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The facts

NSAIDs are one of the most ubiquitous class of
drugs, with different compounds being sold as over-
the-counter drugs for a wide range of minor and
major conditions. As a group, they rank first among
causes of adverse drug reactions (ADRs) [1]. Severe
gastrointestinal (GI) toxicity (i.e. upper GI bleeding,
ulcers and perforation) due to aspirin and NSAIDs is
probably the main cause of iatrogenic admission to
hospitals [2], with important quantitative risk differ-
ences among NSAIDs [3-7] and with an overall
attributable incidence of 150 cases/million/year [8].

In 1991, two COX-isozymes of prostaglandin G/H
synthase (cyclooxigenase) were first characterized and
named COX-1 (the constitutive form) and COX-2
(the inducible form). Inhibition of COX-2 was proved
to be most directly implicated in reducing inflam-
mation, whereas inhibition of COX-1 has been re-
lated to significant adverse events in the GI tract [9].
This knowledge opened the door to a new class of
compounds, the selective COX-2 inhibitors, which, if
proved to be safer upon the GI tract that classical
NSAIDs, could be potentially important ‘blockbust-
ers’ [9].

However, some words of caution are in order.
First, selectivity inhibition should be regarded as a
relative, rather than an absolute concept; the in vitro
COX-1/COX-2 ratio differs from compound to
compound (among classical as well as newer drugs); it
is also critically dependent on the methodology used
as well as on the concentration of the drug [9].

Secondly, NSAIDs as a group have potentially
deleterious effects on the cardiovascular system;
prostaglandins can counterbalance the vasoconstric-
tor effects of other mediators as angiotensin II, nor-
epinephrine or vasopressin on the kidney. They can
also induce the appearance of oedemas and fluid
retention, cause loss of blood pressure control and
increase the risk of congestive heart failure.

Thirdly, regarding its effect on platelet function,
many physiopathological features of the COX-1/
COX-2 equation are still evolving. The well known
antiplatelet effect of aspirin is achieved by irreversible
acetylation of a serine residue at position 529 in
COX-1, the only isoform of the enzyme expressed in
platelets, inhibiting its main metabolite (thrombox-

ane A,) which has proaggregant properties. Prosta-
glandin 1,, the predominant COX product in
endothelium, has opposed effects: it inhibits platelet
aggregation, causes vasodilatation and prevents the
proliferation of vascular smooth-muscles. The inhi-
bition of these effects, previously thought to be
mediated by COX-1, later has been proved to be
COX-2 related [10]. If this is so, strong inhibition of
COX-2 dependent prostaglandin I, in endothelium
could lead to cardiovascular damage.

In 1999, the two first anti-inflammatory drugs
based upon the concept of COX-2 selectivity, the so
called ‘coxibs’ (rofecoxib and celecoxib) were intro-
duced into the American market. The success was
impressive, and worldwide sales of rofecoxib reached
USS$ 2.5 billion in 2003 [11]. However, some aspects
of the process were unusual. The pivotal randomised
clinical trial (RCT) was only published over a year
later than the commercial approval of the drug had
been granted [12]. The VIGOR trial compared ro-
fecoxib (50 mg/od) with naproxen (1.000 mg/od) in
8.076 patients with rheumatoid arthritis. The trial
showed an increased number of acute myocardial
infarctions (AMI) (0.4% vs. 0.1%) in patients taking
rofecoxib. Concerns about the cardiovascular safety
profile of the drug were initially overcome by inter-
preting that the results of the trial revealed more an
allegedly cardioprotective effect of naproxen rather
than a cardiotoxic effect of rofecoxib [12].

This hypothesis has been repeatedly questioned be-
cause, in fact, epidemiological as well as ‘in vitro’ data
on the effect on platelet aggregation and other mech-
anisms related to cardiovascular safety of NSAIDs
(other than aspirin) are very scarce. Regulatory
authorities in USA and EU reacted by including a
precautionary sentence in the labelling of marketed
coxibs, reflecting the findings from the VIGOR trial.
Subsequently, the coxibs ‘me-too’ saga increased sub-
stantially: valdecoxib, parecoxib, etoricoxib, lumirac-
oxib... New results from a RCT comparing
lumiracoxib vs. naproxen raised more concern about
an excess risk of AMI of another coxib [13].

Meanwhile, a Merck-sponsored meta-analysis of
randomised trials of rofecoxib [14] and some obser-
vational studies [15-17] appeared to support the an-
tiaggregant effect of naproxen, while other studies
suggested that the increased cardiovascular risk of
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rofecoxib is dose-dependent [18], and it is not shared
by celecoxib [18-20].

On September 30, 2004, Merck announced the
voluntary withdrawal of rofecoxib, based upon the
interim analysis of the APPROVe trial (Adenoma-
tous PolypPrevention on Vioxx). This was a Merck-
sponsored RCT comparing rofecoxib (25 mg/od) vs.
placebo in approximately 2.600 subjects to prevent
the recurrence of colorectal polyps in individuals with
a history of colorectal adenomas. After a mean fol-
low-up of 18 months rofecoxib users had a relative
risk (RR) of 2 for confirmed thrombotic events
(p = 0.007), including cardiac as well as cerebrovas-
cular events. These findings, and a subsequent article
in the Wall Street Journal suggesting that Merck
executives knew about the risk for years, made the
company’s stock prices to collapse [21].

The last chapter (up to November 21, 2004) of the
tale is the publication in The Lancet of a so-called
‘cumulative meta-analysis’ of 18 RCT with rofecoxib
and 11 observational studies with naproxen [22]. The
authors conclude: (1) that the cardioprotective effect
of naproxen exists but is small [OR: 0.86 (95% CI:
0.75-0.99)]; and (2) that the evidence about the in-
creased risk of AMI for rofecoxib was there by the
end of 2000, and that the drug ‘should have been
withdrawn’ from the market ‘several years earlier’
[22]. Looking at the meta-analysis tables, two con-
clusions can in our view be drawn: the bigger piece of
evidence is still the VIGOR study, and the reasoning
based on the cardioprotective effect of naproxen
cannot be ruled out. The report has been followed by
the most aggressive editorial comment published up
to date about the story [23].

The lessons

In our view, the most important lessons that can be
learned from the process summarised above are as
follows:

1. Our methodological tools to measure drugs ben-
efit/risk ratios with precision are imperfect. RCT
and observational studies are still substantially
influenced by biases coming from the author’s
affiliation.

2. A publicly available RCT registry is urgently
needed. It is the only source that can provide the
public, clinicians, scientists, and policy-makers
with accurate and comprehensive on line infor-
mation about all the studies that are being con-
ducted.

3. Regulatory Agencies should be truly ‘indepen-
dent” and transparent bodies. The pharmaceuti-
cal industry cannot be a direct source of funding
for the Agencies. Strong government commit-
ment is needed to really fulfil this requirement.

4. In the EU it is not acceptable that drug-related
issues hang on the DG Enterprise, as it has been

since its inception. Drugs are health tools and, as
a result, their regulation should depend upon the
DG of Public Health.

5. New drugs should be introduced into the market
with more precautionary measures. This is spe-
cially true for ‘blockbuster’ drugs. Aggressive
marketing of new compounds, expanding their
indication away from what has been ‘proved’ in
RCT is a dangerous exercise for everybody. The
complete panorama of the positive and negative
effects of a drug can only be obtained after many
years of scrutiny.

6. Drug risks should always be placed in context,
looking at absolute as well as relative effects. If the
benefit risk/ratio of all NSAIDs is analysed in
absolute terms, the conclusion can be achieved
that the evidence supports that some NSAIDs are
far more important causes of severe GI damage
than others. This clearly justifies the withdrawal
of some classical compounds. Piroxicam, for in-
stance, has been consistently related to highly
significant ORs of about 10 or 15 [3—8]. This could
mean that in some markets 4% of all GI bleeding
are attributable to this drug, ranking second after
aspirin (unpublished data). From a public health
perspective piroxicam is, at least, as dangerous as
rofecoxib.

7. Post hoc analysis of the evidence through cumu-
lative meta-analyses after a drug has been with-
drawn from the market is unfair. Decisions about
drug registration and about drug withdrawals are
based upon evidence coming from many sources:
information coming from ‘in vitro’ or mechanism
of action studies, descriptive epidemiology, case
series, voluntary reporting of ADRs, data from
RCT, observational studies, etc. Methodologi-
cally sound RCT are still the gold standard of
clinical research; however, regulatory decisions
are never based only on ‘cumulative evidence’
obtained through systematic reviews but, rather,
based on all these heterogeneous pieces of infor-
mation, which must be adequately interpreted.

8. If a cumulative meta-analysis of observational
studies, like the one proposed by Jiini and
coworkers [22], had been performed on the severe
GI toxicity of different NSAIDs, probably sev-
eral other drugs of this class should have been
withdrawn from the market years ago.

9. Appropriate RCT and other designs studying the
long term (1-3 years) cardiovascular effects of
NSAIDs are lacking. The effects observed with
rofecoxib could perhaps also be seen with other
drugs, within the coxib subgroup, as well as
within the classical NSAIDs.

10. The concept of a ‘class effect” in pharmacology is
slippery and should be used with caution. To be
confident that a positive or a negative effect of a
certain drug is shared with another similar drug is



not an easy task, and such an assessment requires
a lot of information.

Three of the most relevant questions that remain to be
properly answered are: Are the deleterious cardio- and
cerebro-vascular effects seen with Vioxx applicable to
other coxibs? And to other classical NSAIDs? Are
these observed effects time- and dose-dependent?
Other than aspirin, do any other anti-inflammatory
drug have antiaggregant properties?

References

10.

11

. Pirmohamed M, James S, Meakin S, et al. Adverse

drug reactions as a cause of admission to hospital:
prospective analysis of 18820 patients. Br Med J 2004;
324: 15-19.

. Martin MT, Codina C, Tuset M, Carné X, Nogué S,

Ribas J. Problemas relacionados con la medicacion
como causa del ingreso hospitalario. Med Clin (Barc)
2002; 118: 205-210.

. Laporte JR, Carné X, Vidal X, et al. Upper gastroin-

testinal bleeding in relation to previous use of analgesic
and non-steroidal anti-inflammatory drugs. Lancet
1991; 337: 85-89.

. Langman MJS, Weil J, Wainwright P, et al. Risks of

bleeding peptic ulcer associated with individual non-
steroidal anti-inflammatory drugs. Lancet 1994; 343:
1075-1078.

. Lanas A, Bajador E, Serrano P, et al. Nitrovasodila-

tors, low-dose aspirin, other nonsteroidal antiinflam-
matory drugs and the risk of upper gastrointestinal
bleeding. N Engl J Med 2000; 343: 834-839.

. Henry D, Lim LL-Y, Garcia-Rodriguez LA, et al.

Variability in risk of gastrointestinal complications
with individual non-steroidal anti-inflammatory drugs:
results of a collaborative meta-analysis. Br Med J 1996;
312: 1563-1566.

. Hernandez-Diaz S, Garcia-Rodriguez LA. Association

between nonsteroidal anti-inflammatory drugs and
upper gastrointestinal tract bleeding/perforation: An
overview of epidemiologic studies published in the
1990s. Arch Intern Med 2000; 160: 2093-2099.

. Laporte JR, Ibafiez L, Vidal X, Vendrell L, Leone R.

Upper gastrointestinal bleeding associated with the use
of NSAIDs. Drug Safety 2004; 27: 411-420.

. FitzGerald GA, Patrono C. The coxibs, selective

inhibitors of cyclooxygenase-2. N Engl J Med 2001;
345: 433-442.

FitzGerald GA. Coxibs and cardiovascular disease. N
Engl J Med 2004; 351: 1709-1711.

. Topol EJ. Failing the public health. Rofecoxib, Merck

and the FDA. N Engl J Med 2004; 351: 1707-1709.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

129

Bombardier C, Laine L, Reicin A, et al. for the VIGOR
Study Group. Comparison of upper gastrointestinal
toxicity of rofecoxib and naproxen in patients with
rheumatoid arthritis. N Engl J Med 2000; 343: 1520—
1528.

Farkouh ME, Kirshner H, Harrington RA, et al. on
behalf of the TARGET Study Group. Comparison of
lumiracoxib with naproxen and ibuprofen in the
Therapeutic Arthritis Research and Gastrointestinal
Event Trial (TARGET), cardiovascular outcome:
Randomised controlled trial. Lancet 2004; 364: 675—
684.

Konstam MA, Weir MR, Reicin A, et al. Cardiovas-
cular thrombotic events in controlled, clinical trials of
rofecoxib. Circulation 2001; 102: 2280-2288.

Rahme E, Pilote L, LeLorier J. Association between
naproxen use and protection against acute myocardial
infraction. Arch Intern Med 2002; 162: 1111-1115.
Solomon DH, Glynn RJ, Levin R, Avorn J. Nonste-
roidal anti-inflammatory drug use and acute myocar-
dial infraction. Arch Intern Med 2002; 162: 1099-
1104.

. Watson DJ, Rhodes T, Cai B, Guess HA. Lower risk of

thromboembolic cardiovascular events with naproxen
among patients with rheumatoid arthritis. Arch Intern
Med 2002; 162: 1105-1110.

Solomon DH, Schneeweiss S, Glynn RJ, et al. Rela-
tionship between selective cyclooxigenase-2 inhibitors
and acute myocardial infarction in older adults. Cir-
culation 2003; 109: 2068-2073.

White WB, Faich G, Borer JS, Makuch RW. Cardio-
vascular thrombotic events in arthritis trials of the cy-
clooxygenase-2 inhibitor celecoxib. Am J Cardiol 2003,
92: 411-418.

White WB, Faich G, Whelton A, et al. Comparison of
thromboembolic events in patients treated with celec-
oxib, a cyclooxigenase-2 specific inhibitor, versus ibu-
profen or diclofenac. Am J Cardiol 2002; 89: 425-430.
Oberholzer-Gee F, Inamdar SN. Merck’s recall of ro-
fecoxib. A strategic perspective. N Engl J Med 2004;
351: 2147-2149.

Jini P, Nartey L, Reichenbach S, Sterchi R, Dieppe
PA, Egger M. Risk of cardiovascular events and ro-
fecoxib: cumulative meta-analysis. Lancet 2004; 364:
2021-2029.

Horton R. Vioxx, the implosion of Merck, and after-
shocks at the FDA. Lancet 2004; 364: 1995-1996.

Address for correspondence: X. Carné, Servei de Farmaco-
logia Clinica, Unitat d’Avaluacié, Suport i Prevencio,
Institut d’Investigacions Biomédiques August Pi i Sunyer
(IDIBAPS), Hospital Clinic, Carrer Villarroel 170, E-08036
Barcelona, Catalonia, Spain
E-mail: xcarne@clinic.ub.es



