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background 

 

Selective inhibition of cyclooxygenase-2 (COX-2) may be associated with an increased
risk of thrombotic events, but only limited long-term data have been available for analy-
sis. We report on the cardiovascular outcomes associated with the use of the selective
COX-2 inhibitor rofecoxib in a long-term, multicenter, randomized, placebo-controlled,
double-blind trial designed to determine the effect of three years of treatment with ro-
fecoxib on the risk of recurrent neoplastic polyps of the large bowel in patients with a
history of colorectal adenomas.

 

methods 

 

A total of 2586 patients with a history of colorectal adenomas underwent randomiza-
tion: 1287 were assigned to receive 25 mg of rofecoxib daily, and 1299 to receive placebo.
All investigator-reported serious adverse events that represented potential thrombotic
cardiovascular events were adjudicated in a blinded fashion by an external committee.

 

results 

 

A total of 46 patients in the rofecoxib group had a confirmed thrombotic event during
3059 patient-years of follow-up (1.50 events per 100 patient-years), as compared with
26 patients in the placebo group during 3327 patient-years of follow-up (0.78 event per
100 patient-years); the corresponding relative risk was 1.92 (95 percent confidence in-
terval, 1.19 to 3.11; P=0.008). The increased relative risk became apparent after 18
months of treatment; during the first 18 months, the event rates were similar in the two
groups. The results primarily reflect a greater number of myocardial infarctions and is-
chemic cerebrovascular events in the rofecoxib group. There was earlier separation (at
approximately five months) between groups in the incidence of nonadjudicated inves-
tigator-reported congestive heart failure, pulmonary edema, or cardiac failure (hazard
ratio for the comparison of the rofecoxib group with the placebo group, 4.61; 95 percent
confidence interval, 1.50 to 18.83). Overall and cardiovascular mortality was similar in
the two groups.

 

conclusions 

 

Among patients with a history of colorectal adenomas, the use of rofecoxib was associ-
ated with an increased cardiovascular risk.

abstract
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onsteroidal antiinflammatory

 

drugs (NSAIDs) alleviate pain and in-
flammation but may cause gastrointesti-

nal ulceration and bleeding, presumably by inhibit-
ing cyclooxygenase (COX)-mediated production of
prostaglandins. The discovery that there were two
forms of cyclooxygenase, 1 (COX-1) and 2 (COX-2),
provided the impetus for the development of selec-
tive inhibitors of COX-2 with a reduced risk of gas-
trointestinal complications whose analgesic and
antiinflammatory efficacy was likely to be similar
to that of nonselective COX inhibitors.

COX-2 is expressed at sites of inflammation,
such as in atheromatous plaques, and in neoplasms,
raising the possibility that COX-2 inhibition might
also be useful in the treatment or prevention of ath-
erosclerosis and various cancers.

 

1,2

 

 However, pre-
dicting the consequences of COX-2 inhibition on
cardiovascular disease is not a straightforward prop-
osition. COX-2 inhibition has several effects that
could increase the risk of cardiovascular disease,
including reducing prostacyclin levels, increasing
blood pressure, decreasing angiogenesis,

 

3-11

 

 and
destabilizing plaque.

 

12

 

Rofecoxib is a selective COX-2 inhibitor that has
been shown to be associated with significantly few-
er gastrointestinal adverse events than NSAIDs.

 

13

 

In one trial,

 

13

 

 there were more cardiovascular events
among patients given a high dose of rofecoxib than
among those given naproxen, an NSAID with plate-
let-inhibiting properties of unclear clinical rele-
vance.

 

4,5,14-16

 

 Pooled data from other randomized
trials have not shown a significant difference in car-
diovascular risk between rofecoxib and placebo
or other nonselective NSAIDs.

 

4,5,17

 

 Observational
studies have provided conflicting data on the asso-
ciation of rofecoxib with cardiovascular risk: some
studies suggested that there was no effect, some
suggested that the risk was increased only at high
doses, and others indicated a possible increase in
the risk of cardiovascular events at standard or un-
specified doses.

 

6,9,11,18-21

 

The Adenomatous Polyp Prevention on Vioxx
(APPROVe) Trial was designed to evaluate the hy-
pothesis that three years of treatment with rofecoxib
would reduce the risk of recurrent adenomatous
polyps among patients with a history of colorectal
adenomas. Potential thrombotic events were adju-
dicated by an independent committee, and all safety
data were monitored by an external safety-monitor-
ing committee. We report the cardiovascular find-
ings from the study.

 

design of the trial

 

Enrollment occurred from February 2000 to No-
vember 2001 at 108 centers in 29 countries. Partic-
ipating investigators are listed in the Appendix. Men
and women who were at least 40 years old were eli-
gible if they had had at least one histologically con-
firmed large-bowel adenoma removed within 12
weeks before study entry and were not anticipated
to need long-term NSAID therapy (including high-
dose aspirin) during the study. Initially, patients who
were taking low-dose aspirin (no more than 100 mg
daily) were excluded from the study. However, in
May 2000, after the results of the Vioxx Gas-
trointestinal Research (VIGOR) trial

 

13 

 

had become
available, the protocol was amended to allow ran-
domized subjects to take low-dose aspirin (no more
than 100 mg daily) for cardiovascular protection.
The proportion of subjects taking low-dose aspi-
rin at enrollment was capped at 20 percent because
of the possible chemopreventive effects of the
drug.

 

22

 

 Exclusion criteria were evidence of uncon-
trolled hypertension (defined by a blood pressure
of more than 165/95 mm Hg); angina or congestive
heart failure, with symptoms evoked by minimal
activity; myocardial infarction, coronary angioplas-
ty, or coronary-artery bypass grafting within the
preceding year; or stroke or transient ischemic at-
tack within two years before screening.

Written informed consent was obtained from all
patients. The institutional review board at each cen-
ter approved the study.

 

treatment

 

The randomized treatment period was preceded by
a six-week, single-blind, placebo run-in period to
assess patients’ compliance. Patients who took at
least 80 percent of their tablets during the placebo
run-in period were randomly assigned to receive ei-
ther one 25-mg tablet of rofecoxib per day (the max-
imal recommended long-term daily dose) or one
identical-appearing placebo tablet per day for three
years. The computer-derived randomization was
stratified according to the clinical center and the use
or nonuse of low-dose aspirin, with blocks of 2. Pa-
tients, investigators, and sponsor personnel who
monitored the study, other than the unblinded study
statistician, were unaware of the treatment assign-
ments.

Patients were evaluated clinically at randomiza-
tion and at weeks 4, 17, 35, 52, 69, 86, 104, 121,

n
methods
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138, 156, and 158 or after the discontinuation of
treatment. Vital signs, including blood pressure ob-
tained while the patient was seated, were measured
at each clinic visit during the study according to the
usual clinical practice. Adverse events occurring
during the study were recorded and evaluated in a
blinded fashion by the investigators. Follow-up of
the patients for one year after the discontinuation
of treatment is ongoing.

 

cardiovascular events

 

Monitoring and analysis of the cardiovascular events
in the trial were part of a planned assessment of the
cardiovascular safety of rofecoxib. Data presented
include events occurring during treatment and up
to 14 days after the last dose of the study drug. Seri-
ous vascular events were reviewed in a blinded fash-
ion by adjudication committees, which confirmed
events that met prespecified case definitions for two
sets of events. Thrombotic events included fatal and

nonfatal myocardial infarction, unstable angina,
sudden death from cardiac causes, fatal and non-
fatal ischemic stroke, transient ischemic attack,
peripheral arterial thrombosis, peripheral venous
thrombosis, and pulmonary embolism. The end
point used in the Antiplatelet Trialists’ Collabora-
tion (APTC) study

 

23

 

 was also analyzed: the com-
bined incidence of death from cardiovascular, hem-
orrhagic, and unknown causes; nonfatal myocardial
infarction; and nonfatal ischemic and hemorrhagic
stroke. Other relevant but not independently adju-
dicated events were also analyzed, including hyper-
tension-related events, edema-related events, and
the combined end point of congestive heart failure,
pulmonary edema, or cardiac failure.

The procedure for confirming cardiovascular
events was prespecified in the protocol. All serious
adverse events were identified and recorded by the
clinical investigators. Potential thromboembolic
events, components of the APTC end point, and all

 

Figure 1. Enrollment, Randomization, and Outcomes.

 

The original study design included a group assigned to receive 50 mg of rofecoxib per day; 26 patients had been assigned 
to this treatment before it was decided not to proceed with this group.

1287 Assigned to 25 mg of rofecoxib
1287 Received treatment and included

in safety analysis

1299 Assigned to placebo
1299 Received treatment and included

in safety analysis

877 Completed 3 yr of treatment 980 Completed 3 yr of treatment

3260 Patients assessed for eligibility

674 Did not undergo randomization
to 25 mg of rofecoxib or placebo

403 Were ineligible
160 Withdrew consent
41 Had adverse clinical events
26 Were given 50 mg of rofecoxib
44 Had other reasons

319 Discontinued treatment
145 Had adverse clinical events

9 Had adverse laboratory
events

88 Withdrew consent
20 Were lost to follow-up
57 Had other reasons

410 Discontinued treatment
202 Had adverse clinical events
22 Had adverse laboratory

events
112 Withdrew consent
14 Were lost to follow-up
60 Had other reasons
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deaths (regardless of cause) were prespecified as
eligible for adjudication according to standard pro-
cedures for rofecoxib studies initiated by the spon-
sor in 1998. For each eligible event, source docu-
ments were collected and sent to the cardiac,
cerebrovascular, or peripheral vascular adjudication
committee. Decisions were made on the basis of
majority rule with the use of prespecified criteria.

 

statistical analysis

 

An independent, external safety-monitoring board
met periodically to review safety data provided by a
statistician who was aware of patients’ study-group
assignments. No formal stopping rule was speci-
fied for terminating the study.

Data were collected and held by the sponsor. The
investigators had full and unfettered access to the
data. A statistician who was aware of patients’ study-
group assignments but who was not otherwise in-
volved in the study analyzed the data using SAS
software (version 8.2). All patients who underwent
randomization and took at least one dose of study
medication were included in the analyses. For con-
firmed serious thrombotic events and the APTC end
point, event rates were determined and relative risks
(with 95 percent confidence intervals) were calculat-
ed with the use of Cox proportional-hazards mod-
els. However, if there were fewer than 11 events in
either group, the rate ratio was computed with the
use of the binomial distribution.

 

24

 

 A test of the
proportional-hazards assumption was specified in
the cardiovascular-analysis plan. This was accom-
plished by evaluating the interaction between the
logarithm of time and the assigned treatment in the
Cox proportional-hazards model. Kaplan–Meier es-
timates of the cumulative event rates over time were
also made.

Several exploratory analyses were performed to
delineate the relation between mean arterial pres-
sure and the study findings. One analysis summa-
rized the relative risk of confirmed serious throm-
botic adverse events according to the quartiles of
change in mean arterial pressure at week 4. This
time was chosen because treatment-based differ-
ences in mean arterial pressure occurred early and
remained constant throughout the treatment peri-
od and because only two confirmed serious throm-
botic events had occurred by week 4 (one in each
group). The second analysis included changes from
baseline in mean arterial pressure as a time-varying
covariate in a Cox proportional-hazards model in
which treatment was the main effect. This model

was used to investigate the association of the change
in blood pressure over time with the occurrence of
confirmed serious thrombotic events.

The data reported here are those available to the
authors as of February 14, 2005.

 

participants

 

A total of 3260 patients were screened for the study,
of whom 2586

 

 

 

were deemed to be eligible; 1287 of
the eligible patients were randomly assigned to re-
ceive rofecoxib, and 1299 to receive placebo (Fig. 1).
The two groups were generally similar with regard
to baseline characteristics, including age, sex, use
or nonuse of low-dose aspirin, and cardiovascular-
risk status (Table 1). Concomitant medications used
at some time during the study included low-dose
aspirin (in 20 percent of the rofecoxib group and

results

 

* Race was self-reported. 
† Low-dose aspirin was defined as 100 mg per day or less.
‡ A high cardiovascular risk was defined by a history of symptomatic atheroscle-

rotic cardiovascular disease or the presence of at least two of the following risk 
factors for cardiovascular disease: history of hypertension, history of hyper-

 

cholesterolemia, history of diabetes, or current cigarette use.

 

Table 1. Baseline Characteristics of the Patients.

Characteristic
Rofecoxib 
(N=1287)

Placebo 
(N=1299)

 

Age (yr)

Mean 59 59

Range 40–96 40–86

Height (cm)

Mean 170 170

Range 137–198 133–199

Weight (kg)

Mean 81 81

Range 38–160 34–159

Male sex (%) 62 62

White race (%)* 84 84

Use of low-dose aspirin (%)† 17 16

Use of antihypertensive medication (%) 30 29

High cardiovascular risk (%)‡ 30 26

History of symptomatic atherosclerotic cardio-
vascular disease (%)

9 8

History of hypertension (%) 36 34

History of hypercholesterolemia (%) 29 26

History of diabetes (%) 9 9

Current cigarette use (%) 22 22
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19 percent of the placebo group, P=0.52), antihy-
pertensive drugs (44 percent and 36 percent, respec-
tively; P<0.001), lipid-lowering agents (31 percent
and 28 percent, respectively; P=0.09), antiplatelet
agents such as clopidogrel (4 percent and 2 per-
cent, respectively; P=0.003), insulin (3 percent and
2 percent, respectively; P=0.10), and oral hypogly-
cemic agents (13 percent and 11 percent, respec-
tively; P=0.12).

The study was terminated on September 30,
2004, approximately two months ahead of the
planned date of completion, at the recommenda-
tion of the external safety-monitoring board and
the steering committee. At the time of termination,
a total of 877 patients in the rofecoxib group and
980 patients in the placebo group had completed
the scheduled three years of treatment. The mean
duration of treatment was 2.4 years in the rofecox-
ib group and 2.6 years in the placebo group.

Before September 30, 2004, more patients dis-
continued rofecoxib treatment than placebo (32 per-
cent vs. 25 percent) (Fig. 1). The main reason for
discontinuation was an adverse clinical event. The
three most common adverse events resulting in the
discontinuation of treatment were hypertension
(25 patients in the rofecoxib group and 7 patients in

the placebo group), increased blood pressure (6 in
the rofecoxib group and 1 in the placebo group),
and peripheral edema (7 in the rofecoxib group and
1 in the placebo group)

 

.

 

incidence of thrombotic events 
and the aptc end point

 

A total of 121 patients had investigator-reported se-
rious thrombotic events (77 in the rofecoxib group
and 44 in the placebo group). A total of 46 patients
in the rofecoxib group had confirmed (i.e., adjudi-
cated) thrombotic events during 3059 patient-years
of follow-up (1.50 events per 100 patient-years), and
26 patients in the placebo group had such events
during 3327 patient-years of follow-up (0.78 event
per 100 patient-years). As compared with the place-
bo group, the rofecoxib group had an increased risk
of confirmed thrombotic events (relative risk, 1.92;
95 percent confidence interval, 1.19 to 3.11). The
types of confirmed serious thrombotic events are
shown in Table 2. The difference between the two
groups was mainly due to an increased number of
myocardial infarctions and strokes in the rofecoxib
group. There were 10 deaths in each group. Myo-
cardial infarction was the cause of death in two pa-
tients in the rofecoxib group and three in the placebo

 

* The total duration of follow-up was 3059 patient-years in the rofecoxib group and 3327 patient-years in the placebo 
group. Although a patient may have had two or more clinical adverse events, the patient was counted once within 

 

a category. The same patient may appear in different categories. CI denotes confidence interval.

 

Table 2. Incidence of Adjudicated Thrombotic Adverse Events.*

Adverse Event
Rofecoxib Group 

(N=1287)
 Placebo Group 

(N=1299)
Hazard Ratio 

(95% CI)

 

No. of 
Patients (%)

Rate/100 
Patient-yr

No. of 
Patients (%)

Rate/100 
Patient-yr

 

Total

 

46 (3.6) 1.50 26 (2.0) 0.78 1.92 (1.19–3.11)

 

Cardiac events 

 

31 (2.4) 1.01 12 (0.9) 0.36 2.80 (1.44–5.45)

Myocardial infarction 21 9

Fatal myocardial infarction 2 3

Sudden death from cardiac causes 3 1

Unstable angina pectoris 7 4

 

Cerebrovascular events

 

15 (1.2) 0.49 7 (0.5) 0.21 2.32 (0.89–6.74)

Fatal ischemic stroke 1 0

Ischemic stroke 11 6

Transient ischemic attack 5 2

 

Peripheral vascular events

 

3 (0.2) 0.10 7 (0.5) 0.21 0.46 (0.08–2.03)

Peripheral arterial thrombosis 1 1

Peripheral venous thrombosis 2 4

Pulmonary embolism 0 2
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group, sudden death from cardiac causes occurred
in three patients in the rofecoxib group and one in
the placebo group, ischemic stroke was the cause
of death in one patient in the rofecoxib group, and
hemorrhagic stroke was the cause of death in one
patient in the placebo group.

In a post hoc analysis, the difference between the
two groups in the incidence of thrombotic events
was evident in the second 18 months of the study,
whereas the event rates were similar for the first 18
months (Fig. 2 and Table 3). The changing pattern
of the treatment effect over time was confirmed by
a failed test for proportionality of hazards (P=0.01).
Findings for the APTC end point were similar (Ta-
ble 3).

There were no significant interactions between
treatment group and subgroups (P>0.10 for all com-
parisons) for confirmed serious thrombotic events
in subgroup analyses based on country (United
States vs. other); age; sex; use or nonuse of antihy-
pertensive drugs at baseline, low-dose aspirin at
baseline, or low-dose aspirin for more than 50 per-
cent of follow-up; presence or absence of a history
of hypertension, hypercholesterolemia, or ische-
mic heart disease; presence or absence of current
cigarette use; or presence or absence of a high car-
diovascular risk. A high cardiovascular risk was de-
fined by a history of symptomatic atherosclerotic
cardiovascular disease or the presence of at least
two of the following risk factors for coronary artery
disease: a history of hypertension, a history of hy-
percholesterolemia, a history of diabetes, or current
cigarette use. However, point estimates for the rel-
ative risk in the rofecoxib group as compared with
the placebo group were particularly high among pa-
tients with a history of symptomatic atherosclerotic
cardiovascular disease (9.59; 95 percent confidence
interval, 1.36 to 416) relative to those without such
a clinical history (1.58; 95 percent confidence in-
terval, 0.95 to 2.64; P for interaction=0.096). Also,
the relative risk in the rofecoxib group as compared
with the placebo group was 6.10 among patients
with a history of diabetes (95 percent confidence
interval, 1.36 to 56.1), in contrast to a relative risk
of 1.55 among patients with no history of diabetes
(95 percent confidence interval, 0.92 to 2.61; P for
interaction=0.091).

 

nonadjudicated cardiovascular events

 

As compared with the placebo group, the rofecoxib
group had higher percentages of patients with hy-
pertension-related events and edema-related events.

The Kaplan–Meier curves for the cumulative inci-
dence of congestive heart failure, pulmonary edema,
and cardiac failure (Fig. 3) showed early separation
of the two groups (at approximately five months),
with no significant departures from proportional
hazards over time and a hazard ratio of 4.61 for the
comparison of the rofecoxib group with the place-
bo group (95 percent confidence interval, 1.50 to
18.83). The hazard ratios for edema and hyperten-

 

Figure 2. Kaplan–Meier Estimates of the Cumulative Incidence of Confirmed 
Serious Thrombotic Events.

 

Vertical lines indicate 95 percent confidence intervals.

6

C
um

ul
at

iv
e 

In
ci

de
nc

e 
 

of
  C

on
fir

m
ed

 T
hr

om
bo

tic
Ev

en
ts

 (%
) 4

5

3

2

1

0
0 6 12 18 24 30 36

Rofecoxib

P=0.008

Placebo

Month

No. at Risk
Rofecoxib
Placebo

727 
835

896 
1001

938 
1042

989 
1079

1057 
1156

1129 
1195

1287 
1299

 

Figure 3. Kaplan–Meier Estimates of the Cumulative Incidence of Investiga-
tor-Reported Congestive Heart Failure (CHF), Pulmonary Edema (PE), 
or Cardiac Failure (CF).

 

Vertical lines indicate 95 percent confidence intervals.
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sion were lower than those for the combined end
point of congestive heart failure, pulmonary edema,
or cardiac failure (Table 4), but the event curves
showed an early separation similar to that for the
combined end point (data not shown).

During the trial, the rofecoxib group had mean
(±SE) increases of 3.4±0.4 mm Hg in systolic blood
pressure and 0.9±0.2 mm Hg in diastolic blood
pressure, as compared with respective changes of
–0.5±0.3 mm Hg and –0.8±0.2 mm Hg in the pla-
cebo group (P<0.01 for the comparison between
the two groups). Blood-pressure effects were seen
by four weeks and remained relatively constant
throughout the study. To investigate the relation
between changes in blood pressure and confirmed
thrombotic events, we categorized patients accord-
ing to the change from baseline in mean arterial
pressure at four weeks. The relative risks of a con-
firmed thrombotic event in the rofecoxib group, as
compared with the placebo group, were broadly
similar across quartile categories of the change in
blood pressure (data not shown).

 

 

 

The mean arteri-
al pressure throughout the study, included as a
time-varying covariate, did not materially modify
the treatment effect (relative risk for the comparison
of the rofecoxib group with the placebo group, 1.87;
95 percent confidence interval, 1.14 to 3.06).

COX-2 inhibitors have been widely used as antiin-
flammatory and pain-relief agents and may hold
promise as chemopreventive agents for a variety of
epithelial cancers. In this randomized, placebo-
controlled, double-blind trial, we found that long-
term use of the COX-2 inhibitor rofecoxib was as-
sociated with an increased risk of cardiovascular
events. In post hoc analyses, the increased relative
risk of adjudicated thrombotic events was first ob-
served after approximately 18 months of treat-
ment. The overall risk did not appear to be signifi-
cantly influenced by baseline or subsequent use of
low-dose aspirin. In addition, there was an in-
creased frequency of investigator-reported events,
such as hypertension, edema, and congestive heart
failure, which occurred much earlier in the study. 

Thromboxane A

 

2

 

, a major COX-1–mediated pro-
duct of arachidonic acid metabolism, causes irre-
versible platelet aggregation, vasoconstriction, and
smooth-muscle proliferation, whereas prostacyclin
is an inhibitor of platelet aggregation, a vasodilator,
and an inhibitor of smooth-muscle proliferation.
COX-2 is the chief source of systemic prostacyclin
synthesis,

 

25

 

 and COX-2 inhibitors may increase the
cardiovascular risk by shifting the functional bal-

discussion

 

* CI denotes confidence interval, and APTC Antiplatelet Trialists’ Collaboration.

 

Table 3. Summary of Rates and Relative Risks of Confirmed Serious Thrombotic Events and the APTC End Point.*

Adverse Event Rofecoxib Group Placebo Group
Difference in 
Rate (95% CI)

Relative Risk 
(95% CI)

 

No. at 
Risk

No. of 
Events

No. of 
Patient-yr 
at Risk

Rate/100 
Patient-yr

No. at 
Risk

No. of 
Events

No. of 
Patient-yr 
at Risk

Rate/100 
Patient-yr

 

Confirmed event

 

Overall 1287 46 3059 1.50 1299 26 3327 0.78 0.72
(0.19 to 1.25)

1.92
(1.19 to 3.11)

Month 0–18 1287 22 1656 1.33 1299 20 1765 1.13 0.20
(–0.55 to 0.94)

1.18
(0.64 to 2.15)

Month 19–36 989 24 1403 1.71 1079 6 1561 0.38 1.33
(0.58 to 2.08)

4.45
(1.77 to 13.32)

 

APTC end point

 

Overall 1287 34 3070 1.11 1299 18 3334 0.54 0.57
(0.12 to 1.02)

2.06
(1.16 to 3.64)

Month 0–18 1287 14 1658 0.84 1299 12 1769 0.68 0.17
(–0.42 to 0.75)

1.25
(0.58 to 2.69)

Month 19–36 994 20 1412 1.42 1083 6 1565 0.38 1.03
(0.34 to 1.73)

3.69
(1.43 to 11.24)
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ance of these vasoactive eicosanoids toward the
promotion of thrombosis or atherogenesis. COX-2
inhibition combined with thromboxane-receptor
antagonism may also lead to the destabilization of
atheromatous plaque.

 

12

 

 In addition, COX-2 plays a
role in angiogenesis.

 

1

 

 How these pharmacologic
observations relate to the clinical cardiovascular
findings with COX-2 inhibition is unknown. It is
also not clear whether the partial inhibition of
COX-1 by various nonselective NSAIDs offsets any
adverse cardiovascular effects of COX-2 inhibition,
since this possibility has not been evaluated explic-
itly in trials.

The VIGOR study

 

13

 

 compared 50 mg of rofe-
coxib daily with 500 mg of naproxen twice daily in
patients with rheumatoid arthritis and found ro-
fecoxib to be associated with a higher incidence of
myocardial infarction. It was unclear how much
of the increase in risk was due to a deleterious ef-
fect of high-dose rofecoxib, a protective effect of
naproxen, chance, or a combination of these fac-
tors.

 

26

 

 A recent meta-analysis

 

21

 

 suggested that the
magnitude of any cardioprotective effect of naprox-
en is unlikely to account entirely for these findings.

In aggregate, previous randomized, controlled
trials comparing rofecoxib with placebo or conven-
tional NSAIDs other than naproxen have not dem-
onstrated an increased cardiovascular risk associ-
ated with rofecoxib use. Analysis of a database
including 5435 patients with osteoarthritis in eight
double-blind, placebo-controlled, phase 2B or

phase 3 trials reported similar rates of thrombotic
cardiovascular adverse events with rofecoxib, pla-
cebo, and various nonselective NSAIDs.

 

5

 

 A pooled
analysis of data from more than 28,000 patients
with various diseases (representing more than
14,000 patient-years at risk) from 23 previous trials
of rofecoxib (phase 2B through phase 5), including
patients from the VIGOR trial, also did not demon-
strate a significant increase in cardiovascular risk
for rofecoxib as compared with placebo or NSAIDs
other than naproxen.

 

4

 

 This analysis used the APTC
end point we evaluated. An updated analysis that
included data from various placebo-controlled stud-
ies investigating rofecoxib for the treatment or pre-
vention of Alzheimer’s disease did not demonstrate
an excess of cardiovascular events associated with
rofecoxib therapy.

 

5

 

 A recent meta-analysis compar-
ing cardiovascular risk in trials that included various
doses of rofecoxib suggested an increased relative
risk among patients taking rofecoxib, as compared
with those taking naproxen, but not placebo.

 

22

 

 

 

Dif-
ferences between our results and these earlier clin-
ical-trial data may be related to differences in defined
end points or the duration of treatment, a possibili-
ty supported by the apparent absence of a difference
in adjudicated thrombotic events during the first
18 months of our study.

Observational studies have provided conflicting
data on the cardiovascular safety of rofecoxib. A Ca-
nadian retrospective cohort study did not demon-
strate an increased risk of myocardial infarction

 

* The total duration of follow-up was 3059 patient-years in the rofecoxib group and 3327 patient-years in the placebo 
group. Although a patient may have had two or more clinical adverse events, the patient was counted once within a cat-
egory. The same patient may appear in different categories. CI denotes confidence interval.

† A serious event was defined as one that was life-threatening, resulted in (or prolonged) hospitalization, or caused per-

 

manent disability.

 

Table 4. Incidence of Nonadjudicated Cardiovascular Adverse Events.*

Adverse Event†
Rofecoxib Group 

(N=1287)
 Placebo Group 

(N=1299)
Hazard Ratio 

(95% CI)

 

No. of 
Patients (%)

Rate/100 
Patient-yr

No. of 
Patients (%)

Rate/100 
Patient-yr

Hypertension 377 (29.3) 14.9 219 (16.9) 7.3 2.02 (1.71–2.38)

Serious event 11 1 

Edema 111 (8.6) 3.8 76 (5.9) 2.4 1.57 (1.17–2.10)

Serious event 3 0 

Congestive heart failure, pulmonary 
edema, or cardiac failure

17 (1.3) 0.6 4 (0.3) 0.1 4.61 (1.50–18.83)

Serious event 12 2 
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among new users of rofecoxib as compared with
control subjects,

 

18

 

 

 

but a case–control study of pa-
tients 65 years of age or older suggested a dose-
dependent elevation in the relative risk of acute my-
ocardial infarction with rofecoxib therapy.

 

7

 

 Unlike
the findings in the current study, this risk was ele-
vated during the first 90 days of use, but not there-
after. A retrospective cohort study that assessed the
occurrence of serious coronary heart disease among
NSAID users

 

19

 

 showed an elevated cardiovascular
risk associated with the use of high-dose rofecoxib,
but no increased risk with the use of doses of 25 mg
or less.

In our randomized, placebo-controlled trial, we
found an increased risk of confirmed thrombotic
events associated with the long-term use of rofecox-
ib. The increase in adjudicated thrombotic events
associated with rofecoxib therapy was not evident
during the first 18 months of the trial. Other inves-
tigator-reported cardiovascular events known to
be associated with NSAID use, such as congestive
heart failure and pulmonary edema, although less
well defined, occurred earlier (at approximately five
months) and at a higher rate among patients taking
rofecoxib than among those taking placebo.

Patients in the rofecoxib group had increases in
systemic arterial pressure during the trial, a finding
that is consistent with the previously reported reno-
vascular effects of NSAIDs. These changes in blood
pressure were observed early in the study, along
with investigator-reported edema and congestive
heart failure. Mean arterial pressure did not appear
to have a significant association with confirmed
thrombotic events, however, according to an assess-
ment of changes from baseline to four weeks and
an analysis that included mean arterial pressure as
a time-varying covariate in a model of treatment ef-
fects. On the basis of these findings, it is unlikely
that changes in blood pressure were the explana-

tion for the excess cardiovascular risk in our study.
However, hemodynamic changes could have con-
tributed to a degree that is difficult to determine
from the available data.

It is unclear whether the results seen with rofe-
coxib represent a general effect of COX-2 inhibitors
or a specific effect of rofecoxib. A recent case–con-
trol study

 

27

 

 suggested that the odds of nonfatal my-
ocardial infarction differ between patients who take
rofecoxib and those who take celecoxib, and a nest-
ed case–control study

 

20

 

 also suggested that there
are differences in the risk of serious coronary heart
disease between the two agents. Elsewhere in this
issue of the 

 

Journal,

 

 Nussmeier et al. report that pa-
tients who received parecoxib and valdecoxib for
pain in the first 10 days after coronary-artery by-
pass grafting had an increased risk of cardiovascu-
lar events during 30 days of follow-up.

 

28

 

 Also in
this issue, Solomon et al. report that an ongoing
safety review of the Adenoma Prevention with Cele-
coxib Trial revealed that the risk of fatal or nonfatal
cardiovascular events was increased by a factor of
2.3 among patients who were randomly assigned to
receive celecoxib, as compared with those who were
assigned to receive placebo,

 

29

 

 leading the National
Cancer Institute to suspend the trial. The possibility
that conventional NSAIDs may have similar effects
also has to be considered. Possible cardiovascular
effects will need to be taken into account in an as-
sessment of the potential ability of any of these
drugs to prevent neoplasia in the large bowel and
other organs.
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CORRECTION

Cardiovascular Events Associated with Rofecoxib in
a Colorectal Adenoma Chemoprevention Trial

Cardiovascular Events Associated with Rofecoxib in a Colorectal Ade-

noma Chemoprevention Trial . In the reported results, the test for pro-

portionality of hazards used linear time rather than the logarithm of

time that was specified in the Methods section. Analysis using the

logarithm of time leads to the following changes:

The first complete paragraph on page 1097 should have read, `̀ In a

post hoc assessment, visual inspection of Figure 2 suggested that

the Kaplan–Meier curves separated 18 months after randomization.

However, the results of an overall test of the proportional-hazards as-

sumption for the entire 36-month observation period did not reach

statistical significance (P=0.07).´́

Therefore, statements regarding an increase in risk after 18 months

should be removed from the Abstract (the sentence `̀ The increased

relative risk became apparent after 18 months of treatment; during

the first 18 months, the event rates were similar in the two groups´́

should be deleted, as should the sentence beginning `̀ There was

earlier separation . . .´́ ) and from the Discussion section (the sen-

tence `̀ In post hoc analyses, the increased relative risk of adjudicated

thrombotic events was first observed after approximately 18 months

of treatment´́ should be deleted).

In addition, the first full paragraph on page 1100 should have read,

`̀ In our randomized, placebo-controlled trial, we found an increased

risk of confirmed thrombotic events associated with the use of rofe-

coxib. Visual inspection of the Kaplan–Meier curves suggested that

there was an increased frequency of thrombotic events associated

with rofecoxib therapy after 18 months. Other investigators reported

. . . .´́

This Correction was published at www.nejm.org on June 26, 2006.
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