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THERAPEUTICS

COX-2 inhibitors and the cardiovascular
system: is there a class eftect?

MOHAMED BAKR, DEREK G WALLER

Abstract

elective inhibition of COX-2 preferentially inhibits
Sthe production of prostaglandins responsible for

vasodilation and inhibition of platelet
aggregation. This potentially creates a pro-thrombotic
state. This review examines the evidence that selective
COX-2 inhibitors have adverse effects on the heart and
circulation. The risk of myocardial infarction and other
vascular ischaemic events, the effects on blood pressure
and decompensation of treated heart failure are
discussed. Conclusions are drawn about the relative risk
with the different members of the drug class, and
recommendations for clinical practice presented.

prostaglandins, COX-2 selective inhibitors (coxibs), myogcar
infarction, cardiovascular events, blood pressure.

Introduction \/
Conventional non-steroidal anti-infla ory dr AlDs)

oxygenase enzyme (COX) and blo

that taking rofecoxib increased the risk of myocardial infarction
(MI). This was followed by numerous other reports that led to the
withdrawal of rofecoxib from the market in 2004. Rofecoxib is
one of the most selective COX-2 inhibitors but the cardiovascu-
lar safety of the other coxibs has also been questioned. This
review examines the evidence for a class effect of COX-2
inhibitors on trgrdiovascular system.

vascu / thr b) and prostacyclin (PGly).
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COX-2 i@o s and vascular physiology
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inhibitor of platelet aggregation. It is
scular endothelial cells. Selective blockade

ducea by
%g pro mf prostacyclin by coxibs may lead to a pro-
\2\ @h m %te.
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boti
hi&)e recent study has raised the question of the cardio-

afety of naproxen, most data suggest that convention-
IDs either have no impact on the risk of thromboembolic
lar events, or may even be cardioprotective although to a

va

produce many of their therapeutic EZ by inhibi e cy {\Xsser extent than aspirin.

donic acid to pro-inﬂammatory@::)}
A,. However, many of the unwarled effecty/of the are
also caused by COX inhibition, such\a$, gagtro-int&sti oxicity
and salt and water retention by the kidpey. very that
there are several different COX isoenzymes % a search for
selective drugs that would have less gast c%city than conven-
tional NSAIDs. The COX-1 isoenzyn*% elieved to play a
major role in gastro-protection, and thisNed to the development
of COX-2 selective inhibitors (coxibs). The physiological principles
underlying these assumptions have been previously reviewed in
this journal by Schachter."

Controversy over the cardiovascular effects of the coxibs has
increased since the publication of the Vioxx Gastrointestinal
Outcomes Research (VIGOR) study in 2001, which suggested
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COX-2 inhibitors and cardiovascular thrombotic
events

The potential for an increase in cardiovascular events, such as M,
stroke and sudden cardiovascular death, has been a major area
of concern for patients taking long-term treatment with COX-2
inhibitors.

The potential problem was initially raised by the VIGOR
study.? Although designed to investigate comparative gastric tox-
icity, treatment with rofecoxib was associated with an increased
risk of confirmed MI when compared to treatment with naprox-
en. The authors argued that the choice of naproxen as a
comparator was the reason for the difference, since three of four
previous case-control studies had shown that naproxen has a
cardiovascular protective effect similar to aspirin. This protective
effect has not been found with other NSAIDs. However, any
antithrombotic effect of naproxen in the VIGOR trial would have
greatly exceeded that expected from aspirin (average risk reduc-
tion for MI with aspirin 30%; apparent risk reduction with
naproxen 80% [confidence intervals 42-93%]).}

By contrast, in the Celecoxib Long-Term Arthritis Safety Study
(CLASS),* the incidence of serious cardiovascular events was sim-
ilar for those patients taking celecoxib and those taking
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diclofenac or ibuprofen, except that there were significantly
more strokes among the patients taking ibuprofen than those
receiving celecoxib. However, a subsequent analysis shows that
the annual incidence of MI during treatment with rofecoxib and
celecoxib in VIGOR and CLASS was similar at 0.74% for rofe-
coxib and 0.80% for celecoxib. These rates are significantly high-
er than in the placebo-treated populations of the primary pre-
vention trials of aspirin therapy (0.52%).* While such information
is suggestive of a problem, the patient populations may not be
truly comparable.

Konstam et al.® performed a meta-analysis of 23 placebo-
and NSAID-controlled studies with rofecoxib, including 26,000
patients. They concluded that treatment with rofecoxib was
associated with an increased risk of a thrombotic cardiovascular
event when compared with naproxen, but not when compared
with other classical NSAIDs (ibuprofen, diclofenac and nabume-
tone). However, many of these studies were of short duration
(1-3 months), and subsequent longer-term observational studies
began to reveal a different pattern of risk.

A Prescription Event Monitoring study in the UK reported that
the risk of cardiovascular events was greater in people taking
celecoxib or rofecoxib when compared to the less selective COX-
2 inhibitor meloxicam.”® The rates for cardiac events had wi

was only increased after 18 months of treatment with rofecoxib,
and persisted at three years. The cumulative incidence of cardio-
vascular events was 7.5 per 1,000 patients receiving placebo
compared with 15 per 1,000 patients receiving rofecoxib.” This
led the data safety monitoring board for this study recommend-
ing that the study be stopped in September 2004. Three days
later rofecoxib was withdrawn from the market.

Celecoxib

This left the question of the cardiovascular safety of the remain-
ing coxibs. This had not been fully resolved for celecoxib, with
some signals that there might be a problem, although not as
great as for rofecoxib. The issue was brought to prominence with
the announcement of the premature cessation of the Adenoma
Prevention with Celecoxib (APC) trial in December 2004." This
study was designed to investigate the ability of celecoxib 200 mg
or 400 mg E—jﬂy to prevent the development of colorectal
cancer a@ moval of an adenomatous polyp. Compared
to pIa oth of cel were associated with an
exces rd|o eve %bevidence of a dose-related
X €in ri Kz&h bs béf@ess risk for the lower dose of

ents (relative risk 2.5), and for the

2Coxib wi per 1 E%
. <</ gher as 21 0 patients (relative risk 3.4).
confidence intervals (Cls), but showed an increase in age-_an Q%“g at market celecoxib, have responded

gender-adjusted relative risk of 1.72 for celecoxib (Cl 0.87-3"
and of 1.33 for rofecoxib (Cl 0.71-2.67). However,
risks for cerebrovascular thrombotic events were 1

from the New England Healthcare claims
comparison of thrombo-embolic events in
taking NSAIDs, celecoxib or rofecoxib.
to non-NSAID users was 1.11 for
coxib (p=0.06) and 2.45 for rofec 0=<0.

Ray and co-workers™ exaerdd/ eTe %Aedim@@-
gramme database for dose-rela ard %r effﬂ fe-
coxib. They concluded that users of es of ro@ﬁ reater
than 25 mg daily were 1.7 times mo kely -users to
have a serious coronary heart disease ev t h there was
no evidence of increased risk among use(§$ mg daily or less,
or among users of other NSAIDs. st, a case—control
study by Solomon et al." showed th oses of rofecoxib were
associated with an increased relative rlsk of MI compared with
the use of celecoxib (relative risk 1.24) or no NSAID usage (rela-
tive risk 1.14). The risk was elevated in the first 90 days of use of

rofecoxib, but not thereafter, while the use of celecoxib was not
associated with any excess risk.

Rofecoxib withdrawal

The final nail in the coffin for rofecoxib came from three year fol-
low-up data from the Adenomatous Polyp Prevention on Vioxx
(APPROVe) study. This study was designed to evaluate the
efficacy of rofecoxib, 25 mg daily, in preventing recurrence of
colorectal polyps in 2,600 patients with a history of colorectal
adenomas. There was an increased relative risk for confirmed Ml
during treatment with rofecoxib compared to placebo. The risk

388

revention of Spontaneous Adenomatous
y, a separate long-term study using celecox-
00 mg twice daily, does not show any increase

n ca dl(SZcular risk for celecoxib when compared to placebo.
owvaV/ar, an independent analysis of a study carried out by the

-dose celecoxib. In this unpublished analysis, the absolute
k of cardiovascular events was small at 0.9% with placebo, but
2.2% with celecoxib 400 mg daily and 3% with celecoxib 800

mg daily.

A pooled analysis of the cardiovascular safety of several COX-

2 inhibitors in a high-risk Medicaid population did not provide

any evidence of an increased risk." However, this observational

study could mask an increased risk with individual drugs.

Other coxibs

Data for other coxibs are less robust, in part due to shorter
follow-up periods as well as smaller numbers of patients.
Etoricoxib has been studied in about 12,000 patients in compar-
ison with placebo and classical NSAIDs but with only 6,500
patient-years of observation. There was a relative risk of a car-
diovascular event of 1.1 (Cl 0.32-3.81) compared to placebo, of
0.83 (C1 0.26-2.64) compared to non-naproxen NSAIDs, and 1.7
(Cl 0.91-3.18) compared to naproxen.” The wide confidence
intervals of these estimates indicate the lack of the power of the
studies to determine the true risk.

Lumiracoxib has been the subject of the largest randomised
study programme to study cardiovascular risk. The Therapeutic
Arthritis Research and Gastrointestinal Event Trial (TARGET)
enrolled 18,000 patients, but follow-up was confined to one year
and their risk for cardiovascular disease was low. The results indi-
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cated that treatment with lumiracoxib conferred a non-signifi-
cantly greater risk of confirmed or probable Ml when compared to
naproxen, but a non-significantly lower risk when compared to
ibuprofen.” Once again the confidence intervals for these esti-
mates were wide and do not confirm or refute a real risk.

Two studies have investigated the use of valdecoxib in a high-
risk patient group following coronary artery bypass surgery.'”®
Valdecoxib has a similar degree of COX-2 selectivity as rofecoxib,
and the results were disturbing with a three-fold increase in
adverse cardiovascular outcomes with valdecoxib compared to
placebo. These studies used a higher dose of valdecoxib than
that usually recommended for the treatment of arthritis.
Valdecoxib has recently been withdrawn from the UK market,
but mainly due to concerns about serious skin reactions.

COX-2 inhibitors and fluid retention

Both COX-1 and COX-2 are expressed in the kidney and con-
tribute to regulation of renal function. COX-1 is constitutively
expressed in the vascular endothelium and has a role in haemo-
dynamic regulation, through generation of prostacyclin (PGly).
COX-2 is constitutively expressed in the vasculature, glomerulus,
tubular segments and interstitium of adult mammalian kidney. In
addition, COX-2 expression, but not COX-1, is induced by hi

renin states, low salt diet and water deprivation. COX-2 catal monxyg
2

ses the production of both prostacyclin and prostagla d
(PGEp). In the kidney, PGE, decreases sodium re
Prostacyclin increases potassium excretion, preserves,r
flow and glomerular filtration rate, and infc
decreased actual or effective circulating vqugE
Salt and water retention can occur whe
are inhibited — these will be particular
with heart failure. Several studies

ulation-based observational st of A4
showed that treatment for heart failu S MQ
started in all users of NSAIDs or Co&unhm han in non-
NSAID users.?2 However, the risk of hospita %or heart fail-
ure was higher in those taking NSAIDs o(g%}? xib than in non-
NSAID users, but not in those who toQ\ oxib.

COX-2 inhibitors and hypertension

Classical NSAIDs produce a mean increase in blood pressure of 5
mmHg,” and an observational study found that NSAIDs users
had an increased risk of starting antihypertensive medication.*
The increase in blood pressure associated with classical NSAIDs is
probably caused by an inhibition of prostaglandin-dependent
counter-regulatory mechanisms in the renal vasculature, which
seems to occur early during the use of these agents. Since COX-
2 inhibitors also affect renal prostaglandin synthesis, they also
have the potential to increase blood pressure.

The first question is whether patients who take these drugs
are more likely to develop hypertension. This has been addressed
in observational and case-control studies.”? These suggest that
new onset hypertension was between 1.4 and 2.08 times more

avesuggest i
dence of oedema is higher with ro 'b tha Ieco GN/
The clinical relevance of this ot{serva on ’%Bred iIna pep-
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common in patients who took rofecoxib when compared to
those taking other NSAIDs, celecoxib or with non-NSAID users.

The second issue is whether patients with pre-existing hyper-
tension are more likely to experience loss of blood pressure con-
trol if they take a COX-2 inhibitor. Two trials have compared cele-
coxib and rofecoxib in older hypertensive patients with
osteoarthritis. In both trials, there was a mean increase in systolic
blood pressure of 2.6-3.0 mmHg during treatment with rofe-
coxib and a slight drop of systolic blood pressure in those who
took celecoxib.®® However, these studies used doses of the
drugs that did not have clinically comparable effects; the dose of
celecoxib (200 mg daily) was at the lower end of the dose range
for arthritis, while that of rofecoxib (25 mg daily) was at the
upper end of the dosage range.

Other studies have found that celecoxib 400 mg daily does
not increase the morning or the 24-hour average blood pressure
in patients e hypertension was controlled with an

angiotensi vérting enzyme (ACE) inhibitor.2*° But when
|clo1c celeco creased blood pressure to a

at 0 sma ncentrat|on The lack of an

0 control may, therefore, be a
hort aIf life of celecoxib. Rofecoxib did
o aff me b essure on ambulatory blood pressure

' By Q‘q the effect on night-time blood pres-
ubs with a mean increase of 15.7/8.5 mmHg. In
e increase in nocturnal blood pressure with

na s only 5.0/4.9 mmHg. The increase in 24-hour
loo p ure load produced by rofecoxib, as a consequence of
Ios he circadian blood pressure variation, may have con-

d to the excess cardiovascular events associated with this

A recent study in hypertensive patients with diabetes has
confirmed the adverse effect of rofecoxib on blood pressure con-
trol. Celecoxib and naproxen produced small but non-significant
increases in mean 24-hour blood pressure. However, rofecoxib
produced a significant rise after six weeks of treatment, of 4.2
mmHg.*

A recent meta-analysis of the effects of COX-2 inhibitors on
blood pressure pooled data on the risk of new-onset hyperten-
sion and significant rises in blood pressure in patients with hyper-
tension. The authors concluded that COX-2 inhibitors were more
likely to produce a significant rise in blood pressure than con-
ventional NSAIDs.* The rise was numerically greater with rofe-
coxib than with celecoxib but this difference was not statistically
significant.

Conclusions

It seems clear that rofecoxib stands out amongst the COX-2
inhibitors as carrying a greater risk of thrombotic cardiovascular
events, oedema and loss of blood pressure control in treated
hypertensive patients when compared to classical NSAIDs. The
increase in cardiovascular risk is greatest after about 18 months
of use, and many of the newer COX-2 inhibitors have not been
studied adequately over such prolonged periods. However, the
emerging data suggest that the increased cardiovascular risk is
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% Key messages

® Selective inhibition of COX-2 produces imbalance
between the production of prostaglandins with
vasodilator and platelet anti-aggregatory effects, and
those that have vasoconstrictor and pro-aggregatory
effects

The use of COX-2 selective inhibitors produces a shift to
vasoconstriction and a pro-thrombotic state

Rofecoxib increases the risk of myocardial infarction at
doses conventionally used for the treatment of arthritis

Other coxibs may also carry a risk at higher doses than
those recommended for the treatment of arthritis

Rofecoxib, and to a lesser extent the other coxibs,
increase blood pressure in hypertensive people and
produce fluid retention that can result in
decompensation of heart failure

Coxibs should be avoided in people who have or are at
high risk of cardiovascular disease, and should be used
for the shortest possible period in other individuals

probably a class effect, although the absolute risk
other than rofecoxib is small. There may also be a

th, drugs
relate
. increase in risk with some drugs, particularly cele@ d valee;
coxib, with the greatest risk at doses higher, N{ ose us
used for the treatment of arthritis.
Currently, the Medicines and Heal
(MRHA) recommend avoiding treatn

ency,

inhibitors whenever possible in pa
heart disease or those who are(at higi risk elopin
do

also recommend that the sma a COX@W itor
@}m le m| if the

should be prescribed for the short o)

drugs are used. The risk associated with.the u oxicam, a
drug with less COX selectivity, has recei %&s attention.
Current evidence has not demonstrate(i( differences from
conventional NSAIDs, but definitive sQe\ e awaited.

If the prescription of COX-2 selectivésinhibitors is considered
for patients with ischaemic heart disease, then a full discussion
of risk should take place, and all alternative treatment options
should be explored. The long-term use of COX-2 inhibitors for
patients at lower cardiovascular risk should also be reassessed in
the light of the lack of evidence for a reduction in serious gastro-
intestinal toxicity for many of the drugs compared with classical
NSAIDs.
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Editors’ note
An article ‘COX-2 inhibitors: managing comorbidities in primary
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care’ by Rubin Minhas can be found on pages 392-3 of this
issue.
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Book review

Intracoronary ultrasound
Author: Mintz GS

Publisher: Taylor & Francis Group, Oxford, 2({02\
ISBN: 1 841840475 Price: £75

his is a beautiful and authoritative w

ed authority in the field. Fro

assures us that the book will
of intravascular ultrasound (IVUS)
do not disappoint.

@
As an IVUS novice, | was disappoin %d tha@ cel-

lent first chapter on the physics of (V\JS i agm@
detail the many pitfalls of image in

retati

artefact that could go unrecognised. The %g chapter on
‘qualitative and quantitative analysis’ des@step by step, the
path that the ultrasound beam foll% it traverses and is
deflected by the arterial wall. This chapter too emphasised the
potential for image misinterpretation and highlighted the point
that IVUS is a technique that needs fully trained operators in
order to benefit from its full utility.
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1,

mple of every situation and

backed up this claim. The

at since it is mainly made up of high
llustrations. Its readability is difficult at
illustrations need to be passed in order to
In addition, the figures and legends did not
his could make it difficult to appreciate which

"
s\%e ive G{Ki illu5d.g\r
r says gﬁo k“ g’?b\b ead not used as a reference” but

have tit
(})h ?@n was being illustrated without concentrating on the

enom
en@end text and complicated labelling. Some of the illus-
ions did not confer to me the information referred to in the

@ d text. | was left feeling unsure whether this was because

my IVUS inexperience or the fact that the illustrations were
static representations of images designed to be viewed in real
time.

These observations are not necessarily shortcomings and the
book convinced me that IVUS conveys information that simply
cannot be obtained from angiography alone. | was left feeling
the need for further practical instruction in this valuable tech-
nique.

Huw Griffiths

Consultant Cardiologist

Portsmouth Hospitals NHS Trust,

St Mary's Hospital, Portsmouth, PO3 6AD.
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