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HILE CANCER EPIDEMIOL-

ogy and prevention have

traditionally focused on

the identification and
modification of lifestyle factors that may
increase or decrease the risk of vari-
ous cancers, much recent attention has
been centered on chemoprevention, the
use of chemical agents to prevent or in-
hibit the carcinogenic process. Signifi-
cant success has been achieved in this
area with the use of hormonal therapy,
with agents such as tamoxifen, to pre-
vent breast cancer in women at high risk
and the use of aspirin and other non-
steroidal anti-inflammatory drugs
(NSAIDs) to prevent colorectal neo-
plasia.’?

Over the past decade, numerous stud-
ies have suggested that inhibition of
prostaglandin synthesis is a rational ap-
proach to cancer prevention. Cyclooxy-
genase (COX) catalyzes the synthesis of
prostaglandins. NSAIDs inhibit COX

For editorial comment see p 2488.
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Context Use of aspirin and other nonsteroidal anti-inflammatory drugs (NSAIDs) has
been associated with a decrease in the risk of several cancers, including breast cancer.
NSAIDs inhibit cyclooxygenase activity and thereby reduce prostaglandin synthesis;
prostaglandins stimulate aromatase gene expression and thereby stimulate estrogen
biosynthesis. Given the importance of estrogen in the pathogenesis of breast cancer,
the ability of aspirin and other NSAIDs to protect against breast cancer could vary ac-
cording to hormone receptor status.

Objectives To determine the association between the frequency and duration of
use of aspirin and other NSAIDs and breast cancer risk and to investigate whether any
observed association is more pronounced for women with hormone receptor—positive
breast cancers.

Design, Setting, and Patients Population-based case-control study of women with
breast cancer, including in-person interviews conducted on Long Island, NY, during
1996-1997 (1442 cases and 1420 controls).

Main Outcome Measure Incidentinvasive and in situ breast cancer by aspirin and
NSAID use and hormone receptor status.

Results Ever use of aspirin or other NSAIDs at least once per week for 6 months or
longer was reported in 301 cases (20.9%) and 345 controls (24.3 %) (odds ratio [OR],
0.80; 95% confidence interval [Cl], 0.66-0.97 for ever vs nonusers). The inverse as-
sociation was most pronounced among frequent users (=7 tablets per week) (OR, 0.72;
95% Cl, 0.58-0.90). The results for ibuprofen, which was used by fewer women on a
regular basis, were generally weaker (OR, 0.78; 95% Cl, 0.55-1.10 for <3 times per
week vs OR, 0.92; 95% Cl, 0.70-1.22 for =3 times per week). Use of acetamino-
phen, an analgesic that does not inhibit prostaglandin synthesis, was not associated
with a reduction in the incidence of breast cancer. The reduction in risk with aspirin
use was seen among those with hormone receptor—positive tumors (OR, 0.74; 95%
Cl, 0.60-0.93) but not for women with hormone receptor-negative tumors (OR, 0.97;
95% Cl, 0.67-1.40).

Conclusion These data add to the growing evidence that supports the regular use
of aspirin and other NSAIDs (which may operate through inhibition of estrogen bio-
synthesis) as effective chemopreventive agents for breast cancer.
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EFFECT OF ASPIRIN ON BREAST CANCER RISK

and thereby prostaglandin production,
and they have been shown to protect
against cancer in experimental ani-
mals.®” Organ site-specific effects, such
as modulation of estrogen biosynthesis
in breast tissue, might also be rel-
evant.® The final step in estrogen bio-
synthesis is catalyzed by aromatase cy-
tochrome P450 (aromatase gene), the
product of cytochrome P19 (CYP19).
Prostaglandin E, increases aromatase
gene expression and thereby estrogen
production in cultured cells.” Consis-
tent with this, a positive correlation has
been observed between the level of COX
and expression of CYP19 in human
breast cancer.'® Progesterone synthesis
can also be stimulated by PGE,." Thus,
the use of NSAIDs to inhibit prostaglan-
din-driven production of estrogen or
progesterone may be a means to pre-
vent breast cancer. If so, we would pre-
dict that the protective effects of NSAIDs
would be greater for hormone receptor—
positive than for hormone receptor—
negative breast cancer.

While most of the epidemiologic
studies that have examined the asso-
ciation between aspirin/NSAID use and
breast cancer support at least a 20% to
40% reduction in risk,'**! prior stud-
ies have not explored whether the pro-
tective effect of NSAIDs varies as a func-
tion of estrogen receptor (ER) or
progesterone receptor (PR) status. We
examined these issues using data from
a large population-based case-control
study.

METHODS
Study Population

A population-based case-control study
of breast cancer, the Long Island Breast
Cancer Study Project was conducted on
Long Island, NY, in Nassau and Suf-
folk counties. Details of the overall
study design were published previ-
ously and are summarized briefly here.2
Cases were English-speaking women
with newly diagnosed in situ or inva-
sive breast cancer diagnosed between
August 1, 1996, and July 31, 1997.
There were no age or race restrictions
and women ranged in age from 20 to
98 years. The study population was pre-

2434 JAMA, May 206, 2004—Vol 291, No. 20 (Reprinted)

dominantly white (93.8% of cases and
91.8% of controls identified them-
selves as white, 4.6% of cases and 5.5%
as black, and 1.7% of cases and 2.7%
of controls as other race).*? In a sepa-
rate question on Hispanic ethnicity,
3.8% of cases and 4.0% of controls iden-
tified themselves as Hispanic, regard-
less of race.*? In-person interviews were
completed for 1508 cases (82.1% of eli-
gible cases). Controls were randomly
selected through random-digit-
dialing methods (for women aged <65
years) and Health Care Financing Ad-
ministration (HCFA) lists (for women
aged =065 years), and frequency-
matched to cases in 5-year age groups.
In-person interviews were completed
for 1556 controls (62.8% of eligible
controls). Reasons for nonparticipa-
tion included subject refusal, 12.4% of
cases and 21.6% of controls; too ill, cog-
nitively impaired, or deceased, 4.1% of
cases and 7.8% of controls; unlocat-
able, moved out of area, or other, 1.4%
of cases and 7.9% of controls.” Of those
who participated, 92.2% of the cases
and 80% of the controls reported hav-
ing a mammogram within the past 5
years. A summary of the traditional
breast cancer risk factors for this study
were published previously and are sum-
marized briefly here.?? Breast cancer risk
factors found to be related to risk in this
study population include lower par-
ity, late age at first birth, little or no
breastfeeding, and family history of
breast cancer. The institutional re-
view boards of all the participating in-
stitutions approved the study proto-
col, and the individual women all signed
informed consent forms.

Exposure Assessment

Women were asked to report their in-
take of aspirin, ibuprofen, and acetami-
nophen; 1442 cases (96%) and 1420
controls (91%) completed this section
of the interviewer-administered, struc-
tured questionnaire. Ever use was de-
fined as taking aspirin, ibuprofen,
and/or acetaminophen at least once a
week for 6 months or longer. The ques-
tionnaire also included separate ques-
tions on duration and frequency of use.

Information on the calendar years or age
at medication use was also collected.
We did not specifically ask about dose.
Because the interviews took place af-
ter the breast cancer was diagnosed, we
truncated all exposure information to
12 months prior to the reference age
(based on age at diagnosis for the cases
and corresponding age for controls).

In addition to separate measures of
duration (measured in years) and fre-
quency (measured in tablets per week),
we derived composite measures based
on duration and frequency to examine
the combined effect. We also created a
measure of regularity defined as women
who used aspirin at least 4 times per
week for at least 3 months and initi-
ated use at least 1 year prior to the ref-
erence age. This definition was used for
comparison with published studies us-
ing this definition of regularity. Fi-
nally, we assessed the effects of cessa-
tion by considering the following
categories: current users, former users
who stopped using less than 5 years ago,
and former users who stopped using 5
or more years ago.

Acetaminophen use was specifically
asked for comparison with the NSAIDs.
We did not expect there to be any bio-
logical basis for an association with acet-
aminophen use but since other life-
style factors and also response patterns
may be similar between NSAIDs and
acetaminophen use, it would provide
a worthwhile comparison to see if the
association was specific to aspirin and
other NSAIDs.

Other Data Collection

We used other data from the main
questionnaire including detailed
information on medical history,
reproductive history, exogenous hor-
mone use, menopausal status, body
mass index (BMI), cigarette smoking,
alcohol intake, family history of breast
cancer, and demographic information
(the questionnaire is available at http:
//epi.grants.cancer.gov/LIBCSP/projects
/Questionnaire.html). Information on
hormone receptor status (ER and PR)
and stage of disease (in situ vs inva-
sive) was obtained from the pathology

©2004 American Medical Association. All rights reserved.
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reports in the medical records of the
breast cancer cases.”

Statistical Methods

The potential confounders that we con-
sidered fall into 2 groups: those vari-
ables that a priori we thought might be
related to the exposure and also were
risk factors for the disease and those
variables that previously published
studies had considered as confound-
ers as well as other breast cancer risk
factors. Confounders in these 2 groups
were group a: age at diagnosis, race,
education, use of hormone therapy, oral
contraceptive use, hypertension, mi-
graine headache, myocardial infarc-
tion, and stroke; group b: age at men-
arche, menopausal status, age at first
birth, active smoking status, alcohol
drinking, family history of breast can-
cer, history of breast biopsy, BMI,
change in BMI, prior hysterectomy, lac-
tation history, parity, and incomplete
pregnancies.

We assessed confounding by first
comparing each potential confounder
with exposure among controls and then
with breast cancer status among unex-
posed.?’ Second, we compared the
change in estimate for the exposure co-
efficient between statistical models with
and without the potential con-
founder. Unconditional logistic regres-
sion was used to estimate odds ratios
(ORs) and 95% confidence intervals
(Cls), adjusting for potential confound-
ing variables.** Variables were kept in
the final model if they altered the pa-
rameter estimates on the exposure by
at least 10%. With our sample size, we
had power to detect associations of the
following magnitudes for aspirin, ibu-
profen, and acetaminophen, respec-
tively: 0.78, 0.73, 0.71.

Effect modification by age, meno-
pausal status, or hormone therapy was
first examined through use of strati-
fied analysis, running separate models
for each subgroup, and then by com-
paring the log-likelihood statistic for
models that included a multiplicative
interaction term in the logistic regres-
sion model to those without.?* Differ-
ences in risk estimates by hormone re-

©2004 American Medical Association. All rights reserved.
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ceptor status and stage of disease were
examined using polytomous logistic re-
gression.”* These models categorized
the dependent variable into 5 groups
based on ER positivity (ER+) or nega-
tivity (ER-) and PR positivity (PR+) or
negativity (PR-): ER+PR+, ER+PR-,
ER-PR+, ER-PR-, and controls. Fi-
nally, we performed sensitivity analy-
ses to evaluate the impact of missing
data on the overall conclusions from the
study. SAS version 8 (SAS Institute Inc,
Cary, NC) was used to analyze the data.

RESULTS

Overall, 301 cases (20.9%) and 345 con-
trols (24.3%) reported ever use of as-
pirin, defined as at least once per week
for 6 months or longer. Ever use of as-

pirin was inversely associated with
breast cancer risk (OR, 0.80; 95% CI,
0.66-0.97 for ever vs never use)
(TABLE 1). Associations between ever
use of aspirin and in situ and invasive
cancer were of similar magnitude but
only statistically significant among in-
vasive cases (OR, 0.77; 95% CI, 0.63-
0.92 for invasive cases vs controls and
OR, 0.83;95% CI, 0.59-1.18 for in situ
cases vs controls). Fewer women used
ibuprofen (176 cases [12.2%] and 202
controls [14.2%]). Ever use of ibupro-
fen was not statistically significantly as-
sociated with breast cancer risk (OR,
0.91; 95% CI, 0.72-1.16 for ever vs
never use). Acetaminophen use was re-
ported by 172 cases (12%) and 184 con-
trols (13%). As expected, there was no

]
Table 1. Overall Association Between Ever Use of Aspirin, Ibuprofen, or Acetaminophen and

Breast Cancer Risk*

Cases Controls OR (95% CI)t OR (95% Cht
All Women

Aspirin

Nonusers 1141 1075 1.00 1.00

Ever users 301 345 0.76 (0.65-0.93) 0.80 (0.66-0.97)
Ibuprofen

Nonusers 1267 1218 1.00 1.00

Ever users 176 202 0.87 (0.70-1.08) 0.91(0.72-1.16)
Acetaminophen

Nonusers 1262 1233 1.00 1.00

Ever users 172 184 0.93(0.75-1.17) 1.02 (0.80-1.31)

Premenopausal Women

Aspirin

Nonusers 378 386 1.00 1.00

Ever users 73 79 0.89 (0.62-1.26) 0.83 (0.56-1.22)
Ibuprofen

Nonusers 376 394 1.00 1.00

Ever users 72 69 1.08 (0.75-1.55) 1.00 (0.66-1.53)
Acetaminophen

Nonusers 376 406 1.00 1.00

Ever users 68 55 1.32 (0.90-1.94) 1.31 (0.85-2.00)

Postmenopausal Women

Aspirin

Nonusers 742 642 1.00 1.00

Ever users 220 253 0.73 (0.59-0.90) 0.77 (0.62-0.97)
Ibuprofen

Nonusers 872 780 1.00 1.00

Ever users 95 118 0.74 (0.56-0.99) 0.79 (0.58-1.08)
Acetaminophen

Nonusers 864 784 1.00 1.00

Ever users 97 113 0.79 (0.59-1.05) 0.91 (0.67-1.25)

Abbreviations: Cl, confidence interval; OR, odds ratio.

*Ever users and nonusers were defined by status 1 year prior to diagnosis or corresponding reference age for controls.

TAdjusted for age at diagnosis.

FAdjusted for age at diagnosis, migraine headache, body mass index, and simultaneously adjusted for the other type

of medication use.
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association with breast cancer risk (OR,
1.02; 95% CI, 0.80-1.31 for ever vs
never use).

Table 1 also reports the overall find-
ings stratified by menopausal status.
These results support an inverse asso-
ciation between ever use of aspirin and
breast cancer risk in both premeno-
pausal and postmenopausal women.
The reduced OR is more pronounced
among postmenopausal women (OR,
0.77,95% CI, 0.62-0.97) than for pre-
menopausal women (OR, 0.83;95% CI,
0.56-1.22). There was some sugges-
tion of an inverse association for ibu-
profen use, but only among postmeno-
pausal women (OR, 0.79; 95% ClI,
0.58-1.08).

Frequency of aspirin use was asso-
ciated with breast cancer risk (TABLE 2).

Daily use was inversely associated with
breast cancer, but not less frequent use
(OR, 0.72; 95% CI, 0.58-0.90 for =7
times per week vs OR, 0.95; 95% CI,
0.72-1.26 for <7 times per week vs
nonusers). Short (<5 years) and long
(=5 years) duration of use had similar
associations with breast cancer risk
(OR, 0.81;95% CI, 0.62-1.08 and OR,
0.81;95% CI, 0.65-1.02, respectively).
Composite measures of duration and
frequency suggested that the effects for
frequency were stronger than they were
for duration (OR, 0.74; 95% CI, 0.54-
1.01 for frequent but short duration vs
OR, 0.77; 95% CI, 0.57-1.04 for fre-
quent but long duration). The inverse
association was of borderline statisti-
cal significance for current users (OR,
0.81; 95% CI, 0.65-1.00). Regular use

-]
Table 2. Association Between Frequency and Duration of Aspirin Intake and Breast Cancer

Risk*
No. (%) of Women
[ 1
Cases Controls OR (95% CI)t OR (95% Cht
Duration
Nonusers 1141 (80.6) 1075 (77.7) 1.00 1.00
<5y 109 (7.7) 122 (8.9) 0.80 (0.61-1.05)  0.81 (0.62-1.08)
=5y 166 (11.7) 186 (13.5) 0.80(0.64-1.00) 0.81 (0.65-1.02)
Frequency
Nonusers 1141 (79.3) 1075 (75.9) 1.00 1.00
<7 times/wk 110 (7.6) 114 (8.1) 0.92 (0.70-1.21)  0.95(0.72-1.26)
=7 times/wk 188 (13.1) 227 (16.0) 0.71(0.57-0.88) 0.72 (0.58-0.90)
Duration and frequency
Nonusers 1141 (80.7) 1075 (78.0) 1.00 1.00
Duration <5y and 27 (1.9 24 (1.7) 1.09 (0.62-1.90) 1.13(0.64-1.99)
frequency <7 times/wk
Duration <5y and 81(5.7) 97 (7.0) 0.72 (0.53-0.99) 0.74 (0.54-1.01)
frequency =7 times/wk
Duration =5y and 73 (6.2 80 (5.8) 0.87 (0.63-1.21)  0.89 (0.64-1.24)
frequency <7 times/wk
Duration =5y and 92 (6.5) 103 (7.5) 0.76 (0.56-1.02)  0.77 (0.57-1.04)
frequency =7 times/wk
Regularity§
Nonusers 1141 (80.7) 1075 (78.0) 1.00 1.00
Regular users 183 (12.9) 218(15.8) 0.73(0.58-0.90) 0.74 (0.59-0.92)
Nonregular users 90 (6.4) 86 (6.2) 1.00 (0.73-1.36)  1.03(0.75-1.41)
Timing||
Nonusers 1141 (79.3) 1075 (76.2) 1.00 1.00
Current users 202 (14.0) 222 (15.7)  0.79(0.64-0.98)  0.81 (0.65-1.00)
Former users <5y 21(1.5) 31(2.2) 0.61(0.35-1.07)  0.64 (0.36-1.13)
Former users =5y 75(5.2) 82 (5.9) 0.87 (0.63-1.20)  0.89 (0.64-1.24)

Abbreviations: Cl, confidence interval; OR, odds ratio.

*Ever users and nonusers are defined by status 1 year prior to diagnosis or corresponding reference age for controls.

TAdjusted for age at diagnosis.

FAdjusted for age at diagnosis, migraine headache, and body mass index.
§Regular users are defined as women who take aspirin at least 4 times per week for at least 3 months.
|[Current and former users are defined in terms of status 1 year prior to diagnosis or corresponding reference age for

controls.

2436 JAMA, May 206, 2004—Vol 291, No. 20 (Reprinted)

(defined as =4 times per week for =3
months) was also associated with de-
creased breast cancer risk (OR, 0.74;
95% CI, 0.59-0.92). While we had in-
formation on frequency and duration
of use as described, dose information
(81 mg vs 325 mg) was not collected.

There were no statistically signifi-
cant multiplicative interactions for as-
pirin use by age, menopausal status, or
hormone therapy (data not shown).
However, the magnitude of the effect
for ever use of aspirin was more pro-
nounced among postmenopausal
women (OR, 0.73;95% CI, 0.59-0.90)
compared with premenopausal women
(OR, 0.89; 95% CI, 0.62-1.26).

Patterns for duration and frequency
of ibuprofen use were less clear
(TABLE 3). Unlike the findings with
aspirin, increasing frequency of ibu-
profen use was not associated with
decreasing risk (OR, 0.78;95% CI, 0.55-
1.10 for <3 times per week vs OR, 0.92;
95% CI, 0.70-1.22 for =3 times per
week). Measures combining duration
and frequency suggested no clear pat-
tern. A combined analysis considering
any aspirin and/or ibuprofen use re-
sulted in a statistically significant in-
verse association for any NSAID use
(OR, 0.84;95% CI,0.72-0.99) and fre-
quent use (=7 times per week) (OR,
0.77;95% CI, 0.63-0.94).

As expected, there was no associa-
tion between frequency and duration,
nor any composite measure of fre-
quency and duration, for acetamino-
phen use. For example, neither regu-
lar use (those who used acetaminophen
=4 times per week for =3 months) nor
nonregular use was associated with
breast cancer risk (OR, 0.95; 95% CI,
0.65-1.39, and OR, 1.12;95% CI, 0.80-
1.57, respectively).

We examined the association be-
tween aspirin use and breast cancer risk
by subdividing the cases by hormone
receptor status (ER+, ER-, PR+, and
PR-). The inverse association be-
tween ever use of aspirin and breast can-
cer risk was evident for every sub-
group except ER-PR- (OR, 0.75; 95%
CI, 0.58-0.97 for ER+PR+; OR, 0.75;
95% CI, 0.47-1.20 for ER+PR-; OR,

©2004 American Medical Association. All rights reserved.
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0.36; 95% CI, 0.14-0.90 for ER-PR+;
and OR, 0.93, 95% CI, 0.63-1.38 for
ER-PR-). Because effect estimates for
ever vs never aspirin use were similar
for the 3 subgroups with at least 1 posi-
tive hormone receptor, we combined
the first 3 groups for added statistical
power (TABLE 4). The effect of ever use
of aspirin and frequency appeared lim-
ited to the hormone receptor—positive
subgroup. However, effect sizes for
duration and regular use followed simi-
lar patterns for the hormone receptor—
positive and hormone receptor—
negative subgroups.

We further examined whether the
differences by hormone receptor sta-
tus were seen among premenopausal
and postmenopausal women sepa-
rately or if they were reflecting differ-
ences only in menopausal status
because premenopausal women tend
to have more hormone receptor—
negative tumors. Among postmeno-
pausal women, the inverse association
with aspirin use was seen among
women with hormone receptor—
positive tumors (OR, 0.70; 95% CI,
0.54-0.91) and not among women with
hormone receptor—negative tumors
(OR,0.91;95% CI, 0.58-1.42). Among
premenopausal women, there was a
more modest inverse association that
was not statistically significant (OR,
0.87;95% CI, 0.56-1.36 for women with
hormone receptor—positive tumors vs
OR, 1.20;95% CI, 0.63-2.29 for women
with hormone receptor-negative
tumors). There was a more marked dif-
ference in premenopausal women
among regular users (OR, 0.65; 95% CI,
0.35-1.20 for hormone receptor—
positive tumors vs OR, 1.33; 95% CI,
0.61-2.89 for hormone receptor—
negative tumors). These results sug-
gest that differences by hormone re-
ceptor status are not merely reflecting
differences in menopausal status.

Because 4% of cases and 9% of con-
trols were missing information on as-
pirin use, we examined characteristics
of those missing data and used this in-
formation in sensitivity analyses. Cases
with missing aspirin data were younger,
less likely to use hormone therapy, less

©2004 American Medical Association. All rights reserved.
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likely to have hypertension, less likely
to report migraine, and less likely to
have had a myocardial infarction than
were cases with aspirin data available
(data not shown). Because all of these
factors were inversely associated with
aspirin use, the cases with missing data
were less likely to have taken aspirin.
In contrast, controls with missing as-
pirin data were older and more likely
to have reported hypertension and mi-
graine. Thus, these controls are more
likely to have been aspirin users. Sen-
sitivity analyses resulted in statisti-
cally significant estimates of ORs rang-
ing from 0.5 to 0.8 for the association
between ever aspirin use and breast can-
cer risk if complete data were avail-
able (data not shown). These esti-
mates are consistent with the overall
finding of a protective effect, which

demonstrates that our results are un-
likely to be substantially biased by the
missing information.

All use of aspirin, NSAIDs, and acet-
aminophen was truncated to 1 year
prior to diagnosis (or corresponding ref-
erence age for controls) to be consis-
tent with other published studies and
also to ensure that medication use
started at the time of diagnosis was not
counted as contributing to the etiol-
ogy of the disease. Current use was also
defined as use 1 year prior to diagno-
sis (or corresponding reference age for
controls). Although very few cases
started aspirin, ibuprofen, and/or acet-
aminophen use within the same year as
diagnosis or corresponding reference
age, we performed additional analyses
to see how sensitive our results were to
the decision we made to truncate all ex-

]
Table 3. Association Between Ibuprofen Use and Breast Cancer Risk*

No. (%) of Women

Cases Controls R (95% CI)t OR (95% Cht
Duration
Nonusers 1267 (89.2) 1218 (86.9) 1.00 1.00
<5y 76 (5.4) 96 (6.9) 0.78(0.57-1.06) 0.76 (0.56-1.05)
=5y 77 (5.4) 87 (6.2) 0.89(0.65-1.22) 0.89 (0.64-1.22)
Frequency
Nonusers 1267 (88.0) 1218 (86.0) 1.00 1.00
<3 times/wk 64 (4.4) 83(6.9 0.79(0.56-1.10) 0.78(0.55-1.10)
=3 times/wk 109 (7.6) 115(8.1)  0.93(0.71-1.23) 0.92 (0.70-1.22)
Duration and frequency
Nonusers 1267 (89.3) 1218 (87.1) 1.00 1.00
Duration <5y and 19 (1.3) 28 (2.00 0.68(0.38-1.22) 0.67 (0.37-1.22)
frequency <3 times/wk
Duration <5y and 57 (4.0 66 (4.7)  0.85(0.59-1.22) 0.83(0.57-1.20)
frequency =38 times/wk
Duration =5y and 33 (2.9 47 (3.4) 0.72(0.46-1.13) 0.71(0.45-1.12)
frequency <3 times/wk
Duration =5y and 43 (3.0 39(2.8) 1.08(0.70-1.68) 1.09 (0.70-1.70)
frequency =38 times/wk
Regularity§
Nonusers 1267 (89.3) 1218 (87.1) 1.00 1.00
Regular users 79 (5.6) 88(6.3) 0.87(0.64-1.20) 0.88(0.64-1.21)
Nonregular users 73 (5.1) 92 (6.6) 0.81(0.59-1.11) 0.79 (0.57-1.09)
Timing||
Nonusers 1267 (88.0) 1218 (86.0) 1.00 1.00
Current users 141 (9.8) 159 (11.2) 0.89(0.70-1.13) 0.87 (0.68-1.11)
Former users <5y 3(0.9) 18(1.3) 0.71(0.35-1.46) 0.71 (0.34-1.45)
Former users =5y 9(1.3 21 (1.5) 0.87(0.46-1.63) 0.92 (0.49-1.73)

Abbreviations: Cl, confidence interval; OR, odds ratio.

*Ever users and nonusers are defined by status 1 year prior to diagnosis or corresponding reference age for controls.

TAdjusted for age at diagnosis.

FAdjusted for age at diagnosis, migraine headache, and body mass index.
§Regular users are defined as women who used ibuprofen at least 4 times per week for at least 3 months.
[[Current and former users are defined in terms of status 1 year prior to diagnosis or corresponding reference age for

controls.
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]
Table 4. Association Between Aspirin Intake and Breast Cancer Risk by Hormone Receptor

Status™
=1 Positive No Positive
Hormone Receptor Hormone Receptors
(n =755) (n=196)
Controls I 1 [ 1
(n =1420) No. OR (95% CI)t No. OR (95% CI)t

Aspirin use

Nonusers 1075 601 1.00 151 1.00

Ever users 345 154 0.74 (0.60-0.93) 45 0.97 (0.67-1.40)
Duration

Nonusers 1075 601 1.00 151 1.00

<5y 122 56 0.74 (0.53-1.05) 16 1.00 (0.57-1.73)

=5y 186 88 0.80 (0.61-1.06) 20 0.77 (0.46-1.23)
Frequency

Nonusers 1075 601 1.00 151 1.00

<7 times/wk 114 52 0.87 (0.62-1.24) 17 1.12 (0.65-1.93)

=7 times/wk 227 100 0.68 (0.52-0.89) 28 0.91 (0.58-1.41)
Regularityf

Nonusers 1075 601 1.00 151 1.00

Regular users 218 99 0.71 (0.55-0.93) 25 0.83 (0.52-1.32)

Nonregular users 86 44 0.98 (0.67-1.45) 1 0.96 (0.50-1.85)
Timing§

Nonusers 1075 601 1.00 151 1.00
Current users 222 103 0.74 (0.57-0.96) 27 0.89 (0.57-1.39)

Former users 113 49 0.79 (0.55-1.13) 18 1.19(0.70-2.02)

Abbreviations: Cl, confidence interval; OR, odds ratio.

*Ever users and nonusers are defined by status 1 year prior to diagnosis or corresponding reference age for controls.
TAdjusted for age at diagnosis, migraine headache, and body mass index.

FRegular users are defined as women who used aspirin at least 4 times per week for at least 3 months.

§Current and former users are defined in terms of status 1 year prior to diagnosis or corresponding reference age for

controls.

posure information, and the overall
conclusions do not change. The asso-
ciations with all reported use, regard-
less of when it was started, are OR, 0.76
(95% CI, 0.64-0.91) for aspirin; OR,
0.85 (95% CI, 0.69-1.05) for ibupro-
fen, and OR, 0.97 (95% CI, 0.78-1.19)
for acetaminophen. Associations with
duration and frequency were also simi-
lar whether or not we truncated the ex-
posure information.

COMMENT

We found an overall inverse associa-
tion of 0.8 between ever use of aspirin
and breast cancer risk relative to non-
users, consistent with most of the epi-
demiologic literature that suggests as-
sociations in the range of 0.6 to 0.8.'2%!
Notably, we found the inverse associa-
tion with aspirin alone or with aspirin
and other NSAIDs. We found the as-
sociation to be strongest among fre-
quent users (=7 tablets per week) and
among current and recent users (<5
years). These findings on the impor-

2438 JAMA, May 206, 2004—Vol 291, No. 20 (Reprinted)

tance of frequency over duration agree
with most,>1¢1%2° but not all,'**! stud-
ies. Our data support those of Sharpe
and colleagues'® who conclude that the
period within 2 to 5 years of diagnosis
is the critical period for an effect. These
findings help explain the discrepancy
between the few studies®*’ that re-
ported no association between aspirin
use and breast cancer risk, which used
different measures of aspirin use.?® The
association between ibuprofen use and
breast cancer risk was less clear, but
fewer women regularly used ibupro-
fen than used aspirin in our study. Con-
sistent with the specific pharmaco-
logic effects of NSAIDs, acetaminophen,
a non-NSAID analgesic, was not asso-
ciated with breast cancer risk.

We found that the inverse associa-
tion with ever aspirin use and with fre-
quent aspirin use was more pro-
nounced for those with hormone
receptor—positive cancers. However,
analyses of duration and regular use
showed similar effect estimates be-

tween the hormone receptor sub-
groups. The participant numbers were
small for these analyses of duration and
frequency by hormone receptor sta-
tus, limiting the statistical power even
in this large study. Our study results
also suggest that differences by hor-
mone receptor status are not merely re-
flecting differences in menopausal sta-
tus. Since this is the first study, to our
knowledge, that examined whether the
protective effect of aspirin may be lim-
ited to hormone receptor—positive
breast cancer, our findings need to be
replicated before drawing definitive
conclusions. The analyses for the 4 hor-
mone receptor groups were pre-
planned. However, the inverse associa-
tion between ever use of aspirin and
breast cancer risk was evident for ev-
ery subgroup except ER-PR-. Be-
cause effect estimates for ever/never
aspirin use were similar for the 3 sub-
groups with at least 1 positive hor-
mone receptor, we combined the first
3 groups for added statistical power.
Furthermore, the idea for carrying out
this type of analysis was driven by the
extensive preclinical evidence that pros-
taglandins can regulate the produc-
tion of both estrogen and progester-
one and therefore should have an
impact among women with at least
estrogen- or progesterone-positive
receptors.”!!

The inductive effect of COX-
derived prostaglandins on aromatase ac-
tivity occurs rapidly due to enhanced
transcription.’ Because COX is con-
stantly synthesized, frequent use of as-
pirin should protect against break-
through synthesis of prostaglandins and
thereby suppress aromatase activity. In
other words, frequent use would be pre-
dicted to lead to a steady-state reduc-
tion in intramammary estrogen and
thereby reduce the risk of breast can-
cer. Thus, both our findings on fre-
quent use and on hormone receptor sta-
tus lend support for this proposed
underlying biological mechanism. We
did not have data available concern-
ing the dosage of the aspirin tablets. Dif-
ferences in dose could impact the mag-
nitude of reduction in intramammary

©2004 American Medical Association. All rights reserved.
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prostaglandin production and thereby
estrogen synthesis. Whether the dose
of aspirin required for cardiovascular
protection will prove to be sufficient for
optimal protection against breast can-
cer remains uncertain.

Our study relied on retrospective re-
porting of medication use, which is sub-
ject to error, particularly underreport-
ing. For recall bias to explain our
findings, however, cases would have to
underreport more than controls. Our
findings, however, agree in magni-
tude with most of the other observa-
tional epidemiologic studies of both co-
hort!>10:18:20.21.25.26 an(d case-control
designs.'>1>17192" Because recall bias is
not seen in cohort studies and be-
cause effect sizes are similar between
the 2 types of studies, it is unlikely that
recall bias played a large role in ex-
plaining the findings from the case-
control studies. However, it is pos-
sible that retrospective reporting of
medication use may have led to simi-
lar estimates by years of duration if
women had difficulty assessing when
they actually started using medica-
tion. This possibility may explain dif-
ferences with recent large cohort stud-
ies like the Women’s Health Initiative,
which found duration to be impor-
tant.”! It is unlikely that missing data
could explain our overall findings be-
cause our sensitivity analyses indi-
cated that the missing data would not
have altered the overall conclusion of
a protective effect between aspirin use
and breast cancer.

We considered potential confound-
ing by a number of variables, includ-
ing some medical conditions not con-
sidered in other studies, including
history of hypertension, migraine head-
ache, and myocardial infarction. Nev-
ertheless, there was little confound-
ing, as the age-adjusted results were
very similar to the multivariate-
adjusted results. While it is possible that
we have not included all of the poten-
tial confounders or that our confound-
ers were measured with error, for in-
complete adjustment to explain our
findings, the unmeasured confound-
ers would have to mimic the patterns

©2004 American Medical Association. All rights reserved.
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we observed between frequency of as-
pirin use and breast cancer risk. Fur-
thermore, given that the inverse asso-
ciations were specific to aspirin and
ibuprofen and not to acetaminophen,
the likelihood that unmeasured con-
founding can explain our findings is re-
duced. If the association were merely
reflecting other “lifestyle” factors, we
would also expect to see an inverse as-
sociation between acetaminophen in-
take and breast cancer risk.

Based on these findings, further stud-
ies are warranted to elucidate the
mechanisms underlying the protec-
tive effect of NSAIDs. It will be impor-
tant, for example, to determine whether
NSAIDs suppress aromatase activity or
levels of progesterone in breast tissue.
Currently, selective estrogen receptor
modifiers (SERMs), such as tamoxi-
fen, are being used to prevent breast
cancer. Recently, an aromatase inhibi-
tor was reported to substantially re-
duce the recurrence of hormone recep-
tor—positive breast cancer.”” Adverse
effects such as osteoporosis some-
times occur in patients treated with aro-
matase inhibitors. Our results raise the
possibility that combining an NSAID
with an aromatase inhibitor might per-
mit lower doses of aromatase inhibi-
tor to be used without a loss of effi-
cacy. Because NSAIDs modulate
apoptosis, cell proliferation, angiogen-
esis, and immune surveillance® in ad-
dition to inhibiting aromatase activ-
ity, a combination regimen might result
in an overall increase in therapeutic ef-
ficacy.

CONCLUSIONS

Our data, supported by other epide-
miologic and laboratory evidence, bol-
ster the case for the use of aspirin and
NSAIDs as chemopreventive agents
against breast cancer, particularly
among postmenopausal women. The
mechanisms are probably distinct from
those that are protective against gas-
trointestinal tract cancers. There are
many attractive features to such a che-
mopreventive agent, including its ease
of use and association with reducing risk
of other health outcomes. The poten-

tial benefits need to be balanced against
potential harmful effects of long-term
aspirin use such as peptic ulcer dis-
ease and gastrointestinal bleeding.’'*
It is also important to study whether
these findings are supported in more
racially and ethnically diverse popula-
tions. Finally, the results of this study
support the need for prospective clini-
cal trials to confirm the value of using
NSAIDs to prevent breast cancer.
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You gain strength, courage and confidence by every
experience in which you really stop to look fear in the
face. You are able to say to yourself, “I have lived
through this horror. I can take the next thing that
comes along.” You must do the thing you think you
cannot do.

—Eleanor Roosevelt (1884-1962)
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