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These simple drugs may represent a radical advance in breast
cancer treatment, but potential therapeutic pitfalls need to be
considered carefully.

 

The 

 

cyclooxygenase

 

 (

 

COX

 

)

 

-2

 

 inhibitor celecoxib was recently
approved in the USA for the prevention of polyp formation in
familial adenomatous polyposis, a defined premalignant condi-
tion for colorectal cancer. The potential value of 

 

COX

 

 inhibitors
in similar roles for other malignancies, particularly breast cancer,
is therefore currently under intense scrutiny. Use of these medica-
tions in chemoprevention or treatment would represent a radical
departure from established regimens because these drugs are
readily accessible, inexpensive, and generally well-tolerated.

Epidemiological investigations of long-term non-steroidal
anti-inflammatory drug (NSAID) use have given encouraging
indications of a small, but significant protective effect against
breast cancer. A recent meta-analysis of 14 studies found a risk
reduction of around 18%.
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 A subsequent large case-control study
has confirmed this approximate level of protection, and also
found that risk reduction occurred with NSAID use for any dura-
tion, with strongest effect for use lasting >8 years.
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The 

 

COX

 

 enzyme system mediates the conversion of arachidonic
acid into prostaglandins. There are two isoenzymes, 

 

COX-1

 

 and

 

COX-2

 

. The latter is generally termed ‘the inducible isoenzyme’,
and is overexpressed in various pathological states including
cancer.
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 It is well-established that elevated levels of prostaglandins
are associated with carcinogenesis;
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 these molecules are thought to
mediate tumorigenicity by various mechanisms.
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There is now considerable evidence implicating dysregulation
of 

 

COX-2

 

 expression as an aetiological factor in mammary car-
cinogenesis. Immunochemical analysis of human breast cancers
reveals that a significant proportion express 

 

COX-2

 

.
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 Recent
investigations have confirmed an association between the degree
of 

 

COX-2

 

 expression and poor prognostic features of tumours
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and have determined that elevated 

 

COX-2

 

 expression occurs also
in ductal carcinoma 

 

in situ

 

.
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 This suggests that abnormal 

 

COX-2

 

expression has an early pathogenetic role in mammary carcino-
genesis, and may have positive implications for 

 

COX-2

 

 inhibi-
tion. We have recently shown that elevated levels of 

 

COX-2

 

mRNA are also present in the tissue adjacent to cancerous lesions
in humans,
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 indicating that tumour cells may have a paracrine

 

COX-2

 

-inducing influence on surrounding non-cancerous tissue.
This may be a possible means by which a breast cancer may
spread locally.

 

COX

 

 inhibition in breast cancer could have two main roles:
(i) primary prevention (to prevent onset of the disease in patients
at high risk); and (ii) secondary prevention (treatment of estab-
lished breast cancer with 

 

COX-2

 

 inhibitors to reduce aggressive-
ness and induce remission). Animal studies have demonstrated
that chemoprevention strategies are both feasible and effective;
prophylaxis with 

 

COX-1

 

/

 

2

 

 or selective 

 

COX-2

 

 inhibitors reduces
tumour incidence and multiplicity,
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 and treatment of estab-
lished breast cancer with 

 

COX-2

 

 inhibitors leads to a reduction in
tumour volume.
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These positive results will surely pave the way for clinical trials
of 

 

COX

 

 inhibitors in breast cancer. There are, however, a number
of potential therapeutic pitfalls that need to be considered.

First, is it necessary to create a distinction between selective
versus non-selective 

 

COX

 

 inhibition? Not all tumours express

 

COX-2

 

, and some have been shown to produce elevated levels of

 

COX-1

 

 only.
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 Cell line experiments have shown that transfection
with 

 

COX-1

 

 or 

 

COX-2

 

 leads to increasingly invasive behaviour of
cells,
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 while both 

 

COX-1

 

 and 

 

COX-2

 

 null cells can continue to
overproduce prostaglandin E2, due to increased transcription of
the remaining functional gene.
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Also, would 

 

COX

 

 inhibition be useful in patients with tumours
that are 

 

COX

 

-negative? This particular strategy needs investigat-
ing to determine whether it would prevent breast tumours devel-
oping a more aggressive facet of malignancy. Recent studies have
suggested that 

 

COX-2

 

-expressing lesions may belong to a spe-
cific subset of tumours that overexpress 

 

HER-2/neu

 

,
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 indicating
that specific genetic pathways to malignancy might exist for sub-
groups of breast cancers.

Moreover, 

 

COX

 

 has an inherent, physically and functionally
distinct 

 

peroxidase

 

 (

 

POX

 

) activity.
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 This activity can also lead to
the production of carcinogens, and is not necessarily blocked by
NSAIDs.
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 The contribution of this particular function of the
enzyme to mammary carcinogenesis needs to be clarified.

Primary prevention envisages long-term 

 

COX

 

 inhibition in
relatively young women at high risk of breast cancer. Hence, the
long-term consequences of sustained 

 

COX

 

 suppression in this
population need to be addressed. Studies in mice with 

 

COX-2

 

gene deletions suggest that 

 

COX

 

 isoenzymes play essential roles
in organ development. 

 

COX-2

 

 deficiency retards blastocyst
implantation
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 and leads to failure of closure of the ductus arterio-
sus after birth.
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COX-2

 

-deficient mice develop severe renal dis-
ease, with a distinct pathology from NSAID-induced renal
toxicity.
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 Also, 

 

COX-2

 

 null mice are infertile and, although

 

COX-2

 

-deficient mice undergo follicular development, they dem-
onstrate reduced ovulatory function.
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 The degree of applicabil-
ity of these results to humans is unclear and certainly merits
further investigation.

Regarding other side-effects of NSAIDs, the results of the
Celecoxib Long-Term Arthritis Safety Study (CLASS) favoured
use of selective 

 

COX-2

 

 inhibitors over non-selective drugs, on the
basis that fewer ulcer complications were noted in the celecoxib
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group compared to reference NSAID users.
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 Of concern, recent
reanalysis of these data has suggested that 

 

COX-2

 

 inhibitors may
not, as previously held, have a superior toxicity profile, especially
with regards to peptic ulceration.
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 There is also concern regard-
ing possible adverse cardiovascular effects of 

 

COX-2

 

 inhibitors
from the Vioxx Gastrointestinal Outcomes Research (VIGOR)
study.
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 An excess of cardiovascular events occurred in the
rofecoxib-treated group. The low number of total events pre-
cluded thorough statistical review, and it is possible that the com-
parator drug, naproxen, exerted a cardioprotective effect, hence
influencing the final analysis.

 

COX

 

 suppression could represent a radical step away from
current conventional treatment and prevention modalities; but
we clearly need to await the outcome of clinical trials involving
these drugs to allow a more balanced and complete appraisal of
their suitability in the physician’s armamentarium of anti-cancer
treatments.

 

REFERENCES

 

1. Khuder SA, Mutgi AB. Breast cancer and NSAID use: A meta-
analysis. 

 

Br. J. Cancer

 

 2001; 

 

84

 

: 1188–92.
2. Cotterchio M, Krieger N, Sloan M, Steinegart A. Non-steroidal

anti-inflammatory drug use and breast cancer risk. 

 

Cancer Epi-
demiol. Biomarkers Prev.

 

 2001; 

 

10

 

: 1213–17.
3. Hla T, Bishop-Bailey D, Liu CH, Schaefers HJ, Trifan OC.

Cyclooxygenase-1 and -2 isoenzymes. 

 

Int. J. Biochem. Cell Biol.

 

1999; 

 

31

 

: 551–7.
4. Rolland PH, Martin PM, Jacquerier J, Roland AM, Toga M.

Prostaglandin production in human breast cancer: Evidence sug-
gesting that an elevated prostaglandin production is a marker of
high metastatic potential for neoplastic cells. 

 

J. Natl Cancer Inst.

 

1980; 

 

64

 

: 1061–70.
5. Zhao Y, Agarwal VR, Mendelsohn CR, Simpson ER. Oestrogen

biosynthesis proximal to a breast tumour is stimulated by PGE2
via cyclic AMP, leading to activation of promoter II of the
CYP19 (aromatase) gene. 

 

Endocrinology

 

 1996; 

 

137

 

: 5739–42.
6. Zhao Y, Agarwal VR, Mendelsohn CR, Simpson ER. Transcrip-

tional regulation of CYP19 (aromatase) gene expression in
adipose stromal cells in primary culture. 

 

J. Steroid Biochem.
Mol. Biol.

 

 1997; 

 

61

 

: 203–10.
7. Ristimaki A, Sivula A, Lundin J 

 

et al.

 

 Prognostic significance of
elevated cyclooxygenase-2 expression in breast cancer. 

 

Cancer
Res.

 

 2002; 

 

62

 

: 632–5.
8. Hwang D, Scollard D, Byrne J, Levine E. Expression of cyclo-

oxygenase-1 and cyclooxygenase-2 in human breast cancer.

 

J. Natl Cancer Inst.

 

 1998; 

 

90

 

: 455–60.
9. Half E, Tang XM, Gwyn K, Sahin A, Wathen K, Sinicrope FA.

Cyclooxygenase expression in human breast cancers and adja-
cent ductal carcinoma in situ. 

 

Cancer Res.

 

 2002; 

 

62

 

: 1676–81.
10. Kirkpatrick K, Ogunkolade W, Elkak A 

 

et al.

 

 The mRNA
expression of cyclooxygenase-2 and vascular endothelial growth

factor (VEGF) in human breast cancer. 

 

Curr. Med. Res. Opin.

 

2002; 

 

18

 

: 237–41.
11. Harris RE, Alshafie GA, Abou-Issa H, Seibert K. Chemopreven-

tion of breast cancer in rats by celecoxib, a cyclooxygenase-2
inhibitor. 

 

Cancer Res.

 

 2000; 

 

60

 

: 2101–3.
12. Suzui N, Sugie S, Rahman KM 

 

et al.

 

 Inhibitory effects of diallyl
disulfide or aspirin on 2-amino-1-methyl-6-phenyl-imidazole
[4,5-b] pyridine-induced mammary carcinogenesis in rats. 

 

Jpn J.
Cancer Res.

 

 1997; 

 

88

 

: 705–11.
13. Alshafie GA, Abou-Issa HM, Seibert K, Harris RE. Chemothera-

peutic evaluation of celecoxib, a cyclooxygenase-2 inhibitor in a
rat mammary tumour model. 

 

Oncol. Rep.

 

 2000; 

 

7

 

: 1377–81.
14. Takahashi Y, Kawahara F, Noguchi M 

 

et al.

 

 Activation of
matrix metalloproteinase-2 in human breast cancer cells over-
expressing cyclooxygenase-1 or -2. 

 

FEBS Lett.

 

 1999; 

 

460

 

:
145–8.

15. Kirtikara K, Morham SG, Raghow R 

 

et al.

 

 Compensatory prostag-
landin E2 biosynthesis in cyclooxygenase-1 or cyclooxygenase-2
null cells. 

 

J. Exp. Med.

 

 1998; 

 

187

 

: 517–23.
16. Howe LR, Subbaramaiah K, Brown AM, Dannenberg AJ.

Cyclooxygenase-2: A target for the prevention and treatment of
breast cancer. 

 

Endocr. Relat. Cancer

 

 2001; 

 

8

 

: 97–114.
17. Ohki S, Ogino N, Yamamoto S, Hayaishi O. Prostaglandin

hydroperoxidase, an integral part of prostaglandin endoperoxide
synthetase from bovine vesicular gland microsomes. 

 

J. Biol.
Chem.

 

 1979; 

 

254

 

: 829–36.
18. Josephy PD, Eling TE, Mason RP. Co-oxidation of benzidine by

prostaglandin synthase and comparison with the action of horse-
radish peroxidase. 

 

J. Biol. Chem.

 

 1983; 258: 5561–9.
19. Lim H, Paria BC, Das SK et al. Multiple female reproductive

failures in cyclooxygenase-2 deficient mice. Cell 1997; 91:
197–208.

20. Loftin CD, Trivedi DR, Tiano HF et al. Failure of ductus arterio-
sus closure and remodelling in neonatal mice deficient in
cyclooxygenase-1 and -2. Proc. Natl Acad. Sci. USA 2001; 98:
1059–64.

21. Morham SG, Langenbach R, Loftin CD et al. Prostaglandin
synthase-2 gene disruption causes severe renal pathology in the
mouse. Cell 1995; 83: 473–82.

22. Davis BJ, Lennard DE, Lee CA et al. Anovulation in cyclooxy-
genase-2 deficient mice is restored by prostaglandin E2 and
interleukin-1 beta. Endocrinology 1999; 140: 2685–95.

23. Silverstein FE, Faich G, Goldstein JL et al. Gastrointestinal
toxicity with celecoxib versus nonsteroidal anti-inflammatory
drugs for osteoarthritis and rheumatoid arthritis: The CLASS
study: A randomized controlled trial. JAMA 2000; 284: 1274–55.

24. Juni P, Rutjes AWS, Dieppe PA. Are selective COX-2 inhibitors
superior to traditional non steroidal anti-inflammatory drugs?
BMJ 2002; 324: 1287–8.

25. Bombardier C, Laine L, Reicin A et al. Group comparison of
upper gastrointestinal toxicity of rofecoxib and naproxen in
patients with rheumatoid arthritis. N. Engl. J. Med. 2000; 343:
1520–8.


