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Abstract



Purpose: Cyclooxygenase 2 (COX-2) is implicated in the regulation of aromatase
transcription in malignant breast tissue and has been considered as a potential target for
tissue specific aromatase suppression. We initiated a randomised controlled pre-surgical
study of celecoxib versus no treatment in women with primary breast cancer to determine
the effects of COX-2 inhibition on markers of biological response.

Methods: Postmenopausal women (50-80 years of age) with stage I or I, primary breast
cancer, were randomised 2:1 to receive 400mg/day celecoxib or no treatment for 14 days
prior to surgery. A core biopsy was obtained pre- and post- treatment. Paired baseline
and endpoint biopsies were analyzed for Ki67, apoptosis, COX2, CD31, estrogen receptor
(ER) and progesterone receptor (PgR). Comparisons between the treatment groups were
conducted using the Mann Whitney test with a two sided 5% significance.

Results: Of the 25 patients treated, 23 had evaluable data and 19 (83%) were ER-positive.
Overall the geometric mean change in Ki67, the primary end point, relative to baseline in
the celecoxib arm was -16.6% (p=0.056). The change in the no treatment group was -8.1%
(p=0.24). There was no statistically significant difference in the change between the 2
groups. Celecoxib did not significantly affect apoptosis, COX2, ER or PgR expression.
Conclusion: There is only modest evidence for a biological effect of celecoxib in primary
breast cancer. However, the trend towards a reduction in Ki67 in ER-positive breast

cancer warrants further investigations in a larger cohort of patients.



Introduction

A number of studies over the past two decades have linked the use of non-steroidal anti-
inflammatory drugs (NSAIDs) and cancer incidence [1]. In particular work relating to
NSAIDs in colorectal cancer has reported an inverse relationship between colon cancer
incidence and regular use of NSAIDs [2-3]. Furthermore, randomised placebo-controlled
double-blind trials have shown regression in colorectal polyp size after treatment with
sulindac [4-5]. The data in relation to NSAID use and breast cancer incidence are
conflicting. For instance a large cohort study of 89,528 registered nurses in the USA
showed no association between regular use of asprin and the incidence of breast cancer [6].
By contrast, in a case control study, Harris et al [7] found a reduced risk of breast cancer
associated with the use of any NSAID, three or more times a week for at least a year (RR
0.66). Subsequently a meta-analysis, involving 38 studies supported the inverse association
between NSAID use and risk of breast cancer reporting a statistically significant reduction
in breast cancer risk associated with use of any NSAID (RR 0.88) and similar associations
for aspirin (RR 0.87) and ibuprofen (RR 0.79). No evidence of a dose-response
relationship was found and some studies indicated that coxibs were also associated with a
lower risk of breast cancer [8]. This large-scale meta-analysis is consistent with several

smaller meta-analyses [9-12].

A chemopreventative effect of NSAIDs for breast cancer would be very important

considering their excellent tolerability and inexpensiveness.

The main target of NSAID action is cyclooxgenase (COX), which plays an integral role
in the catalysis of arachidonic acid to prostaglandin (PG). Two isoenzymes exist, COX-1,

which is constitutively active and COX-2 which is expressed in response to certain



stimuli such as tumour promoters, endotoxin, cytokines and hormones (reviewed by
Davies et al [13]). COX-2 expression has been associated with features of aggressive
breast cancer [14], including large tumour size, positive axillary lymph node metastases
and HER-2 postive status [15]. Indirect evidence linking COX-2 to breast cancer has
come from studies of tissue PGs, in which high PG levels are associated with poor
disease-free and overall survival [16,17]. Most notably PGE2, the main catalytic product
of COX-2, has been found in high concentrations in tumour cells [18] and clinically
associated with enhanced metastatic potential and lack of estrogen (ER) and progesterone
receptor (PgR) expression [19]. Compelling evidence from transgenic models has shown
that development of breast tumours is enhanced by expression of COX-2 [20]. A
chemopreventive effect of a specific COX-2 inhibitor celecoxib was demonstrated in
DMBA-induced mammary tumour models in female rats resulting in a reduction in
tumour incidence and tumour volume [21]. Whilst more recently the chemopreventive
effects of celecoxib have been shown to be limited to hormonally responsive mammary

carcinomas in the neu-induced retroviral rat model [22].

Expression of COX-2 in human solid cancers has also been associated with the neo-
vasculature where significant correlations between COX-2 expression and tumour
vascularization and microvessel density have been reported [23]. Of note animal models
of angiogenesis have shown that celecoxib reduced both the number and length of
sprouting capillaries in a dose dependent manner [24]. In addition to angiogenic effects,
COX-2 expression has been shown to inhibit tumour apoptosis an effect negated in
human prostate cancer cells by treatment with celecoxib [25].

More recently studies have implicated COX-2 with the regulation of aromatase
expression [26]. Numerous studies have shown that over 70% of breast tumours are

steroid receptor positive and rely on estrogen stimulation for their growth [27]. In post



menopausal women even small differences in serum concentrations of estradiol have been
associated risk of breast cancer [28]. Plasma estrogens in postmenopausal women result
from aromatase activity in peripheral tissues, particularly adipose. Many breast cancers
also contain aromatase [29] suggesting that intratumoural aromatase may be important in
breast cancer incidence and progression. There is strong evidence that the promoters that
regulate aromatase gene transcription differ between normal and malignant breast tissue
[30]. The promoters (exons 1.3 and II) regulating gene transcription in malignant tissue
are controlled via cAMP which is known to be stimulated by PGE2 in breast tumour cells,
suggesting that PGE2 may induce promoter switching (reviewed by Davies et al [13]). In
support of this Bruggemeier’s group demonstrated a strong positive correlation between
COX-2 and aromatase in 23 human breast tumours using quantitative RT-PCR. Of note
however, the highest levels of COX-2 expression were also associated with tumours

showing evidence of vascular invasion [31].

Aromatase inhibitors are currently under investigation in chemoprevention but their
systemic side effects such as enhanced bone re-absorption are a significant disadvantage
[32]. Based on the above evidence suppression of COX-2 may provide a means of
selectively suppressing estrogen levels in the breast and stimulation of estrogen

dependent proliferation in ER+ breast cancer.

Hence there are several putative mechanism by which COX2 inhibitors might act to
reduce breast cancer incidence but very limited direct evidence for their involvement in

clinical material.

We therefore initiated a randomised controlled pre-surgical study of celecoxib in women

with primary breast cancer during the two-week period prior to surgery; The primary



purpose was to determine whether COX-2 inhibition led to antiproliferative, pro-

apoptotic and or antiestrogenic effects on molecular markers of biological response.

Materials and Methods

Study

The study design was a randomised phase II trial of celecoxib versus no treatment (2:1).
The drug dose used was 400mg orally twice daily based on studies using celecoxib in
Familial Adenomatosis Polyposis [33]. The target study size was 40 patients. Using the SD
of the log (Ki67) score from a variability study of Ki67, it was estimated that there was an
80% probability of observing a significant Ki67 suppression when the true reduction in
Ki67 was 250%, if complete data on 30 volunteers was derived [34,35]. The drug was
given in the two-week period between diagnosis and surgical treatment. Patients were
eligible for the study if they were postmenopausal, 50-80 years of age, had a clinical
diagnosis of stage I or II [American Joint Committee on Cancer

(http://www.cancerstaging.org/)], histologically confirmed, primary breast cancer and with

a tumour size sufficient to provide a core biopsy, ECOG performance status 0,1 or 2,
normal full blood count, normal urea and electrolytes and liver function tests. Patients were
excluded if they had recurrent disease, metastases, renal or hepatic impairment, active
inflammatory bowel disease or peptic ulceration, current use of NSAIDs including aspirin
in the 4 weeks prior to study entry, or use of HRT or oral contraceptives during or 4 weeks

prior to study entry.

The Royal Marsden Hospital Research and Ethics Committee approved the study and

each patient gave written informed consent.

Biopsy Method


http://www.cancerstaging.org/

Before the start of the study medication, a core biopsy of the primary breast tumour was
obtained using a 14-gauge needle. Ultrasound guidance was used to obtain material from
smaller tumours to aid accuracy. At surgery a sample of excised tumour was obtained
from the operative specimen. Both specimens were immediately fixed in 10% normal

buffered formalin and embedded in paraffin.

Analysis Methods

Measurement of cell proliferation was by immunohistochemical assay using the MIB1
mouse monoclonal antibody to Ki67 [34]. Measurement of apoptosis was by terminal
deoxynucleotidyl transferase biotin-dutp nick end labeling technique (TUNEL). The
apoptotic index was expressed as a percentage of the number of cells displaying apoptotic
bodies [35]. Tumour cells/section were counted for Ki67 (1000 cells) and apoptotic index
(3000 cells) based on precision data published previously [36]. ER expression was
demonstrated with the Novacastra antibody 6F11 [37] and PgR with the Novacastra
antibody NCL-PgR clone 1A6 [34]. Samples were also assessed for expression of COX-2
[38] using the antibody PG-27B (Oxford Biomedical Research Inc), and CD31 (DAKO)
[38]. ER, PgR and COX2 expression were assessed semi-quantitatively using an H-score as
follows: (% of cells intensity 1x1) + (% of cells intensity 2x2) + (% of cells intensity 3x3)
providing a score range of 0 to 300. Samples were considered positive for either receptor if
the score exceeded 1%. CD31 expression was determined using a Chalkey count [39].
Two individual observers assessed scoring and a consensus was reached for each

biomarker.

Statistical methods
Descriptive statistics were expressed as geometric means. Values at baseline and at 2

weeks were expressed as geometric mean proportions of the baseline and transformed



into percentage changes (a negative change denoting a reduction). Comparisons between

groups were conducted using the Mann Whitney test with a two-sided 5% significance.

Results

Recruitment to the trial was compromised by competing studies and a decision to terminate
recruitment after 25 patients was taken blind of any study results. In 2 cases from the
treatment arm no malignant tissue was present in the pre-treatment sample leaving 23
paired sets of data, 14 on the treatment arm and 9 on no-treatment arm. Paired treatment
and post-treatment data on Ki67 and CD31 was available on all 23 patients. The clinico-
pathological variables of the 23 patients recruited are shown according to randomisation
arm in Table 1. The mean age of the patients in the celecoxib arm was 68 years and in the
no treatment arm 71 years. The median (range) tumour sizes were 19.5 mm (10-60) and
20mm (11-29), respectively. Fifty percent and 67% respectively were grade 3. The
majority of tumours in both groups were lymph node negative and did not exhibit vascular
invasion. At baseline only 3 patients were ER-negative; 1 in the celecoxib arm and 2 in
the no treatment. Sixteen patients were PgR-positive (11 and 5, respectively); 2 patients

were HER-2 positive (1 in each arm).

The change in each of the parameters and the statistical comparisons are summarised in

Table 2.

The change in Ki67 is shown for individual patients according to treatment arm in Figure
1A and B with the ER-negative patients highlighted. The geometric mean change in Ki67
relative to baseline in the celecoxib arm was -16.6% (95%CI -31.4 to +1.4% p=0.056).
Exclusion of the ER-negative patient gave a geometric mean change of -18.1% (95% CI -

33.5 to +0.9% p=0.055). The change in the no-treatment group was -8.1% (95%CI -23.2 to



+10.1% p=0.24). There was no statistically significant difference in the change between

the 2 groups irrespective of the inclusion or not of ER-negative patients.

The change in apoptotic index is shown for individual patients according to treatment arm
in Figure 2A and B with the ER negative patients highlighted. Insufficient cells were
present in the pre-treatment sample for an estimation of apoptotic index for one patient on
the celecoxib arm. There was no significant change in the index with geometric mean
changes of +4.0% (95%CI -23.4 to +41.0%, p=1.00) and +8.7% (95%CI -26.1 to +59.7%,

p=0.29) in the celecoxib and no-treatment arms respectively.

The effect of treatment on the expression of ER and PgR for those patients showing pre-
treatment positive status of the respective receptor is shown in Figures 3 and 4
respectively. Level of expression and positive/negative status was stable for both receptors

during treatment.

CD31 levels increased in 13 of the 14 tumours during celecoxib treatment showing an
overall statistically significant increase in expression of 22.2% (95%CI +4.8 to +42.6%,
p=0.009; Fig 5). In contrast CD31 expression increased in 4/9 control patients but the
difference in change between the 2 arms was not statistically significant. There was no

significant effect of treatment on the expression of COX-2 (Fig 6).

Discussion

This study aimed in part to determine whether suppression of COX-2 activity with the
selective COX-2 inhibitor celecoxib, would lead to suppression of Ki67 consistent with
this providing tissue specific suppression of aromatase activity and an alternative to

systemic aromatase inhibition. The target study size was 40 patients but difficulties with



competing studies led to its termination after 25 patients. This curtailment of the study
inevitably led to loss of statistical power but the data analyzed allowed instructive
comparisons with earlier presurgical studies of aromatase inhibitors to be made [40-43].
In these latter studies large reductions in expression of biomarkers in the order of 80%
were evident for Ki67 and PgR as early as 2 weeks post treatment. It is clear from our
data that the changes with celecoxib were much more modest than this for Ki67 and there

was no indication of a reduction in PgR.

Our hypothesis was based on the association between COX-2, PGE2 and aromatase
activity. The inhibition of COX-2, should lead to a decrease in PGE2 and cAMP levels. If
the hypothesis was correct this would lead to reduced aromatase activity and hence
estrogen biosynthesis/signalling, resulting in a decrease in tumour proliferation (Ki67)
and other markers of a functional estrogen signalling pathway (eg PgR) in ER+ tumours
[42]. Ki67 and PgR are some of the most studied and robust molecular markers in relation
to neoadjuvant endocrine therapy. We have previously shown that the aromatase
inhibitors vorozole and anastrozole [41,42] led to decreases in Ki67 of 58% and 75%

respectively in the first 2 weeks of treatment accompanied by substantial falls in PgR.

As expected analysis of the no treatment arm showed no significant change in Ki67 or

apoptosis during the course of the study in keeping with previous observations [44, 45]

Our data revealed that there was a non-significant trend towards a reduced level of Ki67
with the celecoxib arm c. 20%. Ki67 at baseline showed no association with response to
celecoxib. However, high Ki67 levels were associated with higher tumour grade in both
the no treatment and celecoxib arms. As noted earlier, reduction in Ki67 was less

pronounced than expected when compared with previous studies of vorozole or
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anastrazole [41,42]. The lack of change in PgR expression suggests that celecoxib had
little effect on oestrogen dependent processes in this setting and that any change in Ki67
was probably not dependent on reduced oestrogen signalling. Although the change in
Ki67 in response to celecoxib was small, and maybe due to chance it should be noted that
we found a change of only 24% with raloxifene, an agent that has subsequently been

shown to have chemopreventative activity similar to tamoxifen [44].

The lack of a statistically significant effect on Ki67 in response to 2-weeks treatment with
celecoxib may be due to a number of factors. For instance this study was powered to
detect a large effect (250%) and any effect of COX-2 inhibition appears to be smaller than
this and would require larger patient numbers to detect with confidence. The trend
towards a reduction in Ki67 after celecoxib merits further investigation given the potenial
importance of confirmation; particularly in view of the fact that previous studies
addressing the role of celecoxib on Ki67 in ER+ DCIS [45] and in women with early
stage breast cancer [46] have provided conflicting results. For instance in the recent study
by Bundred et al, [45] celecoxib had no significant effect on Ki67 when given as a single
agent whilst in the Tfayli et al [46] study a significant increase in Ki67 (p<0.009) in
response to treatment was noted. However, this study had no placebo arm for comparison.
It is also possible that unlike aromatase inhibitors, the antiproliferative effects of
celecoxib may only manifest themselves after a prolonged course of treatment. Duration
of treatment was based on that seen to be effective in terms of reduced proliferation
caused by aromatase inhibitors in this setting: any effects of celecoxib as a result of
aromatase suppression would therefore be expected to be detectable over that time period.
However, other putative effects of COX2 inhibition such as angiogenesis may require

longer than 2 weeks to become evident.
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While the data do not support a major site specific reduction in oestrogen synthesis, a
recent study assessing the relationship between current NSAID use and endogenous
oestradiol levels in 260 postmenopausal women, showed that age-adjusted and body mass
index-adjusted geometic mean serum oestradiol levels among NSAIDs users was
significantly lower compared to non-users [47]. This supports the wider hypothesis that
NSAIDs block estrogen signalling and provides a mechanism through which NSAIDs

might exert a protective effect against breast cancer.

The available evidence suggests that blockade of COX-2 may provide clinical benefit by
increasing apoptosis rather than lowering proliferation, as shown in pre-clinical models
[25]. However, no significant changes were seen in the level of apoptosis in the celecoxib

treated patients. Again we cannot exclude an effect from longer treatment duration.

As discussed previously COX-2 expression has also been strongly associated with
neovasculariztion in solid tumours [23]. Thus an alternate hypothesis could be that
inhibition of COX-2 may result in reductions in tumour vasculature [24] affecting tumour
growth. However, our assessment of the effect of celecoxib versus placebo on
neovasculatization showed no significant difference between the two arms but there was a
statistically significant increase in CD31 expression in the pre-treatment versus the post-
treatment samples in the celecoxib arm. The data on CD31 should be viewed with caution
as the comparison is made between different types of samples, core biopsy versus the

excision biopsy, and vasularity may not be well represented in cores.

Any effect of celecoxib in breast cancer may also be dependent not only on the level of
COX-2 expression. The preclinical and clinical evidence suggests that COX-2 over

expression is most marked in tumours that are of a poor prognosis [19,20]. The link with
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COX-2 and angiogenesis may be indicative that patients with metastatic disease, or with
large high grade, node positive disease and in particular HER-2 positive patients may
benefit from celecoxib. The relatively favourable prognostic group studied here may
therefore also account in part, for an absence of a demonstrable COX-2 inhibitory effect.
Similarly the selective effectiveness of celecoxib may be obscured by the procarcinogenic
contributions of constitutive COX-1. Preclinical data suggest expression of COX-1 may
have implications for the effectiveness of selective COX2 inhibitors in tumours where

COX-2 overexpression is not particularly prevalent (48).

The strengths of the study reported here include its inclusion of a control no-treatment
arm, its randomisation, rigorous pre-recruitment clinical assessment and centralised
conduct of the biomarker analyses in a highly experienced laboratory. The lower than

intended number of recruits is a substantial weakness.

In summary these data suggest that celecoxib does not provide site-specific oestrogen
deprivation in ER+ primary breast cancers when compared to the current third generation
aromatase inhibitors. The trend to a reduction in proliferation is however, worthy of
further investigation since modest reductions have been associated with substantial
chemopreventive effects with raloxifene. The cardiovascular toxicity [49] noted with
long-term use of COX-2 inhibitors would however, remain a concern for this widespread
chemopreventive application and hence necessitate refocusing COX-directed cancer

prevention strategies to avoid this danger
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Figure Legends

Figure 1 Changes in expression of Ki67 were assessed by immunohistochemistry. Tumour
biopsies were stained pre and post 2-weeks treatment. Values from individual patients are

expressed as mean H-score. A. celecoxib (n=14) and B. No treatment (n=9).

Figure 2 Changes in apoptosis were assessed by TUNEL. Tumour biopsies were screened
pre and post 2-weeks treatment. Values from individual patients are expressed as mean

apoptotic score. A. celecoxib (n=14) and B. No treatment (n=9).

Figure 3 Alterations in expression of ER were assessed by immunohistochemistry.
Tumour biopsies were stained pre and post 2-weeks treatment. Values from individual

ER+ patients are expressed as mean H-score. A. celecoxib (n=13) and B. Placebo (n=7).

Figure 4 Alterations in expression of PgR were assessed by immunohistochemistry.
Tumour biopsies were stained pre and post 2-weeks treatment. Values from individual

PgR+ patients are expressed as mean H-score. A. celecoxib (n=11) and B. Placebo (n=5).

Figure 5 The effect of celecoxib on tumour angiogenesis was assessed by measuring
alterations in expression of CD31. Tumour biopsys were stained pre and post 2-weeks
treatment and evaluated using the Chakley Score. A. celecoxib (n=14) and B. Placebo

(n=9).

Figure 6 The effect of celecoxib on COX-2 expression was assessed by

immunohistochemistry. Tumour biopsies were stained pre and post 2-weeks treatment.
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Values from individual patients are expressed as mean H-score. A. celecoxib (n=10) and

B. Placebo (n=8).

Table 1. Clinicopathological variables of patients in Celecoxib and no treatment arm

of 2 week presurgical study

Baseline characteristics of | No treatment Celecoxib

patients

No Patients 9 14

Mean age (yr) (range) 71 (59-89) 68 (53-86)

Mean tumour size (range 20 (11-29) 19.5 (10-60)

mm)

Grade II 3 (33%) 7 (50%)
111 6 (67%) 7 (50%)

ER-positive 7 (77%) 13 (92%)

ER negative 2 (22%) 1 (7%

PgR positive 5 (56%) 11 (79%)

HER?2 positive 1 (11%) 1 (7%)

Table 2: Geometric mean percentage change in biomarker expression from baseline

at 2 weeks
Celecoxib P No 95% P P
value Treat. C1 value value
Mean % 95% CI Mean
change %
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change

Ki67 -16.6 -31.4to | 0.056 -8.1 -23.2to | 0.24 0.45
+1.4 +10.1

CD31 +22.2 +4.8to0 | 0.009 +1.2 -28.2to | 1.00 0.58
+42.6 -42.8

Apoptosis | +4 -234to0 | 1.00 +8.7 -26.1to | 0.29 0.61
+41.0 +59.7

ER -54 -172to | 0.11 +15.5 -11.2to | 0.83 0.58
+8.1 +50.2

PgR -1.8 -23.1to | 0.35 +8.4 -23to | NT* 0.18
+25.6 +20.2

COX-2 +69.7 -353t0 | 0.54 +49.5 -63to+ | 0.36 0.96
+342.3 504.4

* Not Tested, too few observations to achieve statistical significance
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Figure 4
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Figure 5
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