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. . . (A) long habit of not thinking a thing wrong, gives it a superfi-
cial appearance of being right, and raises at first a formidable outcry
in defence of custom. But the tumult soon subsides. Time makes more
converts than reason.

Thomas Paine, Common Sense, 1776

THE CONCEPT WAS APPEALING IN ITS SIMPLICITY. TRA-
ditional nonsteroidal anti-inflammatory drugs
(NSAIDs) inhibited both isoforms of the enzyme cy-
clooxygenase responsible for the first step in the con-

version of arachidonic acid into a variety of prostaglan-
dins, thromboxanes, and leukotrienes throughout the body.1

The anti-inflammatory and pain-relieving effects of NSAIDs
resulted from inhibition of prostaglandin synthesis medi-
ated by cyclooxygenase 2 (COX-2) at the site of tissue in-
jury, while gastrointestinal tract complications were due to
inhibition of prostaglandin synthesis mediated by cyclooxy-
genase 1 (COX-1) in the gastrointestinal mucosa. The al-
lure of COX-2 inhibitors was the prospect of treating pain
without gastrointestinal toxicity.1 Celecoxib and rofecoxib
were the first of these new agents to gain approval and, with
heavy promotion and direct-to-consumer advertising, quickly
became the most widely prescribed NSAIDs in the United
States.

Lurking in the background was the concern that selec-
tive COX-2 inhibition might suppress endothelial cell syn-
thesis of prostacyclin, leaving platelet thromboxane A2 me-
diated by COX-1 relatively unopposed.2,3 With loss of the
antiplatelet and vasodilatory effects of prostacyclin, a rela-
tive excess of thromboxane A2 would favor vasoconstric-
tion, platelet aggregation, and thrombosis.2,3 Disturbing red
flags for cardiovascular risk were noted in the preapproval
application for rofecoxib submitted to the US Food and Drug
Administration (FDA) in November 1998, but were dis-
missed because of the FDA’s practice of requiring “com-
plete certainty” before acting on safety concerns.4 Indeed,
as noted by Psaty and Furberg,5 “Safety signals were recog-
nized by the medical officer of the Food and Drug Admin-
istration (FDA) who observed that in 6-week studies, throm-
boembolic events are more frequent in patients receiving
rofecoxib [12 (0.6%) of 1780] than placebo [1 (0.24%) of
412].”

Within months of rofecoxib’s approval in May 1999, the
Vioxx Gastrointestinal Outcomes Research (VIGOR) trial
reported a 50% reduction in serious gastrointestinal out-
comes, but a 5-fold increase in thromboembolic cardiovas-
cular events (primarily acute myocardial infarction [MI])
among patients treated with 50 mg/d of rofecoxib com-
pared with 1000 mg/d of naproxen.6 For nearly 2 years af-
ter these results became known, rofecoxib’s label remained
unchanged while the company aggressively marketed the
drug, claiming that it did not increase the risk of MI and
that naproxen was cardioprotective.6-8 During this period,
the FDA warned the company that its promotion of rofe-
coxib made “unsubstantiated claims,” “promoted off-label
use,” and was “false, lacking in fair balance, or otherwise
misleading.”8 Meanwhile, a Pfizer study of celecoxib in Alz-
heimer disease, which was completed in 2000 but not re-
vealed until January 2005, showed an increase in cardio-
vascular risk with that drug.9

Then, in 2004, Merck withdrew rofecoxib from the
market after its Adenomatous Polyp Prevention on Vioxx
(APPROVe) trial showed a 2-fold increase in cardiovascu-
lar risk with 25 mg/d of rofecoxib compared with pla-
cebo.10 Based on an unplanned post hoc analysis, the com-
pany claimed that risk increased only after 18 months of
continuous use,10,11 which if true, would reduce the com-
pany’s liability substantially because most rofecoxib use was
for much shorter periods. Against this backdrop, public con-
cern was heightened by announcements that celecoxib, val-
decoxib, and naproxen might also increase MI risk.12-14 For
example, analysis of the Adenoma Prevention with Cele-
brex study showed at least a tripling of risk for 400 mg of
celecoxib twice daily.12 Subsequently, the FDA labeled all
COX-2 selective and nonselective NSAIDs as increasing car-
diovascular risk,15 adding to public anxiety and confusion.

In 2006, Merck announced that it had performed an in-
correct statistical test in its post hoc analysis of the APPROVe
trial.16 More importantly, the analysis was performed im-
properly because it relied on a censoring rule that violated
widely accepted intention-to-treat principles.17,18 When ana-
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lyzed appropriately, cardiovascular risk was decidedly present
early in rofecoxib therapy.17 The New England Journal of Medi-
cine published a correction to the original report of APPROVe,
removing all reference to an 18-month threshold for car-
diovascular risk, thereby indicating that risk was increased
from the start of therapy and continued through the period
of the study.19

In this issue of JAMA, 2 systematic reviews20,21 provide
clarity on a topic that has been dominated more by disin-
formation than reason. Zhang and colleagues20 addressed
the important but underappreciated issue of renal effects with
COX-2 selective NSAIDs. Their review and meta-analysis
of 114 clinical trials involving 116 094 patients revealed that
rofecoxib was associated with increased risk of peripheral
edema, hypertension, and renal dysfunction at low and high
doses. Risk of cardiac arrhythmias was also increased, and
while the number of events was small, ventricular fibrilla-
tion, cardiac arrest, and sudden cardiac death accounted for
most arrhythmia events. No such effects were present with
celecoxib, valdecoxib, or etoricoxib. Moreover, in a time-
cumulative analysis, the authors suggest that the risk of pe-
ripheral edema and hypertension associated with rofe-
coxib was evident by 2000, and the risk of arrhythmia was
evident by 2004.

In their systematic review of observational studies,
McGettigan and Henry21 focused on the cardiovascular (pri-
marily MI) risk of COX-2 selective and nonselective NSAIDs.
Among their most important findings, cardiovascular risk
was increased with rofecoxib as well as with diclofenac, in-
domethacin, and probably meloxicam. Rofecoxib risk was
increased at low and high doses and was evident during the
first 30 days of use. Importantly, naproxen was not cardio-
protective. With a pooled relative risk (RR) of 0.97 (95%
confidence interval [CI], 0.87-1.07), naproxen neither in-
creased nor decreased risk. Although the RR for ibuprofen
was not statistically significantly increased compared with
that for naproxen, the lower bound of its 95% CI ap-
proached 1 (RR, 1.07; 95% CI, 0.97-1.18), which is less than
reassuring.

Of note, rofecoxib, diclofenac, and meloxicam are COX-2
selective inhibitors1 and this common characteristic may ac-
count for their increased risk, although it does not neces-
sarily explain all of these observations. Celecoxib is also
COX-2 selective (but less so than rofecoxib) and, in the re-
view by McGettigan and Henry,21 while cardiovascular risk
was increased at a dose above 200 mg/d, risk at 200 mg/d
was not increased. Nonetheless, it may be prudent to re-
gard celecoxib with caution in light of 4 recent studies pub-
lished since their meta-analysis was completed. Ander-
sohn et al22 reported an increased MI risk with celecoxib (RR,
1.56; 95% CI, 1.22-2.00) in addition to increased risks with
the COX-2 selective drugs rofecoxib, diclofenac, etori-
coxib, and valdecoxib. Brophy et al23 found that MI risk with
celecoxib was increased among patients without, but not
with, a past history of MI. Gislason et al24 found that in pa-

tients following hospitalization for a first MI, rofecoxib was
associated with a 2.5-fold (�25 mg/d) and 5.3-fold (�25
mg/d) increase in risk of death and a 1.7-fold (�25 mg/d)
increase in reinfarction. Celecoxib was associated with a 1.9-
fold (�200 mg/d) and 4.7-fold (�200 mg/d) increase in risk
of death and a 1.5-fold and 1.6-fold increased risk of rein-
farction at lower and higher doses, respectively. The risk of
death with ibuprofen was increased 2.2-fold at doses higher
than 1200 mg/d and reinfarction was increased at doses be-
low and above 1200 mg/d.24 Also, Helin-Salmivaara et al25

found an increased risk of first-time MI with rofecoxib and
etoricoxib but not celecoxib, as well as increased risk with
diclofenac, indomethacin, ibuprofen, and naproxen.

A 2004 cumulative meta-analysis by Juni et al26 showed
that rofecoxib increased cardiovascular risk at low and high
doses and that risk was increased early in therapy. In a re-
cently reported meta-analysis of 138 randomized trials cov-
ering all NSAIDs, Kearney et al27 found that for 37 trials with
rofecoxib (85% at 25 mg/d), acute MI risk was increased (RR,
1.73; 95% CI, 1.09-2.82) compared with placebo. With cele-
coxib (41 trials), the RR was 2.70 (95% CI, 1.30-6.29), which
was driven by 21 studies at doses of 400 mg/d or higher.
Combined vascular event risk (primarily MI) compared with
placebo was also increased for diclofenac (RR, 1.63; 95%
CI, 1.12-2.37) and approached statistical significance for ibu-
profen (RR, 1.51; 95% CI, 0.96-2.37).27 Risk was not in-
creased with naproxen (RR, 0.92; 95% CI, 0.67-1.26).27

What does this all mean? First, rofecoxib increases the
risk of acute MI at low and high doses. This risk begins early
in therapy, probably with the first dose. There is no initial
18-month period of immunity from risk.17-19,21,26 Celecoxib
also increases risk at doses higher than 200 mg/d; at lower
doses, the potential risk is less clear. Several other NSAIDs
increase risk, including the COX-2 selective NSAIDs di-
clofenac and meloxicam, and the nonselective NSAID in-
domethacin, and probably ibuprofen. Meta-analyses of ran-
domized clinical trials and observational studies agree that
naproxen is neutral for MI risk.

What should physicians do? For most patients with ar-
thritis or other conditions who require chronic pain relief,
naproxen appears to be the safest NSAID choice from a car-
diovascular perspective. For patients at high risk of
NSAID-related gastrointestinal tract complications, naproxen
plus a proton pump inhibitor is less costly and as effec-
tive,28,29 and probably safer, than low-dose celecoxib. Ad-
ditional studies exploring the benefits and risks of this ap-
proach are urgently needed. Third-party payers and managed
care organizations may wish to fund such studies, given the
huge sums they spend on COX-2 inhibitors. The nation’s
largest third-party payer, the federal government, should also
be interested. If COX-2 inhibitors cost substantially more,
confer substantially greater cardiovascular risk, and offer no
unique and meaningful gastrointestinal tract benefit over
generic naproxen plus proton pump inhibitor, is there any
point to the continued use of these drugs? Another critical
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area for research relates to the use of low-dose aspirin in
the setting of COX-2 selective and nonselective NSAID use.
It is unclear whether aspirin mitigates or abolishes
NSAID-related MI risk, and, if so, how it may affect gas-
trointestinal tract risk. The concomitant use of aspirin would
appear to contradict the premise underlying selective COX-2
inhibitor use.

Another key issue is to account for the long delay in de-
fining the risks and benefits of COX-2 inhibitors. Part of the
problem lies with FDA policies, practices, and procedures
that lead it to ignore potential safety problems. Despite a
priori concerns2,3 and disconcerting evidence in the preap-
proval application,4,5 the FDA approved rofecoxib, stating
it lacked “complete certainty” that the drug increased car-
diovascular risk.4 Such a standard does not protect consum-
ers, is prejudicially favorable to industry and its financial
interests, rewards drug companies for not aggressively pur-
suing safety questions, and guarantees that some drugs with
major safety problems will be approved and, once ap-
proved, will remain on the market, even in the face of ex-
tensive patient harm. The failure to immediately withdraw
high-dose rofecoxib from the market following publica-
tion of the results of the VIGOR trial, and to study quickly
and intensively its cardiovascular risks at lower doses, in-
creased the number of patients harmed by the drug as well
as the profits made from its continued marketing. Only Con-
gress can help prevent this from happening again by enact-
ing legislation to create a separate and independent Center
for Post-Marketing Safety within the FDA, empowered with
the authority to identify and effectively deal with unsafe medi-
cines and the companies that market them.

In retrospect, had the VIGOR trial’s cardiovascular find-
ings for rofecoxib been reported in comparison with
naproxen (as was done for gastrointestinal tract complica-
tions), it might have been more difficult for the company
to assert that naproxen was cardioprotective.5-8 Had the com-
pany adhered to accepted scientific standards, it would have
reported that rofecoxib increased cardiovascular risk by a
factor of 5 compared with naproxen, not that risk with
naproxen was one fifth that of rofecoxib. Moreover, in the
VIGOR trial, rofecoxib caused nearly 1 MI for every com-
plicated gastrointestinal tract event (mainly bleeding) pre-
vented, hardly a favorable benefit-to-risk profile.

In 2001, Mukherjee et al30 raised a “cautionary flag” about
an increased risk of cardiovascular events with COX-2 in-
hibitors, and urged caution in prescribing these agents to
patients at risk for cardiovascular morbidity. Unfortu-
nately, many patients with underlying cardiovascular risk
continued to be treated with COX-2 inhibitors. The typical
patient treated with rofecoxib was older, frequently male,
and by virtue of age, probably had at least 1 other risk fac-
tor for cardiovascular disease (ie, the target population for
rofecoxib was not at low risk). For tens of thousands of pa-
tients who experienced MI while taking rofecoxib,31 the drug
may have been the decisive risk factor, over and above any

other risk factors, that contributed to the occurrence of this
life-changing and potentially fatal event.

Regarding naproxen, little skepticism about its pur-
ported cardioprotective properties was expressed. If naproxen
accounted for the VIGOR results, it would have had to be
at least 3 times more effective than aspirin, a finding that
seems implausible. The focus of the scientific community
on naproxen shifted attention from lower-dose rofecoxib and
efforts to establish its risk. Likewise, with APPROVe, an im-
properly performed and misleading post hoc analysis en-
abled the company to claim that cardiovascular risk began
only after 18 months of continuous rofecoxib use.10,11 Im-
portant considerations for which skepticism was not ex-
pressed were that the post hoc analysis should have been
only hypothesis-generating, that statistical power was too
low to show an early risk, and that given rofecoxib’s imme-
diate suppression of prostacyclin, risk would be expected
to increase with the first dose and remain elevated for the
duration of therapy.

With the recent announcement by Merck that it will
press for US approval of its COX-2 inhibitor NSAID etori-
coxib,32 the FDA, academia, and the medical research
enterprise are once again faced with the opportunity to for-
sake common sense by willfully accepting misdirection and
disinformation presented in the guise of science. An analy-
sis of 3 randomized trials, collectively referred to as the
Multinational Etoricoxib and Diclofenac Arthritis Long-
Term Program (MEDAL), was reported to show that the
risk of thrombotic cardiovascular events with etoricoxib
was not different from that for diclofenac (RR, 1.05; 95%
CI, 0.93-1.19),32 with the implication being that etoricoxib
is safe from a cardiovascular perspective. The company
used a noninferiority study design, well-known to be espe-
cially poor at identifying differences in safety risks between
drugs, thereby stacking the deck in favor of its drug. More
importantly, in MEDAL, etoricoxib was compared with
diclofenac, a drug shown to substantially increase the risk
of acute MI in the meta-analysis of randomized trials by
Kearney et al,27 and in the meta-analysis of observational
studies by McGettigan and Henry.21 By inference, therefore,
etoricoxib also must increase cardiovascular risk, but that
inference is not immediately apparent because of the way
MEDAL was designed, and by the way it appears that the
findings are being interpreted and positioned.

This veiled and misleading ambiguity has much in com-
mon with the stratagems used for VIGOR and APPROVe,
where the true results were opposite to those claimed and
promoted. From the perspective of patient safety and ratio-
nal therapeutics, naproxen, not diclofenac, should have been
the reference drug in MEDAL.33 Had that been so, it is highly
likely that etoricoxib would have been shown to be no dif-
ferent than its first-cousin rofecoxib with respect to cardio-
vascular risk. From a business perspective, were etoricoxib
to be exposed as another “naked emperor,” its US approval
might be difficult, even by the FDA’s apparently industry-
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friendly standards. If the lessons of recent history have been
learned, the FDA’s concerns will now be squarely focused
on patient safety rather than corporate profitability, and,
ultimately, common sense will prevail.
Published Online: September 12, 2006 (doi:10.1001/jama.296.13.jed60058).
Financial Disclosures: Dr Graham reported no financial conflicts of interest, but
reported that he was subpoenaed as a federal government expert by plaintiffs,
for the purpose of providing testimony (in May 2006) that may be used in a num-
ber of Vioxx-related lawsuits, and reported that he received no compensation for
this activity, other than his federal salary.
Disclaimer: The views expressed in this Editorial are the author’s own and do not
reflect the official policy or position of the Food and Drug Administration.

REFERENCES

1. FitzGerald GA, Patrono C. The coxibs, selective inhibitors of cyclo-oxygenase-2.
N Engl J Med. 2001;345:433-442.
2. McAdam BF, Catella-Lawson F, Mardini IA, Lawson JA, FitzGerald GA. Systemic
biosynthesis of prostacyclin by cyclooxygenase (COX)-2: the human pharmacol-
ogy of a selective inhibitor of COX-2. Proc Natl Acad Sci U S A. 1999;96:272-277.
3. Hawkey CJ. COX-2 inhibitors. Lancet. 1999;353:307-314.
4. Food and Drug Administration. Medical officer review: Vioxx (rofecoxib) NDA
21-042 (capsules) and 21-052 (oral solution) [May 20, 1999]. http://www.fda
.gov/cder/foi/nda/99/021042_52_Vioxx.htm. Accessed August 4, 2006.
5. Psaty BM, Furberg CD. COX-2 inhibitors—lessons in drug safety. N Engl J Med.
2005;352:1133-1135.
6. Bombardier C, Laine L, Reicin A, et al. Comparison of upper gastrointestinal
toxicity of rofecoxib and naproxen in patients with rheumatoid arthritis. N Engl J
Med. 2000;343:1520-1528.
7. Topol EJ. Failing the public health-rofecoxib, Merck, and the FDA. N Engl J Med.
2004;351:1707-1709.
8. Food and Drug Administration. Warning letter to Merck and Co, Vioxx (rofe-
coxib) tablets, NDA 21-042 [September 17, 2001]. http://www.fda.gov/cder
/warn/2001/9456.pdf. Accessed August 5, 2006.
9. Pfizer Inc. A double blind, randomized, placebo-controlled, comparative study
of celecoxib (SC-58635) for the inhibition of progression of Alzheimer’s disease.
http://www.clinicalstudyresults.org/documents/company-study_76_0.pdf. Ac-
cessed August 20, 2006.
10. Merck and Co Inc. Merck announces voluntary worldwide withdrawal of Vioxx
[news release; September 30, 2004]. http://www.merck.com/newsroom/vioxx
/pdf/vioxx_press_release_final.pdf. Accessed August 4, 2006.
11. Bresalier RS, Sandler RS, Quan H, et al. Cardiovascular events associated with
rofecoxib in a colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:
1092-1102.
12. Solomon SD, McMurray JV, Pfeffer MA, et al. Cardiovascular risk associated
with celecoxib in a clinical trial for colorectal adenoma prevention. N Engl J Med.
2005;352:1071-1080.
13. Nussmeier NA, Whelton AA, Brown MT, et al. Complications of the COX-2
inhibitors parecoxib and valdecoxib after cardiac surgery. N Engl J Med. 2005;352:
1081-1091.
14. Harris G. Study links fourth painkiller to increase in heart problems. New York
Times. December 21, 2004:A1.
15. Food and Drug Administration. Food and Drug Administration joint meeting
of the Arthritis Advisory Committee and the Drug Safety and Risk Management
Advisory Committee: transcripts and background materials [February 16-18, 2005].
http://www.fda.gov/ohrms/dockets/ac/cder05.html#DrugSafetyRiskMgmt. Ac-
cessed August 6, 2006.

16. Merck and Co Inc. Merck corrects description of a statistical method
used in APPROVe study [news release; May 30, 2006]. http://www.merck.com
/newsroom/press_releases/corporate/2006_0530.html. Accessed August 6,
2006.
17. Nissen SE. Adverse cardiovascular effects of rofecoxib. N Engl J Med. 2006;355:
203-204.
18. Lagakos SW. Time-to-event analyses for long-term treatments: the APPROVe
trial. N Engl J Med. 2006;355:113-117.
19. Bresalier RS, Sandler RS, Quan H, et al; Adenomatous Polyp Prevention on
Vioxx (APPROVe) Trial Investigators. Cardiovascular events associated with
rofecoxib in a colorectal adenoma chemoprevention trial [published correction
appears in N Engl J Med. 2006;355:221]. N Engl J Med. 2005;352:1092-1102.
20. Zhang JJ, Ding EL, Song Y. Adverse effects of cyclooxygenase 2 inhibitors on
renal and arrhythmia events: a class-wide meta-analysis [published online ahead of
print September 12, 2006]. JAMA. 2006;296:(doi:10.1001/jama.296.13.jrv60015).
21. McGettigan P, Henry D. Cardiovascular risk and inhibition of cylcooxygenase:
a systematic review of the observational studies of selective and nonselective in-
hibitors of cyclooxygenase-2 [published online ahead of print September 12, 2006].
JAMA. 2006;296:(doi:10.1001/jama.296.13.jrv60011).
22. Andersohn F, Suissa S, Garbe E. Use of first- and second-generation cyclooxy-
genase-2-selective nonsteroidal anti-inflammatory drugs and risk of acute myocar-
dial infarction. Circulation. 2006;113:1950-1957.
23. Brophy J, Levesque L, Zhang B. The coronary risk of cyclooxygenase-2 (COX-2)
inhibitors in subjects with a previous myocardial infarction [published online ahead
of print July 18, 2006]. Heart. doi:10.1136/hrt.2006.089367. Accessed August 4,
2006.
24. Gislason GH, Jacobsen S, Rasmussen JN, et al. Risk of death or reinfarction as-
sociated with the use of selective cyclooxygenase-2 inhibitors and nonselective non-
steroidal anti-inflammatory drugs after acute myocardial infarction. Circulation. 2006;
113:2906-2913.
25. Helin-Salmivaara A, Virtanen A, Vesalainen R, et al. NSAID use and the risk of
hospitalization for first myocardial infarction in the general population: a nation-
wide case-control study from Finland [published online ahead of print May 26,
2006]. Eur Heart J. doi:10.1093/eurheartj.ehl053. Accessibility verified August 31,
2006.
26. Juni P, Nartey L, Reichenbach S, Sterchi R, Dieppe PA, Egger M. Risk of car-
diovascular events and rofecoxib: cumulative meta-analysis. Lancet. 2004;364:2021-
2029.
27. Kearney PM, Baigent C, Godwin J, Halls H, Emberson JR, Patrono C. Do selec-
tive cyclo-oxygenase-2 inhibitors and traditional non-steroidal anti-inflammatory drugs
increase the risk of atherothrombosis? meta-analysis of randomised trials. BMJ. 2006;
332:1302-1308.
28. Lai KC, Chu KM, Hui WM, et al. Celecoxib compared with lansoprazole and
naproxen to prevent gastrointestinal ulcer complications. Am J Med. 2005;118:1271-
1278.
29. Scheiman JM, Yeoman ND, Tally NJ, et al. Prevention of ulcers by esomepra-
zole in at-risk patients using non-selective NSAIDs and COX-2 inhibitors. Am J
Gastroenterol. 2006;101:701-710.
30. Mukherjee D, Nissen SE, Topol EJ. Risk of cardiovascular events associated with
selective COX-2 inhibitors JAMA. 2001;286:954-959.
31. Graham DJ, Campen D, Hui R, et al. Risk of acute myocardial infarction and
sudden cardiac death in patients treated with COX-2 selective and non-selective
NSAIDs. Lancet. 2005;365:475-481.
32. Merck and Company Inc. Merck provides preliminary analyses of the com-
pleted MEDAL program for Arcoxia (etoricoxib) [news release; August 23, 2006].
http://www.merck.com/newsroom/press_releases/research_and_development/2006
_0823.html. Accessed August 29, 2006.
33. Berenson A. Merck sees successor to Vioxx. New York Times. August 24, 2006:
C1.

EDITORIALS

1656 JAMA, October 4, 2006—Vol 296, No. 13 (Reprinted) ©2006 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a University of Pittsburgh User  on 11/19/2016


