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Abstract
Considering that cyclooxygenase -2(COX-2) is ovgrressed in 40% of invasive and pre-invasive breaster
cell lines with a substantial role of prostaglan@8(PGE2) in cancer initiation, progression, invasess and
metastasis ,COX-2 inhibitors have been recentlydoto be suitable options as anticancer agentsodaistudies
have demonstrated promising activity of this readitcessible, affordable and well tolerated cldsirags for their
off the label use in pre invasive as well as invadireast carcinomas but cardiotoxicity observedhleyn in trails
has put a big question mark on their use. Thoughaiioxibs for cancer management has dampenedtivebn
because of worries about their safety, targetingK(@& pathway can hence represent a radical stey &wm
current conventional treatment and prevention mbeésal for expanding the armamentarium of anti-cance
therapeutics.

Key-Words: Breast cancer, COX-2 inhibitors, Celébox

I ntroduction . : COX is a central component of PG synthesis paghwa
Breast cancer, a most common malignancy in females

of developed countries is a second leading cause of (r)c?;/tzré”gin a;igh'?ﬁ rcl)lr(':nbc?;;(rjm g)oxprgsc?l?rlsni(::n?wc;
cancer related mortality .It affects about 40,000p Y '

females each year with a rising trend in last difte isoforms EICOX -1 gpAAne (PG-eydoperoxidage

) i 1 synthase- 1) is constitutive and ubiquitously pnése
years. [1] Conventionally breast carcinoma is madag body where as COX -2 (PG-endoperoxidase synthase
according to -the stages with chemotherapy,

radiotherapy and surgery as the standard modalitiesi) '\‘j’a'r?gtucffliiw:glze"Eéogugtl'(?: elsn rt:fi)gy éisregeﬂht
Several large phase Il trials have demonstrated th y y 9 % ' gens, gt

tamoxifen and more recently, raloxifene can effesi factors as iiggRas by early response geflesti§4.5].

: 4 . Identifying that COX- 2 has an effective role imour
reduce the incidence of invasive breast cancerQ% 5 ; . A . .
) . ..angiogenesis, invasion and metastasis ,COX- 2
but their use has been found to be associated with

] Inhibition as a potential mechanism for cancer
several rare, but serious, adverse events.[2] NeweEreatment has been studied in past few years
cherrigierapeuticgaggnts afﬁd monocl_onal ant'bOd'eSdemonstrating promising results along with minimaly
have though paved a new direction to improve cancer.

. T toxicity of coxibs in various preclinical and cloail
mortality but these medications are very costly trials.[6,7]
demanding the introduction of newer agents whieh ar S d'. ' P, . ific COX -2 inhibitics i
effective, safe , simple and affordable t00.[1] tdies coniirMigEL R C __X INhibitios: |
Cvel ' ; 2(COX- 2 P - ith b better than non selective inhibition as significant
yclooxygenase -2(COX- 2) association with breast, ., o0 of 7106 in cancer risk was observed with
cancer has been explored with interest few yeacg,b . X
suggesting the role of this key enzvme of celecoxib use as compared to non selective COX
99 9 . ey enzy inhibitors underscoring their strong potential bveast
prostaglandin(PG) synthesis in proliferation of dste : i
cancer.[3.4] cancer chemoprevention. [8] Though COX -2
e inhibition is primarily implicated in managing bista

* Corresponding Author cancer but significant additive effects by the
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Role of COX-2in breast carcinoma shown that the use of non steroidal anti inflammato
Most important triggering clue for initiating reseh drugs (NSAIDs) is associated with a reduced risk of
with coxibs in breast carcinoma was the findingttha several malignancies. In a meta analysis results3of
COX -2 is over expressed in breast tumour as veell a reported studies, chemoprevention of breast camasr
highly invasive, metastatic cell lines. [10] 4086 % found to be associated with the use of specific €DX
of neoplastic cells in human carcinoma possess oveinhibitors. [8] Combination therapeutic strategy of
expression of COX -2 as compared to the normalCOX-2 with conventional anti cancer medications has
tissue. [11,12] 37% of invasive breast cancer ptdie additional therapeutic paradigm. Trials on comborat
were found to possess moderate to strong exprestion therapy of celecoxib with aromatase inhibitors have
COX-2 in a study enrolling 1576 patients.[13] C@X- demonstrated reduced overall disease by inhibitieg
over expression in breast cancer correlates withr po common target aromatase explicating their synecgist
prognosis markers like large tumour size, ,more pharmacodynamic effect. [15]

proliferation , hormone receptor negative status Studies demonstrating the effectiveness of COX-2
Jincrease in metastasis and over expression of humainhibitorsin breast cancer

epidermal growth factor receptor 2(HER2).[3,14] The past few years have borne witness to manyestudi
COX- 2 expression has been demonstrated to be 80%uggesting that COX represents a bona fide thetiapeu
in ductal in situ carcinoma suggesting the rol€€afX target for cancer prevention and possibly treatment
2 inhibition in not only invasive but pre invasilzeeast ~ Animal Studies have been done to demonstrate the
cancer too. [1,15] mechanism behind basic carcinogenesis, expres$ion o
COX-2 is likely to be a key player in a number of COX- 2 in tumour tissue and role of COX inhibitdmns
biologic pathways leading to cancer as it modul#ttes  regression and chemoprevention of breast cancer. A
critical cellular and molecular steps involved in study demonstrated PG synthesis and formation of
initiation, promotion and progression of breastaman  oxygen and nitrogen free radicals are responsitle f
[11]COX- 2 has been found to be directly and tumour initiation where as induction of aromatase
indirectly involved in proliferation of tumour thugh expression and estrogen synthesis are responsible f
the production of PGE2 .Direct action, being sustained mitogenesis and tumour progression. VEGF
stimulation of mitogenesis through a direct effect expression due to PGE2 was also found to add to
fibroblasts, osteoblasts and mammary cells andeénti ~ angiogenesis and tumour metastasis. [8]Role of
action involves targeting mutagenesis, angiogenesisenhanced expression of = COX-2 _in inducing
apoptosis and cell migration. [1] Inhibition of tumorigenesis was confirmed by a study showingydela
angiogenesis has been attributed to decreasednlaas in mammary gland involution and decrease in ap@ptot
endothelial growth facto r[VEGF] by a study where index in COX-2 transgenic mice. [21]

significant decrease in VEGF was observed inStudy on HER2/neu induced experimental breast
celecoxib group as compared to control group diyear tumour mouse model resulted in significant redurctio
time of treatment. [16] COX-2 activity also mode@at in incidence of tumour by celecoxib 500 parts per
the expression of matrix metallo proteases (MMPs)million (ppm); p=0.003 along with 50% reduction in
hence promoting cell invasion and migration. [L7iNo the mammary PGE?2 levels. [22]

only these mechanisms are responsible for prognessi Nimesulide, a preferential COX-2 inhibitor when giv
and prognosis of tumour but PGE2 has also beerdfounas 400 ppm with normal diet resulted in decreased
to be associated to enhance aromatase [Cyp45@arcinoma incidence in female rats with experimignta
enzyme] transcription ultimately increasing estroge induced breast cancer as compared to control gsaup
production. [1,3, 18] Recently a non-cyclooxygenase normal diet (51% versus 71%).Also significantly mor
effect of COX-2 inhibitors, which combines the reduction in tumour size and average multiplicitgsw
peroxisome proliferator activated receptor [PPAR] observed with celecoxib administration(p<0.05)
delta and the adenomatous polyposis coli [APC] demonstrating chemoprophylactic activity of COX-2
tumour suppressor activity, was also demonstrfi®]. inhibitors. [23] Ibuprofen , a non selective COX
20] inhibitor could also resulted in decrease in tumo
Various in vitro and in vivo studies have confitme volume(p<0.05), when used for 35 days in another
the regression of tumour tissues by inhibition @G study.[24]

2 mediated direct and indirect effects leading to Celecoxib has been found be chemopreventive in a
decrease in mitogenesis, proliferation, cell migrat dose response study where 4 escalating doses of
new vessel formation along with enhanced apopiosis celecoxib were given to 7, 12 -dimethylbenzanthnace
cancer tissue. [3] Epidemiological studies alsoehav [DMBA] induced mammary cancer in rats. Control
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groups were given normal diet where as experimentalSafety concernsfor coxibsusein breast cancer

groups got 250,500, 1000 and 2000 ppm doses ofRecently safety of COX 2 inhibitors for clinicalaubas
celecoxib. Decrease in tumour incidence wasbeen questioned .Though earlier studies confirmed
100%,80%,50%,45%,25%  (p<0.001),  multiplicity improved gastric tolerance with COX-2 inhibitors as
(number of  tumours per rat was compared to non selective ones but worries surredind
3.46,1.80,1.00,0.75and 0.50 (p<0.001), where astheir use due to observed cardiovascular toxi¢g9]
tumour volume was 1.29 ¢.42 cn,0.34 cni,0.31 Cardiotoxic effects were attributed to increase in
cnfand 0.16 crf(p<0.001) in control rats , 250,500, prothrombogenic effects due to thromboxane A2
1000 and 2000 ppm groups respectively, after 138 da [TXA2] and decrease in cardio protection offered by
of therapy demonstrating dose dependent effect ofPGI2 resulting in thrombogenesis, hypertension and
celecoxib in mammary tumour with 250 ppm as the atherogenesis. [31] As a result, rofecoxib was bdnn
lowest effective dose.[25] by regulatory authorities for clinical use in 2004
Clinical trials have also demonstrated the rol€6fX- India followed by valdecoxib a year later. Bannioigy

2 inhibitors in chemoprophylaxis, neoadjuvant, these drugs has halted the research associatethei
adjuvant and metastatic treatment modalities. In ause of coxibs in breast cancer .Suddenly a new fape
randomized phase 2 trial, enrolling 111 cancer patients ended up in non desirability fangis
postmenopausal patients with hormone-sensitivesbrea this affordable group of drugs.

cancer who had progressive disease after treatmerievertheless the efficacy of coxibs as anticangents
with tamoxifen, control group received exemestabe 2 has paved a path to identify drugs which can target
mg/day alone where as drug group received celbcoxi COX/PG signalling pathway and to define and explore
400mg twice a day in combination with exemestane alternate components of this pathway so that safer
25mg/day. Results of study demonstrated similardrugs with comparable efficacy can be searched for
efficacy of combination in terms of clinical bertefi cancer treatment.[4]

[48.98% versus 47.06%], median time to tumour New strategiestargeting COX/PG pathway

progression [20weeks versus 23.4 weeks] and mediaData suggest that PGE2 is the main protumour
survival time [74.1 weeks versus 73.9weeks | wizere = component which participates in tumour proliferatio
median duration of clinical benefit was higher with angiogenesis and tumour survival. Hence another
combination as compared to exemestane alone[96.&pproaches which can be explored to inhibit itgoast
versus 49.1 weeks]. [26] are decreasing its synthesis, its receptor mediated
In another phase 2, neoadjuvant trial ,22 action and increasing its inactivation.

postmenopausal women with estrogen receptor (ER) « Attention is now focused on microsomal PGE

and/or progesterone (PR) positive stages ll-lllaste synthase 1 enzyme which is up regulated in
cancers received 8 weeks of exemestane 25 mg daily, human cancer.[32] Thus inhibiting this
followed by 8 weeks of exemestane 25 mg daily and enzyme can lead to decrease in PGE2
celecoxib 400 mg twice daily. There were statiditjca synthesis hence associated effects which
significant decreases in ER (P = .003), PR (P 2),00 contribute to progression of tumour.
Ki-67(cellular marker for proliferation) (P < .0Q13nd « Expression of all the four types of PGE2
COX-2 (P = .004) expression. [27] receptors have been demonstrated in mouse
In another trial enrolling a total of 111 postmeaogal mammary tumour with EP1,EP2 and EP4
women with advanced breast cancer who had having substantial protumourogenic activity.
progressed on tamoxifen, patients were randomiaed t Thus another target for decreasing PGE2
receive 25 mg daily exemestane with or without mediated activity can be blockade of PGE2
celecoxib 400 mg twice a day. A lower rate of dégea receptors. [4]

progression (30% vs. 40.5%) was observed in patient « PGE2 is inactivated by enzyme hydroxyl
with visceral disease after combination therapy as prostaglandin dehydrogenase which is found
compared to exemestane alone. In addition, ER &d P to be decreased in breast cancer .Hence
positive patients had a higher response rate (2%9% targeting this enzyme by reversing the
14.3%) and a lower rate of disease progressior7¢29. epigenetic inactivation of its locus can also
vs. 35.7%) with the combination therapy.[28] Result offer a novel approach to affect COX/PG
of a multicentre, phase Il randomized double-blind signalling.[33]

placebo-controlled trial;, Randomized Europe An

Celecoxib Trial [REACT trial] are still awaited. 9P Conclusion

In conclusion, COX-2 is over expressed in bothyearl
and late stages of carcinogenesis and coxibs hese b
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shown to be efficacious as monotherapy and irl3.

combination with conventional chemotherapeutics in
relevant animal models. Though substantial role of
coxibs in breast cancer as demonstrated in various
studies has not been practically considered due to

cardio toxicity associated with their use, but @sh 14.

certainly directed us to explore new targets in C&@X
signalling pathway to identify therapeutically udef
drugs with minimal toxicity.
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