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Impact of cyclooxygenase-2 over-expression on the
prognosis of breast cancer patients

Meme kanserinde siklooksijenaz-2 ekspresyonunun prognoza etkisi
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Objective: The aim of this present study was to assess the impact of COX-2 over-expression on breast cancer survival.
Material and Methods: Non-metastatic invasive breast cancer patients who received adequate loco-regional and
systemic treatments were evaluated. Patients’ demographic, clinical, pathologic, and treatment-related and survival
data were retrieved from their hospital files. COX-2, estrogen/progesterone receptor (ER/PR), HER-2/neu expression
and Ki67 index of the tumors were determined immunohistochemically. As the primary objective, COX-2 positive
and negative patients were compared in terms of overall (0S), disease-free (DFS) and breast cancer-specific survival
(BCSS). Secondary objectives were to assess the independent prognostic factors for survival. In addition, the correla-
tion of COX-2 expression with conventional prognostic and predictive factors of breast cancer was assessed.
Results: Two hundred and seventeen patients who underwent adequate breast cancer treatment between Novem-
ber 2004 and December 2013 were included in the study. The median follow-up was 37 months (range: 5-107).
Eighty-one (37%) patients were COX-2 positive. 0S, DFS, and BCSS were similar in COX-2 positive and negative pa-
tients. Ki67 index and age were significantly correlated with COX-2 expression (r=-0.116; p=0.02; r=0.159; p=0.02).
PR expression was found to be the only independent factor for predicting OS, tumor size and molecular subtype
classification were found to be the only independent factors for predicting DFS, and PR expression was found to be
the only independent factor for predicting BCSS.

Conclusion: Among the independent predictive and prognostic factors of breast cancer, COX-2 over-expression was
only correlated with Ki67 index and age.

Keywords: Breast cancer, survival, cyclooxygenase-2 enzyme, predictive factors, prognostic factors

Amag: Bu calismanin amaci, COX-2 ekspresyonunun meme kanseri sagkalimi tizerine etkilerini degerlendirmektir.

Gereg ve Yontemler: Yeterli lokorejyonel ve sistemik tedavi almis olan non-metastatik invaziv meme kanseri hastalari
degerlendirildi. Hastalarin demografik, klinik, patolojik, tedavi ve sagkalim bilgileri hastane kayitlarindan temin edil-
di. Timoriin COX-2, ostrojen/progesteron reseptor (ER/PR), HER-2/neu ekspresyonu ve Ki67 indeksi immiinohistokim-
yasal olarak degerlendirildi. Birincil cikarim olarak, genel sagkalim (GS), hastaliksiz sagkalim (HS) ve meme kanserine
o6zgii sagkalim (MKOS) acisindan COX-2 negatif ve pozitif hastalar karsilastinildi. ikincil cikarim olarak sagkalima etki
eden bagimsiz prognostik faktorler degerlendirildi. Ayrica COX-2 ekspresyonunun meme kanserinin konvansiyonel
prognostik faktorleri ve prediktif faktorleri ile baglantisi incelendi.

Bulgular: Kasim 2004 ile Aralik 2013 tarihleri arasinda yeterli meme kanseri tedavisi almis olan 217 hasta calismaya
alindi. Ortalama takip siiresi 37 aydi (5-107). Seksen bir (%37) hasta COX-2 pozitifti. GS, HS ve MKOS, COX-2 pozitif ve
negatif hastalarda benzerdi. Ki67 indeksi ve yas COX-2 ile anlamli olarak baglantiliydi (r=-0,116; p=0,02; r=0,159;
p=0,02). GS icin tek bagimsiz prediktor PR ekspresyonu; HS icin bagimsiz prediktorler tiimor boyutu ve molekiiler alt
grup siniflandirmasi; MKOS icin de yine tek prediktor faktor PR ekspresyonu olarak bulundu.

Sonug: COX-2 ekspresyonu, meme kanserinin bagimsiz prediktif ve prognostik faktorleri icinde sadece Ki67 indeksi ve
yas ile iliskilidir.

Anahtar kelimeler: Meme kanseri, sagkalim, siklooksijenaz-2 enzimi, prediktif faktorler, prognostik faktorler

INTRODUCTION

Certain prognostic and predictive factors were taken into consideration in order to predict the outcome
and determine the treatment for breast cancer. Breast cancer is stratified according to tumor size, grade,
axillary nodal stage, hormone (estrogen and progesterone) receptor status and HER2/neu expression as
well as patient’s age and the presence of distant metastasis (1). Breast tumor molecular subtypes also
have a tendency to give rise to distant metastases initially at certain body sites (2). Recently, molecular
subtype classification is used to classify breast cancer for prognostication in which hormone receptors;
HER2/neu and Ki67 indexes are used (2, 3).

Cyclooxygenase (COX) is the enzyme responsible for the conversion of arachidonic acid to prostaglandin H2
(4). It exists in mammals in two isoforms: COX-1 and COX-2. COX-2, a 74 kDa protein localized in the cells’en-
doplasmic reticulum and nuclear membrane is expressed in response to stimuli such as inflammation and
tumor promoters (5-7). COX-2 catalyzes key steps in the metabolism of arachidonic acid to prostaglandin
E2 (PGE2), which in turn stimulates aromatase transcription resulting in increased estradiol concentrations.

Liu et al. (8) reported that COX-2 takes part in the initiation and progression of invasive breast cancer
based on data that COX-2 expression alone could be sufficient for inducing mammary gland tumor
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genesis in transgenic mice. Early studies of COX-2 expression
in invasive breast cancer yielded inconsistent findings, with ex-
pression reported to be between 0 and 100% of samples (9, 10).
In those studies, COX-2 expression was evaluated according to
mMRNA levels. Immunohistochemical (IHC) studies of COX-2 an-
tigen expression in invasive breast cancer have produced more
consistent findings with moderate or strong levels of COX-2 ex-
pression, which was found in 36-56% of tumors (11-16).

Different groups have reported that COX-2 expression is a
predictor of poor disease-free survival (13-15). Breast cancers
expressing COX-2 are more frequently associated with higher
grade, larger tumors, and poorer prognosis (17, 18). Previous
studies support the consensus that COX-2 over-expression
has an adverse prognostic effect in invasive breast cancer (18,
19). COX-2 over-expression is reported to be a characteristic of
metastatic breast cancer (20, 21).

During the last decade, numerous groups studied the anti-
cancer action mechanisms of COX-2 inhibitors. However, the
underlying mechanisms are not yet completely understood. It
has been demonstrated that COX-2 inhibitors induce cell cycle
arrest, inhibit tumor growth, and suppress tumor neo-angio-
genesis. Moreover, they potently induce apoptotic cell death in
tumor cells and endothelial cells (22-26). From this point of view,
it was suggested that the use of non-steroidal anti-inflammato-
ry drug (NSAID) or acetyl salicylic acid might be associated with
a survival benefit in women with breast cancer (27, 28).

This study was designed to assess the impact of the level of
COX-2 expression as determined by IHC on overall survival
(0S), disease-free survival (DFS) and breast cancer specific
survival (BCSS) in breast cancer patients. We further analyzed
the correlation between COX-2 expression and current routine
prognostic and predictive factors.

MATERIAL AND METHODS

Study Design

The study was designed as a retrospective cohort study. Breast
cancer patients who underwent surgical treatment at Mar-
mara University Hospital, Istanbul were planned to be includ-
ed in the study. Ethics committee approval was received for
this study from the ethics committee of Marmara University,
School of Medicine, Istanbul. Written informed consent was
obtained from patients who participated in this study.

Inclusion and Exclusion Criteria

Patients who were clinically stage 1, 2 or 3 at diagnosis, un-
derwent surgery for invasive breast cancer, received adequate
loco-regional (surgery * radiation treatment) and systemic
treatment, had regular postoperative follow-up and had their
last follow-up visit within the previous year were included in
the study. Those who were clinically stage 4, had diagnosis of
inflammatory breast cancer or ductal carcinoma in situ (DCIS),
received no surgical treatment or inadequate loco-regional
treatment, -although indicated- received inadequate or no
chemotherapy, did not receive hormone treatment although
their tumor was endocrine responsive (whose estrogen (ER)
and/or progesterone receptor (PR) expression rates were more
than 1%) or were lost to follow-up for more than 1 year were
excluded from the study. Patients whose paraffin tumor blocks
are missing were also excluded from outcome analysis.

Cohorts/Outcomes/End-points

Patients were categorized into two groups according to their
breast cancer COX-2 expression status as COX-2 positive and
negative cancers. Patients in the two groups were compared
in terms of OS (overall survival), DFS (disease free survival) and
BCSS (breast cancer-specific survival).

Follow-up

In addition to the semi-annual thorough physical examina-
tion, liver function tests, chest radiography, abdominal ultra-
sound (US) and bone scintigraphy were performed according
to patient’s complaints/findings. Mammography and, if neces-
sary, breast US imaging were done annually.

Objectives

The main objectives were to compare the OS, DFS and BCSS
rates between COX-2 positive and negative patients. Second-
ary objectives were to assess the independent prognostic
factors for OS, DFS, and BCSS. In addition, the correlation of
COX-2 expression with conventional prognostic and predic-
tive factors (age, tumor size, axillary lymph node involvement,
tumor grade, tumor stage, ER, PR, HER2/neu and Ki67 expres-
sions and molecular subtyping) of breast cancer was assessed
as other secondary objectives.

Data

Patients’ demographic, clinical, pathologic, treatment and
survival data were retrieved from their hospital files. Demo-
graphical data such as age and body mass index at the time of
breast cancer diagnosis as well as gender; clinical data such as
surgery date, type of operation, postoperative complication;
family history, menopausal status, -if any- history of neo-adju-
vant and/or adjuvant treatments, last date of follow-up and, if
any, recurrences and/or death; histopathological data such as
tumor histology, tumor size, regional lymphatic involvement,
grade, and stage were recorded.

Tissue Sampling

For assessing COX-2 expression by IHC, tumor samples from
patients that had been previously fixed in 10% buffered for-
malin and embedded in paraffin blocks were collected from
the pathology tissue bank. Tissue samples were used for the
high-throughput study. After screening the slides from each
case, we selected a paraffin block that was well fixed and con-
tained a representative section of the tumor. Tissue blocks
were sectioned at a 3-um thickness from each selected paraffin
block containing breast cancer tissues with Thermo Shandon
Finesse E microtome and processed for IHC staining. Follow-
ing removal of paraffin with xylene, sections were re-hydrated
with graded ethanol and immersed in Tris-buffered saline.
The endogenous peroxidase activity was suppressed with 3%
H,0,.To bring out the masked antigens, we assessed the tissue
samples with pH 6.0 citrate buffer solution for 20 minutes in
400W microwave oven. The tissue samples were washed with
pH 7.4 phosphate buffering solution (PBS). In order to block
the non-specific immunostaining, protein blockage was per-
formed with Super Block Solution (SensiTek HRP Anti-Polyvent
Kit, ScyTek Laboratories, UK).

Immunohistochemistry for COX-2/ER/PR/HER2/neu/Ki67
Expressions

Streptavidin-biotin peroxidase technique was used to detect
the expression of COX-2, Ki67 index, ER, PR and HER2/neu. IHC



was performed using the COX-2 (antihuman) mouse monoclo-
nal antibody clone, 4H12 (1:100, Novocastra, UK). One tumor
tissue sample was stained with and without antibody as a pos-
itive and negative control, respectively. Immunostaining for
ER, PR, HER2/neu, Ki67 index was performed using established
procedures with the following antibodies for 60 minutes in-
cubation period: a. ER (clone 6F11, mouse monoclonal, 1:40,
Novocastra, UK), b. PR (clone 1A6, mouse monoclonal, 1:40,
Novocastra, UK), c. HER2/neu (clone CB11, mouse monoclonal
HER2/neu oncoprotein, 1:40, Novocastra, UK) and d. Ki67 index
(clone MM1, mouse monoclonal, 1:50, Novocastra, UK). After
the incubation period, tissue arrays were washed with PBS and
reincubated with biotinylated secondary antibody and strep-
tavidin peroxidase (SensiTek HRP Anti-Polyvalent Kit, ScyTek
Laboratories, UT) for 10 minutes. They were again washed
with PBS before assessment. During assessment 3.3'-diamino-
benzidine tetra hydrochloride (DAB) was used. Finally, tissues
were counterstained with Mayer hematoxylin and dehydrat-
ed through ethanol and closed with entellan. Assessment of
slides was performed with light microscopy by a pathologist
who was blinded to patients’ clinical and survival data.

Variables

Immunoreactivity for COX-2 in tumor cells was assessed using
a scoring system based on staining intensity (0 = no staining,
14 = weak staining with patchy cytoplasmic staining, 2+ = in-
termediate staining with mostly cytoplasmic and focally plas-
ma membrane staining, and 3+ = strong staining with mostly
plasma membrane staining). Scores 0 and 1+ were classified
as “COX-2 negative’, whereas 2+ and 3+ as “COX-2 positive”
(29). ER and PR status were grouped as positive and negative
in which at least 1% IHC staining was regarded as positive, i.e.
hormone sensitive. The tumor was regarded hormone recep-
tor (HR) positive if either ER or PR was found to be positive,
whereas it was regarded negative if both ER and PR were
found to be negative. HER2/neu status of patients was graded
either according to their IHC staining that revealed 0, 1+, 3+
or according to FISH (fluorescence in situ hybridization) result
as positive or negative. For Her-2/neu scoring; no staining or
weak incomplete membrane staining in any proportion of the
tumor cells were scored as 0 or 1+, complete membrane stain-
ing either non-uniform or weak in intensity but with obvious
circumferential distribution in at least 10% of cells were scored
as 2+, complete intense uniform membrane staining of >30%
of invasive tumor cells were scored as 3+, and were regarded
as positive for HER family proteins. Those with 2+ staining
were graded according to their FISH result. In the FISH tech-
nique, the green colored signals that show the centromeres
(CEN-17) belonging to chromosome 17 in the nucleus of the at
least 80 tumor cells in every tissue specimen that were HER2/
neu 2+, and the orange colored signals that show HER2/neu
gene were counted. HER2/neu and the CEN-17 ratio was eval-
uated and HER2/neu values >2 were assessed as amplified.
Ki67 index staining was scored as the percentage of expres-
sion at 3 different tumor areas (x40) by counting at least 1000
tumor cells in each area. If the number of expressed cells con-
stituted less than 10%, the Ki67 index was classified as “low’,
whereas, it was regarded as “high” when the expression was
found to be 10% or more. Tumors were also classified accord-
ing to their molecular subtype. Tumors which were ER positive,
PR positive and/or negative, HER2/neu negative were classified
as “Luminal A type”; ER positive, PR positive and/or negative,
HER2/neu positive were classified as “Luminal B type”; ER and PR
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negative, HER2/neu positive were classified as "HER2/neu type”;
ER and PR and HER2/neu negative were classified as “Basal-like
type”. Those with 2+ HER2/neu staining that were not verified
by the FISH method were classified as “Undetermined”. Patients’
tumor size and axillary lymph node involvement were grouped
according to TNM staging criteria: tumor size <2 cm as T1, 2-5
cmasT2 and =5 cm as T3; if no axillary lymph node involvement
as NO, 1 to 3 node involvement as N1, 4 to 9 node involvement
as N2, and 10 or more node involvement as N3.

Statistical Analysis

Overall survival, disease-free survival and breast cancer specific
survival estimates were calculated using Kaplan-Meier curves
and tables. Survival comparisons of Kaplan-Meier curves of
COX-2 positive and negative patients were made by the log-
rank test. Furthermore, multivariate analyses were conducted
using Cox’s proportional hazard regression model to determine
independent factors affecting DFS, OS, and BCCS. Frequencies
of different variables in the two patient groups were compared
with Pearson’s chi-square or Fisher’s exact tests, wherever ap-
propriate. Factors included in the multivariate analysis model on
each survival were age, tumor size, axillary stage (N), pathologic
stage, histologic grade, ER, PR, HER2/neu, Ki67 labeling index,
COX-2 expression levels, and molecular subtype classification.
The correlation test between COX-2 expression and indepen-
dent factors for survival was done using Pearson correlation
analysis. Correlation index was given as r-value; r-value of less
than -1 was regarded as negative and +1 as positive correlation;
r-value between 0-0.49 was regarded as weak, those between
0.5-0.74 as moderate, and those between 0.75-1 as strong cor-
relation. The mean values were given with standard error (SE),
p-value less than 0.05 was considered to be significant. The
analysis was done by Statistical Package for the Social Sciences
statistics software, version 15.0 (SPSS, Inc., Chicago, IL, USA).

RESULTS

Cohort Characteristics

Between November 2004 and December 2013, 647 patients
underwent breast cancer surgery. However, 430 patients were
excluded from analysis due to the study’s exclusion criteria.
Details of reasons for excluding patients were presented in
Figure 1. Altogether 217 patients with non-metastatic invasive
breast cancer who underwent definitive breast surgery during
the study period were included in the study. Patients’ medi-
an age was 56 (27-85) years, and most of them were female
(n=213). All demographic, treatment-related and histopatho-
logic findings of the cohort were given in Table 1.

Cyclooxygenase-2 expression was examined by immunohisto-
chemistry staining (Figures 2a-d) as described and was found
to be positive in 81 (37%) patients. All demographic, histo-
pathologic and treatment-related factors were similar in COX-
2 positive and negative patients except trastuzumab use and
Ki67 index (Table 1). Significantly more COX-2 positive patients
(15%) were found to receive trastuzumab when compared to
COX-2 positive patients (7%; p=0.04). Ki67 index was high in
64% of COX-2 positive patients, whereas it was high in 48% of
COX-2 negative patients, the difference between groups was
significant (p=0.02). COX-2 expression was observed in 57, 10,
7 and 11% of patients with Luminal A type, Luminal B type,
HER2/neu type and basal-like type tumors, respectively.
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647 breast cancer patients (2004-2013)

4 patients; stage 4 breast cancer

5 patients; inflammatory breast cancer

37 patients; ductal carcinoma in situ (DCIS)

91 patients; inadequate local-regional treatment

15 patients; inadequate or no chemotherapy

73 patients; no hormone treatment despite being ER and/or PR (+)

121 patients; lost to follow up in last 1 year

166 patients; missing tissue paraffin blocks

217 patients included for final analysis

Figure 1. Study flow-chart showing details of exclusion

Figure 2. a-d. Image of Cyclooxygenase-2 (COX-2) 0
immunohistochemistry scoring (no staining) (a). Image of
COX-2 1+ immunohistochemistry scoring (weak staining
with patchy cytoplasmic staining) (b). Image of COX-2 2+
immunohistochemistry scoring (intermediate staining
with mostly cytoplasmic and focally plasma membrane
staining) (c). Image of COX-2 3+ immunohistochemistry
scoring (strong staining with mostly plasma membrane
staining) (d)

Survival Analysis

As of January 2014, the median follow-up period was 37 (5-107)
months. 18 patients had a recurrence during the follow-up pe-
riod, 14 recurrences occurred at distant sites. Four patients had a
loco-regional relapse. Overall, 13 patients died during follow-up;
however, only seven of them died due to breast cancer. Overall
death, overall recurrence, loco-regional recurrence, distant re-
currence and breast cancer-specific death rates were similar in
COX-2 positive and negative patients (Table 2).

The median OS was 32 months in COX-2 positive patients and
40 months in COX-2 negative patients. Median DFS was 31.5
months in COX-2 positive patients and 39 months in COX-
2 negative patients. Median BCSS was 32 months in COX-2
positive patients and 40 months in COX-2 negative patients.
5-year OS, DFS and BCSS were similar in COX-2 positive (91.9%,
87.4%, 100%, respectively) and negative (92%, 87.3%, 93.9%,
respectively) patients (p=0.82, 0.28 and 0.12, respectively)
(Table 3, Figures 3 a-c).

Independent Factors for Survival

Progesterone receptor expression was found to be an inde-
pendent factor for predicting OS. PR positive patients had bet-
ter OS. Tumor size and molecular subtype classification were
found to be independent factors for predicting DFS. It was
shown that the DFS was longer in tumors with a smaller size.
Patients having Luminal A and HER2/neu type cancers had
better DFS. In addition, PR expression was found to be an in-
dependent factor for predicting BCSS. PR positive patients had
better BCSS. Other independent factors were not associated
with OS, DFS or BCSS.
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Table 1. Demographic, clinical and treatment-related data Pathological stage; n (%)
of the study cohort
Stage 1 24 (30) 30(22) 54(25) 020
OX-2(+) COX2()  Total Stage 2 45(6) 7404  119(55)
Variables n=81 n=136 n=217 p

Stage 3 12(14) 32(24) 44 (20)

Age; median year (SD) 56(119) 57(13.03) 56(126) 0.82
PR; n (%)
Negative 32 (40) 42 (31) 74(34) 020
Positive 49 (60) 94 (69) 143 (66)

Axillary technique; n (%)
Only sentinel node biopsy ~ 22(27) 43(32) 65(30) 0.50
Axillary dissection 59(73) 93 (68) 152 (70)

Ki67 index; n (%)
Low 29 (36) 71(52) 100 (46) 0.02
High 52 (64) 65 (48) 117 (54)

Chemotherapy; n (%)
No 29 (36) 55 (40) 84(39) 050
Yes 52 (64) 81 (60) 133(61)

Trastuzumab; n (%)

COX-2: Cyclooxygenase-2; SD: standard deviation; ER: Estrogen receptor; PR:
No 69(85  127(93) 196(90) 0.04 progesterone receptor

Yes 12(15) 9(7) 21(10)

Correlation with COX-2 Expression

There was a significant weak negative correlation between
COX-2 expression and patient age (r=-0.116; p=0.02). Also,
there was a significant weak positive correlation between
COX-2 expression and Ki67 index score (r=0.159; p=0.02). On
the other hand, the weak negative correlation between COX-
Tumor size;meanmm.(SD) ~ 25(124)  28(174) 27(158) 0.10 2 expression and ER, PR expressions, tumor size, axillary (N)
as well as pathologic stage were not found to be significant
(r=-0.071; p=0.30, r=-0.088; p=0.20, r=-0.042; p=0.54, r=-0.125;
p=0.07 and r=-0.117; p=0.08, respectively). Also, the weak
positive correlation between COX-2 expression and HER2/neu
expression, histologic grade and molecular subtype classifica-
tion were not found to be significant (r=0.124; p=0.85, r=0.032;
Histologic grade; n (%) p=0.64 and r=0.046; p=0.52, respectively).

I 12(15) 19(14) 31(14) 070

[ 41061 776G7)  118(54) DISCUSSION
In this study, the aim was to assess the level of COX-2 expres-
Il 28(34) 40(29) 68(32) sion as determined by IHC on OS, DFS, and BCSS in Turkish

breast cancer patients. We found that 5-year OS, DFS, and
BCSS were similar in COX-2 positive and negative patients. PR
expression was shown to be an independent factor for both
OS and BCSS. On the other hand, tumor size and molecular
subtype classification were independent predictors for DFS.
Further evaluation of the independent predictive factors re-
vealed that only Ki67 index and patient age had a correlation
with COX-2 expression.
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The strength of the current study is that we included patients
with strict criteria. Setting the inclusion and exclusion criteria
when designing the study enabled us to assess a relatively ho-
mogenous population. Patients with stage 4 breast cancer, in-
flammatory breast cancer, DCIS, those who had inadequate lo-
co-regional treatment, who were lost-to-follow-up and those
with missing paraffin blocks were excluded from the study.
Furthermore, the pathologist was blinded to the prognostic
data and the cohort of the patients. In earlier series, COX-2
over-expression was found to be associated with lower OS and
DFS (13, 14). However, there is no evidence showing a relation-
ship between COX-2 over-expression and BCSS, yet. Therefore,
our study is unique due to one of its objectives, which is to
assess the impact of COX-2 over-expression on BCSS.

However, there are also some drawbacks of the present study.
Due to its retrospective design, it was open to bias to some ex-
tent. Although the number of patients who were in the scope
of the study was 647 patients at the beginning, most of the
patients were excluded due to our exclusion criteria shown in
Figure 1. Therefore, only 217 patients remained for final analy-

Table 2. Mortality and recurrence rates of COX-2 positive
and negative patients

COX-2(+) COX-2()  Total
Variables n=81 n=136 n=217 p
Survival; n (%) 093
Alive 76 (94) 128(94) 204 (94)
Dead 5(6) 8(6) 13(6)
Overall recurrence; n (%) 0.40
No 76 (94) 123(90) 199(92)
Yes 5(6) 13(10) 18(8)
Loco-regional recurrence; n (%) 0.60
No 80(99) 133(98) 213(98)
Yes 1(1) 3(2) 4(2)
Distant recurrence; n (%) 0.50
No 77 (95) 126(93) 203 (94)
Yes 4(5) 10(7) 14(6)
Breast cancer specific survival; n (%)
Alive 76 (94) 128(94) 204(94) 0.20
Death from breast cancer 1(1) 6(4) 73)
Death from other reasons 4(5) 2(2) 6(3)

COX-2: Cyclooxygenase-2

Table 3. Survival estimates of COX-2 positive and negative
patients

COX-2 (4) COX-2(-) p
5 year-OS 91.9% 92% 0.82
5 year-DFS 87.4% 87.3% 0.28
5 year-BCSS 100% 93.9% 0.12

OS: overall survival; DFS: disease-free survival; BCSS: breast cancer-specific
survival; COX-2: Cyclooxygenase-2

sis. Furthermore, because they did not have further FISH/SISH
or CISH assessment, 23 cases with HER2/neu 2+ staining were
grouped as “undetermined” for their sub-typing. In addition,
the history of selective COX-2 inhibitor drug and NSAID use
of patients were not complete, which we believe might have
affected the survival outcome of this study. Lastly, the median
follow-up period was relatively short for non-metastatic breast
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Figure 3. a-c. Overall survival (OS) curves of COX-2 positive and
negative patients (a). Disease free survival (DFS) curves of COX-2
positive and negative patients (b). Breast cancer specific survival
(BCSS) curves of COX-2 positive and negative patients (c)



cancer patients in whom the life expectancy is longer when
compared to other cancer patients.

The proportion of immunohistochemically identified COX-2
positive tumors varies widely among studies (ranging between
4.5 and 85%) (30). Variations in COX-2 expression are partly at-
tributable to the different scoring systems and cut-off values
used for COX-2 immunoreactivity. Kelly et al. (31) scored even
weak COX-2 staining as positive immunoreactivity while Boland
et al. (32) considered COX-2 staining as positive only in case of
moderate staining in the specimens. For clinically significant
classification of COX-2 expression, we applied semi-quantitative
scoring, which reflects staining intensity. In our cohort, COX-2
over-expression was found in 81 (37%) patients, which is concor-
dant with other previously reported series. This also facilitated us
to compose two cohorts with a satisfactory number of subjects.

In earlier series, COX-2 over-expression was reported to be
associated with lower OS and DFS (13, 14). However, in this
study, we found that COX-2 over-expression has no impact on
OS, DFS, and BCSS. Both COX-2 positive and negative patients
had similar survival rates. The reason for this finding might be
our short follow-up period when compared to similar studies
as in one study with a median follow-up of 19 years (8). There-
fore, we do not exclude a type Il error in our findings due to our
limited sample size.

Our secondary objective was to assess the independent prog-
nostic factors for OS, DFS, and BCSS. In earlier studies, negative
ER and PR status, HER2/neu positivity, increased tumor size,
lymph node involvement, high histologic grade and molecular
subtyping were reported as poor prognostic factors for OS (1).
Although there are studies supporting that Ki67 index is one of
the determining factors for molecular subtyping in breast can-
cer (17), we did not use Ki67 index over-expression as a criterion
for this purpose in our study. We have chosen the molecular
subtype classification without including Ki67 index as in most
of the studies (18) since this classification is easier to perform
and to evaluate the data. In our study, PR expression was found
to be the only independent factor for predicting OS and BCSS.
Furthermore, tumor size and molecular subtype classifications
were found to be independent factors for predicting DFS.

Currently, the mechanism by which COX-2 is up-regulated in
breast cancer is unknown. One possibility is that cancer cells
become intrinsically more active in expressing COX-2 than non-
neoplastic cells (25). To this end, both inactivation of tumor sup-
pressor genes, such as p53, and activation of oncogenes, such
as HER2/neu, have been implicated in the induction of COX-2.
However, we observed no significant association between COX-
2 and HER2/neu expression patterns. The relationship between
HER2/neu gene amplification and COX-2 over-expression has
been a subject of controversy (19, 21, 33-36). The correlation of
COX-2 expression with conventional prognostic and predictive
factors for breast cancer including HER2/neu expression was as-
sessed as our secondary objective. In previous studies, COX-2
over-expression was found to be associated with large tumor
size, high histologic grade, negative ER/PR status, high prolif-
eration rate, high p53 expression, and HER2/neu amplification
along with axillary node involvement and ductal type histology
(13, 33). The results consistently support a correlation of COX-
2 over-expression with high histologic grade, negative ER/PR

Ulus Cerrahi Derg 2016; 32: 81-88

status and high Ki67 index (13, 37). In patients with hormone
receptor-positive tumors, the COX-2 expression had a negative
influence on outcome. One study showed that COX-2 played a
role in hormonal pathways and could explain the results found
in previously published studies (8). In our study, we only showed
a positive weak correlation between the COX-2 over-expression
and Ki67 index, and a negative weak correlation between COX-
2 expression and patient age. We found COX-2 over-expression
and high Ki67 index in the specimen to have a weak significant
positive correlation. Similarly, we determined that the young
patient age and high COX-2 expression had a weak significant
negative correlation. Other variables seemed to have no cor-
relation with COX-2 over-expression. Data from similar studies
showed that COX-2 over-expression is significantly associated
with advanced stage of breast cancer, luminal B and basal-like
type tumors (29). Bos et al. (20) reported that the brain metas-
tasis of breast cancer is mediated by increased expression of a
set of genes, including COX-2, and is seen less after combina-
tion treatment with cetuximab. These findings might support
the clinical application of combination treatments with COX-2
inhibitors for patients with luminal-B or basal-like type breast
cancers. Previous reports have shown a correlation between
COX-2 expression and response to hormone therapy in early
breast cancer, whereby about one-third of the patient group
was treated with adjuvant endocrine or chemotherapy. Witton
et al. (38) also showed that COX-2 expression is associated with
poor outcome in ER-negative, but not in ER-positive breast can-
cer. In contrast, Haffty et al. (34) reported that the significance of
COX-2 expression is limited to HR-positive tumors in breast can-
cer patients treated with partial mastectomy and radiotherapy.

CONCLUSION

Survival rates were similar in both COX-2 positive and negative
non-metastatic breast cancer patients. COX-2 over-expression
seemed to be correlated with higher Ki67 index and young
patient age. However, these correlations were not strong. The
only independent factor for OS and BCSS was PR expression
status while tumor size and molecular subtype were indepen-
dent factors for DFS. Results of studies with larger sample size
and longer follow-up should be evaluated to reach solid con-
clusions.
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Establishing new predictive and prognostic factors in various cancers is an ongoing challenge for many
decades. Biomarkers detected in preclinical studies as predictive and prognostic factors could be poten-
tial targets for new drug development. Cyclooxygenase enzyme plays a key role in inflammation and has
two isozymes synthesized by cyclooxygenase-1 and cyclooxygenase-2 genes. Cyclooxygenase enzyme
was first evaluated in colorectal cancer since its increased synthesis is a known driver for carcinogenesis.
Induction of cyclooxygenase-2 gene causes cancer formation by increasing prostaglandin E2 synthesis
which results in estrogen production in adipose tissue (1). Besides, prostaglandin E2 shows immunosup-
pressive effect in the tumor microenvironment promoting tumor progression. Thus, potential role of
cyclooxygenase-2 in breast cancer development became the topic of recent studies. Cyclooxygenase-2
gene overexpression was reported in 40-84% of the breast cancer patients depending on the stage of
cancer (2). Similarly, cyclooxygenase-2 gene expression increases as the disease progresses from atypi-
cal hyperplasia to invasive breast cancer.

Guler et al. (3) investigated this issue in the article entitled “Impact of cyclooxygenase-2 overexpression
on the prognosis of breast cancer patients”. This study is well-designed in terms of patient homogeneity
and inclusion and exclusion criteria. However, a significant effect of cyclooxygenase-2 overexpression
on disease-free and overall suvival could not be demonstrated in breast cancer patients. Although this
study uniquely investigated the relation between cyclooxygenase-2 overexpression and breast cancer
specific survival, no significant correlation could be demonstrated between these parameters as well.
Rather smaller number of patients included in the study with limited follow-up time and retrospective
nature of the study may be the reason for insignificant results. In addition, the immunohistochemistry
method utilized in this study may be less sensitive compared to RT-PCR method in the detection of over-
expressed cyclooxygenase-2 gene. However, this study draws the attention of the clinicians towards a
new therapeutic target in breast cancer.

As a conclusion, randomized controlled trials including large enough number of patients with a long
follow-up period are required to clearly establish the role of cyclooxygenase-2 gene in breast cancer.
Inhibition of cyclooxygenase enzyme by non-steroidal anti-inflammatory drugs or selective cyclooxy-
genase-2 inhibitors or blockade of cyclooxygenase-2 gene induction could be the new chemopreven-
tion and treatment modalities for breast cancer in the future.
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