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EDITORIAL

COX-2 Inhibitors — Lessons in Drug Safety

Bruce M. Psaty, M.D., Ph.D., and Curt D. Furberg, M.D., Ph.D.

Approximately six years after the cyclooxygenase-2
(COX-2) inhibitors were approved for use in the
United States, the results of three randomized, pla-
cebo-controlled trials provide new evidence about
the cardiovascular risks of rofecoxib, celecoxib, and
valdecoxib.?”® The Adenomatous Polyp Prevention
on Vioxx (APPROVe) trial, a study of patients with a
history of colorectal adenomas, was stopped early
because rofecoxib doubled the risk of major cardio-
vascular events (relative risk, 1.92; 95 percent con-
fidence interval, 1.19 to 3.11). These findings con-
firmed the increased risk of myocardial infarction
previously seen in the Vioxx Gastrointestinal Out-
comes Research (VIGOR) trial* and some observa-
tional studies.> The public announcement of the
APPROVe results, which coincided with Merck’s
withdrawal of rofecoxib from the market in Septem-
ber 2004, prompted scientists to review the cardio-
vascular-safety results of a similar trial, the Ade-
noma Prevention with Celecoxib (APC) Study.? At
either 200 or 400 mg twice a day, celecoxib in the
APC trial was associated with a tripling of the risk
of cardiovascular events (relative risk, 2.8; 95 per-
cent confidence interval, 1.3 to 6.3). In the third
COX-2 inhibitor trial reported in this issue of the
Journal,® the short-term use of valdecoxib and its
prodrug parecoxib was associated with increased
cardiovascular risk in patients undergoing coronary
bypass surgery.

After millions of Americans have used COX-2
inhibitors, which were intended to avert the gastro-
intestinal complications common to other nonste-
roidal antiinflammatory drugs (NSAIDs), serious
adverse cardiovascular events have now been re-
ported for three members of the class. Physicians
are dismayed, pharmaceutical companies are em-
barrassed and financially threatened, and patients
are injured. Indeed, the integrity of the American

drug-safety system has been questioned. How did
such problems arise, and how can they be prevented
in the future?

COX-2 inhibitors not only lack the antiplatelet
effects of aspirin; by inhibiting the production of
prostacyclin, they also disable one of the primary
defenses of the endothelium against platelet aggre-
gation, hypertension, and atherosclerosis.® COX-2
inhibitors also promote an imbalance in favor of
vasoconstriction. These biologic actions, known
since 1998, suggest that COX-2 inhibitors may in-
crease the risk of cardiovascular events, including
myocardial infarction, stroke, hypertension, and
heart failure. To use COX-2 inhibitors wisely, pa-
tients and physicians need complete information
about benefits and risks, including any cardiovas-
cular risks.

Before rofecoxib was approved, 5435 patients
received the drug, usually in small, short-term trials
that were adequately powered to examine outcomes
such as pain relief.” Adverse events, including car-
diovascular ones, were identified incidentally, by
self-report. Although only 371 and 381 patients re-
ceived doses 0f 12.5 mg and 25 mg, respectively, for
more than one year, safety signals were recognized
by the medical officer of the Food and Drug Admin-
istration (FDA), who observed “thatin 6-week stud-
ies, thomboembolic events are more frequentin pa-
tients receiving rofecoxib [12 (0.67%) of 1780] than
placebo [1 (0.24%) of 412].”7 Still, rofecoxib was
approved in May 1999.

The tradeoft between gastrointestinal benefitand
cardiovascular harm was highlighted in the VIGOR
trial, which compared rofecoxib (50 mg daily) with
naproxen (500 mg twice daily) in 8076 patients with
rheumatoid arthritis.* Subjects with recent cardio-
vascular events were excluded, and so were those
taking aspirin. Cardiovascular events were nota pre-
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specified end point and were not adjudicated for the
VIGOR trial itself. The occurrence of myocardial
infarction, which was five times as high in the rofe-
coxib group as in the naproxen group, was report-
ed only in preliminary form in the original arti-
cle.*® Revisions of the rofecoxib label took more
than two years to complete.

In contrast, the Women’s Health Initiative (WHI)
study is an example of a trial designed to assess risks
and benefits with equal scientific rigor.® In the eval-
uation of hormone-replacement therapy, the WHI
treated the potential risks of breast cancer and ve-
nous thrombosis just as seriously as the hypothe-
sized benefits with regard to myocardial infarction
and stroke. Criteria for all these end points and the
methods of case identification were defined in the
protocol, and outcome data were collected prospec-
tively and adjudicated blindly. Early on, the WHI’s
data and safety monitoring board considered how to
handle potential scenarios of benefit or risk among
the major end points.*®

In the initial evaluation of the COX-2 inhibitors,
the use of small, short-term trials, the exclusion of
high-risk patients, and the methodologic inatten-
tion to cardiovascular events all minimized the pos-
sibility of uncovering evidence of cardiovascular
harm. First, only a small number of events accrued
in studies that were not designed to assess cardio-
vascular outcomes. Second, the adverse effects of a
drug may differ between high-risk and low-risk pa-
tients. COX-2 inhibitors were not adequately evalu-
ated in the large number of high-risk patients, 40
percent of users by some estimates,™* who would
eventually take them. Third, misclassification of
study outcomes makes associations, if present,
more difficult to detect. Even conventionally high
levels of specificity, such as 99 percent, can have pro-
nounced effects, biasing estimates of risk toward
the null.

The cardiovascular harm associated with COX-2
inhibitors became apparent in trials, such as
APPROVe, APC, and the cardiac-surgery stud-
ies,1312 that were conducted for other indications.
Even with the evidence from these trials, we lack ad-
equate information to make confident statements
about the exact levels of risk for each drug, the time
course of the risk during therapy, and the popula-
tions of patients, if any, in whom the benefits might
exceed the known risks.

Medicines thatwill be used by millions of Amer-
icans for long periods, especially when their biolog-
ic mechanisms suggest a risk, are best evaluated in

large, long-term clinical trials that begin as early as
possible in the drug-approval process.*? If manu-
facturers do not on their own address the potential
risks, then in the interests of public health the FDA
must insist that they do so. In some instances, ob-
servational studies will be the most efficient and
timely method of assessing drug safety.

In 2000, Pfizer completed a randomized trial of
celecoxib in patients with Alzheimer’s disease but
never published the unfavorable cardiovascular re-
sults and only made them publicly available in Jan-
uary 2005.** Human subjects agree to participate in
studies to contribute to science and public health.
Failure to publish the findings of these studies not
only violates their trust, but also misrepresents the
evidence about risks and benefits for patients and
physicians. All randomized clinical trials should be
registered, and their results should be made public
in a timely fashion.

For an approved drug, the FDA currently engag-
es in protracted negotiations with manufacturers
rather than mandating manufacturers (1) to change
a product label, (2) to conduct patient or physician
education, (3) to limitadvertising to patients or phy-
sicians, (4) to modify approved indications, (5) to
restrict use to selected patients, (6) to complete
post-marketing studies agreed on at the time of ap-
proval, (7) to conduct additional post-marketing
studies or trials, and (8) to suspend marketing or
immediately withdraw a drug. The FDA has recently
claimed to lack adequate authority in these areas.
We believe that to protect the health of the public,
Congress needs to provide the FDA with the neces-
sary authority and also to create an independent
Center for Drug Safety with new authority and fund-
ing. Civil penalties should be commensurate with
the scale of drug sales. Provisional approval and reg-
ular repeated review would provide opportunities
to reevaluate risk and benefit. In addition, ongoing
congressional oversight of the FDA would afford an
important forum for the public discussion of drug
safety.

Without the efficacy results from the colorectal-
polyp prevention studies, it is not possible to assess
the balance of risk and benefit. Although the cardio-
vascular risks of COX-2 inhibitors are now more
clearly documented, ' they have not been adequate-
ly evaluated in long-term studies in low-risk popu-
lations or high-risk populations. The absence of
evidence here is not evidence of safety. In clinical
trials, NSAIDs, aspirin, and acetaminophen are just
as effective in relieving pain as the COX-2 inhibitors.
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If a COX-2 inhibitor were necessary, patients would
have to be informed of the potential risks, and the
lowest possible dose should be used for the shortest
possible time.

From the Cardiovascular Health Research Unit, Departments of
Medicine, Epidemiology, and Health Services, University of
Washington, Seattle (B.M.P.); and the Department of Public
Health Sciences, Wake Forest University School of Medicine,
Winston-Salem, N.C. (C.D.F.).
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