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Novelty and impact: The association between tumor-specific COX-2 expression and breast cancer
prognosis remains unclear and clinical trials with adjuvant NSAIDs are ongoing. This team found COX-
2 expression to be associated with less aggressive tumor characteristics and better short-term
prognosis. The prognostic impact of COX-2 differed significantly according to tumor size, history of
OC use, and preoperative NSAID use. These factors may need to be considered when evaluating

outcome in clinical trials with NSAIDs for breast cancer patients.



Abstract

The association between tumor cyclooxygenase 2 (COX-2) expression and breast cancer prognosis
has been inconsistent. The purpose of this study was to evaluate the prognostic significance of COX-2
tumor expression according to adjuvant treatment, and potential effect modifications of non-steroid
anti-inflammatory drug (NSAID) use, and other tumor and lifestyle factors. A prospective cohort of
1,116 patients with primary breast cancer in Lund, Sweden, included 2002-2012 was followed until
June 2014 (median 5 years). Tumor-specific COX-2 expression was evaluated on tissue microarrays
using immunohistochemistry. Associations between COX-2 intensity (negative, weak-moderate, high)
and patient and tumor characteristics as well as prognosis were analyzed. Tumor-specific COX-2
expression was available for 911 patients and was significantly associated with higher age at
diagnosis and less aggressive tumor characteristics. Higher COX-2 expression was associated with
lower risk for breast cancer events during the first five years of follow-up, aqjHR 0.60 (95%Cl: 0.37-
0.97), per category. The association between COX-2 expression and prognosis was significantly
modified by oral contraceptive (OC) use (Pinteraction=0.048), preoperative NSAID use (Pinteraction=0.009),
and tumor size (Pinteraction=0.039). COX-2 negativity was associated with increased risk for events
during the first five years in ever OC users, .g;HR 1.94 (1.01-3.72) and during the 11-year follow-up in
preoperative NSAID users, aqjHR 4.51 (1.18-11.44) as well as in patients with large tumors, .jHR 2.57
(1.28-5.15). In conclusion, this study, one of the largest evaluating COX-2 expression in breast cancer,
indicates that the prognostic impact of COX-2 expression depends on host factors and tumor

characteristics.
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Introduction

Breast cancer is a heterogeneous disease where most patients have a good prognosis. Improved
tumor classification could identify subgroups of patients with a poorer prognosis who are in need of
more personalized treatment *. In breast cancer, cyclooxygenase 2 (COX-2)-mediated prostaglandin
aromatase gene activation increases both aromatase and estrogen levels that may lead to increased
proliferation, primarily in patients with estrogen receptor positive (ER-positive) tumors and in
postmenopausal patients 2. COX-2 catalyzes the conversion of arachidonic acid to prostaglandins and
have pro-inflammatory effects 2. COX-2 expression in predominantly ER-negative tumors was shown
to lead to Akt-pathway activation % 3. Regarding prognosis, most 319, but not all 2%%7, studies have
found an association between high COX-2 expression and worse prognosis. Whether COX-2
expression was associated with prognosis in the different studies also depended on tumor
characteristics, type of breast cancer treatment, body constitution, and concomitant medications % °.
Non-steroidal anti-inflammatory drugs (NSAIDs) including both selective COX-2 inhibitors and non-
selective COX-1/2 inhibitors as well as acetylsalicylic acid (ASA) are widely available both on

prescription and over-the-counter and may decrease COX-2 expression in breast cancer 2% 2°,

Results from randomized trials of NSAID use in relation to prognosis in the preoperative setting have
been inconsistent; some showed a decrease in tumor volume or anti-tumor transcriptional response
28,30 others did not find any effect 3133, However, perioperative NSAID administration was shown to
significantly improve short-term prognosis 3% 3>, There are several ongoing randomized clinical trials
with perioperative or adjuvant NSAID in breast cancer (ClinicalTrials.gov identifiers; NCT00502684,
NCT02429427, NCT01431053, NCT01806259, and NCT02141139), but to date no results have been
published. It is currently unknown whether preoperative NSAID use impacts prognosis differently
depending on the tumor COX-2 expression. The association between COX-2 and breast cancer
prognosis may depend on several factors. A previous report from our group based on a subset of this
cohort showed that the COX2 rs5277 polymorphism, ER-status, and breast volume had a combined

effect on the risk of early events and prognosis in different treatment groups 3.

Based on the above, we hypothesized that higher tumor COX-2 expression would be associated with
worse prognosis in patients with ER-negative tumors and that the association might be modified by
body constitution, preoperative NSAID use, or other tumor or patient characteristics. In contrast,
increased COX-2 expression in patients with ER-positive tumor may lead to increased aromatase
activation and estrogen levels. These effects could be counteracted by endocrine treatment,

resulting in no impact by COX-2 on prognosis 3. The aim of this study was to evaluate the



prognostic and/or predictive significance of COX-2 tumor expression in relation to ER-status and
treatment. A secondary aim was to analyze potential effect modifications of body constitution,

NSAID or ASA use, and other tumor and lifestyle factors.

Materials and Methods

Patient material

This study is based on 1,116 patients who were included in a prospective cohort of primary breast
cancer patients (BC-Blood Study) at the Skane University Hospital in Lund, Sweden that has been
previously described in depth 3738, The patients in the present study were included between October
2002 and June 2012, were between 24 and 99 years of age, and did not have any history of cancer
during the past 10 years. Patients were followed from inclusion to the first breast cancer event,
distant metastasis, or death by any cause, respectively. Patients without events were censored at the
last follow-up or death prior to July 1%t 2014. Breast cancer events included ipsilateral, contralateral,
axillary lymph node, and distant metastases. The first breast cancer event of any type was considered
the primary endpoint i.e. disease-free survival. Secondary endpoints were distant metastasis i.e.
distant-metastasis-free survival, and overall survival. Information on breast cancer events or death
was obtained from the Regional Tumor Registry, the Population Registry, patient charts, or pathology
reports. As previously described, the follow-up rates of the patients were high 37. During the time
period this cohort was compiled, a total of 2,170 female patients were operated for breast cancer in
Lund. This number also included patients with a non-primary breast cancer as well as patients who
had been diagnosed with other cancers during the past 10 years. The median age of the 2,170
patients was 61 years. ER-status was available for 1,928 patients and 85.4% had ER-positive tumors.
Progesterone receptor (PgR)-status was available for 1,914 patients and 70.1% had PgR-positive
tumors. For the present study, patients with preoperative treatment and in situ tumors were
excluded. For survival analyses, the final study cohort consisted of 911 patients with successfully
stained TMA, see flowchart (Fig. 1) for inclusion an exclusion of patients. The REMARK (REporting
recommendations for tumor MARKer prognostic study) guidelines were followed for this study 3°.
Breast cancer treatment was prescribed according to the standard of care at Skane University
Hospital at the time the patients were included. Prior to surgery, patients were asked to fill out
questionnaires regarding reproductive history, use of exogenous hormones or other medications,
and other lifestyle factors including smoking, and alcohol and coffee consumption. The patients’
anthropometric factors including weight, height, waist and hip circumference, and breast volume 4°,

were measured by a research nurse at the preoperative visit. Tumor characteristics including



histological grade, axillary lymph node status, tumor size, proliferation marker Ki67, ER, PgR, and
HER2 status were obtained from medical records and pathology reports. The tumors were analyzed
at the Department of Pathology at Skane University Hospital. ER and PgR status were determined as
previously described #'. HER2 assessment was routinely analyzed as of November 2005 in patients
younger than 70 years as described before 36. HER2 status was therefore included in subgroup
analyses of patients included in the study between November 2005 and December 2012. Ki67 was

only available as of March 2009.

Information regarding the type of adjuvant treatment was collected from patient charts and
qguestionnaires. Breast cancer treatments were registered up to the last follow-up or death and prior
to any breast cancer event. NSAID was defined as all medications classified as NSAIDs in the World
Health Organizations ATC code system #? and therefore acetylsalicylic acid (ASA) was not included in
the NSAIDs but recorded as a separate variable. Written informed consents were collected from all
patients and the study was approved by the ethics committee at Lund University (Dnr75-02, Dnr37-
08, Dnr658-09, Dnr58-12, Dnr379-12, Dnr227-13, Dnr277-15, and Dnr458-15).

Tissue microarray and immunohistochemistry

Tissue microarrays (TMAs), containing duplicate 1.00 mm cores, were constructed from selected
areas with invasive breast cancer from blocks of formalin-fixed paraffin-embedded tissue. 4-um thick
TMA sections were deparaffinized and pretreated using an automatic PT-link system followed by
staining using COX-2 antibody (ab15191, diluted 1:750 for 30 min at pH7, Abcam, Cambridge, UK)
and EnVision FLEX high-pH kit, in an Autostainer Plus, according to the manufacturer's instructions
(DAKO, Glostrup, Denmark). Heart muscle and non-cancerous tumor adjacent breast epithelium were
used as negative controls. Lung cancer and colon cancer tissue were used as positive controls.
Cytoplasmic tumor-specific COX-2 expression was evaluated for staining intensity (O=negative,
1=weak, 2=moderate, 3=strong) as well as for positive fraction (0-100%), and a joint score for the
invasive cancerous cells in the two cores were obtained. The immunohistochemical staining was
evaluated by two independent observers (SBj and MS) that were blinded to patient information. In
cases that showed discrepancy (11.1%), a re-evaluation was made and consensus was reached. In
most cases (90.3%) for which the staining was positive, COX-2 was expressed in the majority of the
cells (75-100%). Therefore, the fraction of COX-2-positive cells was excluded from further analyses.
The concordance for staining intensity between the individual cores of correlated pairs was 91.9% for
the senior evaluator (SBj) and 89.8% for the second evaluator (MS). All cores were evaluated jointly
to obtain a pooled score based on the intensity represented in the majority of positively stained

invasive cancerous cells. The pooled score was classified as positive if at least one core was classified
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as positive. For six patients with bilateral tumors where the COX-2 intensity differed, the highest
intensity was used. A sensitivity analysis was also conducted where the lowest intensity was used

instead. Patients with missing COX-2 status were not included in the analyses.

Statistical methods

The IBM SPSS Statistics, version 22.0 (IBM Corp. Armonk, NY, USA) were used for the statistical
analyses. Height (m), weight (kg), waist-to-hip ratio (WHR), age at first full-term pregnancy (years)
and age at menarche (years) were all used as continuous variables. The following variables were
dichotomous: body mass index (BMI; >25 kg/m?), breast volume (=850 mL as per previously defined
cut-off 4°), current smoker prior to surgery, alcohol abstainer prior to surgery, nulliparity, any
chemotherapy, radiotherapy, tamoxifen treatment, and Al-treatment. Trastuzumab treatment was
entered as a covariate in subgroup analyses of patients included as of November 2005. Tumor
features were described as any axillary lymph node involvement or number of involved axillary lymph
nodes (0, 1-3, 4+), histological grade (I-ll), and invasive tumor size (€20 mm vs 221 mm or skin or

muscular involvement).

LogRank tests were used for univariable analyses and Cox regression was used to calculate Hazard
Ratios (HRs) in multivariable analyses. Adjustments were made for age (50 years), invasive tumor
size (221 mm or skin or muscular involvement independent of size), any axillary lymph node
involvement, ER-status, and histological grade (I-lll). Formal interaction analyses between COX-2
expression (negative/weak to moderate/strong) and patient characteristics and tumor characteristics
were performed. A prior power calculation assuming 900 patients, an accrual interval of 10 years and
additional follow-up after the accrual interval of 2 years, and a frequency of 10% COX-2 negative
tumors showed that the study was able to detect true HRs of 0.69 or 1.51 with 80% power and a of
0.05 “3, All P-values were two-sided and a P-value<0.05 was considered significant. Nominal P-values

are presented without adjustment for multiple testing.

Results

Patients were followed for up to 11 years, median follow-up time was 5.0 years for patients still at
risk. During this time, 88 patients had died due to any cause, and 110 patients experienced a breast
cancer recurrent event, of which 69 had distant metastases. COX-2 staining was successful for 911
tumors (92.6%). The distribution of COX-2 intensity is presented in Table 1. There were no significant

differences between the included and the missing cases regarding tumor characteristics.



COX-2 in relation to patient and tumor characteristics

As presented in Table 1, higher intensity of tumor-specific COX-2 expression was significantly
associated with increasing age at diagnosis (Pwend=0.001) and with lower frequency of oral
contraceptive (OC) use prior to age 20 years (Piena=0.013). COX-2 negativity was associated with
higher frequency of preoperative consumption of ASA (x2 P=0.033), compared to weak, moderate, or
strong expression. As described in Table 2, higher COX-2 intensity was significantly associated with a
lower histological grade and Ki67, higher frequency of ER-positive tumors, PgR-positive tumors, and
lower frequency of HER-2 positive tumors and triple negative (ER-PgR-HER2-) tumors. Further, higher
COX-2 intensity was also associated with higher frequency of adjuvant tamoxifen and aromatase
inhibitor treatment, and lower frequency of chemotherapy. COX-2 negativity was significantly
associated with lower frequency of smaller invasive tumors. In summary, COX-2 expression was

significantly associated with less aggressive tumor characteristics.

COX-2 expression in relation to prognosis

Patients with weak or moderate COX-2 tumor intensity were combined into one group in the survival
analyses to avoid violation of the assumption of proportional hazards. This resulted in three
categories of COX-2 intensity: negative, weak to moderate, and strong. Higher COX-2 expression was
associated with lower risk for any breast cancer event in the univariable analysis (LogRank
Prena=0.020), but not in the multivariable analysis, adjusted HR (ag;HR) 0.73 (95% Cl: 0.49-1.09) per
category, adjusted for age and tumor characteristics. However, higher COX-2 expression was
independently associated with lower risk for events during the first five years of follow-up (LogRank
Ptrend=0.0003), 26;HR 0.60 (95% Cl: 0.37-0.97) per category, Fig. 2A, Table 3. COX-2 expression was not

independently associated with distant metastasis-free survival or overall survival, Fig. 2B-C.

COX-2 and OC use in relation to prognosis

Formal interaction analyses were performed to investigate whether there were any effect
modifications by patient or tumor characteristics on the association between COX-2 expression and
prognosis. There was a significant interaction between COX-2 and ever use of OCs (agHR 0.39;
Pinteraction=0.048). Higher COX-2 expression was associated with a lower risk for events among patients
who had ever used OCs (n=642; LogRank Ptreng=0.005), agjHR 0.64 (95% Cl; 0.41-0.97) per category.
Conversely, there were no events among never OC users with COX-2 negative tumors, but this was
not significant (n=269; LogRank Pyens=0.71), Fig 3A, while ever OC users with COX-2 negative tumors

had the highest risk for events, Fig 3B. Four categories were computed according to any COX-2
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expression and ever OC use to illustrate these differences. Ever OC users with COX-2 negative tumors
had a significantly worse prognosis in the univariable (LogRank P=0.011) but not in the multivariable
model, ,qHR 1.51 (95% Cl: 0.85-2.68). However, during the first five years, these patients had a nearly
2-fold risk for breast cancer events compared to the other groups (LogRank P<0.0001), .qHR 1.94
(95% Cl: 1.01-3.72), Fig. 3C. There was no effect modification of OC use prior to age 20 years on the

association between COX-2 expression and risk for events.

COX-2 and NSIADs in relation to prognosis

Preoperative NSAID use was not associated with risk of breast cancer events among all patients
(LogRank P=0.95) or in different adjuvant treatment groups (all LogRank Ps>0.3). However, there was
a significant interaction between preoperative NSAID use and higher COX-2 expression on risk for
events (adjusted HR 0.24; Pjnteraction=0.009), where higher COX-2 expression was associated with a
better prognosis among patients who had used NSAID preoperatively (n=131; LogRank Pirens=0.003),
agiHR 0.19 (95% Cl; 0.06-0.66) per category, Fig. 3D, but not among the other patients (n=777;
LogRank Peng=0.19), Fig. 3E. Four groups were constructed based on any COX-2 expression and
preoperative NSAID use and patients with preoperative NSAID use and COX-2 negative tumors had a
significantly higher risk for events, .gjHR 4.51 (95% Cl: 1.18-11.44), compared to all other patients, Fig.
3F. Preoperative ASA use was not associated with risk for breast cancer events in the total study
population or when stratified according to adjuvant treatments (all Ps>0.3). There were no significant
effect modifications of any of the other patient characteristics presented in Table 1 on the

association between COX-2 and risk for events (all adjusted Pinteractions>0.11).

COX-2 and tumor size in relation to prognosis

Regarding tumor characteristics, there was a significant interaction between COX-2 and tumor size
(agjHR 0.44; Pinteraction=0.039), where COX-2 was prognostic among patients with larger tumors, i.e. 221
mm or skin or muscular involvement, (LogRank Pieng=0.003), adjusted HR 0.58 (95% ClI: 0.33-1.03),
but not among patients with smaller tumors (LogRank Piend=0.89), Fig. 3G-H. Four groups were
constructed based on any COX-2 intensity and tumor size. Patients with large COX-2 negative tumors
had a worse prognosis compared to the other patients (LogRank Pieng<0.0001), .g;HR 2.57 (95% ClI;
1.28-5.15), Fig. 31. Due to small numbers, no interaction analyses were conducted between COX-2
and Ki67. There were no effect modifications of any of the other tumor characteristics presented in

Table 2 and the association between COX-2 expression and risk for events (all Pinteractions>0.25).



COX-2 in relation to prognosis in different treatment groups

Stratified analyses were performed according to adjuvant treatment with chemotherapy,
radiotherapy, tamoxifen, Als, or trastuzumab. Higher COX-2 expression was significantly associated
with lower risk for events among chemotherapy-treated patients in the univariable analysis (LogRank
Pireng=0.012), but not in the multivariable analysis, ajHR 0.61 (95% Cl: 0.32-1.18) per category and the
hazard was similar for the first five years. Further, COX-2 expression was not associated with
prognosis among patients who had received radiotherapy, tamoxifen, Als, or trastuzumab for the
entire follow-up (all LogRank Ps>0.19). However, during the first five years, higher COX-2 expression
was borderline associated with lower risk for events among tamoxifen-treated patients, .;HR 0.46

(95% Cl: 0.19-1.11) per category, but not in the other treatment groups.

Sensitivity analyses

Sensitivity analyses were conducted where the lowest intensity from the patients with bilateral
tumors was used instead of the highest intensity. This did not materially change the results in any of

the analyses. Further adjustments for OC or NSAID use did not materially change the results.

Discussion

The present study investigated the prognostic value of tumor-specific COX-2 expression in relation to
prognosis. The main finding of the current study was that higher COX-2 expression was associated
with less aggressive tumor features and a favorable prognosis. COX-2 negativity was independently
associated with a worse prognosis the first five years, which is in contrast to the majority of previous
studies. Moreover, the association between COX-2 expression and risk for events depended on
history of OC use, preoperative NSAID use, and tumor size, where significant effect modifications

were observed.

Tumor COX-2 expression has previously been associated with a shorter disease-free survival in many
1,313 but not all 2?7 studies. However, most of the previous studies had 200 patients or less >81% 13,14,
18,23,24,26 Fyrther, multivariable analyses to elucidate the independent prognostic value of COX-2
expression, were only performed in a subset of these studies 3% 131619 The association between

COX-2 expression and prognosis remained significant after multivariable adjustments only in two
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smaller studies with around 200 patients & *°, but not in the two largest studies with 1,576 and 2,001
patients, respectively %8, In other studies, COX-2 was only independently associated with worse
prognosis in subgroups of patients who were either node-negative &, had high Ki67 6, ER-negative 18,
or ER-positive tumors 7. There are many possible explanations for the diverse results between
previous studies including study populations with different body constitutions, reproductive
patterns, lifestyle factors, medication use, ethnic backgrounds, and study end-points. Further, the
methods for immunohistochemical analysis of COX-2 have been diverse, with various antibodies, lack
of standardization of immunohistochemical staining, and analysis of COX-2 tumor expression #.
Classifications of COX-2 positivity and negativity differed significantly between published studies,
which makes comparisons between studies difficult. In the present study, a polyclonal rabbit
antibody was used. COX-2 expression was based on intensity since the vast majority of the COX-2
positive tumors expressed COX-2 in over 75% of the cells. A clean negative group without any
staining was rare among published studies # 14162026 |n the present study, the COX-2 negative group
had the worst prognosis. This group may have been missed in studies where COX-2 negative tumors
were combined with tumors with weak or moderate staining. To our knowledge, a dose-dependent

association between COX-2 expression and prognosis has not been previously investigated.

In the present study, higher COX-2 expression was significantly associated with favorable tumor
characteristics. Previous studies have also found significant associations between COX-2 expression
and tumor characteristics, but the results have been inconsistent, ranging from favorable
characteristics 2> %° to unfavorable characteristics #7. The effect estimate between COX-2 and
prognosis was significantly modified by tumor size, where COX-2 expression was associated with
prognosis only among patients with larger tumor sizes in the present study. Furthermore, all but one
event among the patients with COX-2 negative tumors occurred within five years, and this event
occurred right after five years. This may explain findings in the largest previous study ¢, where
patients were included at least 12 months after the diagnosis. Therefore, some patients with COX-2
negative tumors and a poor prognosis would have been missed in contrast to patients with COX-2
negative tumors and a good prognosis. This may have led to survival bias. A strength of the current
study is that it is a prospective cohort, which minimizes the risk for bias and patients with early

recurrences were not missed.

Higher COX-2 expression was associated with higher frequency of ER-positive tumors in the present

study. Activated aromatase leads to higher estrogen levels and increased proliferation in ER-positive
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tumors 2. The aromatase gene is a downstream target of COX-2 2. According to a paper by van Nes et
al. that included both an original study and a review !, the majority of patients in two large studies #7
were included before tamoxifen was prescribed according to hormonal receptor status of the tumor.
Since the former studies also included tamoxifen-treated patients with ER-negative tumors, data
from newer studies are needed to elucidate the importance of COX-2 in today’s setting. The current
study included patients as of 2002 and selection of treatment regimens are based on hormone
receptor status. The result of the original study including 667 patients by van Nes et al. showed no
significant association between COX-2 expression (over the median level) in endocrine-treated
patients with ER-positive tumors and prognosis. This is partly in line with the current study, where
there was a borderline association between higher COX-2 expression and lower risk of early events
within the first five years, but not with later events, among tamoxifen-treated patients. However, the
median follow-up time of the current study was relatively short and patients with ER-positive tumors

tend to relapse late “®.

In the present study, COX-2 expression was significantly associated with lower Ki67. Martin et al.
reported a trend towards lower Ki67 after neoadjuvant treatment with the selective COX-2 inhibitor
celecoxib 32. However, a recent neoadjuvant randomized controlled phase Il trial of celecoxib versus
exemestane did not show any antiproliferative effect of celecoxib 3. In the present study, there was
no statistically significant difference in Ki67 among patients with and without reported preoperative
NSAID use (data not shown). However, patients who reported preoperative NSAID use and whose
tumors were COX-2 negative had the worst prognosis and there was a highly significant interaction
between NSAID use and COX-2 expression on risk for breast cancer events. This is to our knowledge
the first study to report preoperative NSAID use to modify the effect estimate on the association
between COX-2 expression and breast cancer prognosis. Thus, tumor-specific COX-2 expression in
randomized controlled trials of preoperative or adjuvant NSAID treatment merits further

investigation.

OC use prior to age 20 years was significantly associated with lower COX-2 expression in the present
study and low COX-2 expression was associated with worse short-term prognosis. In line with this,
OC use prior to age 20 years was previously reported to be associated with a worse prognosis among
patients younger than 50 years in this cohort 7. Early OC use may carry long-term impact on the
tumor environment. However, any history of OC use prior to diagnosis, and not early OC use

modified the association between COX-2 expression and prognosis. Ever OC use was also associated
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with improved prognosis among Al-treated patients 50 years or older in the previous study #’.
However, there was no association between COX-2 expression and prognosis in Al-treated patients in
the present study. OC use could be a confounding factor in the association between COX-2 and
prognosis in breast cancer in studies not taking OCs into account. In Sweden, the majority of the
female population have used OCs #8. OC use has increased worldwide since the 1970s *° and patterns
of OC use differ between countries. This could potentially impact the results between COX-2
expression and prognosis in breast cancer patients from different countries. In the current study, no
data on ethnic background was collected but the majority of the patients in the Skane University
Hospital in Lund were Swedes. Skane University Hospital in Lund has a catchment area of 300.000
inhabitants and the patients are not referred to other hospitals for surgery. This study is therefore

considered population-based.

In a previous study of a subgroup of the current cohort, breast size interacted with COX2 rs5277
genotype on prognosis 3. However, in the present study, there were no effect modifications of
anthropometric factors on the association between COX-2 expression and prognosis, which was not
explored in the previous study. In the present study, new slides of the TMAs were re-stained with a
more diluted antibody compared with the previous study in order to obtain a wider distribution of
staining intensities. Similar to the previous study, there was no association between COX2 rs5277

genotype and COX-2 expression (data not shown).

Conclusions

This study is one of the largest cohorts evaluating tumor-specific COX-2 expression in breast cancer.
Higher COX-2 expression was associated with lower risk for early breast cancer events and less
aggressive tumor characteristics. The prognostic impact of COX-2 expression differed significantly
according to tumor size, history of OC use, and preoperative NSAID use. The findings warrant
validation in an independent cohort or randomized trial. If validated, tumor size, history of OC use,
and tumor-specific COX-2 expression may need to be considered when evaluating outcome in clinical

trials with NSAIDs for breast cancer patients.
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Figure legends

Figure 1

Flowchart of included and excluded patients and COX-2 staining intensity (20X, scale bar represent 20

pum).

Figure 2

COX-2 expression in relation to:

A. Disease-free survival

COX-2 expression was significantly associated with risk for early breast cancer events.

B. Distant metastasis-free survival

COX-2 expression was not associated with distant-metastasis free-survival.

C. Overall survival

COX-2 expression was not associated with overall survival.

Number of patients at each time-point during follow-up and number of events (NoE) are indicated
below each graph. The number of patients decreased with each follow-up since this is an ongoing

cohort.

Figure 3
COX-2 expression in relation to disease-free survival, according to ever OC use, A-C, preoperative

NSAID use, D-F, and tumor size, G-I.

Number of patients at each time-point during follow-up and number of events (NoE) are indicated
below each graph. The number of patients decreased with each follow-up since this is an ongoing

cohort.
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Table 1. Patient characteristics at inclusion and treatments in relation to COX-2 expression during the first postoperative year.

COX-2 staining intensity

Non-evaluable

All Missing Negative Weak Moderate Strong COX-2 status
n=911 n=82 (9.0%) n=473 (51.9%) n=250 (27.4%) n=106 (11.6%) n=73 (7.4%)
Median (IQR) or % Median (IQR) or % Median (IQR) or % Median (IQR) or % Median (IQR) or % Median (IQR) or %
Age at inclusion, years 61.2 (52.6-68.3) 60.3 (48.0-67.3) 60.1 (51.5-67.8) 62.8 (56.3-69.3) 63.7 (55.4-68.8) 56.0 (48.2-66.1)
Age of 50 years or older at inclusion 81.3 72.0 78.6 88.4 84.0 69.9
Age at menarche, years 13.0 (12.0-14.0) 13.0 (12.0-14.0) 13.0 (12.0-14.0) 13.0 (12.0-14.0) 13.0 (12.0-14.0) 13.0 (13.0-14.0)
Height, meters 1.65 (1.62-1.70) 25 1.65 (1.61-1.69) 1.66 (1.62-1.70) 1.65 (1.62-1.69) 1.65 (1.62-1.70) 1.65 (1.62-1.70)
Weight, kgs 70.0 (62.0-78.5) 25 70.0 (62.4-79.0) 70.0 (62.0-78.5) 69.0 (61.0-78.0) 70.5 (62.0-80.0) 66.0 (61.3-73.0)
BMI 225 kg/m? 51.7 27 57.7 50.1 50.0 58.1 38.4
Waist to hip ratio 0.86 (0.81-0.90) 36 0.88 (0.83-0.91) 0.85 (0.80-0.90) 0.86 (0.81-0.91) 0.88 (0.84-0.91) 0.85 (0.79-0.90)
Total breast volume, mL © 1000 (650-1550) 142 1000 (700-1600) 1000 (650-1550) 1000 (600-1563) 1000 (625-1600) 900 (625-1100)
Breast volume 2 850 mL ¢ 57.5 142 67.6 57.0 55.1 57.0 55.7
Parous 87.9 1 90.2 88.2 87.6 85.8 89.0
Current smoker 20.1 2 24.4 18.8 19.8 23.6 26.0
Alcohol abstainer 10.7 6 15.9 10.6 9.3 10.5 12.5
Coffee consumption, 2+ cups/day 81.0 4 81.7 82.6 79.0 78.3 83.6
Ever oral contraceptive use 70.5 1 79.0 70.4 68.8 68.9 72.6
Any oral contraceptives use prior to age 20 years 32.2 5 44.3 33.1 28.9 27.4 41.1
Ever treatment for menopausal symptoms 44.7 3 46.3 441 46.8 41.5 384
::]rszps)?()rﬁtlve NSAIDs use during past week at 14.4 3 171 15.9 96 17.0 17.8
Preoperative ASA use during past week at 79 4 13.4 5.1 8.5 85 55

inclusion

a Jonckheere-Terpstra, ® Kruskal-Wallis, ¢ Linear-by-Linear Association, ¢ Chi-square, ¢ breast volume was not analyzed for women with previous breast surgeries n=102.

Breast volume was missing for an additional 40 patients. IQR = Interquartile range, NSAIDs = Non steroidal anti-inflammatory drugs, ASA = Acetylsalicylic acid




Table 2. Tumor characteristics at inclusion in relation to COX-2 expression during the first postoperative year.

COX-2 staining intensity
Number and (%) or median and (IQR) Number and (%)
Non-evaluable

All Negative Weak Moderate Strong COX-2 status

n=911 n=82(9.00 n=473(51.9) n=250(27.4) n=106 (11.6) P-value n=73(7.4)
Invasive tumor size 0.0642
1-20 mm 652 (71.6) 47 (57.3) 342 (72.3) 189 (75.6) 74 (69.8) 57 (78.1))
21-50 mm 244 (26.8) 33(40.2) 125 (26.4) 56 (22.4) 30 (28.3) 14 (19.2)
>50 mm 13 (1.4) 1(1.2) 5(1.1) 5 (2.0) 2 (1.9) 2(2.7)
Skin or muscular involvement 2(0.2) 1(1.2) 1(0.2) 0(0.0) 0(0.0) 0 (0.0)
Missing 0 0 0 0 0 0
i2n3c1>|\2r:1§r:t8km ormuscular o5 o4y 35 (42.7) 131 (27.7) 61 (24.4) 32 (30.2) 0.0152 16 (21.9)
Axillary nodal involvement 0.972
0 552 (60.7) 50 (61.0) 281 (59.5) 158 (63.5) 63 (59.4) 51 (69.9)
1-3 277 (30.4) 25 (30.5) 149 (31.6) 69 (27.7) 34 (32.1) 17 (23.3)
4+ 80 (8.8) 7 (8.5) 42 (8.9) 22 (8.8) 9 (8.5) 5 (6.8)
Missing 2 0 1 1 0 0
ﬁ(‘)&f‘/g'r']'qaerr{t'ymph node 357(39.3) 32 (39.0) 191 (40.5) 91 (36.5) 43 (40.6) 0.772 22 (30.1)
Histological grade <0.0001°
I 217 (23.8) 9 (11.0) 102 (21.6) 84 (33.6) 22 (20.8) 25 (34.7)
I 461 (50.6) 23 (28.0) 239 (50.5) 130 (52.0) 69 (65.1) 31 (43.1)
i 233 (25.6) 50 (61.0) 132 (27.9) 36 (14.4) 15 (14.2) 16 (22.2)
Missing 1 0 0 0 0 0
Hormone receptor status
ER-positive 800 (87.9) 43 (53.1) 419 (88.6) 238 (95.2) 100 (94.3) | <0.0001b 66 (90.4)
PgR-positive 650 (71.4) 34 (42.0) 338 (71.5) 196 (78.4) 82 (77.4) <0.0001° 50 (68.5)
Missing 2 1 1 0 0 0
HER2 amplification® 70 (11.5) 10 (19.6) 37 (12.3) 17 (9.8) 6 (7.1) 0.028P 9 (16.1)
Missing 303 31 173 77 22 17
Triple negative tumors 51 (8.4) 20 (39.2) 26 (8.7) 3(1.7) 2(2.4) <0.0001° 5(8.9)
Missing 303 31 173 77 22 17
Ki67¢
Continuos 16 (10-28) 33 (17-55) 16 (10-28) 14 (8-22) 13 (9-19) <0.0001¢ 15 (9-28)
220% 134 (36.0) 25 (71.4) 73 (38.0) 25 (27.2) 11 (20.8) <0.0001° 10 (37.0)
Missing 539 47 281 158 53 46
Treatments by last follow-
up prior to any eventf
Chemotherapy 232 (25.5) 42 (51.2) 128 (27.1) 42 (16.8) 20 (18.9) <0.0001° 18 (2.7)
Radiotherapy 580 (63.7) 57 (69.5) 295 (62.4) 158 (63.2) 70 (66.0) 0.612 42 (57.5)
Tamoxifen? 483 (60.4) 31(72.1) 249 (59.4) 139 (58.4) 64 (64.0) 0.312 32 (48.5)
Aromatase inhibitors? 313 (39.1) 15 (34.9) 169 (40.3) 87 (36.6) 42 (42.0) 0.662 23 (34.8)
Trastuzumab" 55 (78.6) 8 (80.0) 32 (86.5) 9 (52.9) 6 (100) 0.0222 6 (66.7)
Type of event
Any breast cancer event 110 (12.1) 15 (18.3) 58 (12.3) 31 (12.4) 6 (5.7) 6 (8.2)
Distant metastasis 69 (7.6) 9 (11.0) 38 (8.0) 18 (7.2) 4(3.8) 4 (5.5)
Death 88 (9.7) 13 (15.9) 46 (9.7) 23(9.2) 6 (5.7) 6 (8.2)

2 Chi-square, ° Linear-by-Linear Association ¢ HER2 was not routinely analzyed until November 2005. Patients included before November 2005 were therefore
considered missing, n=260. HER2 was missing for an additional 43 patients. ¢ Jonckheere-Terpstra. ¢ For patients included as of March 2009 " Most patients
received more than one type of treatment ¢ In patients with ER+ tumors " Trastuzumab is presented for patients included as of November 2005 with HER2 positive
tumors. ER = estrogen receptor, PgR = progesterone receptor, HER2= Human epidermal growth factor receptor.
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Table 3. Multivariable models

Entire follow-up period

First five years of follow-up

HR 95% CI P-value HR 95% CI P-value
COX-2 (negative/weak to moderate/high) 0.73 0.49-1.09 0.12 0.60 0.37-0.97 0.037
Age at diagnosis (250 years) 0.66 0.44-0.99 0.044 0.56 0.35-0.90 0.017
ER-status (positive) 0.47 0.28-0.79 0.004 0.44 0.24-0.80 0.44
Histological grade (I-111) 0.99 0.72-1.37 0.97 1.19 0.81-1.76 0.38
Invasive tumor size (221 mm or skin or muscular involvement) 2.02 1.36-3.00 0.001 1.91 1.19-3.08 0.008
Any axillary lymph node involvement (=1) 1.57 1.07-2.32 0.023 1.93 1.20-3.10 0.007

Cl = Confidence interval, COX-2 = Cyclooxygenase 2, HR = Hazard ratio
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