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Abstract
Background—Some studies have found worse prognosis among COX-2 expressing breast
cancers. Aspirin and NSAIDs inhibit COX-2. Three studies, including ours, have reported a
survival advantage among women with breast cancer who take either aspirin or NSAIDs. We
hypothesized that in the Nurses’ Health Study (NHS), COX-2 expression would be associated
with worse prognosis, and aspirin use would be associated with better survival particularly among
women with COX-2 positive tumors.

Methods—We studied 2,001 women with invasive breast cancers stained for COX-2 by
immunohistochemistry. Tumor prognostic factors were from medical records. Aspirin use was
assessed at least 12 months after diagnosis and updated. Cause of death was from death
certificates. Statistical analyses included logistic regression of prognostic factors with COX-2
status as the outcome, and proportional hazards regression with breast cancer death as the
outcome.

Results—Tumor COX-2 expression was associated with higher diagnostic stage. Compared with
stage I, the RR(95% CI) for stages II-IV were 1.16(0.93–1.45), 1.68(1.27–2.22), and 1.76(0.93–
3.32). COX-2 expression was associated with lobular compared with ductal histology, (1.40[1.02–
1.92]), and estrogen receptor positive compared with negative (2.22[1.66–2.95]). The RR(95% CI)
of breast cancer death for current aspirin use was similar for women with COX-2 positive and
negative tumors; 0.64(0.43–0.96) and 0.57(0.44–0.74) respectively.

Conclusions—In the NHS, COX-2 breast cancer expression was associated with higher stage at
diagnosis. The survival benefit associated with aspirin use did not differ by COX-2 status.

Impact—COX-2 breast cancer expression is associated with worse prognosis. If aspirin truly
impacts breast cancer survival, it is not solely via COX-2.
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INTRODUCTION
Non-steroidal anti-inflammatory drug (NSAID) or aspirin use may be associated with a
survival benefit among women with breast cancer. [1,2] For example, in the Nurses’ Health
Study (NHS) we recently reported a reduced risk of breast cancer death for current aspirin
use among women with a history of stages I-III breast cancer. Compared to no use, current
users had a relative risk (RR) and 95% confidence interval (CI) of breast cancer death equal
to 0.51(0.41–0.65). Results were similar for recurrence. [3] This result is particularly notable
because there is no association between aspirin and breast cancer incidence in the NHS. [4]
However, most epidemiological studies of aspirin or NSAID use have found a 9–30%
reduced risk of developing breast cancer with regular use.[5]

Also in the NHS, aspirin use was associated with improved survival among women with
colorectal cancer; and the effect was limited to cyclooxygenase-2 (COX-2) positive tumors.
Compared to non-users of aspirin, the RR(95% CI) of colorectal cancer death among aspirin
users was 0.39(0.20–0.76) among those whose tumors are COX-2 positive and 1.25(0.37–
4.22) among those whose tumors are COX-2 negative. [6]

The prevalence and clinical significance of COX-2 expression among breast cancers is not
as well described as that in colonc cancer. In the largest study to date of 1, 576 breast
cancers, COX-2 expression by immunohistochemistry was found in 40% of tumors and was
associated with markers of worse prognosis, including larger tumor size, higher grade, high
proliferation index, and lymph node metastasis, and also worse survival. Five-year distant
disease-free survival (DFS) was 83% (95% CI 81–86) among those with COX-2 negative
tumors and 73% (95% CI 70–77) among those with COX-2 positive tumors (p<0.0001) [7]
Although most other studies have confirmed the association of COX-2 breast cancer
expression with worse prognosis. [8–16], one found no association with prognosis [17] and
another found an inverse association. [18] In terms of survival, results have been more
inconsistent. Several studies have confirmed the association of COX-2 breast cancer
expression with worse survival [9,11–14,16,17,19], while others have found no association
with survival. [8,10,15,18]

We studied tumor COX-2 expression among women diagnosed with invasive breast cancer
in the NHS. We hypothesized that having a COX-2 positive tumor would be associated with
worse breast cancer prognostic factors and a higher risk of dying of breast cancer. We
further hypothesized that like colon cancer, aspirin intake after a breast cancer diagnosis
would be associated with improved survival particularly among those women whose tumors
were COX-2 positive.

MATERIALS AND METHODS
The study was approved by the Institutional Review Board of Brigham and Women’s
Hospital, Boston MA. The NHS was established in 1976 when 121,700 female registered
United States nurses, aged 30 to 55 years, answered a mailed questionnaire on cancer and
cardiovascular risk factors. We have sent questionnaires every 2 years since. As of June
2010, follow-up of the entire cohort’s person-years is 95% complete. Collection of breast
cancer tissue blocks and tissue microarray (TMA) construction have been described in detail
previously.[20] Briefly, we collected archived formalin-fixed paraffin-embedded breast
cancer blocks from participants with incident breast cancers over 20 years of follow-up
(1976 to 1996). TMAs were constructed in the Dana Farber Harvard Cancer Center Tissue
Microarray Core Facility, Boston, Massachusetts. Three cores 0.6 mm in diameter were
obtained from each breast cancer sample and inserted into the recipient TMA blocks. We
performed immunohistochemical staining for COX-2 on 5 μm paraffin sections cut from the
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TMA blocks. Immunostaining was performed in a single staining run on a Dako Autostainer
(Dako Corporation, Carpinteria, CA). The primary monoclonal antibody COX-2 (Clone
SP21 from LabVision) was applied to the sections and the slides were incubated for 30
minutes at room temperature followed by incubation with the HRP labeled polymer; DAB
was used as the chromagen substrate. Visualization was performed using DAKO Envision
automated detection system. Appropriate positive and negative controls were included in all
staining runs. Immunostained TMA sections were reviewed under a microscope and visually
scored for each individual tissue core. For COX-2, cytoplasmic staining for each core was
scored as negative, 1+ (weak diffuse cytoplasmic staining), 2+ (moderate to strong
cytoplasmic staining) or 3+ (>90% tumor cell stained with strong intensity). For this
analysis, cases scored as negative (0) were considered negative and those scored as 1+,2+ or
3+ were considered positive. Overall scoring was as follows: if any one core was positive
the case was scored as positive, and when all three cores were negative the case was scored
as negative. Two examples of COX-2 positive staining tissue samples are shown in Figure 1.
HER2neu status was measured in a similar fashion. There were TMA samples from 2,862
participants eligible for inclusion in this study. Participants were excluded for the following
reasons: 148 were missing stage information, 263 had in situ tumors, 179 were missing
COX-2 staining, 250 were missing information on aspirin use, 17 died in the same 2 year
cycle as their breast cancer was diagnosed and thus they could not report on aspirin use after
their diagnosis, and 5 were excluded for other reasons, leaving 2,001.

We included 2,001 women in the NHS diagnosed with Stages I-IV invasive breast cancer
between 1976 and 1996, from whom we were able to collect a tumor sample for TMA with
COX2 data. For any report of breast cancer, participants gave written permission for
physicians (blinded to exposure information) to review their medical records. Tumor
prognostic factors including size, grade, histology, estrogen receptor (ER), progesterone
receptor (PR), presence of metastatic lymph nodes and stage were extracted from the
medical record. Initial treatment received (radiation, chemotherapy, and hormonal therapy)
was self-reported by a supplemental questionnaire. Aspirin intake was assessed at least 12
months after diagnosis to avoid the period of active treatment when aspirin is often
contraindicated. Date and cause of death were determined by physician review of death
certificates.

Aspirin use was first assessed in 1980 and every two years thereafter except for 1986; 1984
use was carried forward for 1986. Aspirin use was characterized as current use versus never/
past use. Aspirin use was first assessed using the questionnaire which occurred after the
questionnaire in which the participant reported her breast cancer diagnosis, and subsequently
updated until death or the end of follow-up.

In statistical analyses, we used logistic regression of prognostic factors with COX-2 status as
the outcome. We also used Cox proportional hazards regression with time since diagnosis as
the underlying time variable and death from breast cancer as the outcome; other causes of
death were censored. Women were followed from diagnosis until death or June 2008,
whichever came first. Simple models were adjusted for time since diagnosis and age at
diagnosis. Multivariable models were additionally adjusted for disease stage at diagnosis,
treatment, and the other factors shown in the footnote to Table 2.

RESULTS
Table 1 shows the odds ratio of COX-2 positive tumors compared to COX-2 negative
tumors by selected breast cancer prognostic factors. Of the 2,001 samples, 28.0% were
COX-2 positive and 72.0% were COX-2 negative. COX-2 positive tumors were associated
with higher stage at diagnosis, larger tumor size, more nodal metastases, lobular histology,
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ER positive status, and PR positive status. COX-2 status was not associated with tumor
grade or HER2neu status.

Table 2 shows the relative risk of breast cancer death for women with COX-2 positive
compared to COX-2 negative tumors, adjusted for different covariates. In the simple model
adjusted only for time since diagnosis and age, having a COX-2 positive tumor was
associated with a 35% increased risk of breast cancer death; RR(95% CI) = 1.35(1.11–1.64).
The RR(95% CI) for a model adjusted for all covariates except disease stage at diagnosis
was nearly identical to that of the simple model: 1.37(1.13–1.67). However, this elevated
risk of death from breast cancer was attenuated with the addition of disease stage at
diagnosis to the multivariable model: RR(95% CI) = 1.19 (0.97–1.45). Thus the higher risk
of breast cancer death among women with COX-2 positive tumors was fully accounted for
by worse stage at diagnosis.

Table 3 shows the relative risk of breast cancer death according to current aspirin use,
stratified by COX-2 expression of the tumor. The decreased risk of breast cancer death
associated with aspirin use did not differ by whether the tumor was COX-2 positive or
negative.

DISCUSSION
To our knowledge this is the largest series to date to examine breast cancer COX-2 status
with breast cancer prognostic factors and death from breast cancer. Similar to most other
reports, we found that COX-2 positive tumors were associated with markers of worse breast
cancer prognosis: higher stage, larger tumors, and more nodal metastases. We also found
that COX-2 positive tumors were associated with ER+, and PR+, but not HER2neu+ tumors.
Also similar to most other reports, we found that COX-2 positive tumors were associated
with a 35% increased risk of breast cancer death in simple models. However, this
association appeared to be mediated by advanced stage as adjustment for stage attenuated
the risk such that it was no longer statistically significant.

Unlike the NHS results for colon cancer, [6] the apparent survival benefit for aspirin use in
breast cancer did not differ by the COX-2 status of the tumor. Compared with colorectal
cancers which seem to be strongly related to COX-2, both COX-1 and COX-2 activity may
be more important in breast carcinogenesis.[21] Aspirin binds covalently to COX-1 and
COX-2 and inhibits both. Results from our study imply that if aspirin truly is beneficial for
breast cancer survival, its mechanism of action is not solely or primarily by inhibiting
COX-2. Therefore, studies aimed at understanding pathways linking aspirin and breast
cancer will need to expand beyond COX-2.
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Figure 1.
Two examples (a and b) of COX-2 positive staining breast cancers (magnified 20X)
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Table 2

RR(95%CI) of breast cancer death for women with COX2+ tumors, adjusted for time since diagnosis (TSD)
and the following additional factors.

Adjustment factors RR 95% CI

TSD + age 1.35 1.11 – 1.64

Multivariable, without including stage at diagnosis* 1.37 1.13 – 1.67

Multivariable, including stage at diagnosis** 1.19 0.97 – 1.45

*
Adjusted for the following factors at the time of diagnosis: age (continuous), calendar year, smoking status (never, current, past), body mass index

in kg/m2 (<21, 21–22.9, 23–24.9, 25–28.9, ≥29), age at first birth and parity (nulliparous, <25 years and 1–2 births, <25 years and ≥3 births, ≥ 25
years and 1–2 births, ≥ 25 years and ≥ 3 births), oral contraceptive use (never, ever), menopausal status and use of hormone replacement
(premenopausal, unknown, postmenopausal never-user, postmenopausal past user, postmenopausal current user), radiation treatment (yes/no),
systemic treatment with chemotherapy and/or hormonal therapy (chemo no and hormonal no, chemo yes and hormonal no, chemo no and hormonal
yes, chemo yes and hormonal yes) They 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, maintained weight),

**
Additionally adjusted for disease stage at diagnosis (I, II, III, IV)
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Table 3

RR(95% CI) of breast cancer death according to current aspirin use, among all women, and stratified by
COX-2 expression

Among N/# breast cancer deaths Type of adjustment RR 95% CI

All women 2001/473 simple* 0.58 0.48–0.71

multivariable** 0.61 0.50–0.75

COX2+ 561/160 simple* 0.60 0.42–0.85

multivariable** 0.64*** 0.43–0.96

COX2− 1440/313 simple* 0.56 0.44–0.72

multivariable** 0.57*** 0.44–0.74

*
Adjusted for time since diagnosis and age

**
Adjusted for the same factors as the multivariable model in Table 2 including disease stage at diagnosis

***
p-value for the interaction = 0.44
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