarajan K, Mori N, Artemov D, et al: Phos-
pholipid profiles of invasive human breast cancer
cells are altered towards a less invasive phospho-
lipid profile by the anti-inflammatory agent indo-
methacin. Adv Enzyme Regul 40:271-284, 2000

4. Blomgren H, Rotstein S, Wasserman J, et al:
In vitro capacity of various cyclooxygenase inhibitors
to revert immune suppression caused by radiation
therapy for breast cancer. Radiother Oncol 19:329-
335, 1990

5. Kundu N, Yang Q, Dorsey R, et al: Increased
cyclooxygenase-2 (cox-2) expression and activity in
a murine model of metastatic breast cancer. Int J
Cancer 93:681-686, 2001

6. Williams CS, Tsujii M, Reese J, et al: Host
cyclooxygenase-2 modulates carcinoma growth.
J Clin Invest 105:1589-1594, 2000

7. Bartelink H, Horiot JC, Poortmans P, et al:
Recurrence rates after treatment of breast cancer
with standard radiotherapy with or without addi-
tional radiation. N Engl J Med 345:1378-1387, 2001

8. Hernán MA, Hernandez-Diaz S, Robins JM: A
structural approach to selection bias. Epidemiology
15:615-625, 2004

9. Robins JM, Hernan MA, Brumback B: Mar-
ginal structural models and causal inference in epi-
demiology. Epidemiology 11:550-560, 2000

10. Hernán MA, Brumback B, Robins JM: Mar-
ginal structural models to estimate the causal effect
of zidovudine on the survival of HIV-positive men.
Epidemiology 11:561-570, 2000

11. Hernan MA, Brumback B, Robins JM: Mar-
ginal structural models to estimate the joint effect of
non-randomized treatments. J Am Stat Assoc 96:
440-448, 2001

12. Choi HK, Hernan MA, Seeger JD, et al: Meth-
otrexate and mortality in patients with rheumatoid
arthritis: A prospective study. Lancet 359:1173-
1177, 2002

13. Cole SR, Hernan MA, Robins JM, et al: Effect
of highly active antiretroviral therapy on time to
acquired immunodeficiency syndrome or death us-

ing marginal structural models. Am J Epidemiol
158:687-694, 2003

14. Cook NR, Cole SR, Hennekens CH: Use of a
marginal structural model to determine the effect of
aspirin on cardiovascular mortality in the Physicians’
Health Study. Am J Epidemiol 155:1045-1053, 2002

15. Egan KM, Stampfer MJ, Giovannucci E, et al:
Prospective study of regular aspirin use and the risk
of breast cancer. J Natl Cancer Inst 88:988-993,
1996

16. Ready A, Velicer CM, McTiernan A, et al:
NSAID use and breast cancer risk in the VITAL
cohort. Breast Cancer Res Treat 109:533-543, 2008

17. Jacobs EJ, Thun MJ, Bain EB, et al: A large
cohort study of long-term daily use of adult-strength
aspirin and cancer incidence. J Natl Cancer Inst
99:608-615, 2007

18. Gill JK, Maskarinec G, Wilkens LR, et al:
Nonsteroidal antiinflammatory drugs and breast can-
cer risk: The multiethnic cohort. Am J Epidemiol
166:1150-1158, 2007

19. Gierach GL, Lacey JV Jr, Schatzkin A, et al:
Nonsteroidal anti-inflammatory drugs and breast can-
cer risk in the National Institutes of Health-AARP Diet
and Health Study. Breast Cancer Res 10:R38, 2008

20. Friis S, Thomassen L, Sorensen HT, et al:
Nonsteroidal anti-inflammatory drug use and breast
cancer risk: A Danish cohort study. Eur J Cancer
Prev 17:88-96, 2008

21. Cook NR, Lee IM, Gaziano JM, et al: Low-
dose aspirin in the primary prevention of cancer: The
Women’s Health Study: A randomized controlled
trial. JAMA 294:47-55, 2005

22. Khuder SA, Mutgi AB: Breast cancer and
NSAID use: A meta-analysis. Br J Cancer 84:1188-
1192, 2001

23. Bosetti C, Gallus S, La Vecchia C: Aspirin and
cancer risk: An updated quantitative review to 2005.
Cancer Causes Control 17:871-888, 2006

24. Mangiapane S, Blettner M, Schlattmann P:
Aspirin use and breast cancer risk: A meta-analysis
and meta-regression of observational studies from
2001 to 2005. Pharmacoepidemiol Drug Saf 17:115-
124, 2008

25. Takkouche B, Regueira-Mendez C, Etminan
M: Breast cancer and use of nonsteroidal anti-
inflammatory drugs: A meta-analysis. J Natl Cancer
Inst 100:1439-1447, 2008

26. Hudson AG, Gierach GL, Modugno F, et al:
Nonsteroidal anti-inflammatory drug use and serum
total estradiol in postmenopausal women. Cancer
Epidemiol Biomarkers Prev 17:680-687, 2008

27. Karmali RA, Welt S, Thaler HT, et al: Prosta-
glandins in breast cancer: Relationship to disease

stage and hormone status. Br J Cancer 48:689-696,
1983

28. Ranger GS, Thomas V, Jewell A, et al: Ele-
vated cyclooxygenase-2 expression correlates with
distant metastases in breast cancer. Anticancer Res
24:2349-2351, 2004

29. Powles TJ, Dady PJ, Williams J, et al: Use of
inhibitors of prostaglandin synthesis in patients with
breast cancer. Adv Prostaglandin Thromboxane Res
6:511-516, 1980

30. Perez DJ, Powles TJ, Smith IE, et al: The
modulating effects of flurbiprofen on Adriamycin
plus vincristine or vindesine in the treatment of
advanced breast cancer. Cancer Chemother Phar-
macol 15:278-282, 1985

31. Dang CT, Dannenberg AJ, Subbaramaiah K, et
al: Phase II study of celecoxib and trastuzumab in
metastatic breast cancer patients who have pro-
gressed after prior trastuzumab-based treatments.
Clin Cancer Res 10:4062-4067, 2004

32. Zhang SM, Cook NR, Manson JE, et al: Low-
dose aspirin and breast cancer risk: Results by
tumour characteristics from a randomised trial. Br J
Cancer 98:989-991, 2008

33. Kwan ML, Habel LA, Slattery ML, et al: NSAIDs
and breast cancer recurrence in a prospective cohort
study. Cancer Causes Control 18:613-620, 2007

34. Blair CK, Sweeney C, Anderson KE, et al:
NSAID use and survival after breast cancer diagno-
sis in post-menopausal women. Breast Cancer Res
Treat 101:191-197, 2007

35. American Cancer Society: Cancer Facts and
Figures 2009. Atlanta, GA, American Cancer Soci-
ety, 2009

36. American Cancer Society: Breast cancer
facts and figures 2007-2008. http://www.cancer.org/
downloads/STT/BCFF-Final.pdf

37. Brewster AM, Hortobagyi GN, Broglio KR, et
al: Residual risk of breast cancer recurrence 5 years
after adjuvant therapy. J Natl Cancer Inst 100:1179-
1183, 2008

38. Dube C, Rostom A, Lewin G, et al: The use of
aspirin for primary prevention of colorectal cancer: A
systematic review prepared for the U.S. Preventive
Services Task Force. Ann Intern Med 146:365-375,
2007

39. Angiolillo DJ, Guzman LA, Bass TA: Current
antiplatelet therapies: Benefits and limitations. Am
Heart J 156:S3-S9, 2008

40. Sandercock PA, Counsell C, Gubitz GJ, et al:
Antiplatelet therapy for acute ischaemic stroke. Co-
chrane Database Syst Rev 3:CD000029, 2008

■ ■ ■

Holmes et al

6 © 2010 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Copyright © 2010 by the American Society of Clinical Oncology. All rights reserved. 
Downloaded from jco.ascopubs.org on February 17, 2010 . For personal use only. No other uses without permission. 



Acknowledgment

We acknowledge the valuable input of Graham Colditz, MD, DrPH, Gary Curhan, MD, ScD, and Diane Feskanich, ScD, and the
programming expertise of Gideon Aweh.

Appendix

Assessment of Breast Cancer Distant Recurrence

Beginning in 2003, we have sent a biennial supplemental questionnaire to all women alive after a breast cancer diagnosis. We asked
the following question: “Since you first had breast cancer, have you been diagnosed with cancer elsewhere in your body? (Please include
breast cancer that spread to other organs.)” Participants who answered “Yes” were further asked for a date of diagnosis and the following
question: “Where did this new cancer occur in your body?” Options included “same breast,” “opposite breast or chest wall,” “lung,”
“liver,” “brain,” “bone,” or “other body part (specify) __.” If a woman reported a second cancer in the liver, bone, or brain, we assumed
that she had a distant recurrence of breast cancer because these are the most common sites and separate primary tumors are less likely. For
women reporting lung cancer after breast cancer, medical records were reviewed to distinguish primary lung cancer from breast cancer
metastatic to the lung.

We performed a validation of this method by reviewing medical records of 39 women with stage III disease who had answered the
2003 supplemental questionnaire. Thirteen women reported distant recurrence, and 26 reported none. Sensitivity and specificity of
self-reported distant recurrence were both 92%.

We calculated distant recurrence similarly for women not answering the supplemental questionnaire but reporting a second cancer
on a routine Nurses’ Health Study questionnaire. Finally, if a woman died from breast cancer without reporting a distant recurrence, we
considered her to have experienced recurrence 2 years before death, the average survival time for patients with stage IV breast cancer
(Harris J, Lippman M, Morrow M, et al: Diseases of the Breast (ed 3). Philadelphia, PA, Lippincott Williams & Wilkins, 2004).

Assessment of Covariates

Breast cancer characteristics, including date of diagnosis, stage, and estrogen receptor status, were extracted from the medical record
by physician review. Treatment was by self-report. Diet was assessed using validated food frequency questionnaires (Willett W, Sampson
L, Stampfer M, et al: Am J Epidemiol 122:51-65, 1985), which most closely followed at least 12 months after diagnosis. Leisure time
physical activity was assessed in total metabolic equivalent–hours per week beginning in 1986, measured at least 2 years after diagnosis to
avoid assessment during active treatment. All other covariates were taken from the questionnaire immediately preceding the breast
cancer diagnosis.
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