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Glossary of Terms 

 
Term Definition 

ADVANTAGE Assessment of Differences between VIOXX™ And Naproxen To 
Ascertain Gastrointestinal tolerability and Effectiveness.  12-Week 
study in over 5500 OA patients.  Rofecoxib 25 mg versus naproxen 
1000 mg 

APPROVe Adenomatous Polyp PRevention On VIOXX™ study.  3-year study 
in over 2500 patients with resected colon polyp. (Adjust to 10 point 
type) 

APTC Anti-Platelet Trialists' Collaboration 

APTC combined endpoint myocardial infarction, stroke, or vascular death.  Based on events 
confirmed by adjudication except for studies antedating the 
adjudication SOP 

ASCVD Athersclerotic cardiovascular disease 

Clinical upper GI event confirmed PUB 

Complicated PUB the subset of more severe PUBs: perforations, gastric outlet 
obstruction due to ulcer, and major upper GI bleeds 

Complicated upper GI event confirmed complicated PUB 

Confirmed thrombotic 
cardiovascular serious adverse 
experience 

a potential cardiac, cerebrovascular, or peripheral vascular arterial or 
venous thrombotic event that was confirmed by an external 
independent adjudication committee 

Confirmed/unconfirmed 
complicated PUB 

a complicated PUB confirmed (unconfirmed) by the external 
independent adjudication committee 

Confirmed/unconfirmed PUB a PUB confirmed (unconfirmed) by the external independent 
adjudication committee 

Investigator reported thrombotic 
cardiovascular serious adverse 
experience 

an investigator report of a potential cardiac, cerebrovascular, or 
peripheral vascular arterial or venous thrombotic event 

PGI2 prostacyclin 

PGI-M prostacyclin metabolite: 2,3-dinor-6-keto-prostaglandin F1 alpha 

POB see complicated PUB 

PUB gastroduodenal Perforation, symptomatic gastroduodenal Ulcer, or 
upper GI Bleed 

TXA2 Thromboxane A2 

TXB2 Thromboxane B2 

VICTOR VIOXX™ In colorectal Cancer Therapy: definition of Optimal 
Regime Study.  Separate 2- and 5-year studies in a total of 7000 
patients with completely resected Dukes B or C colon cancer.  
Rofecoxib 25 mg vs. placebo. 
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VIGOR VIOXX™ GI Outcomes Research Study.  Median duration 9 month 

(maximum 13 month) study in over 8000 RA patients.  Rofecoxib 
50 mg vs. naproxen 1000 mg. 

ViP VIOXX™ in Prostate Cancer Prevention Study.  6-Year study in 
over 15,000 men with PSA between 2.5 and 10.  Rofecoxib 25 mg 
vs. placebo. 
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Executive Summary 
 
INTRODUCTION 

For patients with arthritis, an important question in choosing appropriate therapy is the 
relative risks and benefits amongst their options.  Although comparison to placebo is 
useful in understanding the efficacy and safety profile of each product, none of the agents 
developed for symptomatic relief in osteoarthritis or rheumatoid arthritis has the safety 
profile of placebo.  Starting with the first use of salicylates, followed by aspirin, 
butazolidin, indomethacin and others, agents in the class of nonsteroidal 
antiinflammatory drugs (NSAIDs) have been the mainstay for the clinical relief of 
arthritis symptoms.  Given their long history of use, it was believed that the efficacy and 
safety profile of NSAIDs was understood.  NSAID use was associated with an increased 
risk of serious gastrointestinal (GI) adverse effects including upper GI ulceration and 
bleeding [1; 2; 3], as well as renovascular adverse effects such as fluid retention and 
hypertension [4; 5].  These agents could also increase bleeding [6; 7; 8; 9; 10; 11].  These 
adverse effects were related to the same mechanism by which these drugs relieved pain 
and inflammation: the inhibition of cyclooxygenase (COX) [12].  With the discovery of 
COX-2, an isoform of cyclooxygenase that was upregulated by mediators of 
inflammation as well as by certain growth factors and tumor promoters, and that was not 
expressed constitutively in gastric mucosa, the COX-2 hypothesis was framed[13].  This 
hypothesis proposed that a selective inhibitor of COX-2 would have efficacy similar to 
non-selective inhibitors of COX-1 and COX-2 but with improved GI safety.  Rofecoxib is 
a selective cyclooxygenase-2 (COX-2) inhibitor that was developed to provide efficacy 
similar to nonselective NSAIDs with an improved GI safety profile and without effects 
on platelets.   

In the initial clinical program, rofecoxib was shown to be effective in the relief of the 
signs and symptoms of osteoarthritis (OA), treatment of primary dysmenorrhea, and 
management of acute pain; it was approved by FDA in 1999.  Subsequent approvals were 
received for the relief of the signs and symptoms of rheumatoid arthritis (RA) (2002) and 
juvenile rheumatoid arthritis (JRA) (2004), and treatment of acute migraine attacks 
(2004).  A significant GI benefit versus naproxen was demonstrated in the VIOXX™1 
Gastrointestinal Outcomes Research (VIGOR) study in 2000 [14].  VIGOR also 
demonstrated higher cardiovascular (CV) event rates in patients treated with rofecoxib 50 
mg daily than in patients treated with naproxen 500 mg twice daily, due primarily to a 
difference in the incidence of myocardial infarctions between groups.  That finding 
differed from the CV safety profiles that were shown in large studies that compared 
rofecoxib to placebo and non-naproxen NSAIDS in OA or rofecoxib 25 mg in 
Alzheimer’s Disease patients and in a pooled analysis of studies across the clinical 
development program [15].  Those analyses revealed no discernable difference in the CV 
safety profile of rofecoxib compared to placebo or non-naproxen NSAID comparators.   
 

                                                 
1 VIOXX is a trademark of Merck & Co., Inc., Whitehouse Station, New Jersey, U.S.A. 
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Labeling approved in 2002 reflected the data on GI and CV results up to that time, and 
included a direction to use caution in prescribing rofecoxib for patients with ischemic 
heart disease.  Additional updates of the CV and GI data were provided to agencies and 
published as new information became available.  In Sep-2004, an increased risk of CV 
events with rofecoxib versus placebo was noted beginning after 18 months of daily 
treatment in the Adenomatous Polyp PRevention On VIOXX™ (APPROVe) study.  The 
mechanism for the increased risk with rofecoxib was uncertain.  Although the frequency 
of these events were low and the risk did not appear to be elevated compared to placebo 
during the first 18 months of use, a decision was made to voluntarily withdraw rofecoxib 
from the marketplace.  This was done in the interest of patient safety, given the questions 
raised by the data and the availability of alternative therapies without placebo controlled 
data suggesting an increase in CV risk.  Merck voluntarily withdrew rofecoxib from the 
marketplace on September 30, 2004. 

The attached background document for the Arthritis Advisory Committee Meeting 
provides an overview of the available GI, renovascular, and CV safety data on rofecoxib.  
The review of CV safety data is organized around a chronologic framework of 
information known at various points throughout the rofecoxib development program to 
reflect the timing when key data became available with regard to GI and CV safety 
information.  The following provides a high-level summary and discussion of the 
information within the rofecoxib background document and, for ease of review, is cross-
referenced to the appropriate section of the document in which the data are provided. 

SUMMARY 

GI Safety (Section 2) 

The demonstration that NSAID-induced gastropathy was due to inhibition of 
prostaglandin synthesis [12], and the identification of two isoforms of cyclooxygenase 
(COX), a constitutively expressed COX-1 and a second, inducible isoform, COX-2, that 
was not expressed constitutively in the stomach, led to the COX-2 hypothesis[13].  This 
hypothesis stated that selective pharmacologic inhibition of COX-2 would be expected to 
be as effective as inhibition of both COX isoforms in relieving pain and inflammation but 
with reduced GI toxicity compared to non-selective NSAIDs. 

Initial clinical pharmacology studies in normal volunteers assessed surrogate markers of 
intestinal endothelial injury  and demonstrated that rofecoxib use was associated with no 
increase in fecal RBCs loss compared to placebo  [16] and no increase in intestinal 
permeability [17].  In contrast, non-selective NSAIDs increased both markers of GI 
injury.  Furthermore, using gastric biopsies it was demonstrated that rofecoxib did not 
suppress prostaglandin synthesis in the stomach of volunteers whereas nonselective 
NSAIDs produced pronounced suppression [18]. 

There were 3 major clinical components to the GI safety assessment of rofecoxib.  First, 
endoscopy studies analyzed the difference in cumulative ≥3 mm ulcer rates over 12-24 
weeks between rofecoxib, placebo and non-selective NSAIDs.  Second, a combined 
analysis of upper GI clinical events was performed, based on the prospective collection 
and adjudication of these events in the clinical program.  The initial GI analysis pooled  
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data from the 8 Phase IIb/III OA studies in the original NDA.  Updates to this analysis 
used the same methodology and pooled all studies of greater than four weeks duration in 
which rofecoxib was compared to a non-selective NSAID in the Phase IIb to V clinical 
development program, with the exception of VIGOR.  These studies included rofecoxib 
doses of 12.5, 25 or 50 mg and.  The VIGOR study was the third component of the GI 
safety program.  This was a large outcomes study in 8076 patients with rheumatoid 
arthritis that randomized patients to treatment with rofecoxib 50 mg, twice the highest 
dose recommended for chronic use, versus naproxen 1000 mg daily, a common clinical 
dose, and analyzed the incidence of confirmed upper GI clinical events.  There was 
limited use of concomitant aspirin in the studies in the pooled analysis and the VIGOR 
outcomes study excluded concomitant aspirin use at any dose.  Aspirin was excluded 
because of its potential confounding effect on the rates of GI mucosal injury due to its 
inhibition of COX-1 activity which would have made a rigorous test of the COX-2 
hypothesis impossible. 

Endoscopy Studies (Section 2.4.1) 

Two endoscopy studies were carried out to assess cumulative rates of endoscopic ≥3 mm 
ulcers in patients with osteoarthritis taking rofecoxib 25 mg or 50 mg,  placebo or 
ibuprofen 2400 mg daily and reported individually and as a combined analysis.  In each 
study, the rates of ≥ 3 mm ulcers by 12 weeks in the rofecoxib groups were significantly 
lower than the corresponding rate with ibuprofen and in the combined analysis the rates 
with rofecoxib 25 mg were comparable to placebo.  These studies showed that this GI 
safety advantage for both rofecoxib 25 mg and 50 mg versus ibuprofen was maintained at 
24 weeks as well.  In a similarly designed 12-week endoscopy study in RA patients 
treated with rofecoxib 50 mg once daily or naproxen 1000 mg daily, treatment with 
rofecoxib was associated with a significantly lower percentage of patients with 
endoscopic gastroduodenal ulcers than treatment with naproxen.  

Analyses of Adjudicated GI Events (Sections 2.2 and 2.3) 

A rigorous adjudication of all potential upper GI clinical outcomes from all studies 
containing any dose of rofecoxib was performed by an external expert, independent, 
blinded Case Review Committee (CRC).  The expert panel used prespecified criteria to 
determine whether events were confirmed, and whether they were clinically complicated. 
Gastroduodenal perforation, symptomatic gastroduodenal ulcer (with or without 
obstruction), and upper GI bleed were identified as “PUB” events.  “Complicated PUB” 
events were defined as gastroduodenal perforation, gastric outlet obstruction due to an 
ulcer, or a major upper GI bleed.   

Pooled GI Analysis (Section 2.4.2) 

Results for the pooled GI analysis are reviewed from the final update to this analysis 
(data to Feb-2003) to allow explorations of the data that were not possible in the initial 
analysis available in 1998 at the time of the original NDA.  This final update included 
PUBs from the 20 Phase IIb to V trials from the rofecoxib development program 
excluding VIGOR with average duration greater than 4 weeks in which rofecoxib was  
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compared to a non-selective NSAID.  There were a total of 17,072 patients with 
osteoarthritis (15 trials) or rheumatoid arthritis (5 trials) studied.  Overall, the analyses in 
this pooled dataset demonstrated a 64% reduction in the rate of confirmed upper GI PUBs 
with rofecoxib versus combined NSAIDs.  The incidence of confirmed PUBs over 24.8 
months was significantly lower with rofecoxib vs. combined NSAIDs (rate/100 patient-
years 0.74 vs. 1.87; relative risk 0.36, 95% CI 0.24, 0.54).  Similar findings were 
demonstrated with complicated PUB endpoints as well.  Differences were consistent 
across subgroups and  with the individual NSAID comparators ibuprofen, naproxen and 
diclofenac. 

GI Safety From VIGOR (Section 2.4.3) 

The VIGOR GI outcomes trial in 8076 patients with rheumatoid arthritis demonstrated 
that rofecoxib 50 mg was associated with significantly fewer PUBs and complicated 
PUBs than the non-selective NSAID naproxen 1000 mg daily.  There was a 54% 
reduction in the rate of confirmed upper GI clinical events (PUBs) with rofecoxib versus 
naproxen (rates of 2.08 vs. 4.49 per 100 patient-years; relative risk 0.46, 95% CI 0.33, 
0.64; p<0.001). Similar results were found for confirmed complicated events (rates of  
0.59 vs. 1.37 per 100 patient-years for rofecoxib versus naproxen, respectively; relative 
risk 0.43, 95% CI 0.24, 0.78; p=0.005).  Differences were consistent across subgroups.  A 
post-hoc analysis of VIGOR data revealed a reduced risk of clinical lower GI events 
compared to naproxen as well.  Lower GI events were defined as: gross rectal bleeding 
(other than melena) associated with a hemoglobin decrease >2 g/dL or hospitalization, or 
positive test for fecal occult blood associated with a hemoglobin decrease >2 g/dL and 
negative upper endoscopy; hospitalization for intestinal perforation, obstruction, 
ulceration, or diverticulitis. 

Additional GI Data (Sections 2.4.4 and 2.5) 

The addition of low-dose aspirin to rofecoxib appears to result in a degree of mucosal GI 
injury similar to that of ibuprofen alone based on assessment of the cumulative incidence 
of ulcers ≥3 mm in a 12-week endoscopy study.  Ibuprofen combined with low dose 
aspirin was not evaluated in this study.  Data from a recently completed 7-day endoscopy 
trial in healthy subjects suggest that the GI risk of a COX-2 inhibitor plus aspirin may be 
lower than a nonselective NSAID plus aspirin.  However, long term clinical data 
confirming this benefit have not been presented.  Placebo-controlled data from studies in 
Alzheimer’s disease and colon polyp prevention suggest that rofecoxib 25 mg is 
associated with a higher rate of upper GI clinical events than is placebo.  Thus, as 
indicated in its labeling, although rofecoxib significantly reduces the risk of GI injury 
from NSAIDs, it does not completely eliminate the risk.   

GI Conclusions 

The analyses of PUBs for rofecoxib in both the VIGOR study and the pooled analysis of 
20 phase IIb to V studies demonstrate the superior upper GI safety profile of rofecoxib 
when compared to non-selective NSAIDS.  Results in the 12-24 week endoscopy studies  
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of cumulative ulcers ≥3 mm also support this improved GI safety profile versus non-
selective NSAIDs.  Post hoc data from the VIGOR study suggest that rofecoxib was also 
associated with a reduction in clinically important lower GI events compared with 
nonselective NSAIDs. 

Renovascular Safety (Section 3) 

Edema, CHF, and hypertension are known renovascular effects of COX-2 inhibition and 
have been observed with all nonselective NSAIDs and COX-2 inhibitors [4; 5; 19; 20; 
21].  These side effects of inhibiting COX-2 are mechanism-based, are known to be dose-
related, and are reflected in NSAID class labeling.  Renovascular effects were monitored 
in the rofecoxib program as a prespecified safety endpoint. 

Approach to Analyses 

To evaluate the clinical impact of potential renovascular effects, a composite of edema-
related and hypertension-related adverse experiences was defined.  The composite terms 
were prespecified to provide greater precision than the individual adverse experience 
terms when comparing treatment groups.  In addition, congestive heart failure adverse 
experiences were evaluated in a prespecified manner.  Individual adverse experience 
terms were also reviewed for trends in the data. 

Renovascular Safety Data (Sections 3.2 to 3.3) 

Overall, the data indicate that rofecoxib is associated with the development of edema-
related and hypertension related adverse experiences generally consistent with the effects 
of fluid retention typically observed for NSAIDs.  Edema-related adverse experiences 
generally occurred early, and were mild, transient, and infrequently led to 
discontinuations.  CHF was rare in all populations, including the elderly.  Most of the 
hypertension adverse experiences were mild to moderate in intensity and discontinuation 
due to hypertension adverse experiences was infrequent (data provided in Sections 3.2 to 
3.3).  At the 25 mg dose, rofecoxib use was generally associated with small increases in 
mean systolic blood pressure (2 to 4 mm Hg) compared to placebo and increases of mean 
diastolic blood pressure <2 mm Hg.  Changes in mean systolic blood pressure with 
rofecoxib exhibited a dose-related pattern in 6-week OA studies with increases of 1.1 to 
5.1 mm Hg across the rofecoxib doses 12.5 to 50 mg.  These changes approximate the 
increase of 5 mm Hg in mean arterial pressures reported for NSAIDs in two meta-
analyses [4; 5].  In general, hypertension adverse experiences also appeared to be dose 
related with 12.5 mg displaying rates lower than 25 mg, and both of these doses with 
rates lower than rofecoxib 50 mg, which is above the therapeutic dose range for chronic 
treatment.  Rofecoxib 50 mg displayed higher rates of edema and hypertension adverse 
experiences than therapeutic doses of comparator NSAIDs.  While in general the 
incidence of renovascular adverse experiences within the therapeutic dose range of 
rofecoxib (12.5 and 25 mg) is similar to NSAIDs, in some studies (RA Phase III) the 25 
mg dose had a higher incidence than the comparator NSAID, naproxen.  This difference 
from naproxen was not replicated however, in a 12-week study in OA patients 
(ADVANTAGE).  
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Cardiovascular Safety Prior to Sep-2004 APPROVe Trial Results (Section 4) 

An overview of the evolving understanding of CV safety of rofecoxib is organized 
around a chronologic framework of information known at various points throughout the 
rofecoxib development program. 

Evolution of Prostaglandin Biology (Section 4.1.1) 

Cyclooxygenase and its prostanoid products have important roles in hemostasis.  
Prostacyclin (PGI2), a product thought to be derived primarily through the activity of 
endothelial cell COX-1 and COX-2, is a vasodilator and inhibitor of platelet aggregation 
[22; 23].  Serum thromboxane A2 (TXA2), largely a product of platelet COX-1, is a 
vasoconstrictor and promoter of platelet aggregation.  Aspirin, a well recognized 
antiplatelet agent and inhibitor of platelet TXA2 synthesis, is effective in decreasing the 
risk of cardiovascular thrombotic events in patients at risk for such events [24].  Aspirin’s 
antiplatelet effect is mediated through its near complete, irreversible inhibition of platelet 
COX-1 activity [25].   

At the time of the initiation of the Phase IIb/III OA program (Jun-1995), there was no 
suggestion that a selective COX-2 inhibitor might be prothrombotic.  However there were 
suggestions in the literature that at least some NSAIDs might be cardioprotective through 
the inhibition of COX-1 [26; 27].  As expected for a selective COX-2 inhibitor, rofecoxib 
was shown to have no inhibitory effect on platelet thromboxane production and therefore 
did not have any effects on platelet aggregation.  

Several months prior to the completion of the OA Phase III studies, data from clinical 
pharmacology studies demonstrated that the selective COX-2 inhibitors rofecoxib and 
celecoxib reduced the urinary excretion of the prostacyclin metabolite PGI-M [28; 19].  
These data indicated that COX-2 was the predominant cyclooxygenase isoform involved 
in systemic prostacyclin production and it was hypothesized by the authors that at least 
some of the COX-2-dependent systemic prostacyclin was derived from endothelium.  It 
was further hypothesized that inhibition of endothelial prostacyclin synthesis by a 
selective COX-2 inhibitor without the inhibition of platelet thromboxane synthesis as 
would be obtained with a non-selective inhibitor of both COX-1 and COX-2 could 
theoretically alter the hemostatic balance between prostacyclin and thromboxane.  This 
imbalance, if present, could theoretically be prothrombotic and lead to an increase in the 
risk of thrombotic cardiovascular events.  The data from the above rofecoxib clinical 
pharmacology study were submitted to the FDA as part of the original rofecoxib NDA in 
1998.  

Cardiovascular Clinical Results in Phase IIb/III OA Studies (Section 4.1.2) 

An initial review of CV data was included in the rofecoxib NDA, which was submitted to 
the FDA in Nov-1998.  These analyses included data on approximately 5,400 OA 
patients from 8 double-blind, placebo-controlled and active-comparator studies.  
Although somewhat limited with respect to the comparison to placebo, in these studies, 
similar rates of investigator-reported thrombotic cardiovascular serious adverse  
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experiences were seen with rofecoxib, placebo, and comparator NSAIDs (ibuprofen, 
diclofenac, or nabumetone) with a relative risk (95% CI) of 0.92 (0.50, 1.67) for 
rofecoxib compared to non-selective NSAIDs.  There were no individual thrombotic 
events such as myocardial infarction or stroke whose rates suggested an imbalance 
between the groups and Kaplan-Meier plots of cumulative incidence over time did not 
suggest between-group differences.  Collectively, these data did not support the 
hypothesis that selective COX-2 inhibitors might be associated with an increase in 
thrombotic CV events as had been theorized.  These data were reviewed with both the 
Arthritis Advisory Committee in 1999, which concluded that rofecoxib had a favorable 
risk/benefit profile, as well as with FDA, which approved rofecoxib in May-1999 for the 
relief of the signs and symptoms of osteoarthritis, for the management of acute pain in 
adults, and for the treatment of primary dysmenorrhea. 

CV Adjudication Standard Operating Procedure (SOP) (Section 4.1.5) 

Several hypotheses had been proposed to suggest possible effects of selective COX-2 
inhibitors and/or of non-selective NSAIDs on CV event rates [29; 27; 30].  These 
included hypotheses suggesting a decrease in CV events with all agents that inhibit COX-
2, a decrease of events with non-selective NSAIDs that inhibit COX-1, and an increase in 
events with agents that selectively inhibit COX-2 but not COX-1 [28; 19].  Although 
there had been no imbalance in CV events in the Phase III OA database, Merck initiated a 
CV Adjudication Standard Operating Procedure (Adjudication SOP) in the second half of 
1998 to systematically collect and adjudicate potential cardiovascular thrombotic serious 
adverse experiences from all future studies with its selective COX-2 agents.  The basis of 
the Adjudication SOP was a blinded systematic review by an expert panel of 
cardiologists, neurologists, and vascular medicine internists of serious adverse 
experiences reported by site investigators.  These adverse experiences were prespecified 
in the Adjudication SOP as potential thrombotic cardiovascular events (referred to in this 
background document as Investigator Reported Thrombotic CV Serious Adverse 
Experiences).  The report of such an event triggered a procedure whereby additional 
information was collected and the event was adjudicated.  None of the members of the 3 
expert panels (one each for cardiac events, cerebrovascular events, peripheral vascular 
events) was a Merck employee or a site investigator for any of the Merck selective COX-
2 inhibitor studies.  Events confirmed by adjudication are referred to in this document as 
Confirmed Thrombotic CV Serious Adverse Experiences.  

The primary endpoint outlined in the original Adjudication SOP was the Confirmed 
Thrombotic CV Serious Adverse Experience endpoint.  This endpoint was considered 
primary for all studies included in the SOP which also encompassed VIGOR.  Data from 
individual studies are reported using this endpoint or, if from a study antedating the SOP, 
using the Investigator Reported endpoint.  Prior to undertaking a pooled analysis of the 
data, which included the unadjudicated Phase IIb/III data, the decision was made to 
prespecify the Antiplatelet Trialists’ Collaboration (APTC) combined endpoint, for all 
pooled analyses which included studies which were not part of the CV Adjudication SOP.  
The APTC combined endpoint includes cardiovascular death, death due to unknown  
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causes, fatal hemorrhage, myocardial infarction, and stroke.  These “hard events” have a 
high confirmation rate during adjudication, an important characteristic since the data 
from the Phase IIb/III OA studies and the RA Phase IIb study were not subject to 
adjudication.  Results have been highly consistent between analyses based on the APTC 
and Confirmed Thrombotic CV Serious Adverse Experience endpoints.   

CV Findings From the VIGOR study (Section 4.2) 

VIGOR was the first trial with rofecoxib to utilize the CV Adjudication SOP.  In March 
of 2000, the preliminary results of VIGOR became available.  Although the GI benefit of 
rofecoxib was clear in the VIGOR study, an imbalance in thrombotic cardiovascular 
adverse experiences favoring naproxen was observed. A total of 64 patients had one or 
more events during VIGOR that were adjudicated as confirmed thrombotic events by the 
committees; 45 of 4047 patient in the rofecoxib group and 19 of 4029 patients in the 
naproxen group.  The relative risk (95% CI) for confirmed thrombotic events for 
rofecoxib compared to naproxen was 2.38 (1.39, 4.00).  The difference between treatment 
groups could be observed starting approximately 1 month after the initiation of treatment 
and was due primarily to a lower incidence of myocardial infarctions in the naproxen 
group.  Multiple statistical analyses indicated that the relative risk observed between 
treatment groups for a confirmed thrombotic cardiovascular serious adverse experiences 
did not vary significantly over time.   

Subgroup analyses were performed including an analysis based on baseline risk for a 
cardiovascular event and analyses based on blood pressure parameters.  There were no 
statistically significant subgroup by treatment interactions for the following subgroups: 
age, gender, history of a CV risk factor and past history of atherosclerotic cardiovascular 
disease. 

More patients in the rofecoxib 50 mg group in VIGOR (twice the highest recommended 
chronic dose) had hypertension adverse experiences than in the naproxen group. 
Although the difference in thrombotic cardiovascular serious adverse experiences was 
larger than one may have anticipated given the small between-group differences in blood 
pressure, it was nonetheless important to examine the data to determine if the known 
renovascular effects of rofecoxib 50 mg accounted for the cardiovascular findings of 
VIGOR.  A number of different analyses were carried out to evaluate the relationship 
between blood pressure and confirmed thrombotic CV events.  This included an analysis 
based on reports of hypertension adverse experiences and analyses based on blood 
pressure measurements.  None of these analyses revealed an association between 
hypertension and the imbalance of thrombotic cardiovascular events.  Thus, differential 
effects of the two study treatments on blood pressure did not appear to explain the 
imbalance in confirmed thrombotic CV events in VIGOR, although some contribution of 
blood pressure could not completely be excluded. 
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Placebo-Controlled Interim Data From the Alzheimer’s Disease Program (2000; 
Section 4.2.3) 

The data from the Phase IIb/III OA program reviewed in the original NDA for rofecoxib 
had not revealed an increased risk of investigator reported thrombotic cardiovascular 
serious adverse experiences on rofecoxib compared to either placebo or non-naproxen 
NSAIDs.  To better understand the significance of the new cardiovascular results of 
VIGOR, an interim analysis was carried out for two large, ongoing placebo-controlled 
studies in elderly patients with early Alzheimer’s disease.  These ongoing trials provided 
a large dataset comparing rofecoxib 25 mg with placebo, rather than the naproxen 
comparator evaluated in VIGOR.  Importantly, the Alzheimer’s studies provided 
extensive experience in an elderly population at increased risk for serious thrombotic 
cardiovascular events.   

A preliminary review of the Alzheimer’s data in Mar-2000 and submitted to the FDA in 
Jun-2000 showed no increase in investigator reported cardiovascular event rates for 
rofecoxib compared to placebo, and numerically similar rates of specific events in both 
groups.  In preparation for the Feb-2001 FDA Arthritis Advisory Committee meeting, a 
second interim analysis of the cardiovascular data from the placebo controlled 
Alzheimer’s studies occurred in Sep-2000 with consistent findings.  The relative risk 
(95% CI) for rofecoxib compared to placebo was 0.85 (0.53, 1.35).  These year 2000 
analyses were based on unadjudicated investigator reported Thrombotic CV Serious 
Adverse Experiences, since at that time, few of the events had been adjudicated.  
Subsequent analyses were performed on adjudicated data and were consistent with the 
initial analyses. 

Anti-platelet Effects of Naproxen 500 mg Twice Daily (Section 4.2.4.1 to 4.2.4.4) 

In order to understand the biologic basis for the difference in CV event rates between 
rofecoxib and naproxen, it was important to review all available information on the 
potential anti-platelet and CV effects of naproxen.  As early as 1977, the potential for 
non-selective NSAIDs to inhibit platelet aggregation was recognized [7].  As clinical use 
of NSAIDs increased, the ENT literature discussed an association between NSAID 
therapy and epistaxis [6].  Inhibition of platelet aggregation with increased bleeding after 
non-selective NSAID administration was noted in the urologic, neurosurgical, and 
ophthalmologic surgical literature [8; 9; 10; 11].  The effects of NSAIDs on platelet 
aggregation were found to be related to the inhibition of COX-1 mediated TXA2 
synthesis and it was recognized that the effect of an NSAID on platelet aggregation was 
related to the duration of the drug’s effect on TXA2 synthesis [31; 32].  

It is generally accepted that, to persistently inhibit platelet aggregation and serve as a 
vascular-protective agent, near-complete inhibition (>90%) of TXA2 synthesis sustained 
over time is needed [25]. The effect of chronic therapy with non-aspirin COX-1/COX-2 
inhibitors (the nonselective NSAIDs) on the incidence of cardiovascular thrombotic 
events has not been well characterized.  Indeed, little if any placebo-controlled clinical 
trial data have been published for NSAIDs other than aspirin.  Although nonselective 
NSAIDs inhibit platelet COX-1 activity, this inhibition is reversible.  Thus, the ability of  
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a nonselective NSAID to provide potent and sustained antiplatelet effects that mimic 
aspirin’s antiplatelet properties [33; 34; 33; 35] (and thus potentially to effect aspirin-like 
vascular-protection) is highly dependent on the unique COX-1/COX-2 potency and 
pharmacokinetic profiles of each of these compounds.   

Several studies have demonstrated that the nonselective COX-1/COX-2 inhibitors vary in 
the magnitude and time course of their effects on platelet function [33].  One study 
performed by Merck in collaboration with external investigators compared the effects of 
lower doses of rofecoxib and several nonselective COX-1/COX-2 inhibitors on 
thromboxane generation and platelet function.  Patients were randomized to receive either 
placebo, rofecoxib 12.5 or 25 mg daily, diclofenac 50 mg 3 times daily, ibuprofen 800 
mg 3 times daily, or naproxen 500 mg 2 times daily [33].  These data show a gradient of 
anti-aggregatory effects for the different drugs.  Therapy with rofecoxib did not 
meaningfully inhibit platelet aggregation, having an effect similar to placebo. Diclofenac 
50 mg three times daily had an intermediate effect resulting in less than 40% inhibition 
and ibuprofen 800 mg three times daily showed near-complete inhibition (≥90%) at peak, 
although it was not maintained across the dosing interval.  Only naproxen 500 mg twice 
daily resulted in near-complete inhibition of platelet aggregation that was maintained 
across its dosing interval (comparable to the results obtained in a separate study with 
aspirin.  Consistent with these findings, >90% inhibition across the dosing interval of 
platelet TXB2 production was only obtained with naproxen and not the other NSAIDs 
[33].   

Consistent with these data, therapy with placebo, rofecoxib, and diclofenac did not result 
in a prolongation of bleeding time whereas therapy with naproxen prolonged bleeding 
time by ~79%.  This effect of naproxen on bleeding time was similar to the reported 
effect of aspirin (50 to 100% prolongation [33; 34; 22; 36]). 

Clinical Trials Evaluating the Vascular-Protective Properties of Nonselective 
NSAIDs (Section 4.2.4.5) 

Although there have been no cardiovascular outcomes trials with naproxen, there is 
evidence for the vascular-protective efficacy of flurbiprofen and indobufen, two 
nonselective NSAIDs which also exhibit potent antiplatelet properties [27; 26]. 
Flurbiprofen treatment has been shown to prolong bleeding time and was evaluated for a 
cardioprotective effect compared with placebo, in the setting of coronary plaque rupture. 
In one study, 464 patients who were successfully treated for acute myocardial infarction 
by thrombolysis and/or coronary angioplasty were randomized to receive either placebo 
or flurbiprofen 50 mg twice daily for 6 months.  Therapy with flurbiprofen was 
associated with a >50% reduction in the incidence of reinfarction and coronary 
revascularization at 6 months and a 71% reduction in the risk of  myocardial infarction 
when compared with placebo treatment.  This study specifically addressed the effects of 
flurbiprofen in the context of an active disease state.   

There are many studies which support the cardioprotective effects of the nonselective 
NSAID indobufen.  Clinical studies have compared the effects of indobufen with 
placebo, aspirin, warfarin, or ticlopidine in patients with intermittent claudication  
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resulting from peripheral vascular disease, in the prophylaxis of thromboembolism in 
patients with heart disease, in the prophylaxis of occlusion of coronary and 
femoropopliteal artery bypass grafts, and in the secondary prevention of thrombotic 
events following transient ischemic attack (TIA) and stroke.  Collectively, these 
randomized double-blind clinical studies showed that indobufen treatment was associated 
with cardioprotective effects superior to placebo and similar to aspirin or warfarin 
although not as effective as ticlopidine.   

The data from these studies suggest that nonselective COX-1/COX-2 inhibitors with 
potent and sustained platelet COX-1 inhibitory properties result in vascular-protective 
properties similar to those observed with aspirin [37; 38].  Recent public announcements 
of a possible increased cardiovascular risk with a low dose of naproxen sodium (220 mg 
twice daily) do not preclude a cardioprotective effect of naproxen at 500 mg twice daily.  
The details have not been made available at the time of writing this background package. 

Cardiovascular Event Rates on Naproxen Relative to Selective COX-2 Inhibitors 
(Section 4.2.4.6) 

Although not available at the time of VIGOR, more recent data further identify a 
consistent difference in thrombotic cardiovascular events between selective COX-2 
inhibitors and naproxen but not between selective COX-2 inhibitors and other non-
selective NSAIDs.  To date, published data on all COX-2 inhibitors have shown rates of 
CV events similar to NSAIDs other than naproxen. [15; 39; 40; 41].  In the Phase IIb/III 
OA program as noted above, the incidence of CV events was similar on rofecoxib and the 
comparator NSAIDs ibuprofen, diclofenac and nabumatone.  In contrast, in clinical 
studies comparing selective COX-2 inhibitors to naproxen 500 mg twice daily [15; 39], 
the rates of CV events with naproxen have been lower than with selective COX-2 
inhibitors.  Although it has been argued that CV event rates with celecoxib are similar to 
naproxen with a relative risk of 0.85 for celecoxib:naproxen [40], the data were limited 
with only 4 events and less then 400 patient-years exposure in the naproxen group, and 
the 95% CI were wide (0.29 to 2.46), limiting the ability to draw a conclusion.  

The largest single trial comparing a selective COX-2 inhibitor with naproxen was the 
TARGET study with lumiracoxib.  The TARGET study, which enrolled over 18,000 
patients, was designed to assess GI outcomes but a key secondary objective was to 
measure and compare a composite endpoint of cardiovascular morbidity and mortality.  
TARGET consisted of 2 substutdies of equal size with one comparing lumiracoxib to 
ibuprofen 800 mg 3x daily and the other lumiracoxib to naproxen 500 mg 2x daily [39]. 
In TARGET, the hazard ratio (95% CI) of confirmed or probable APTC events for 
lumiracoxib versus ibuprofen was 0.76 (0.41, 1.40) while the hazard ratio (95% CI) of 
confirmed or probable APTC events for lumiracoxib versus naproxen was 1.46 (0.89, 
2.37).  The differences between lumiracoxib and ibuprofen and between lumiracoxib and 
naproxen were not significant (0.3775 and 0.1313, respectively), and the treatment by 
substudy interaction resulted was not significant (p=0.1145).  However, the TARGET 
study was not powered for the cardiovascular endpoint. The hazard ratio for the APTC 
combined endpoint in the lumiracoxib versus naproxen substudy is not inconsistent with 
the findings with rofecoxib. [39] 
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Pooled Analysis of Adjudicated CV Events From All Rofecoxib Clinical Trials 
(2000; Section 4.2.5) 

A pooled analysis with all data available from across the rofecoxib development program 
was performed in September 2000, including the two ongoing trials in Alzheimer’s 
disease already described above.  All Phase IIb to V studies of at least 4 weeks duration 
which included either placebo and/or active-comparator nonselective NSAID controls 
were included in the pooled analysis.  The pooled analysis thus included data from the 
Phase IIb/III OA, VIGOR, ADVANTAGE, and Alzheimer’s Disease studies discussed 
above as well as data from the RA Phase IIb/III program in which rofecoxib was 
compared to placebo and naproxen, and from postmarketing (Phase V) studies such as 
Protocols 085 and 090 in which rofecoxib was compared to placebo and nabumetone.  
The pooled analysis was a prespecified ongoing project; the results were periodically 
updated as additional sets of data became unblinded.  The primary endpoint for the 
pooled analysis was the APTC combined endpoint. Data for naproxen were analyzed 
separately from other NSAIDs due its demonstrated potent and sustained antiplatelet 
effect which would potentially provide cardioprotective effects not present in the other 
NSAIDs.   The comparisons of interest were: 

•  Naproxen versus rofecoxib. 

•  Other (non-naproxen) NSAIDs versus rofecoxib. 

•  Placebo versus rofecoxib. 

Data from over 28,000 patients on either rofecoxib or nonselective NSAID/placebo in 
Phase IIb to V clinical studies were analyzed.  The relative risk of the APTC endpoint in 
naproxen users versus rofecoxib users was consistent with the results observed in 
VIGOR, with a decreased incidence of APTC events on naproxen.  Similar to the finding 
in the Alzheimer’s disease and OA programs, there was no discernable difference in 
rofecoxib CV risk compared with placebo and non-naproxen comparators.  Given the 
potential for aspirin use to confound the results of the analysis, a subgroup analysis was 
conducted only in patients who were not taking aspirin/clopidogrel prior to study start. 
This subgroup analysis, which included >88% of the events, provided consistent results 
with the primary approach.  

To investigate whether rofecoxib dose could have contributed to the imbalance of 
thrombotic cardiovascular serious adverse experiences in VIGOR, data from the pooled 
analysis were explored to investigate evidence for a dose effect on the thrombotic 
cardiovascular event rates.  Although the data were limited by small numbers of CV 
events, they did not provide evidence in favor of a dose-relationship for rofecoxib in 
APTC events. 

VIGOR CV Conclusions (2000; Section 4.2.6) 

In assessing the imbalance in thrombotic cardiovascular events in VIGOR, all of the 
relevant available data were reviewed.  The data regarding platelet and bleeding time 
effects for naproxen described above substantiated its potent antiplatelet effects.  
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Randomized clinical trials had already established a reduction in cardiovascular risk 
associated with the use of nonselective NSAIDs with potent antiplatelet effects.  The 
clinical trial data did not demonstrate an increased cardiovascular risk for rofecoxib in 
either the Alzheimer’s population versus placebo or the Phase IIb/III OA population 
versus non-naproxen NSAIDs and were inconsistent with a CV risk as large as had been 
seen in VIGOR.  The weight of the evidence was most consistent with no prothrombotic 
effect of rofecoxib and a cardioprotective benefit of naproxen. 

Study of CV Outcomes With Rofecoxib (Section 4.3.1) 

At the time VIGOR completed, several large placebo controlled studies were already 
underway: the Alzheimer’s Disease studies discussed above and the APPROVe study.  
The APPROVe study, an outcomes study evaluating the ability of rofecoxib to diminish 
the recurrence of colon polyps in patients with a prior colorectal adenoma had started 
screening patients in Dec-1999 and enrolling patients in Feb-2000.  Each of these two 
datasets would have individually been sufficiently powered to demonstrate a 
prothrombotic effect of rofecoxib of a magnitude similar to the difference observed in 
VIGOR between rofecoxib and naproxen, if such an effect were to exist.  Indeed, in final 
data for each there were more confirmed thrombotic CV events than in VIGOR. 

However, in order to evaluate further the risk of thrombotic cardiovascular events with 
rofecoxib, Merck decided to conduct a cardiovascular outcomes study.  One approach 
considered was to study the use of rofecoxib in arthritis patients and compare the risk of 
rofecoxib with a nonselective NSAID.  Also considered was a study in acute coronary 
syndrome patients.  This was rejected for a variety of reasons as described in section 
4.3.1.  However, the expanding database of studies versus placebo with rofecoxib and the 
emerging data on possible chemopreventative benefits of COX-2 inhibition provided an 
alternative means to address this question in populations which could be approached 
using placebo-controlled studies.    

Thus, it was decided to develop a cardiovascular outcome protocol for rofecoxib based on 
a combined analysis of placebo-controlled studies with rofecoxib in patients with a broad 
spectrum of CV risks and with clinical conditions for which placebo controlled efficacy 
trials were ethical to conduct.   

The CV outcome protocol consisted of the following studies:  

•  APPROVe – a study comparing rofecoxib 25 mg to placebo; already initiated during 
2000s 

•  VICTOR – a study to assess the ability of rofecoxib to prolong disease-free and 
overall survival in patients with resected colon cancer; initiated in 2002. 

•  ViP – a third study examining the ability of rofecoxib to prevent prostate cancers in 
men at risk; initiated in 2003 after discussions with regulatory agencies.  

Together, these 3 studies would provide information in over 25,000 patients on 
thrombotic CV events that would all be adjudicated per Merck’s SOP.  The combined 
analysis had its own protocol and data analysis plan, and as its primary safety outcome  
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the confirmed thrombotic CV serious adverse experience endpoint.  An External Safety 
Monitoring Board was to monitor the CV safety for these 3 combined studies as data 
became available; however, given the sequence of events, the combined ESMB never 
met.  The protocol for the combined study of CV outcomes was finalized in Oct-2002 and 
it was submitted to and discussed with FDA and with the regulatory agency in the UK, 
the reference member state (RMS) for the EU registration.   

Continual Monitoring of Ongoing Studies (Section 4.3.2) 

At the time of VIGOR, Merck made a commitment to continue to update our pooled 
analysis of CV events.  

The first pooled analysis was based on data available in Sep-2000 and published in 
Circulation in 2001 by Konstam et al. [15].  The OA Phase IIb/III Study Extensions were 
completed by 2001; the final OA data along with any other new and updated data 
available at the time were included in an updated pooled analysis that was provided to 
FDA in Jul-2001.  The results were consistent with the original analysis discussed above. 
The RA Phase IIb/III Study Extensions were completed in 2001; the final RA data along 
with any other new and updated data available at the time were included in an updated 
pooled analysis based on Jan-2002 data that were submitted to regulatory agencies in the 
2nd quarter 2002 and published by Weir  et al. in 2003 [42].  The Alzheimer’s Disease 
studies completed in 2003; the final Alzheimer’s disease data along with any other new 
and updated data available at the time were included in the final update to the pooled 
analysis based on Jun-2003 data.  These data were provided to Regulatory agencies and 
to the APPROVe ESMB in the late 2003 to early 2004 timeframe.  In the final data from 
the Alzheimer’s studies the overall rate of confirmed thrombotic CV events was not 
elevated on rofecoxib compared with placebo.  The final CV pooled analysis 
encompassed a period of up to 4 years of follow-up in more than 32,000 patients 
representing over 19,300 patient-years of experience with rofecoxib or comparator 
agents.  The data continued to demonstrate similarity between rofecoxib and placebo or 
non-naproxen NSAIDs and to demonstrate a significant difference for rofecoxib 
compared with naproxen.   

In the final Alzheimer’s Disease data the overall relative risk for rofecoxib 25 mg with 
respect to placebo of confirmed thrombotic CV serious adverse experiences was 1.01 
(95% CI 0.67, 1.53) (Section 4.3.2.2).  A non-constant relative risk for rofecoxib over 
placebo was observed over time and there appeared to be a decreased risk for events in 
the rofecoxib group for the first 18 months of the trial followed by an increased risk in 
the rofecoxib group after 18 months.  However, as discussed below, the pooled analysis 
did not reveal a pattern of changing relative risk over time in any of the data sets.  Thus, 
given the overall relative risk of 1.01 in the Alzheimer’s Disease studies, it was 
interpreted that the variability in relative risk over time represented chance variation 
about the mean and was not a clinically meaningful observation. 

The final pooled analysis in 2003 of cardiovascular events in the rofecoxib clinical trials 
program continued to demonstrate similarity between rofecoxib and placebo or non-
naproxen NSAIDs and to demonstrate a significant difference for rofecoxib compared  
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with naproxen (Section 4.3.2.3).  As alluded to above, because of the finding of a non-
constant relative risk in the Alzheimer’s studies, the pooled data were analyzed by 
duration intervals in order to examine if the relative risk changed with duration of 
exposure to study drug.  The point estimates for the relative risks across the chosen time 
points approximated 1 for the placebo-controlled and non-naproxen-controlled data sets 
and no trend was observed in the naproxen controlled data set.  Given these data, there 
was no clear evidence to support an increased risk in the >12 month time period. 

Subgroup analyses (by rofecoxib dose, baseline CV risk, and aspirin use) were carried 
out for each data set within the final pooled CV data.  The estimated rate of APTC events 
for rofecoxib 50 mg was greater than for 25 mg.  This was due to an imbalance in the 
number of thrombotic strokes in studies completed prior to the implementation of the CV 
Adjudication SOP.  There was no apparent dose-related effect of rofecoxib on the risk of 
sustaining a myocardial infarction.  There were no statistically significant imbalances in 
relative risk between the subgroups of patients at an increased baseline CV risk versus 
those not at an increased risk for the APTC combined endpoint.  Data in aspirin users 
were limited. There was no treatment-by-subgroup interaction and no apparent difference 
in relative risk between aspirin users and non-users in any of the data sets.  In 
consideration of the APPROVe findings, additional subgroup analyses are being 
conducted. 

Efficacy Data From Alzheimer’s Disease Studies 

No beneficial effect of rofecoxib was observed in the treatment of Alzheimer’s Disease 
[43; 44] and the data in the prevention study were conflicting [45].  While the primary 
endpoint demonstrated a higher rate of conversion to Alzheimer’s Disease compared to 
placebo, this finding was not supported by any of the secondary endpoints in the trial (see 
APPENDIX 2).    

Mortality (Section 4.3.3) 

The incidences of overall mortality and of cardiovascular mortality were generally 
similar across treatment groups in the rofecoxib program. In the OA and RA studies, 
patients were not followed after discontinuation.  The standard tabulation method 
included patients who died while taking study therapy or those who had a fatal adverse 
event that started within 14 days of the last dose of study therapy.  In the Alzheimer’s 
Disease prevention study (Protocol 078), and in APPROVe, patients who discontinued 
were followed until study termination, allowing a true ITT analysis of mortality in 
addition to the on-drug analysis. 

In VIGOR, RA Phase IIb/III, and in the ADVANTAGE study, differences in the rates of 
mortality were not seen for rofecoxib compared to naproxen or rofecoxib compared to 
placebo.  

In the OA studies, mortality incidences were significantly lower on rofecoxib than 
comparator NSAIDs (diclofenac, ibuprofen, and nabumetone); 5 (0.13 per 100 patient-
years) deaths on rofecoxib and 8 (0.26 per 100 patient-years) deaths for the nonselective 
NSAID comparator.   
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In the Alzheimer’s Disease studies, the total number of deaths was not inconsistent with 
that expected for an elderly population.  However, the incidence was significantly higher 
on rofecoxib than placebo: 36 (2.1 per 100 patient-years) patients in the rofecoxib group 
and 19 (1.0 per 100 patient-years) in the placebo group in the on-drug period of the 
primary safety period.  One study included a three month randomized withdrawal period 
during which an additional 3 deaths occurred (all randomized to placebo for the initial 
treatment period and the withdrawal period).  The difference between rofecoxib and 
placebo in on-drug mortality did not reflect any increases in particular types of events to 
suggest causality in the Alzheimer’s studies [43; 45].  Of these deaths, 11 in the rofecoxib 
group and 5 in the placebo group were thrombotic cardiovascular deaths.  These final 
data were consistent with the interim data that had been included in the rofecoxib label in 
2002: 8 thrombotic cardiovascular deaths in the rofecoxib group and 3 in the placebo 
group.  There were an additional 6 deaths in the off-drug period for Protocol 091 (4 
assigned to rofecoxib and 2 assigned to placebo).  None of these deaths were due to 
thrombotic cardiovascular events.  Off-drug follow-up mortality data for Protocol 078 
were available for less than half the patients and the median duration of off-drug follow-
up was longer in the rofecoxib group. There were 22 deaths (17 in patients assigned to 
rofecoxib and 5 in patients assigned to placebo); 12 of these (11 in the rofecoxib group 
and 1 in the placebo group) occurred more than 48 weeks after treatment discontinuation.  
Eight of these 22 off-drug deaths in Protocol 078 were due to thrombotic cardiovascular 
events.  Data from APPROVe are provided below. 

Observational Studies of CV Risk in Patients Prescribed Rofecoxib (Section 5) 

Observational studies are helpful in evaluating associations and generating hypotheses. 
They are particularly advantageous in situations where there is limited clinical trial 
evidence of an uncommon or rare adverse event.  However, they are non-randomized and 
non-blinded, thus more prone to bias than randomized clinical trials and for that reason are 
considered to be weaker than randomized experiments for establishing causality. [46; 47; 48] 

A number of observational studies of cardiovascular thrombotic risk with the use of 
rofecoxib have been presented or published.  Currently, seven have been published in 
peer-reviewed journals.[49; 50; 51; 52; 53; 54; 55]  Two of them are open-label studies of 
rofecoxib in clinical practice with no comparator.[51; 49] and one is a “prescription event 
monitoring” study  [53] where physicians are solicited by regulatory agencies to provide 
safety information regarding newer drugs they have prescribed.  The remainder are 
comparative studies.  In two the authors conclude there is no difference in risk with 
rofecoxib compared with non-use of NSAIDs.[52; 55]  One also indicates no difference 
in risk compared with other NSAIDs or COX-2 inhibitors.[52]  The others  [50; 54] are 
inconsistent with each other and with clinical trial evidence, In one [50], rofecoxib only 
at doses greater than 25 mg was significantly associated with an increased risk of serious 
coronary heart disease among patients who were “new users” compared with non-users of 
NSAIDs.  In the other  [54] rofecoxib (all doses combined) was associated with a 
significantly increased risk of  acute MI compared to celecoxib (all doses combined). 
This increased risk however was demonstrated only during the first 90 days of use, after 
which the risk was similar.  The authors also concluded a difference between rofecoxib  
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and no NSAID use although this difference did not reach statistical significance (p=0.054).  
Therefore, the comparative observation studies do not provide clear conclusions about the 
cardiovascular safety profile of rofecoxib.  Given the inherent limitations of observational 
and cohort studies, and the superiority of clinical trial data for decision making, we placed 
greater weight on the consistent findings in our large clinical trials data base than on the 
inconsistent observations that arose from these epidemiologic analyses. 

CV Safety Results From the APPROVe Study (September 2004; Section 6) 

The APPROVe study was a multicenter, randomized, placebo-controlled double-blind 
clinical trial in 2586 patients to determine whether 156 weeks (3 years) of treatment with 
rofecoxib would reduce future adenoma occurrence in patients with a history of 
colorectal adenomas.  Patients who completed the year 3 colonoscopy, with removal of 
all identified polyps, would be eligible to participate in an off-drug 1 year study 
extension.  Approximately 1400 patients had enrolled in the extension as of 09-Dec-2004, 
and these patients were planned to have a year 4 colonoscopy at the end of the 1 year 
extension to evaluate the potential for accelerated adenomatous polyp recurrence; during 
the extension, blinding to the base study treatment assignments was to be maintained.  As 
described above, a key CV safety endpoint was prespecified. 

The primary cardiovascular safety endpoint was the incidence of confirmed thrombotic 
CV events.  APPROVe was one of 3 placebo-controlled studies that contributed to the 
CV Outcomes protocol for rofecoxib. Data on confirmed CV events in APPROVe were 
to have been combined with data from the other 2 studies based on a prespecified 
analysis plan; however, given the decision by the external safety monitoring board 
(ESMB) to stop the APPROVe study based on the CV data, the data are being analyzed 
separately.  The final ESMB meeting was on 17-Sep-2004, and the committee 
recommended that participating patients be instructed to discontinue study treatment.   
The ESMB has indicated that they believed that early termination at this time would not 
adversely impact the planned efficacy analysis using the Year 3 colonoscopy results 
which would be important for a full assessment of risk/benefit in this population.  In 
accordance with the protocol, this recommendation was first discussed with the executive 
committee of the APPROVe administrative committee and then with the entire 
administrative committee. The administrative committee agreed with the recommendation 
to discontinue the study and this was communicated to Merck on the evening of Thursday 
23-Sep-2004.  Patients were notified to stop study drug on 30-Sep-2004, and Merck also 
announced on that day that the drug was being voluntarily withdrawn from the market. 

The cardiovascular safety data in this background document represent the preliminary 
data that were provided to the ESMB for their meeting on 17-Sep-2004.  The data that 
will be presented at the Advisory Committee in Feb-2005 will be based on the final data 
which will be available in late Jan-2005.     

Efficacy Data From APPROVe (Section 6.1) 

The cumulative adenoma recurrence rates were significantly lower with rofecoxib vs. 
placebo for both primary and secondary endpoints.  The cumulative Year 0 to 3 
recurrence rate for colorectal adenomas was 40.9% for rofecoxib and was 54.8% for  
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placebo. The relative risk for rofecoxib versus placebo was 0.75 with a 95% confidence 
interval of (0.67, 0.83) which was significantly less than 1 (p<0.001). This result 
supported the primary hypothesis for the trial.  

Overall Safety From APPROVe (Section 6.1) 

As anticipated, there was an increased risk of hypertension, congestive heart failure and 
edema associated with rofecoxib treatment compared to placebo, consistent with the 
previously documented adverse event profile of both NSAIDs and coxibs. 
Discontinuations were more frequent in the rofecoxib patient group; the three most 
common causes of discontinuation were hypertension, increased blood pressure and 
peripheral edema.  Overall mortality was similar in both treatment groups: 5 deaths in 
each group while taking study therapy or within 14 days of discontinuing, and an 
additional 15 deaths (8 in the rofecoxib and 7 in the placebo groups) off-drug in the ITT 
analysis.  As discussed above, although the absolute rates were low, confirmed upper GI 
events occurred more frequently with rofecoxib than placebo. 

Cardiovascular Safety Results From APPROVe (Sections 6.1 and 6.2) 

A total of 70 patients (45 in the rofecoxib 25 mg group and 25 in the placebo group) had 
one or more confirmed thrombotic CV serious adverse events as determined by an 
independent blinded adjudication committee.  Treatment with rofecoxib was associated 
with an overall relative risk of 1.96 (95% CI: 1.20, 3.19) compared to placebo for the 
development of confirmed thrombotic cardiovascular serious adverse events, due 
primarily to a higher incidence of acute myocardial infarction and ischemic 
cardiovascular stroke.   

A Kaplan-Meier analysis of the cumulative incidence of confirmed thrombotic 
cardiovascular serious adverse events over time showed that the separation of the 
cumulative incidence curves for rofecoxib and placebo did not begin until after 
18 months of chronic treatment. Prior to 18 months there was no apparent difference in 
the cumulative incidence of these events in the two groups as evidenced by the 
overlapping plots.  The changing pattern of hazard ratio over time was confirmed by the 
failed test for proportionality of hazards (p=0.006). Results for the first 18 months of 
treatment in APPROVe were consistent with prior placebo-controlled and non-naproxen 
NSAID controlled data.  The difference between rofecoxib and placebo beginning after 
18 months appears to mostly reflect a flattening of the placebo curve after 18 months 
compared with the preceding 18 months. Analyses of cardiovascular risk factors, 
including blood pressure, did not reveal any consistent associations that might explain the 
increased risk of thrombotic cardiovascular events in the rofecoxib group. Baseline 
characteristics of those patients with events after 18 months were comparable between 
the treatment groups.  Results for analysis of the APTC endpoint over time were similar. 

DISCUSSION 

The COX-2 hypothesis proposed that a selective COX-2 inhibitor would have efficacy 
similar to a non-selective inhibitor of COX-1 and COX-2 but with superior GI safety.  
This element of the COX-2 hypothesis deserves emphasis.  It was not anticipated that  
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selective COX-2 inhibitors would provide symptomatic benefit with an adverse effect 
profile like that of placebo.  Rather, it was intended that the analgesic and anti-
inflammatory benefit of nonselective NSAIDs could be experienced with a reduced risk 
of NSAID-related gastropathy.  The rofecoxib development program was designed to test 
the COX-2 hypothesis by comparing rofecoxib to non-selective NSAIDs across a number 
of diseases and conditions.  To a substantial extent, the rofecoxib development program 
validated the COX-2 hypothesis.  However, at this time, at least relative to placebo, 
rofecoxib demonstrated in the APPROVe study an increased risk of CV events that was 
first seen beginning after 18 months of chronic therapy.  Whether a similar increased risk 
would be observed relative to nonselective NSAIDs without potent and sustained 
antiplatelet effects is an as yet unanswered question.   

Efficacy and GI Benefit 

The early goals of the rofecoxib program were achieved by showing similar efficacy to 
the nonselective NSAIDs in the treatment of OA and acute pain and improved GI safety 
based on fecal red blood cell loss, intestinal permeability, endoscopic ulcer studies, and 
an initial pooled analysis of clinical upper GI events in OA patients.  The VIGOR study 
in RA patients further substantiated the GI benefit of rofecoxib over naproxen and an 
update to the pooled analysis confirmed a GI benefit over ibuprofen and diclofenac.  
Additional studies demonstrated efficacy of rofecoxib in reducing the signs and 
symptoms of both adult and juvenile rheumatoid arthritis and in the treatment of acute 
migraine attacks.  These data confirmed the core components of the COX-2 hypothesis 
that a selective COX-2 inhibitor would have efficacy similar to a non-selective COX 
inhibitor with improved GI safety.   

Although the risk of GI toxicity with rofecoxib was shown to be substantially lower than 
with non-selective NSAIDs, the risk is not completely eliminated as revealed in large 
placebo-controlled studies.  Further, in patients taking low-dose aspirin with rofecoxib, 
the cumulative incidence of endoscopic ulcers was similar to patients taking ibuprofen.  
Nonetheless, there is evidence to suggest a benefit for the use of selective COX-2 
inhibitors in patients taking low-dose aspirin compared to nonselective NSAIDs plus 
aspirin.  However, long term clinical data confirming this benefit have not been 
presented.  Finally, it is of interest that rofecoxib use was associated with a lower 
incidence of clinical lower GI events compared to non-selective NSAIDs.  A similar 
benefit for celecoxib is suggested by recent data from capsule endoscopy studies [56].  
This was an unanticipated additional benefit of the class.   

Interpreting Cardiovascular Risk pre-APPROVe 

A second finding of the VIGOR study was the imbalance of thrombotic cardiovascular 
serious adverse experiences resulting in a greater risk for rofecoxib than for naproxen.  
Analyses of the data did not demonstrate particular subgroups of patients at increased 
relative risk based either on baseline demographic factors or on blood pressure responses 
during the study.  At that time, two principle hypotheses were put forth to explain those 
data. The first hypothesis was that inhibition of COX-2 might lead to reduction in 
endothelial prostacyclin, altering the balance between prostacyclin and thromboxane  
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towards thrombosis.  It was hypothesized that this imbalance could theoretically lead to 
an increase in the risk of cardiovascular events.  The second hypothesis was that the anti-
platelet effects of naproxen 500 mg twice daily could have been cardioprotective in the 
VIGOR study. Both hypotheses were considered feasible and the data available at that 
time was extensively reviewed and analyzed.  A third hypothesis at that time, that the 
findings of VIGOR were due to chance, could not be excluded as the trial was not 
specifically designed to evaluate CV safety. 

To assess the first hypothesis, data from rofecoxib clinical trials were evaluated. Data 
from the OA trials showed similar risks of thrombotic cardiovascular events for rofecoxib 
versus non-naproxen NSAIDs. Data from the ongoing Alzheimer’s disease studies 
comparing rofecoxib to placebo also showed similarity in cardiovascular event rates 
compared with placebo.  These data suggested that rofecoxib 25 mg, the maximal dose 
recommended for chronic use, was not prothrombotic in comparison to placebo and the 
pooled data on rofecoxib across all doses (mean dose approximately 25 mg) suggested no 
prothrombotic effect in comparison to the non-naproxen NSAIDs studied (mostly 
ibuprofen and diclofenac).  Although VIGOR was conducted with a 50 mg rofecoxib 
dose, analysis of data across the rofecoxib development program available at that time 
did not demonstrate dose-related trends in thrombotic cardiovascular events.  Thus, the 
weight of the evidence at that time indicated that rofecoxib was not prothrombotic and 
did not increase the rates of thrombotic cardiovascular events.  These data were 
extensively reviewed at the FDA Arthritis Advisory Committee meeting in February 
2001. 

As to the second hypothesis, data from previous studies had shown that some 
nonselective NSAIDs with potent and sustained platelet COX-1 inhibitory properties 
(such as indobufen and flurbiprofen) could result in vascular-protective properties similar 
to those observed with aspirin [38].  In this regard, the antiplatelet properties of naproxen 
500 mg twice daily were further reviewed.  The effects of rofecoxib and the nonselective 
NSAIDs diclofenac, ibuprofen, and naproxen on thromboxane (TXB2) generation and 
platelet function had been evaluated in clinical pharmacology studies.  Results of these 
studies showed no inhibitory effects for rofecoxib on TXB2 synthesis and platelet 
aggregation and a gradient of inhibitory effects for the nonselective NSAIDs.  Among the 
nonselective NSAIDs studied, naproxen when dosed at 500 mg twice daily had the most 
potent inhibitory effects on TXB2 and platelet aggregation and analysis of the time-course 
of inhibition showed that, among the non-selective NSAIDs studied, only naproxen’s 
inhibition of platelet aggregation persisted at high level across the dosing interval from 
peak to trough at a magnitude similar to that of aspirin.  Further support of naproxen’s 
antiplatelet effects in the VIGOR study was provided by evaluation of adverse 
experiences typically associated with antiplatelet effects, such as ecchymosis and 
epistaxis.  In VIGOR, naproxen 500 mg twice daily was shown to result in a 2.1 to 3.5 
fold increase in the incidence of such adverse experiences compared with rofecoxib.  
Although the magnitude of a hypothesized cardioprotective effect of naproxen was large, 
the confidence intervals for the effect size were also fairly large and were not inconsistent 
with an aspirin-like effect, at least in a relatively higher risk population of patients such  
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as those with chronic inflammatory disease.  Finally, the TARGET trial with 
lumiracoxib, which was published in 2004, further suggests a lowering of CV event rates 
with naproxen but not ibuprofen compared to selective COX-2 inhibitors [39]. 

In considering whether naproxen 500 mg twice daily could be cardioprotective, we 
recognized that there were no clinical studies that assessed cardiovascular events with 
naproxen to support (or refute) the hypothesis, although clinical studies with indobufen 
and flurbiprofen provided evidence that reversible COX-1 inhibitors with pharmacologic 
properties similar to naproxen could protect against thrombotic vascular events.  
Epidemiological data available at that time for nonselective NSAIDs other than aspirin 
were limited and generally grouped the non-aspirin NSAIDs together.  However, given 
the clinical trial data available, the weight of the evidence was most consistent with a 
cardioprotective benefit of naproxen and no prothrombotic effect of rofecoxib.  
Subsequent epidemiologic studies on the ability of naproxen to reduce the risk of 
thrombotic cardiovascular events have been inconsistent. The strongest findings for 
reduction in risk have been in RA patients, a population most likely to use the 500-mg 
dose twice daily on a consistent basis [57].  The implications of the more recent 
announcement of an increased risk of cardiovascular thrombotic events in patients taking 
naproxen sodium 220 mg twice daily (equivalent to 200 mg naproxen twice daily) do not 
preclude a cardioprotective effect of naproxen 500 mg twice daily.  At the time of writing 
this background package these new data were not publically available. In the absence of a 
better understanding of the mechanisms for the findings in APPROVe and in the absence 
of a placebo control in VIGOR, it is difficult retrospectively to apply the new information 
from APPROVe to VIGOR.   

At the time the VIGOR results were known, large placebo-controlled studies of rofecoxib 
had already been initiated, including the Alzheimer’s disease studies and APPROVe.  
These trials were large enough and of sufficient duration to reveal whether rofecoxib was 
associated with an increased cardiovascular risk of a magnitude similar to the difference 
from naproxen observed in VIGOR. In addition, the APPROVe study was being 
monitored by an external data safety monitoring board so that, if a signal appeared, 
Merck would be notified.  Moreover, in 2002, Merck initiated a cardiovascular outcome 
protocol to pool data from 3 large studies in chemoprevention which would study 
rofecoxib 25 mg vs. placebo in over 25,000 patients.   

During this period Merck continued to monitor and disclose the results of its ongoing 
programs.  Throughout this time, Merck’s clinical trials data from its OA program 
comparing rofecoxib to non-naproxen NSAIDs and from the Alzheimer’s Disease 
program comparing rofecoxib to placebo, and pooled analyses of data across all the 
clinical program, continued to support its interpretation that rofecoxib did not increase 
the risk of cardiovascular thrombotic events in comparison to either placebo or non-
naproxen NSAIDs, although a difference from naproxen remained evident.  Subgroup 
analyses of updated pooled data based on baseline demographic factors and aspirin usage 
did not reveal patients in whom there was an increased relative risk with rofecoxib.  Data 
on duration and dose were limited but overall did not support the implication that these 
parameters had an effect on the relative risk of cardiovascular thrombotic events.   
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As noted above, other clinical trials data reported in this time frame supported the view 
that the cardiovascular data with naproxen 500 mg twice daily were different from those 
obtained with other commonly prescribed NSAIDs and selective COX-2 inhibitors.  In all 
of these selective COX-2 inhibitor programs, the data suggested no difference in 
thrombotic cardiovascular event rates between selective COX-2 inhibitors and ibuprofen 
or diclofenac.   

Also in this time frame, data from retrospective observational studies on the 
cardiovascular safety of rofecoxib, celecoxib, and NSAIDs became available.  Although 
such observational studies can be useful to generate hypotheses, especially when there 
are consistent findings across several data bases and the magnitude of the observed effect 
is large [58], in general these studies need to be interpreted with caution.  This was 
especially true for studies comparing the selective COX-2 inhibitors to non-selective 
NSAIDs.  Selective COX-2 inhibitors were restricted by managed care organizations and 
channeled to the types of patients who had an increased risk for both GI and CV events 
whereas non-selective NSAIDs were used in younger, healthier patients.  Overall, the 
results of these observational studies were inconsistent with respect to differences 
between users of selective COX-2 inhibitors and non-selective NSAIDs, between NSAID 
users and non-users, and with respect to dosage effects.  In several instances, stated 
conclusions were based on a limited numbers of events.  Although we carefully followed 
this literature, we believed that our clinical trials database was more robust and provided 
higher quality data than these observational or retrospective database studies.  Therefore 
greater weight was placed on clinical data in decision making and, in that regard, 
believed that the study of cardiovascular outcomes we had initiated would be able to 
definitively answer the question.  The more recent revelation from a celecoxib clinical 
study versus placebo of an increased cardiovascular risk of similar or greater magnitude 
to that observed in the rofecoxib APPROVe study is in sharp contradiction from the 
conclusions of epidemiologic retrospective database studies and further illustrates the 
limited ability of retrospective studies to account for all the variables that can impact an 
assessment of risk. 

Given the strong GI data, the large CV safety databases in the Alzheimer’s disease 
studies demonstrating similar rates of thrombotic cardiovascular events on rofecoxib 
25 mg and placebo, and the large CV safety database in OA patients demonstrating 
similar rates of thrombotic cardiovascular events on rofecoxib and non-naproxen 
NSAIDs, we believed that rofecoxib did not increase the risk of thrombotic 
cardiovascular events, that the risk benefit of rofecoxib over older NSAIDs was clearly in 
favor of rofecoxib, and that our labeling for rofecoxib was appropriate and reflected the 
state of knowledge at the time.  Indeed, rofecoxib was the only agent marketed in the US 
with a proven GI benefit compared to nonselective NSAIDs.  FDA-approved labeling for 
rofecoxib reflected both the GI benefit and conflicting cardiovascular data.   

When we learned the APPROVe data at the end of Sep-2004, we immediately acted 
based on the new data.   
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Interpreting Cardiovascular Risk post-APPROVe 

Data from the APPROVe study confirm the findings in our other clinical trial databases 
that there is no evidence for an increase in the relative risk of sustaining a thrombotic CV 
event for the rofecoxib group versus placebo over the first 18 months of treatment.  
However, in APPROVe, the risk of thrombotic CV events in patients taking rofecoxib 25 
mg  began to diverge from placebo beginning after 18 months of chronic therapy; over 
time the difference became significant.  The mechanism(s) of the CV safety findings 
from APPROVe were uncertain.   

At the time, many hypotheses were proposed to explain the APPROVe findings.  These 
included hypotheses based on molecule specific effects unrelated to the inhibition of 
COX-2, hypotheses based on the inhibition of COX-2 which proposed that all NSAIDs 
could increase the risk of thrombotic cardiovascular events versus placebo, and 
hypotheses based on an imbalance in inhibition of COX-2 versus COX-1 which proposed 
that selective COX-2 inhibitors and not non-selective NSAIDs would increase the risk.  
With regard to the molecule-specific hypothesis, one study suggested that there was 
sulfone-mediated oxidation of LDL by rofecoxib and that molecules with a sulfonamide 
moiety such as celecoxib and valdecoxib would not have this effect [59].  Recent 
revelations regarding the increased cardiovascular risk of celecoxib and valdecoxib 
would seem to render this hypothesis untenable.  Other theories about the protective 
properties of sulfonamides were also raised.  There were also hypotheses proposing that 
differences among these agents in their relative tendencies to affect blood pressure were 
the basis for the findings.  However, the available evidence did not support such an 
association.  Moreover, the increased risk of thrombotic cardiovascular events observed 
in APPROVe was greater than what would be predicted by the observed changes in blood 
pressure.  With regard to mechanism-based hypotheses, some suggested that selective 
COX-2 inhibition may promote atherosclerosis [60; 61; 62] (while still others offered the 
promise of reduced atherosclerotic progression based on an anti-inflammatory benefit).   

Thus, the mechanism of the CV safety findings from APPROVe are uncertain.  At the 
time of the APPROVe results, no other non-aspirin NSAIDs or selective COX-2 
inhibitors had been studied in this large a patient group for this duration.  Although 
Merck recognized that rofecoxib benefited many patients and believed that it could have 
remained on the market with labeling to reflect these new findings, we were unaware of 
CV data similar to APPROVe with other products and, at that time, believed that the 
withdrawal of rofecoxib best served the interest of patients.   

Although there were several questions raised by the new findings in APPROVe, 
comparison of the pattern of cardiovascular findings in APPROVe and VIGOR reveals 
notable differences.  In VIGOR, examination of the cumulative incidence curves suggests 
a difference between rofecoxib and naproxen began starting approximately 1 month after 
therapy whereas in APPROVe a difference from placebo was not discernible until after 
18 months of therapy.  The inhibition of platelet aggregation and tendency to form clots 
is the presumed mechanism of aspirin’s efficacy at low dose to reduce the risk of 
thrombotic cardiovascular events.  This effect is seen early after starting low-dose aspirin  
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therapy.  An opposite effect to increase clotting would similarly be anticipated to start 
early if that were the basis for the rofecoxib findings.  The data in APPROVe for a late 
separation of event rates suggests that an effect of rofecoxib to increase clotting is not 
sufficient as the sole explanation.  The data in VIGOR of an early separation in event 
rates mimics what has been seen with aspirin and is consistent with a change in the 
hemostatic balance.  Whereas rofecoxib has not been shown in a variety of pharmacology 
studies to affect platelet aggregation, naproxen has.  However, because naproxen is a 
reversible COX inhibitor, in order to manifest a clinical benefit, naproxen would need to 
be taken continuously with few off-drug intervals and at a dose sufficient to provide near 
complete inhibition of platelet thromboxane synthesis across a 12-hour dosing interval.  
Those conditions were met in the design of VIGOR.  For these reasons and for the 
reasons enumerated elsewhere in the document, Merck continues to believe that the 
weight of evidence continues to support the hypothesis that naproxen provided a 
cardioprotective benefit in VIGOR and that the anti-platelet effects of naproxen 500 mg 
twice daily could account for differences in CV events observed for naproxen in 
comparison to selective COX-2 inhibitors.  In the absence of a better understanding of the 
mechanisms for the findings in APPROVe and in the absence of a placebo control in 
VIGOR, it is difficult retrospectively to apply the new information from APPROVe to 
VIGOR. 

Shortly after the APPROVe data were announced, data were released from a study in 
which the perioperative administration of valdecoxib and parecoxib increased the risk of 
cardiovascular events in patients who had undergone coronary artery bypass graft 
surgery.  This study confirmed a similar observation from a smaller study [63].  Also, in 
response to APPROVe, a re-analysis of CV events in ongoing colon polyp prevention 
studies with celecoxib was performed.  On 17-Dec-2004, it was announced publicly that 
celecoxib 400 and 800 mg daily increased the risk of thrombotic CV events compared to 
placebo in one colon polyps prevention trial but that an increased risk was not observed 
with celecoxib 400 mg in another colon polyps trial [64].  And on December 20, it was 
announced that patients in an Alzheimer’s Disease prevention study taking naproxen 
sodium 220 mg twice day but not celecoxib 200 mg twice daily had a numeric increase in 
thrombotic cardiovascular events compared to patients taking placebo.  At the time of 
writing this background package, the data that prompted these announcements have not 
been made publically available.  Thus, it is difficult to draw conclusions at this time on 
the implications of these new findings for the other drugs in this class including COX-2 
selective inhibitors and non-selective NSAIDs or to assess topics such as the effects of 
dose and duration.  Although the data suggest that the CV findings may represent a class 
effect, it is unclear at this time how extensive the class might be: selective COX-2 
inhibitors, all NSAIDs, or the subset of NSAIDs without potent and sustained COX-1 
inhibitory effects. 

Implications of These Findings and Next Steps 

The therapeutic options for patients with arthritis and chronic pain are limited.  For the 
near term, NSAIDs and selective COX-2 inhibitors are effective agents with certain 
benefits and risks both in absolute terms and relative to each other.  Although we do not   
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yet understand all the mechanisms for the new CV findings, there are ample efficacy and 
clinical safety data available to inform clinical decision making.  Physicians and patients 
should discuss the benefits and risks of these agents and incorporate the new information 
into their decision making.  New and ongoing studies will likely continue to inform on 
this topic and should be taken into account in any product labeling.  In the long term, new 
therapeutic options are clearly needed. 

CONCLUSIONS 

•  Rofecoxib was the only approved selective COX-2 inhibitor with a demonstrated 
advantage over nonselective NSAIDs in decreasing the risk of clinical upper GI 
events.  A benefit over nonselective NSAIDs in patients taking concomitant low dose 
aspirin has been suggested but not conclusively established. 

•  Rofecoxib use, like all NSAIDs, is associated with renovascular adverse experiences 
that are mechanism based and dosed related.  In general, these effects with rofecoxib 
are similar to the effects seen with other NSAIDs. 

•  The data from rofecoxib clinical trials shows a similar incidence of thrombotic 
cardiovascular events with rofecoxib 25 mg compared to placebo over the first 18 
months of chronic usage or from non-naproxen NSAIDs. 

•  The incidence of thrombotic cardiovascular events is lower on naproxen 500 mg 
twice daily than rofecoxib.  The difference is apparent shortly after initiation of 
therapy. 

•  In APPROVe, the risk of thrombotic CV events in patients taking rofecoxib 25 mg  
began to diverge from placebo beginning after 18 months of chronic therapy; over 
time the difference became significant.  Long term data for rofecoxib in comparison 
to non-naproxen NSAIDs has not revealed a difference but are limited. 

•  The mechanism(s) for the increased risk of thrombotic cardiovascular events in the 
APPROVe study are uncertain. 

•  There are as yet no long-term data to suggest a difference in the incidence of 
thrombotic cardiovascular events in selective COX-2 inhibitors compared to 
nonselective NSAIDs such as ibuprofen and diclofenac that do not have potent and 
sustained antiplatelet effects. 

•  It is premature to draw conclusions at this time on the implications of the new 
findings with rofecoxib, celecoxib, and naproxen for the other drugs in this class 
including COX-2 selective inhibitors and non-selective NSAIDs or to assess topics 
such as the effects of dose and duration.  Although the data suggest that the CV 
findings represent a class effect, it is unclear at this time how extensive the class 
might be: selective COX-2 inhibitors, all NSAIDs, or the subset of NSAIDs without 
potent and sustained COX-1 inhibitory effects. 

•  Physicians and patients should discuss the benefits and risks of these agents and 
incorporate the new information into their decision making.  New and ongoing 
studies will likely continue to inform on this topic and should be taken into account in 
any product labeling.   
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1. Introduction 

This portion of the background document provides the data on rofecoxib, a 
cyclooxygenase-2 (COX-2) selective inhibitor, to support the summary and discussion of 
the findings provided in the executive summary.  Rofecoxib received approvals for the 
treatment of osteoarthritis (OA), rheumatoid arthritis (RA), juvenile rheumatoid arthritis 
(JRA), primary dysmenorrhea, migraine, and acute pain.  To date, rofecoxib was the only 
approved COX-2 selective inhibitor to demonstrate definitively a significant 
gastrointestinal benefit versus nonselective NSAIDs, in this case naproxen. 

The main focus of this document is the safety information from clinical studies including 
gastrointestinal, renovascular, and cardiovascular safety.  The chronologic description of 
the information below provides a framework for the rofecoxib development program 
within the context of cardiovascular safety monitoring. 

1.1 Organization of Document 

The document is divided into several major sections.  Section 2 provides a summary of 
the gastrointestinal safety data.  These data confirm the premise of the COX-2 hypothesis 
and provide the foundation of the GI sparing effect noted with rofecoxib versus 
traditional non-selective NSAIDs.  This section is followed by a summary of the 
renovascular safety including data for parameters typically associated with the 
mechanism based side effects associated with NSAID use including edema and 
hypertension.   

Sections 4 through 7 focus on the cardiovascular safety data for rofecoxib.  Section 4 
presents data prior to the knowledge of the APPROVe results and is presented in a 
chronological format.  The data are presented in the order in which they were accrued and 
evaluated so that the reviewer may better understand and assess what information 
regarding the cardiovascular safety of this drug was known at each step along the clinical 
development path of rofecoxib.  The CV section includes a brief overview of the 
mortality data for the rofecoxib program. Section 5 outlines the epidemiological studies 
and is followed by the CV safety data from APPROVe in Section 6.  Section 7 discusses 
postmarketing data with rofecoxib.  Section 8 provides overall conclusions. 

The data for GI safety are presented according to their patient population and/or 
comparator.  The section is comprised of the VIGOR study (in RA patients), endoscopy 
studies in OA and RA patients, and a pooled analysis of all 20 rofecoxib Phase IIb to V 
OA and RA studies in which rofecoxib was compared with a non-selective NSAID.  The 
primary comparison was to the pooled NSAID group; comparisons to individual NSAID 
comparators are also provided.  In addition, GI safety is presented for placebo controlled 
studies – 2 studies in Alzheimer’s disease patients and the APPROVe study.   

The data for renovascular safety are presented according to their exposure and/or patient 
population (e.g., OA and RA) and are further broken out by comparator.   In addition, 
renovascular safety is presented for large placebo controlled studies – 2 studies in 
Alzheimer’s disease patients and one study in patients with colon polyps (APPROVe). 
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The data for CV safety are presented chronologically starting with the 1998 Phase IIb/III 
OA studies, followed by the 2000 VIGOR data and the placebo-controlled Alzheimer’s 
Disease interim results.  This is followed by presentation of a pooled analysis of 
rofecoxib Phase IIb to V studies first performed in 2000 and updated through 2003 in 
which the data are analyzed versus different comparators (e.g., placebo, naproxen, and 
non-naproxen NSAIDS).  When completed, the pooled analysis encompassed all 28 
Phase IIb to V studies ≥4 weeks duration, more than 32,000 patients, and over 19,300 
patient-years of experience. The CV safety section concludes with a presentation of the 
APPROVe data.   

A summary of the studies in the rofecoxib development program are provided in Table 1, 
Table 2, and Table 3.  These tables display a comprehensive list of the Phase IIb to V 
studies which are the basis of the GI and CV analyses presented in this document. As 
described below in Section 1.2, these analyses included all of the data from studies ≥4 
weeks in duration in which rofecoxib was compared to non-selective NSAIDs or placebo.  
The tables are organized into three data sets: the Placebo-Controlled, Non-Naproxen 
NSAID-Controlled, and Naproxen-Controlled data sets.   

In the GI analysis, results were consistent for the naproxen- and non-naproxen NSAID-
controlled data and the datasets were combined into a single NSAID-controlled data set.  
In the CV analysis, different results were obtained for the naproxen- and non-naproxen 
NSAID-controlled data sets and differences had been observed in pharmacology studies 
of these agents.  Therefore, the data sets were analyzed separately. 

Each table includes the number of patients, the date the first patient was enrolled (First 
Patient In), and the date the last patient completed (Last Patient Out) each study.  As the 
data in this document are often reported by groupings of studies (e.g., Phase IIb/III OA 
Studies), these grouping are further delineated in the tables as Study Populations. In 
addition, Figure 1 provides an over-all time line for the main study populations described 
in this document.  Of note, individual patients may be counted in more than one dataset 
due to some studies having a placebo- and active comparator-controlled initial study 
period followed by an active comparator-controlled Part II or extension period. 
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Table 1 

 
Summary of Rofecoxib Studies 

Placebo-Controlled Data Set 
 

 Rofecoxib Placebo  
Population Study No. N PYR† N PYR† FPI LPO 

RA  PN 068 332 49 168 24 12/17/1997 6/17/2001 
Phase IIb/III PN 096 459 97 301 58 4/1/1999 4/25/2001 

 PN 097 612 137 299 62 5/11/1999 3/6/2001 
 098+103 219 55 221 56 7/6/1999 7/6/2000 
 All  RA 1622 338 989 201 12/17/1997 6/17/2001 

OA PN 029 378 46 145 16 4/29/1996 9/30/1999 
Phase IIb/III PN 033 446 66 69 9 4/14/1997 11/18/1997 

in NDA PN 040 486 72 74 11 5/14/1997 1/1/1998 
 PN 044 381 154 177 52 1/13/1997 2/18/1998 
 PN 045 388 157 194 61 3/4/1997 2/18/1998 
 PN 058 174 21 52 6 8/1/1997 7/27/1999 

Add’l OA PN 083 98 21 100 21 4/20/1998 2/9/2000 
 PN 085 424 61 208 28 9/17/1998 3/3/1999 
 PN 090 390 56 196 27 10/26/1998 5/17/1999 
 PN 136 399 95 816 201 12/19/2000 2/5/2002 
 All OA 3564 750 2031 432 4/29/1996 2/5/2002 

ALZ PN 078 723 1369 728 1563 4/29/1998 4/23/2003 
 PN 091 346 292 346 367 2/10/1999 11/30/2000 
 PN 126 380 186 376 192 4/1/2000 5/30/2001 
 All ALZ 1449 1847 1450 2121 4/29/1998 4/23/2003 

Other PN 118 102 15 58 8 1/2000 7/2000 
 PN 120 252 28 128 14 1/8/2000 6/27/2000 
 PN 121 210 23 100 11 12/28/1999 6/16/2000 
 PN 125 89 23 83 22 4/4/2000 6/29/2001 
 PN 129 8 3 9 4 11/2000 4/2002 
 APPROVe 1287 3041 1299 3315 2/8/2000 9/30/2004‡ 
 All OTH 1948 3133 1677 3374 12/28/1999 9/30/2004 

ALL 
COMBINED 

8583 6068 6147 6129 4/29/1996 9/30/2004 

OA = Osteoarthritis, RA = Rheumatoid Arthritis, and ALZ = Alzheimers Studies. 
FPI = First patient in (based on randomization visit), LPO = Last patient out (date of last visit) 
except APPROVe. 
† Patient-years at risk. 
‡ Date dosing was terminated by Merck 
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Table 2 

 
Summary of Rofecoxib Studies 

Non-Naproxen NSAIDs-Controlled Data Set  
 

  Rofecoxib 
Non-Naproxen 

NSAIDs 
   

 
Population 

Study 
No. 

 
N 

 
PYR† 

 
N 

 
PYR† 

 
FPI 

 
LPO 

 
Comparator 

OA PN 029 479 527 92 137 4/29/1996 9/30/1999 Diclofenac 150 mg 

Phase IIb/III PN 033 446 66 221 32 4/14/1997 11/18/1997 Ibuprofen 2400 mg 

in NDA PN 034 463 635 230 309 9/15/1996 6/1/2000 Diclofenac 150 mg 

 PN 035 516 645 268 315 11/15/1996 10/12/1999 Diclofenac 150 mg 

 PN 040 486 72 249 37 5/14/1997 1/1/1998 Ibuprofen 2400 mg 

 PN 044 381 154 184 60 1/13/1997 2/18/1998 Ibuprofen 2400 mg 

 PN 045 388 157 193 64 3/4/1997 2/18/1998 Ibuprofen 2400 mg 

 PN 058 199 130 128 79 8/1/1997 7/27/1999 Nabumatone 1500 mg 

Add’l OA PN 083 136 121 148 127 4/20/1998 2/9/2000 Ibuprofen 2400 mg 

 PN 085 424 61 410 59 9/17/1998 3/3/1999 Nabumetone 1000 mg 

 PN 090 390 56 392 57 10/26/1998 5/17/1999 Nabumetone 1000 mg 

 PN 136 399 95 400 94 12/19/2000 2/5/2002 Ibuprofen 2400 mg 

 PN 902 453 67 456 66 12/29/1998 1/29/2001 
Arthrotec™ 

(50 mg diclofenac/200 mcg 
misoprostol) BID 

ALL 

COMBINED 
5160 2788 3371 1434 4/29/1996 2/5/2002  

OA = Osteoarthritis. 

FPI = First patient in (based on randomization visit), LPO = Last patient out (date of last visit) 
† Patient-years at risk. 
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Table 3 

 
Summary of Rofecoxib Studies 
Naproxen-Controlled Data Set  

 
 Rofecoxib Rofecoxib  

Population Study No. N PYR† N PYR† FPI LPO 

RA PN 068 511 788 86 132 12/17/1997 6/17/2001 

Phase IIb/III PN 096 554 604 254 308 4/1/1999 4/25/2001 

 PN 097 726 995 270 361 5/11/1999 3/6/2001 

 098+103 219 55 220 51 7/6/1999 7/6/2000 

Add’l RA VIGOR 4047 2807 4029 2809 1/6/1999 3/17/2000 

 All RA 6057 5249 4859 3661 12/17/1997 6/17/2001 

OA Advantage 2785 640 2772 629 3/27/1999 4/10/2000 

 PN 901 470 70 473 70 10/2/1998 11/11/2000 

 All OA 3255 710 3245 699 10/2/1998 11/11/2000 

ALL 

COMBINED 
9312 5958 8104 4360 12/17/1997 6/17/2001 

OA = Osteoarthritis. RA = Rheumatoid Arthritis. 

FPI = First patient in (based on randomization visit), LPO = Last patient out (date of last visit) 
† Patient-years at risk. 
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1.2 Collection of Data 

Through the rofecoxib development program, the standard data collection for all adverse 
experiences included patients on drug and extending to 14 days after last dose of study 
therapy.  Therefore, all analyses described follow this standard unless otherwise 
specified.  In addition to this standard collection of information, ITT mortality data is 
provided for the Alzheimer’s Disease Program and the APPROVe study; these studies 
prespecified to follow patients long term after discontinuing study therapy.   

2. Summary of Gastrointestinal Safety 

This section summarizes the rationale and the gastrointestinal (GI) safety data for the 
development of rofecoxib, a selective cyclo-oxygenase-2 (COX-2) inhibitor, and the 
gastrointestinal (GI) safety data which supported its approval as a drug with an improved 
GI safety profile versus non-selective NSAIDs.  

2.1 Rationale for the Development of Rofecoxib 

NSAIDs are the most widely used class of drugs for treatment of pain and inflammation 
with more than 70 million prescriptions and over 30 billion over-the-counter tablets sold 
annually in the United States alone.  The most significant drawback of NSAIDs is their 
tendency to cause gastrointestinal (GI) ulceration, obstruction, perforation and/or 
bleeding (PUBs), which may be life threatening [65; 1; 2; 66].  Patients at increased risk 
of GI complications include those with advanced age, those taking multiple NSAIDs 
including aspirin even at low doses, patients with a previous history of an upper GI PUB, 
those taking concomitant corticosteroids, and possibly patients who are also infected with 
H. pylori.  Thus, NSAID induced GI toxicity is an important clinical problem with 
significant public health implications. 

The demonstration that NSAID-induced gastropathy was due to inhibition of 
prostaglandin synthesis, and the definition of two isoforms of cyclooxygenase (COX), a 
constitutively expressed COX-1 and a second, inducible isoform, COX-2, that was not 
expressed constitutively in the stomach, led to the COX-2 hypothesis [13].  This 
hypothesis stated that selective pharmacologic inhibition of COX-2 would be expected to 
be as effective as inhibition of both COX isoforms in relieving pain and inflammation but 
with reduced GI toxicity compared to non-selective NSAIDs. 

2.2 Gastrointestinal Adjudication Standard Operating Procedure (SOP) 

A fundamental objective of the rofecoxib development program was to confirm the 
COX-2 hypothesis through a rigorous adjudication of all potential upper GI clinical 
outcomes.  To accomplish this goal, all cases of suspected clinical upper GI perforations, 
gastroduodenal ulcers, or bleeds (PUBs) from all studies containing any dose of 
rofecoxib were submitted to an external expert, independent, blinded Case Review 
Committee (CRC).  Blinded investigators monitored clinical trials for suspected upper-GI 
perforations, ulcers, and bleeds.  If, in the judgment of the investigator, any PUB events 
occurred, medical records were sent to the CRC for review.  The expert panel, which was 
also blinded to treatment, used prespecified criteria to determine whether events were 
confirmed, and whether they were clinically complicated.  All adjudication decisions by 
the committee were final. 
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2.3 Definition of Adjudicated Endpoints 

The following adjudication endpoints were prespecified to be analyzed:  (1) confirmed 
PUBs, (2) confirmed plus unconfirmed PUBs, (i.e. all investigator reported PUBs) 
(3) confirmed clinically complicated PUBs (a subset of confirmed PUBs), and 
(4) confirmed plus unconfirmed clinically complicated PUBs (a subset of confirmed plus 
unconfirmed PUBs). “PUB” was defined as a gastroduodenal perforation, symptomatic 
gastroduodenal ulcer (with or without obstruction), or upper GI bleed; “complicated 
PUB” was defined as a gastroduodenal perforation, gastric outlet obstruction due to an 
ulcer, or a “major” upper GI bleed (as defined by clinical and laboratory evidence of 
large volume blood loss, such as orthostatic changes in vital signs, need for transfusion of 
blood products, decrease in hemoglobin ≥2 gm/dL, or other evidence of significantly 
reduced circulatory volume).  An event was considered “confirmed” if it was confirmed 
by the independent CRC according to prespecified criteria which also allowed the CRC 
to determine if the event was clinically “complicated” or not [67]; the specific final 
diagnosis (e.g. gastric or duodenal ulcer, GI bleeding event, etc.) was assigned by the 
CRC. The CRC could also classify a potential event as “not an upper GI event.” 

2.4 GI Safety Results in OA and RA Patients 

Initial clinical pharmacology studies in normal volunteers assessed surrogate markers of 
intestinal endothelial injury  and demonstrated that rofecoxib use was associated with no 
increase in fecal RBCs loss compared to placebo  [16] and no increase in intestinal 
permeability [17].  In contrast, non-selective NSAIDs increased both markers of GI 
injury.  Furthermore, using gastric biopsies it was demonstrated that rofecoxib did not 
suppress prostaglandin synthesis in the stomach of volunteers whereas nonselective 
NSAIDs produced pronounced suppression [18]. 

There were 3 major clinical components to the GI safety assessment of rofecoxib in OA 
and RA patients.  First, endoscopy studies analyzed the difference in cumulative ≥3 mm 
ulcer rates over 12-24 weeks between rofecoxib, placebo and non-selective NSAIDs.  In 
addition, a combined analysis of upper GI clinical events, or PUBs, was performed, based 
on the prospective collection and adjudication of these events in the clinical program. The 
initial PUB analysis pooled data from the 8 Phase IIb/III OA studies in the original NDA.  
Updates to this analysis used the same methodology and pooled all studies in which 
rofecoxib was compared to a non-selective NSAID of greater than four weeks duration in 
the Phase IIb to V clinical development program, with the exception of the large GI 
outcomes study, known as VIGOR.  This document will focus on the results from the 
final update to this analysis which is sufficiently large to allow additional explorations of 
the data that were not possible in the initial analysis available in 1998 at the time of the 
original NDA.  The Vioxx GI Outcome Research Study, known as VIGOR, was the third 
component of the GI safety program.  There was limited use of concomitant aspirin in the 
studies in the pooled analysis, and the VIGOR outcomes study excluded concomitant 
aspirin use at any dose. Aspirin users had been excluded because aspirin inhibits COX-1 
activity. Allowing its use would confound the ability to interpret studies that had been 
designed as a rigorous test of the COX-2 hypothesis. 



Rofecoxib 44 
FDA Advisory Committee Background Information 

BG1231.doc VERSION 5.1 PENDING APPROVAL 21-Jan-2005 
  

2.4.1 Endoscopy Studies in OA and RA Patients 

Two endoscopy studies were carried out to assess cumulative rates of endoscopic ≥3 mm 
ulcers in patients with osteoarthritis taking rofecoxib 25 mg or 50 mg,  placebo or 
ibuprofen 2400 mg daily and reported individually and as a combined analysis [68; 69],  
In each study, the rates of ≥3 mm ulcers by 12 weeks in the rofecoxib groups were 
significantly lower than the corresponding rate with ibuprofen and in the combined 
analysis the rates with rofecoxib 25 mg were comparable to placebo.  These studies 
showed that this GI safety advantage for both rofecoxib 25 mg and 50 mg versus 
ibuprofen was maintained by 24 weeks, as well (Figure 2).  A similarly designed 
endoscopy study was done in patients with rheumatoid arthritis taking rofecoxib 50 mg, 
placebo or naproxen 1000 mg daily and the results were similar to those in the OA 
patients [70]. 
 

Figure 2 
 

 Cumulative Incidence Rate 
of Endoscopic Gastroduodenal Ulcers (≥3 mm) 

 Rofecoxib Versus Ibuprofen in OA Patients 
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2.4.2 Pooled Analysis of Phase IIb to V Studies With Rofecoxib 

A pooled analysis was performed of PUBs in the 20 Phase IIb to V trials from the 
rofecoxib development program excluding VIGOR with average duration greater than 4 
weeks and in which rofecoxib was compared to a non-selective NSAID.  This analysis 
based on data to Feb-2003 is the most recent update to the initial pooled PUB data 
presented with the original NDA both of which have been published [67; 71].  There 
were a total of 17,072 patients with either osteoarthritis (15 trials) or rheumatoid arthritis 
(5 trials) studied.  Overall, the analyses in this pooled dataset demonstrated a 64% 
reduction in the rate of confirmed upper GI PUBs with rofecoxib versus combined 
NSAIDs.  The incidence of confirmed PUBs over 24.8 months was significantly lower 
with rofecoxib vs. combined NSAIDs (rate/100 patient-years 0.74 vs. 1.87; relative risk 
0.36, 95% CI 0.24, 0.54).  Similar findings were demonstrated for confirmed complicated 
PUBs, the types of events associated with the increased risk for GI hospitalization and 
death with non-selective NSAIDs, and with the investigator reported PUB endpoints, as 
well Figure 3).   

In the pooled analysis, evaluation of PUB data as a function of dose showed a lower 
relative risk with 12.5 mg and 25 mg versus the 50 mg dose for confirmed and confirmed 
plus unconfirmed PUBs, suggesting that the benefit observed in VIGOR with rofecoxib 
50 mg compared to naproxen 1000 mg is a conservative estimate [72]. 
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Figure 3 
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Note: Relative risk via Cox proportional hazard model estimates. 
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A subgroup analysis was conducted to assess consistency of the data across each of the 
individual NSAID comparators.  It is important to recognize that the results of  the 
studies in this pooled analysis were neither intended nor powered to detect a significant 
reduction in PUBs with each individual NSAID.  Therefore, the subgroup analysis should 
only be used to assess consistency amongst the subgroups and not statistical significance 
in each.  The combined NSAIDs comparator group in this pooled rofecoxib dataset 
included over 7,000 patients taking either ibuprofen 800 mg three times daily (N=995), 
diclofenac 50 mg three times daily (N=1046), nabumetone 1000 or 1500 mg daily 
(N=930), or naproxen 500 mg twice daily (N=4075).  Two of the 3 nabumetone studies, 
totaling 802 patients in the nabumetone group, were only 6 weeks in duration.  In all 
3 nabumetone studies, there were no PUBs recorded in the nabumetone group and only 
two PUB events recorded in the rofecoxib group.  Given the short average duration of 
exposure, and since the number of events was too few to allow meaningful analyses, the 
nabumetone studies were not included in the subgroup analysis.  The results of the 
subgroup analysis demonstrate reductions of 50 to 70% in relative risk between rofecoxib 
and each individual NSAID comparator, consistent with the primary result versus all 
NSAIDs combined (Figure 4).   

 
Figure 4 
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2.4.3 Vioxx GI Outcomes Research Trial (VIGOR) 

The VIGOR GI outcomes trial in 8076 patients with rheumatoid arthritis demonstrated 
that patients taking rofecoxib 50 mg had significantly fewer PUBs and complicated PUBs 
than patients taking the non-selective NSAID naproxen 1000 mg daily [14]. The  
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rofecoxib 50 mg dose studied in VIGOR was twice the highest recommended and 
approved dose for chronic daily use.  In spite of this maximal dose, there was a 54% 
reduction in the rate of confirmed upper GI clinical events (PUBs) with rofecoxib versus 
naproxen.  This is displayed in the Kaplan-Meier (KM) plot in Figure 5 (rates of 2.08 vs. 
4.49 per 100 patient-years; relative risk 0.46, 95% CI 0.33, 0.64; p<001).  In this plot the 
number of patients at risk displayed along the x-axis at a given point in time is 
representative of the number of patients remaining in the study at those time points and 
therefore, are reflective of the patient number and duration of therapy throughout the 
study.  Similar results were found for the other PUB endpoints including the more severe 
endpoint of confirmed complicated events (rates of 0.59 vs. 1.37 per 100 patient-years for 
rofecoxib versus naproxen, respectively; relative risk 0.43, 95% CI 0.24, 0.78; p=0.005) 
(Figure 6). Consistent findings were found across various subgroups of various PUB risk 
factors, as well [14]. 

 
Figure 5 
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Figure 6 
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2.4.4 Endoscopy Data With Rofecoxib Plus Aspirin 

The data above from VIGOR confirmed the COX-2 hypothesis and demonstrated the 
superior GI safety of rofecoxib compared to non-selective NSAIDs.  As noted above, to 
rigorously assess the COX-2 hypothesis, patients taking low-dose aspirin at baseline were 
excluded from almost all of these studies because aspirin inhibition of COX-1 would 
confound the interpretation of the data.  To investigate the GI safety of rofecoxib in 
patients taking low-dose aspirin, a 12-week endoscopy study was conducted in over 1600 
OA patients treated with low-dose enteric coated (EC) aspirin 81 mg daily, low-dose EC 
aspirin 81 mg plus rofecoxib 25 mg daily, ibuprofen 2400 mg daily, or placebo [73]. 
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The design of this study was similar to the earlier endoscopy studies described above.  
There was no significant difference over 12 weeks in the cumulative incidence of 
endoscopic gastroduodenal ulcers ≥3mm in patients taking low-dose aspirin plus 
rofecoxib 25 mg as compared to those taking ibuprofen 2400 mg daily alone (Figure 7).  
Although an NSAID plus aspirin would be the alternative treatment choice to a coxib 
plus aspirin in clinical practice, patients taking low-dose aspirin plus ibuprofen were not 
studied because it was thought unethical to expose OA patients not requiring aspirin to 
this combination and the placebo control in the study precluded the study of patients with 
cardiovascular disease in whom low dose aspirin was indicated.  
 
 

Figure 7 
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A recently completed 7-day endoscopy study in healthy subjects demonstrated 
significantly less gastroduodenal injury as measured by erosion scores ≥2 on a 0-4 scale 
and ulcers of any size with rofecoxib 25 mg plus EC-aspirin 81 mg daily versus naproxen 
500 mg twice daily plus enteric-coated (EC)-aspirin 81 mg (rates of ulcers: 1.83% [95% 
CI= 0.38, 5.25] for rofecoxib + aspirin versus 18.75 [95% CI=10.08, 30.46] for naproxen  
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+ aspirin, p<.001) (Figure 8) (recent unpublished data).  Longer term endoscopy or GI 
clinical outcomes data are not available for rates of GI mucosal injury with rofecoxib plus 
low-dose aspirin.  

Although the addition of aspirin to rofecoxib appears to increase the degree of upper GI 
mucosal injury when compared to rates of injury versus rofecoxib alone based on 
previous similarly designed endoscopy studies, it is still unclear whether this degree of 
injury is lower than that of an NSAID plus low-dose aspirin.  The short term endoscopy 
data above with concomitant aspirin with either rofecoxib or naproxen suggest this may 
be true.  Further studies are needed to more fully evaluate the relative risk of GI mucosal 
injury between an NSAID plus aspirin versus a selective COX-2 inhibitor such as 
rofecoxib, plus aspirin. 

 
Figure 8 
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2.4.5 Summary of GI Safety in Active Comparator-Controlled Studies 

The clinical data on upper GI PUBs and endoscopic ulcers presented above in active 
comparator controlled studies strongly supports the improved GI safety profile of 
rofecoxib versus non-selective NSAIDs.  Patients taking rofecoxib with low-dose aspirin 
81 mg daily or the non-selective NSAID ibuprofen alone without aspirin have rates of 
endoscopic gastroduodenal ulceration that are similar.  The GI benefit for a selective  
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COX-2 inhibitor plus low dose aspirin versus a nonselective NSAID plus low dose 
aspirin remains an open question. 

2.5 Data From Placebo-Controlled Studies 

The initial pooled analysis in the NDA (see Section 2.4.2) was a combined analysis of all 
eight major phase IIb/III studies in OA patients available at the time of the original NDA 
filing for rofecoxib in 1999.  Analysis of placebo-controlled data was not a prespecified 
endpoint because of the small number of anticipated PUB events due to the size of the 
enrolled placebo group.  Nonetheless, results of testing of rofecoxib versus placebo were 
presented in the filing for completeness since these were the only placebo-controlled data 
at that time.  The data showed that in 3357 patients taking rofecoxib versus 514 patients 
taking placebo across 4 months, the rates per 100 patient-years for rofecoxib versus 
placebo were 2.10 vs. 3.58, with the cumulative incidence of confirmed PUBs 0.79% for 
rofecoxib and 1.23 % for placebo; the difference in cumulative incidence did not reach 
statistical significance (relative risk 0.60 rofecoxib versus placebo; 95% CI 0.20,1.82; 
p=0.365) [67]. 

Subsequently, more extensive controlled data in over 1000 patients taking placebo versus 
rofecoxib 25 mg became available from the analysis of the PUB data from studies 078 
and 091 performed in patients with mild cognitive impairment and Alzheimer’s disease 
patients, respectively.  In contrast to the earlier pooled, placebo-controlled data available 
from the original NDA filing, the rates for confirmed and confirmed complicated PUBs 
observed in the protocols 078 and 091 combined analysis were higher in the rofecoxib 
group than in the placebo group.  The rate/100-patient years (95% CI) for confirmed 
PUBs in the rofecoxib group was 1.07, (0.68,1.71) and in the placebo group was 0.26 
(0.11,0.62).  For confirmed complicated PUBs, the rates/100-patient years were 0.78 
(0.45,1.34) for rofecoxib and 0.21 (0.08,0.55) for placebo. Note that despite the advanced 
age of the population studied (> 65 years), the rates of confirmed PUBs and confirmed 
complicated PUBs  were low in the rofecoxib 25 mg group in comparison to previously 
reported rates in placebo- and active comparator-controlled studies.  

Similar data for rofecoxib versus placebo were found in the APPROVe study which was 
a placebo-controlled trial designed to examine the efficacy of rofecoxib 25 mg daily in 
preventing the recurrence of colon polyps in patients at high risk of developing recurrent 
polyps and colorectal cancer.  In this study, in which preliminary PUB data became 
available in November 2004, with 2586 total patients evaluated, the rate of developing a 
confirmed PUB was 0.82 (95% CI: 0.56, 1.25) for the rofecoxib group (25/3051 events 
per patient years exposure) versus 0.18 (95% CI: 0.07, 0.39) (6/3330 events per patient 
years exposure) for patients on placebo.  

These data, plus the placebo controlled data from the Alzheimer’s disease studies, 
represent many more patient-years of exposure than the early placebo controlled data 
available at the time of the original NDA filing in 1998.  These more recent data suggest 
that patients treated with rofecoxib 25 mg daily appear to have had a higher rate of 
confirmed PUBs than those taking placebo, in contrast to the more limited early placebo-
controlled PUB and endoscopy study data that was available at the NDA filing. As  
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highlighted previously, comparisons to placebo must be viewed in the context of benefit 
in the untreated population.   

2.6 Lower GI Safety Results 

NSAIDs also appear to increase the risk of lower GI clinical events, including lower GI 
bleeding, perforation, intestinal obstruction, ulcerations and symptomatic diverticular 
disease [74].  A post hoc analysis was carried out of serious lower GI events from the 
VIGOR megatrial comparing rofecoxib 50 mg once daily, twice the highest 
recommended dose for chronic daily use, versus naproxen 500 mg twice daily.  Lower GI 
events were defined as: gross rectal bleeding (other than melena) associated with a 
hemoglobin decrease >2 g/dL or hospitalization, or positive test for fecal occult blood 
associated with a hemoglobin decrease >2 g/dL and negative upper endoscopy; 
hospitalization for intestinal perforation, obstruction, ulceration, or diverticulitis.  There 
was a significant decrease in the rate of lower GI events with rofecoxib versus naproxen 
with rates of serious lower GI events per 100 patient years of 0.41 for rofecoxib and 0.89 
for naproxen (relative risk 0.46, 95% CI: 0.22,0.93, p=0.032).  The rates per 100 patient-
years calculated for all serious GI events combined (i.e. complicated upper GI events plus 
serious lower GI events) from the VIGOR GI outcomes study, was 0.96 for rofecoxib and 
2.26 for naproxen (relative risk of 0.43; 95% CI: 0.27,0.67, p<0.001)[75].  Therefore, 
rofecoxib 50 mg once daily was associated with a reduction in combined risk of 
complicated upper and serious lower GI events of 57% versus naproxen 500 mg twice 
daily. 

2.7 GI Safety Conclusions for Rofecoxib 

•  Analyses of PUBs for rofecoxib in both the VIGOR GI outcomes study with over 
8,000 patients and in the pooled analysis of 20 phase IIb to V studies with over 
17,000 patients demonstrate that rofecoxib has a superior upper GI safety profile 
when compared to non-selective NSAIDs.  

•  Results in the 12 to 24 week surveillance endoscopy studies also support an improved 
safety profile for rofecoxib versus non-selective NSAIDs.  

•  Data from a single 12 week endoscopy study (protocol 136) with rofecoxib 25 mg 
plus low-dose EC-aspirin 81 mg suggest that the concomitant administration of low-
dose aspirin with rofecoxib may result in an increased rate of GI ulceration or other 
complications compared to the use of rofecoxib alone.  

•  Recent placebo-controlled data from studies with longer treatment exposure suggest 
that rofecoxib is associated with a higher rate of upper GI injury than is placebo. 

•  A post-hoc analysis of serious lower GI events from the VIGOR GI outcomes trial 
indicates an improved lower GI safety profile for rofecoxib versus naproxen. 
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3. Renovascular Effects 

3.1 Background 

Edema, CHF, and hypertension are known renovascular effects of COX-2 inhibition and 
have been observed with all nonselective NSAIDs and COX-2 inhibitors.  These side 
effects of inhibiting cyclooxygenase in the kidney are mechanism-based, dose-related, 
and are reflected in NSAID class labeling.  Renovascular effects were monitored in the 
rofecoxib program as a prespecified safety endpoint. 

Approach to Analyses 

To evaluate the clinical impact of potential renovascular effects, edema and hypertension 
were evaluated as composites of edema-related and hypertension-related adverse 
experiences. Adverse experiences were reported by investigators based on their clinical 
judgment. The composite terms were prespecified in order to provide greater precision 
than the individual adverse experience terms when comparing treatment groups.  In 
addition, congestive heart failure adverse experiences were evaluated in a prespecified 
manner.  Specific terms that comprise each AE category are listed at the beginning of 
sections 3.2.1 and 3.2.2.  Statistical analysis of difference in these adverse experiences is 
presented if prespecified in the analysis plan.  

Frequently occurring AEs within a category were also examined individually, especially 
to analyze any dose-related trends and differences between rofecoxib and active 
comparators.  In addition, mean changes in diastolic and systolic blood pressure are 
briefly discussed for each study population.  

Datasets 

Data are presented first in Section 3.2 for OA and RA patients, as these are the 
populations in whom chronic dosing was indicated and correspondingly represent the 
largest patient populations in whom we have data.  The populations included in the OA 
and RA section include the 6-week/6-month OA population, the ADVANTAGE studies, 
the RA Phase IIb/III Studies, and the VIGOR study.  This section is followed by a 
presentation of the data from large placebo controlled trials (Alzheimer’s disease and 
APPROVe) in Section 3.3.   

The 6-week/6-month OA population provided data from the OA Phase IIb/III program 
and is comprised of 6-week placebo-controlled studies, two 6-month endoscopy studies 
which included a 4 month placebo-controlled period, and the first 6 months of two 1-year 
trials.  This is the population represented in the approved rofecoxib label from which 
safety information in OA patients was derived.  Consistent with labeling, data for the 
approved chronic and acute doses (12.5 - 50 mg) and the comparators, ibuprofen and 
diclofenac, are presented.  The ADVANTAGE studies were two 12-week, naproxen-
controlled trials in OA patients which evaluated rofecoxib 25 mg and naproxen 1000 mg. 
These data are presented to provide data for a different comparator than the 6-week/6-
month OA studies.  Although a single Phase III OA study with nabumetone as a 
comparator was performed, this study exclusively involved octogenarian OA patients.  
Because any nabumetone data would have been exclusively derived from this distinct  
 



Rofecoxib 55 
FDA Advisory Committee Background Information 

BG1231.doc VERSION 5.1 PENDING APPROVAL 21-Jan-2005 
  

population, the nabumetone data from this study are not included in the rofecoxib 
labeling or in the analyses below.  The rofecoxib data from this study is included in the 
approved labeling and the analyses presented herein because, when combined with the 
rofecoxib data from the other studies, it added to the safety profile relevant to the 
indicated population. 

Renovascular safety data in the RA Phase IIb/III Population comes from studies up to 
1 year in duration: a single Phase IIb and two Phase III studies.  This is the population 
represented in the approved rofecoxib label from which general safety information in RA 
patients is derived.  The VIGOR study was a GI endpoint driven study in RA patients 
with a median duration of 9 months. Importantly, this study only included a 50 mg dose 
of rofecoxib, twice the maximum recommended chronic dose, in comparison with 
naproxen 1000 mg.  

The large placebo-controlled studies evaluated rofecoxib 25 mg in Alzheimer’s Disease 
and in the APPROVe study.  The Alzheimer‘s Disease program consisted of a 4-year 
study to assess efficacy in the treatment of Mild Cognitive Impairment and a 15-month  
study to assess efficacy of rofecoxib in delaying Alzheimer’s progression.  A third study 
in Alzheimer’s disease, a replicate of the Mild Cognitive Impairment study, was intended 
as an additional 15-month study but was terminated early after the original 15-month 
study failed to demonstrated efficacy; therefore it is not included.  In the 15-month study, 
the majority of patients randomized to rofecoxib received active treatment for only 12 
months and placebo thereafter; therefore the results of the first 12 months of treatment are 
provided.  The APPROVe study was a 3-year prevention study in patients with a history 
of colon polyps. 

The baseline characteristics are shown for the different populations in Table 4. Consistent 
with the rofecoxib program, patients in the OA studies were generally older than those in 
the RA studies and a previous medical history of hypertension was common in all 
populations.  

 
Table 4 

Baseline Patient Characteristics in Rofecoxib Studies Shown  
In Renovascular Safety Analyses 

  
 OA 6-week/ 

6-month 
N=4650 

ADVANTAGE 
(3 month OA) 

N=5557 

RA Phase IIb/III 
(1 year) 
N=1245 

VIGOR (RA) 
(median 9 mo.) 

N=8076 

Alzheimer’s 
(combined) 

N=2149 

 
APPROVe 

N=2586 
 (%) (%) (%) (%) (%) (%) 

Age   

Mean age 63 63 54 58 75 59 

Gender   

Female  73 71 81 80 39 38 
Male 27 29 19 20 61 62 
Medical History of 
Hypertension 

39 45 25 29 36 35 
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3.2 Data in OA and RA Patients 

3.2.1 Edema and CHF 

Edema-related adverse experiences included the following terms: edema, fluid retention, 
hand swelling, lower extremity edema, peripheral edema, upper extremity edema. CHF-
related terms included CHF and left cardiac failure.   

6-Week/6-Month OA and ADVANTAGE Populations 

In the 6-Week/6-Month population, the incidence of edema-related adverse experiences 
was 2.3% for placebo; 4.9, 6.6, and 9.5% for rofecoxib 12.5, 25, and 50 mg, respectively; 
and 5.3 and 5.0% for ibuprofen and diclofenac, respectively. The overall incidence of 
edema in the doses approved for chronic use of rofecoxib was generally similar to 
comparator NSAIDs. 

Overall discontinuations due to edema-related adverse experiences were low (<1%) 
across all treatment groups with no clinically important differences between any dose of 
rofecoxib and placebo.  The percentage of patients who discontinued due to an edema-
related adverse experience was 0.0% for placebo; 0.6, 0.6, and 0.8% for rofecoxib 12.5, 
25, and 50 mg, respectively; 0.2 and 0.2% for ibuprofen and diclofenac, respectively.   

In ADVANTAGE, the incidence of edema-related adverse experiences was 5.5% for 
rofecoxib 25 mg and 5.2% for naproxen. Discontinuations due to edema-related adverse 
experiences were low: 0.7% for rofecoxib 25 mg and 0.4% for naproxen. 

The most common edema-related adverse experience in these two populations was lower 
extremity edema. Incidence and discontinuations due to lower extremity edema are 
presented in Figure 9 for the OA populations.  The incidence of edema is highest for the 
rofecoxib 50 mg dose in the 6 week/6 month population; however the incidence is similar 
for the doses approved for osteoarthritis, rofecoxib 12.5 and 25 mg, compared with 
ibuprofen and diclofenac.  In ADVANTAGE, the incidence of edema was similar for 
rofecoxib 25 mg and naproxen. 
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Figure 9 
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Although rare, CHF is one of the more clinically significant manifestations of the fluid 
retention that can be caused by nonselective NSAIDs and COX-2 inhibitors.  Therefore, 
an integrated analysis of CHF and left cardiac failure was conducted.  In the 6-week/6-
month studies, the incidence of CHF was 0.0% for placebo; 0.4, 0.1, and 0.0% for 
rofecoxib 12.5, 25, and 50 mg, respectively; and 0.4 and 0.8% for ibuprofen and 
diclofenac, respectively.  In the ADVANTAGE study, the incidence of CHF was 0.4% 
for rofecoxib and 0.2% for naproxen.  There were no clinically important mean changes 
in body weight in the 6-week/6-month OA studies; these data were not analyzed for the 
ADVANTAGE studies.  

RA IIb/III Studies up to 1 Year and VIGOR Populations  

In the RA program, the incidence of edema was generally similar among the doses of 
rofecoxib and naproxen. 

In the RA Phase IIb/III population, the incidence of edema-related adverse experiences 
was 7.3% for rofecoxib 25 mg, 6.6% for rofecoxib 50 mg and 5.1% for naproxen 1000 
mg.  

Overall discontinuations due to edema-related adverse experiences were low (<1%) 
across the treatment groups.  The percentage of patients who discontinued due to an 
edema-related adverse experience was 0.2% for rofecoxib 25 mg, 0.9% for rofecoxib 
50 mg and 0.3% for naproxen.   
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In VIGOR, the incidence of edema-related adverse experiences was 5.4% for rofecoxib 
50 mg and 3.6% for naproxen. Discontinuation due to edema-related adverse experiences 
was prespecified for statistical analysis in VIGOR.  The incidence was 0.6% of patients 
in the rofecoxib group and 0.3% of patients in the naproxen group (p=0.057). 

The most common edema-related adverse experience in these two populations was lower 
extremity edema.  Incidence and discontinuations due to lower extremity edema are 
presented in Figure 10.  

 
Figure 10 
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The overall incidences of CHF were low in all treatment groups.  In the RA Phase IIb/III 
population, the incidence of CHF adverse experiences was 0.0% for rofecoxib 25 mg, 
0.4% for rofecoxib 50 mg and 0.0% for naproxen.  In VIGOR the incidence of CHF was 
0.5% for rofecoxib 50 mg and 0.2% for naproxen.  The rate of CHF adverse experiences 
in VIGOR was not statistically significantly different between the 2 treatment groups 
(p=0.065 for prespecified test of difference in relative risk between groups.)  There were 
no clinically important mean changes in body weight in the VIGOR or Phase IIb/III RA 
study population. 
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3.2.2 Hypertension 

Hypertension-related adverse experiences included the following terms: blood pressure 
increased, borderline hypertension, diastolic hypertension, hypertension, hypertensive 
crisis, hypertension uncontrolled with medication, systolic hypertension, and 
uncontrolled hypertension. 

6-Week/6-Month OA and ADVANTAGE Populations 

Dose-related trends in hypertension for OA patients were observed for rofecoxib with a 
numerically higher incidence at 50 mg, a dose not recommended for chronic use.  At the  
doses approved for osteoarthritis, 12.5 and 25 mg, rofecoxib users had incidences of 
hypertension which were similar to or slightly higher than with the comparator NSAIDs.    

In the 6-Week/6-Month population, the incidence of hypertension-related adverse 
experiences was 2.2% for placebo; 4.4, 5.5, and 10.1% for rofecoxib 12.5, 25, and 50 mg, 
respectively; and 3.5 and 3.0% for ibuprofen and diclofenac, respectively.  

Overall discontinuations due to hypertension-related adverse experiences were low 
(<1%) across all treatment groups.  The percentage of patients who discontinued due to a 
hypertension-related adverse experience was 0.0% for placebo; 0.1, 0.1, and 0.4% for 
rofecoxib 12.5, 25, and 50 mg, respectively; 0.4 and 0.0% for ibuprofen and diclofenac, 
respectively.   

In ADVANTAGE, the incidence of hypertension-related adverse experiences was 3.2% 
for rofecoxib 25 mg and 2.6% for naproxen.  Discontinuations due to hypertension-
related adverse experiences were low: 0.5% for rofecoxib 25 mg and 0.3% for naproxen. 

The most common hypertension-related adverse experience in these two populations was 
hypertension.  Incidence and discontinuations due to hypertension are presented in 
Figure 11.  
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Figure 11 
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RA IIb/III Studies up to 1 Year and VIGOR Populations  

In the RA populations, hypertension-related adverse experiences for rofecoxib 25 mg (the 
dose approved for RA) were higher than observed on naproxen.  This was different from 
results in the OA 6-week/6-month population and ADVANTAGE population where 25 
mg was generally similar to the comparator NSAIDs.  These differences were reflected in 
the rofecoxib label for RA.  Similar to the OA studies, hypertension-related adverse 
experiences were higher with rofecoxib 50 mg than comparator NSAIDs.   

In the RA Phase IIb/III population, the incidence of hypertension-related adverse 
experiences was 12.0% for rofecoxib 25 mg, 15.5% for rofecoxib 50 mg and 5.4% for 
naproxen 1000 mg.  The percentage of patients who discontinued due to a hypertension-
related adverse experience was 1.2% for rofecoxib 25 mg, 0.9% for rofecoxib 50 mg and 
0.3% for naproxen.   

In VIGOR, the incidence of hypertension-related adverse experiences was 9.7% for 
rofecoxib 50 mg and 5.5% for naproxen.  Discontinuation due to edema-related adverse 
experiences was prespecified for statistical analysis in VIGOR.  The incidence was low, 
but significantly higher in the rofecoxib group (p<0.001): 0.7% for rofecoxib 50 mg and 
0.1% for naproxen. 
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The most common hypertension-related adverse experience in these two populations was 
hypertension.  Incidence and discontinuations due to hypertension are presented in 
Figure 12.  

 
Figure 12 
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Mean Changes in Systolic and Diastolic Blood Pressure 

Mean changes in blood pressure are reported relative to the baseline measurement.   In 
both OA and RA studies, baseline measurements of blood pressure were performed at a 
single randomization visit after NSAID washout.  In some studies, blood pressure values 
were an average of 2 or 3 readings while in other studies they represented a single 
reading. 

6-Week/6-Month OA and ADVANTAGE Populations 

Mean changes in diastolic and systolic blood pressure were evaluated in the 6-Week/6-
Month studies.  Compared with the values at baseline, small dose related increases in 
mean diastolic blood pressure were noted after 6 weeks of study therapy: 0.4 to 1.4 mm 
Hg across the rofecoxib doses from  12.5 to 50 mg and 1.0 mm Hg for ibuprofen.  
Changes in mean systolic blood pressure exhibited a similar dose-related pattern for  
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rofecoxib (1.1 to 5.1 mm Hg across rofecoxib doses 12.5 to 50 mg) and ibuprofen 
(3.3 mm Hg). Smaller changes in mean diastolic blood pressure were noted after 6 
months for rofecoxib and these changes were not dose-related (ranging from -0.6 for 
rofecoxib 50 mg to 1.1 mm Hg for rofecoxib 25 mg), diclofenac (0.2 mm Hg), and 
ibuprofen (-1.1 mm Hg).  Small changes in mean systolic blood pressure were present 
after 6 months for rofecoxib (1.9 to 2.1 mm Hg across the doses of rofecoxib from 12.5 to 
25 mg), diclofenac (0.7 mm Hg), and ibuprofen (1.7 mm Hg).  

In ADVANTAGE, the magnitude of the systolic blood pressure effects was small over 
the 12 week study period.  Mean increases in systolic blood pressure were 1.0 mm Hg 
and 0 mm Hg in the rofecoxib 25 mg and naproxen groups, respectively.  Mean increases 
in diastolic blood pressure were 0.3 mmHg and -0.7 mmHg in the rofecoxib and 
naproxen groups, respectively. 

RA IIb/III Studies up to 1 Year and VIGOR Populations  

In the Phase IIb/III RA studies, the magnitude of the systolic blood pressure changes 
from baseline in the 25-mg rofecoxib treatment group generally ranged between 0.8 for 
the 25-mg and 3.6 mm Hg for the 50-mg rofecoxib groups.  Results for the 25-mg 
rofecoxib, 50-mg rofecoxib and naproxen treatment groups showed no clear effect for 
diastolic blood pressure; changes ranged between 0.4 for the 25-mg and 2.2 mm Hg for 
the 50-mg rofecoxib groups.  

In VIGOR, the mean change from baseline for systolic blood pressure in the rofecoxib 50 
mg was 4.6 mm Hg; the mean change from baseline in diastolic blood pressure was 1.7 
mm Hg.  The increases in blood pressure were observed early in the course of treatment 
and then remained fairly stable over the treatment period.  In the naproxen group, mean 
changes from baseline in systolic and diastolic blood pressure were 1.0 and 0.1 mm Hg, 
respectively. 

3.3 Data From Large Placebo-Controlled Studies 

Edema, CHF, and hypertension are known renovascular effects of COX-2 inhibition and 
have been observed with all nonselective NSAIDs and COX-2 inhibitors.  These side 
effects of inhibiting cyclooxygenase are mechanism-based and dose-related.  Not 
unexpectedly, differences from placebo in renovascular adverse experiences are observed 
in large placebo-controlled studies.  

3.3.1 Edema and CHF 

Alzheimer’s Disease Studies (Protocols 078 and 091) and APPROVe Study 

As in the previous section, p-values are provided for pre-specified analyses. 

In Protocol 078, the incidence of edema-related adverse experiences was 10.0% for 
rofecoxib 25 mg and 7.7% for placebo during a treatment period of up to 48 months 
(p=0.139). Discontinuations due to edema-related adverse experiences were low (<1%) 
and not significantly different: 0.8% for rofecoxib 25 mg and 0.0% for placebo . 
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In Protocol 091, the incidence of edema-related adverse experiences was 3.8% for 
rofecoxib 25 mg and significantly higher than for placebo (1.2%) (p=0.046) during a 12 
month treatment period.  Discontinuations due to edema-related adverse experiences 
were low: 0.3% for rofecoxib 25 mg and 0.0% for placebo.   

In the APPROVe study population, the incidence of edema-related adverse experiences 
was 8.1% for rofecoxib 25 mg and 6.0% for placebo during a 36 month treatment period 
(p=0.016).  Overall discontinuations due to edema-related adverse experiences were low 
(<1%); 0.9% for rofecoxib 25 mg and 0.4% for placebo (p=0.082).   

The most common edema-related adverse experience in the Alzheimer’s population was 
peripheral edema and lower extremity edema for protocols 078 and 091, respectively,  In 
protocol 078, the incidence of peripheral edema was numerically greater for rofecoxib 
(8.7%) than placebo (6.7%) during a treatment period of up to 48 months and 
discontinuations due to peripheral edema were low, but greater for rofecoxib (0.7%) than 
placebo (0.0%).  In protocol 091, lower extremity edema was 3.8% for rofecoxib and 
2.0% for placebo over a 12 month period; there were no discontinuations in either group. 
In APPROVe, a number of different edema-related AEs were reported with no one AE 
being most common. Therefore, only the composite term of edema-related AEs is 
discussed. 

In both Alzheimer’s Disease studies, the overall incidences of CHF were low and not 
significantly different between treatment groups.  In Protocol 078, the incidence of CHF 
adverse experiences was 2.2% for rofecoxib 25 mg and 2.6% for placebo (p=0.733).  In 
Protocol 091, the incidence of CHF was 3.2% for rofecoxib and 1.4% for placebo 
(p=0.205).  The incidence of CHF was also low in the APPROVe study but significantly 
higher for rofecoxib (0.7%) than for placebo (0.1%) (p=0.015).  There were no clinically 
important mean changes in body weight, an independent assessment of fluid overload, in 
the Alzheimer’s disease studies. 

3.3.2 Hypertension 

Alzheimer’s Disease Studies and APPROVe Study 

In Protocol 078 which encompassed a treatment period up to 48 months, the incidence of 
hypertension-related adverse experiences was significantly higher for rofecoxib 25 mg 
(24.3%) than for placebo (15.9%) (p=0.001). Discontinuations due to hypertension-
related adverse experiences were similar in both treatment groups: 1.8% for rofecoxib 25 
mg and 1.4% for placebo.   

In Protocol 091, which encompassed a 12-month treatment period, the incidence of 
hypertension-related adverse experiences was significantly higher for rofecoxib 25 mg 
(9.0%) than for placebo (3.2%) (p=0.002).  Discontinuations due to hypertension-related 
adverse experiences were low: 0.6% for rofecoxib 25 mg and 0.0% for placebo. 

In APPROVe, the incidence of hypertension-related adverse experiences was 27.7% for 
rofecoxib 25 mg and was significantly higher than placebo (15.9%) (p<0.001) during a 
36 month treatment period.  The percentage of patients who discontinued due to a 
hypertension-related adverse experience was 2.5% for rofecoxib 25 mg and significantly 
higher than for placebo (0.5%) (p<0.001).   
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The most common hypertension-related adverse experience in these two populations was 
hypertension, which was generally greater for rofecoxib than placebo; discontinuations 
were low in both treatment groups.   

In Protocol 078, the incidence of hypertension was greater for rofecoxib (18.4%) than 
placebo (11.5%) over a treatment period of up to 48 months.  Discontinuations due to 
hypertension were low and similar in the rofecoxib (1.4%) and placebo (1.0%) groups.  
In protocol 091, hypertension was 6.9% for rofecoxib and 3.8% for placebo over a 12 
month period; discontinuations were low in both groups (0.3% for rofecoxib and 0.0% 
for placebo).  In APPROVe, hypertension was numerically greater in the rofecoxib group 
(23.4%) compared to placebo (13.0%) during a 36 month treatment period.  
Discontinuations for hypertension were also numerically greater for rofecoxib (1.5%) 
than placebo (0.4%).   

Mean Changes in Systolic and Diastolic Blood Pressure 

Small changes in mean blood pressure were noted in the different placebo-controlled 
studies. 

In Protocol 078,  in the rofecoxib group, mean changes from baseline in systolic blood 
pressure ranged from -0.6 to 2.2 mm Hg at individual study visits; mean changes from 
baseline in diastolic blood pressure ranged from -1.4 to 0.2 mm Hg at individual study 
visits.  In the placebo group, initial decreases of -4.1 mm Hg systolic blood pressure and 
-0.8 mm Hg diastolic blood pressure at the Month 4 time point persisted through Month 
48. 

In Protocol 091, mean changes from baseline in systolic blood pressure ranged from 
1.3 to 4.1 mm Hg at individual study visits in the 25-mg rofecoxib group compared to a 
mean change from baseline of -3.1 to 1.4 mm Hg at individual study visits in the placebo 
group.  Changes from baseline in other vital signs, including diastolic blood pressure, 
were not notable.   

In the APPROVe study, in the rofecoxib group, mean changes from baseline in systolic 
blood pressure ranged from  2.3 to 3.9 mm Hg at individual study visits and mean 
changes from baseline in diastolic blood pressure ranged from 0.3 to 1.4 mm Hg at 
individual study visits.  In the placebo group the mean changes from baseline in systolic 
blood pressure ranged from -1.4 to 0.7 mm Hg at individual study visits and mean 
changes from baseline in diastolic blood pressure ranged from -1.1 to -0.5 mm Hg at 
individual study visits. 

3.4 Renovascular Safety Summary 

Overall, the data indicate that rofecoxib is associated with a low incidence of dose-
dependent edema-related and hypertension-related adverse experiences generally 
consistent with the effects of fluid retention typically observed for NSAIDs.   

Edema-related adverse experiences generally occurred early, and were mild, transient, 
and infrequently lead to discontinuations. CHF was rare in all populations, including the 
elderly.  Most of the hypertension adverse experiences were mild to moderate in intensity  
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and discontinuation due to hypertension adverse experiences was infrequent.  At the 
25-mg dose, rofecoxib use was generally associated with small increases in mean systolic 
blood pressure 2 to 4 mm Hg compared to placebo and increases of mean diastolic blood 
pressure <2 mm Hg (data not shown).  Changes in mean systolic blood pressure with 
rofecoxib exhibited a dose-related pattern in 6-week OA studies with increases of 1.1 to 
5.1 mm Hg across the rofecoxib doses 12.5 to 50 mg.  These findings are consistent with 
two meta-analyses which demonstrated an increase in mean arterial blood pressure of 
approximately 5 mm Hg with the use of NSAIDs [4; 5].  In general, hypertension adverse 
experiences also appear to be dose dependent with 12.5 mg displaying rates lower than 
25 mg, and both of these doses with rates lower than rofecoxib 50 mg, which is above the 
therapeutic dose range for chronic treatment.  Rofecoxib 50 mg displayed somewhat 
higher rates of edema and hypertension adverse experiences than therapeutic doses of 
comparator NSAIDs.  While in general, the incidence of renovascular adverse 
experiences within the therapeutic dose range of rofecoxib (12.5 and 25 mg) is similar to 
NSAIDs, in some studies (RA Phase III studies) the 25 mg dose had a higher incidence 
than the comparator NSAID, naproxen.  This difference from naproxen was not 
replicated however, in a 12-week study in OA patients (ADVANTAGE).   

3.5 Renovascular Safety Conclusions 

•  Renovascular effects of NSAIDs including fluid retention, edema, and hypertension 
are mechanism-based adverse experiences associated with the use of NSAIDs 
including rofecoxib. 

•  Clinical trials with rofecoxib at daily doses of 12.5 and 25 mg in patients with 
osteoarthritis have shown effects on hypertension and edema similar to those 
observed with comparator NSAIDs. 

•  In clinical trials of rofecoxib at daily doses of 25 mg in patients with rheumatoid 
arthritis the incidence of hypertension was twice as high in patients treated with 
rofecoxib as compared to patients treated with naproxen 1000 mg daily.  A difference 
from naproxen was not reproduced in the ADVANTAGE study in OA patients.  

•  Renovascular adverse experiences of NSAIDs are dose related.  Compared to chronic 
use of rofecoxib 12.5 or 25 mg, there is an increased frequency with chronic use of 
rofecoxib at daily doses of 50 mg, a dose not recommended for chronic use. 

•  Similar to clinical doses of other NSAIDs, use of rofecoxib 25 mg is associated with 
small increases compared to placebo in mean systolic blood pressure <5mm Hg and 
mean increases of mean diastolic blood pressure <2mm Hg. 

4. CV Safety in Rofecoxib Prior to Sep-2004 APPROVe Trial Results 

This section of the document describes the cardiovascular safety data for the rofecoxib 
development program prior to obtaining the results for the APPROVe study in September 
2004.  The CV safety data presented represent all the data from all studies ≥4 weeks in 
duration in which rofecoxib was compared to non-selective NSAIDs and also include the 
large placebo controlled program in Alzheimer’s Disease. The data from APPROVe are 
presented separately.  The data are presented chronologically. 
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4.1 Cardiovascular Information at Time of the 1998 Original NDA 

4.1.1 Clinical Pharmacology 

Several months prior to the completion of the OA Phase III studies, data from two studies 
demonstrated that the selective COX-2  inhibitors celecoxib and rofecoxib reduced the 
urinary excretion of a prostacyclin metabolite  [19; 28] 

4.1.1.1 The Effects of Aspirin, Selective COX-2 Inhibitors, and Nonselective 
NSAIDs on Platelet Thromboxane Metabolism and Function 

Cyclooxygenase and its prostanoid products have important roles in hemostasis.  
Prostacyclin (PGI2), a product thought to be derived primarily through the activity of 
endothelial cell COX-1 and COX-2, is a vasodilator and inhibitor of platelet aggregation.  
Serum thromboxane A2 (TXA2), largely a product of platelet COX-1, is a vasoconstrictor 
and promoter of platelet aggregation [22; 23].  Aspirin, a well recognized antiplatelet 
agent and inhibitor of platelet TXA2 synthesis, is effective in decreasing the risk of 
cardiovascular thrombotic events in patients at risk for such events.  Aspirin’s antiplatelet 
effect is mediated through its near complete, irreversible inhibition of platelet COX-1 
activity [25].  Even low-dose aspirin (≥81 mg/day) achieves nearly complete inhibition of 
platelet TXA2 production [34].  This effect on platelets is irreversible because these 
nonnucleated cells cannot replace the COX-1 enzyme that is permanently acetylated and 
inactivated by aspirin.   

Non-selective NSAIDs reversibly inhibit COX-1 and had been shown to affect platelet 
function and, in some circumstances, increase bleeding due to the inhibition of clotting.  
At the time of the initiation of the Phase IIb/III OA program (June 1995), the prevailing 
theory was that inhibition of COX-2 would have no effect on platelet thromboxane 
(TxB2).  The hypothesis from these observations was that COX-2-selective inhibitors 
would not be expected to have the cardioprotective properties of aspirin as they would 
not affect platelet function.  At that time, there was no suggestion that a selective COX-2 
inhibitor might be prothrombotic. However there were suggestions in the literature that at 
least some NSAIDs might be cardioprotective through the inhibition of COX-1 [37; 26; 
38].   

As expected for a selective COX-2 inhibitor, rofecoxib was shown to have no inhibitory 
effect on platelet thromboxane generation and therefore did not have any effects on 
platelet aggregation [19].  

4.1.1.2 The Effects of Selective COX-2 Inhibitors and of Nonselective NSAIDs on 
Prostacyclin Synthesis 

Endothelial cells express abundant COX-1 but had been shown in vitro to express COX-2 
only under certain pathologic conditions or under sheer stress [76; 77].  However, the 
experimental data were limited in this area.  Merck collaborated with external 
investigators to further investigate the effects of selective COX-2 inhibitors on renal 
function. An additional analysis examined effects on systemic prostacyclin production 
[19].  Similar research had been performed using celecoxib [28]. These studies  
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demonstrated that selective COX-2 inhibitors reduced the urinary excretion of the 
prostacyclin metabolite PGI-M. These data demonstrated that COX-2 was important in 
systemic prostacyclin production.  In these experiments, selective COX-2 inhibitors and 
nonselective NSAIDs appeared to inhibit the excretion of PGI-M to a similar extent (50-
70%).  Thus, the data were interpreted to suggest that COX-2 was the dominant 
cyclooxygenase isoform involved in systemic prostacyclin production. With the advent of 
better measurement techniques, subsequent experiments have shown clinical doses of 
non-selective NSAIDs such as naproxen inhibit the excretion of the prostacyclin 
metabolite PGI-M to a somewhat greater extent than clinical doses of selective COX-2 
inhibitors, suggesting that both COX isoforms participate in systemic prostacyclin 
production, although COX-2 is the dominant component. 

The experiments cited above did not reveal the source of the COX-2-dependent systemic 
prostacyclin.  Although prostacyclin is produced in endothelium, it is also produced in 
other tissues such as lung.  Nonetheless, based on the earlier experiments showing that 
cultured endothelial cells could upregulate COX-2 expression in certain conditions, it was 
hypothesized that at least some of the COX-2-dependent systemic prostacyclin was 
derived from endothelium.  It was hypothesized that inhibition of endothelial prostacyclin 
synthesis by a selective COX-2 inhibitor without the inhibition of platelet thromboxane 
synthesis as would be obtained with a non-selective inhibitor of both COX-1 and COX-2 
could theoretically alter the hemostatic balance between prostacyclin and thromboxane.  
And it was hypothesized that this imbalance could theoretically be prothrombotic and 
lead to an increase in the risk of thrombotic cardiovascular events. The data from this 
study were submitted to the FDA as part of the original NDA in 1998.  

Since 1998, we and other researchers have investigated the potential source of the 
prostacyclin metabolites in urine that are decreased after administration of either non-
selective NSAIDs or selective COX-2 inhibitors [19; 28].  Rabbit and dog studies 
conducted by Merck Frosst laboratories have suggested that arterial prostacyclin 
production is mediated by COX-1 rather than COX-2 [78; 79].  Others have come to 
similar conclusions based on studies in rat tissues [80].  Further, in an arm laceration 
study that measured prostacyclin metabolites at the site of injury, Tuleja and colleagues  
[81] observed that rofecoxib did not reduce prostacyclin metabolite levels and concluded 
that in human microvasculature, COX-1, and not COX-2, appears to be the source of 
prostacyclin.  Nevertheless, experiments with cultured human endothelial cells under 
sheer stress reveals an upregulation of COX-2 expression [77].  Thus, to this day, the 
origin of COX-2 dependent systemic prostacyclin remains to be established. 

4.1.2 Cardiovascular Clinical Results in Phase IIb/III OA Studies 

Analyses of Thrombotic Cardiovascular Serious Adverse Experiences Rates in 
Rofecoxib Users Versus NSAIDs or Placebo: 1998 

An initial review of CV data was included in the rofecoxib NDA, which was submitted to 
the FDA in Nov-1998 and discussed at the FDA Arthritis Advisory Committee meeting 
in Apr-1999.  Specific analyses were undertaken in light of the data suggesting  
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that COX-2 inhibition decreased prostacyclin as noted above.  This analysis included data 
on approximately 5,400 OA patients from 8 double-blind, placebo-controlled and active-
comparator studies.  Although somewhat limited with respect to the comparison to 
placebo, similar rates of investigator-reported thrombotic cardiovascular serious adverse 
experiences were seen with rofecoxib, placebo, and comparator NSAIDs in these studies 
(ibuprofen, diclofenac, or nabumetone).  

Six of the OA protocols included a placebo comparator.  These placebo-controlled data, 
however, had only few events due to the short exposure times involved.  The overall 
duration of exposure in placebo-controlled periods was 516 patient years for the 
combined rofecoxib (all doses) group and 156 years for the placebo group.  The primary 
active comparators in the OA program were diclofenac 150 mg and ibuprofen 2400 mg. 
Nabumetone 1500 mg was also used as a comparator in one 6-week study (Protocol 058) 
and accounted for only 30 patient-years of exposure (4% of the comparator data).  The 
average daily dose of rofecoxib was approximately 25 mg.  The overall extent of 
exposure in active comparator-controlled periods was 1657 patient-years for the 
combined rofecoxib (all doses) group and 706 patient-years for the combined 
nonselective NSAID (all comparators) group. Patient baseline risk factors are presented 
in Table 5 and Table 6. 

Throughout the remainder of this document, a set of standard data are presented for each 
CV analysis: baseline characteristics, relative risk tables, summary tables by class of 
terms and Kaplan-Meier (KM) plots.  The relative risk tables provide the number of 
patients with events per 100 patient years (PYR).  This rate per 100 patient years of 
exposure is used to calculate the relative risk.  The rate per 100 patient years takes into 
account the patient exposure to each drug, unlike crude incidence which calculates the 
number of events per 100 patients.  The summary tables by class of terms summarize the 
CV events by treatment group and type of event and present number of events, 
percentage of patients with events, and rates.  The percentages shown represent the 
number of events per 100 patients (crude incidence) and do not take into account the 
patient exposure.  The rates represent the number of events per 100 patient-years of 
exposure.  The KM plots are time-to-event plots that show the cumulative incidence rate 
for the endpoint evaluated, and changes in hazard over time.  In these plots the number of 
patients at risk displayed along the x-axis at a given point is representative of the number 
of patients remaining in the study at those time points.  Kaplan-Meier estimates are 
imprecise when the number of patients remaining at risk is small at the end of the study 
and it is recommended that the plot be curtailed when approximately 10 to 20% of 
patients remain in follow-up [82].  This approach was generally followed; Kaplan-Meier 
curves were truncated when there were around 10 to 20% of patients remaining at risk in 
any treatment group (or ~150-200 patients).  Such a truncation was just for the plot; any 
events occurring after the truncation time point were still retained in the analyses of crude 
proportions, patient-year adjusted incidence rates and relative risks and also displayed in 
the relevant tables.   
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Table 7 displays the rates and relative risk of patients having investigator-reported 
thrombotic cardiovascular serious adverse experiences in the Phase IIb/III Placebo-
Controlled and nonselective NSAID OA Populations.  These included cardiac, 
cerebrovascular, and peripheral vascular (arterial and venous) events; the set of adverse 
experience terms matches the set ultimately implemented as part of Merck’s Standard 
Operating Procedure for the systematic collection and adjudication of potential 
cardiovascular thrombotic serious adverse experiences (see Section 4.1.4 below).  Thus, 
although the OA Phase IIb/III program data were obtained before initiation of this SOP 
and were not subject to adjudication, the approach to the data is similar to that ultimately 
used in the SOP.   

The incidences of patients having investigator-reported thrombotic cardiovascular serious 
adverse experiences in these OA studies were similar between the rofecoxib and 
nonselective NSAID comparator treatment groups and between rofecoxib and placebo 
groups (Table 7).  Summaries of the investigator-reported thrombotic cardiovascular 
serious adverse experience event types in the various treatment groups are in Table 8 and 
Table 9.  There are no individual thrombotic CV serious adverse experiences whose rates 
suggest an imbalance between the groups.  Table 8 displays the cumulative incidence 
rates of investigator-reported thrombotic CV serious adverse experiences in the 
nonselective-NSAID population displayed as Kaplan-Meier plots.  As the Phase IIb/III 
OA data are composed of a large number of studies with differing durations, there is no 
way to appropriately reflect the duration in a single value.  The number of patients at risk 
indicated in the KM plot provide this type of information as they are reflective of the 
patient number and duration of therapy throughout the study.  Collectively, these data did 
not suggest that rofecoxib might be associated with an increase in thrombotic CV events 
as previously theorized.[19; 28].   
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Table 5 

 
Baseline Risk Factors in the Rofecoxib Phase IIb/III OA Studies 

Placebo-Controlled Population (1998) 
 

 Placebo 
(N=711) 

Rofecoxib 
(N=2253) 

 n (%) n (%) 

Age 

Percent <65 Years Old 406 (57.1) 1226 (54.4) 
Percent ≥65 Years Old 305 (42.9) 1027 (45.6) 

Gender 

Female  514 (72.3) 1650 (73.2) 
Male 197 (27.7) 603 (26.8) 

Cardiovascular Risk Factors 

Any Cardiovascular Risk Factor 380 (53.4) 1250 (55.5) 
Hypertension 254 (35.7) 876 (38.9) 
Diabetes Mellitus 22 (3.1) 79 (3.5) 
Hypercholesterolemia 130 (18.3) 379 (16.8) 
Current Smoker 93 (13.1) 266 (11.8) 
Hx of Symptomatic ASCVD 58 (8.2) 173 (7.7) 
Increased CV Risk† 145 (20.4) 437 (19.4) 
† 2 or More Risk Factors for coronary artery disease or a history of 

symptomatic ASCVD 
ASCVD= atherosclerotic cardiovascular disease 
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Table 6 

 
Baseline Risk Factors in the Rofecoxib Phase IIb/III OA Studies 

Nonselective NSAIDs Controlled -Population (1998) 
 

  
Rofecoxib 
(N=3358) 

Nonselective 
NSAIDs 

(N=1565) 
 n (%) n (%) 

Age 

Percent <65 Years Old 1813 (54.0) 832 (53.2) 
Percent ≥65 Years Old 1545 (46.0) 733 (46.8) 

Gender 

Female  2444 (72.8) 1141 (72.9) 
Male 914 (27.2) 424 (27.1) 

Cardiovascular Risk Factors 

Any Cardiovascular Risk Factor 1888 (56.2) 894 (57.1) 
Hypertension 1337 (39.8) 634 (40.5) 
Diabetes Mellitus 146 (4.3) 71 (4.5) 
Hypercholesterolemia 588 (17.5) 290 (18.5) 
Current Smoker 377 (11.2) 177 (11.3) 
Hx of Symptomatic ASCVD 259 (7.7) 116 (7.4) 
Increased CV Risk† 681 (20.3) 324 (20.7) 
† 2 or More Risk Factors for coronary artery disease or a history of 

symptomatic ASCVD 
ASCVD= atherosclerotic cardiovascular disease 

 
Table 7 

 
Absolute Rate and Relative Risk (95% CI) 

Investigator-Reported Thrombotic Cardiovascular 
Serious Adverse Experiences 

Rofecoxib Phase IIb/III OA Studies (1998) 

 

Study Treatment Group N 
Patients 

With Events PYR† Rate‡ 
Relative Risk 

(95% CI) 
Phase IIb/III Studies 
Combined 

Rofecoxib 12.5/25/50 mg 2253 14 516 2.71 1.06 (0.34, 3.23) 

 Placebo 711 4 156 2.57  
Phase IIb/III Studies 
Combined 

Rofecoxib 12.5/25/50 mg 3357 34 1657 2.05 0.92 (0.50, 1.67) 

 Nonselective NSAIDS§ 1564 16 706  2.27  
† Patient-years at risk. 
‡ Per 100 PYR. 
§ diclofenac, ibuprofen, nabumetone. 
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Table 8 

 
Summary of Patients with Investigator-Reported Thrombotic Cardiovascular 

Serious Adverse Experiences by Class of Terms  
Rofecoxib and Placebo 

 Phase IIb/III OA Studies (1998) 
  

  
Rofecoxib 

 
Placebo 

 (N=2253) 

(PYR=516) 
(N=711) 

(PYR=156) 
 n (%)†  Rate‡  n (%)†  Rate‡  
Patients with one or more investigator-reported 

thrombotic cardiovascular serious adverse experiences 
14 (0.6) (2.7) 4 (0.6) (2.6) 

Cardiac 7 (0.3) (1.4) 3 (0.4) (1.9) 

Myocardial Infarction 3 (0.1) (0.6) 2 (0.3) (1.3) 
Unstable Angina 2 (0.1) (0.4) 1 (0.1) (0.6) 
Coronary Artery Disease 2 (0.1) (0.4) 0 (0.0) (0.0) 

Cerebrovascular  6 (0.3) (1.2) 1 (0.1) (0.6) 

Cerebrovascular Accident 4 (0.2) (0.8) 1 (0.1) (0.6) 
Transient Ischemic Attack 2 (0.1) (0.4) 0 (0.0) (0.0) 

Peripheral Vascular  1 (0.0) (0.2) 0 (0.0) (0.0) 

Deep Venous Thrombosis 1 (0.0) (0.2) 0 (0.0) (0.0) 
PYR=Patient-years at risk 
† Crude incident (n/Nx100). 
‡ Events per 100 patient-years (PYR). 
 
Note:  Patient with multiple events may be counted more than once under different terms but only once in 
the “One or More” category. 
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Table 9 

 
Summary of Patients with Investigator-Reported Thrombotic Cardiovascular 

Serious Adverse Experiences  
Rofecoxib and Nonselective NSAID  

Phase IIb/III OA Studies (1998) 
 

 Rofecoxib 
Nonselective 

NSAIDs 
 (N=3357) 

PYR=1657 
(N=1564) 

PYR=706 
 n (%)†  Rate‡  n (%)†  Rate‡  
Patients with one or more investigator-reported 

thrombotic cardiovascular serious adverse experiences 
34 (1.0) (2.1) 16 (1.0) (2.3) 

Cardiac 18 (0.5) (2.1) 12 (0.8) (1.7) 

Cardiac Arrest 0 (0.0) (0.0) 2 (0.1) (0.3) 
Acute Myocardial Infarction 3 (0.1) (0.2) 0 (0.0) (0.0) 
Myocardial Infarction 5 (0.1) (0.3) 3 (0.2) (0.4) 
Coronary Artery Occlusion 1 (0.0) (0.1) 1 (0.1) (0.1) 
Unstable Angina 2 (0.1) (0.1) 0 (0.0) (0.0) 
Angina Pectoris 2 (0.1) (0.1) 4 (0.3) (0.6) 
Coronary Vasospasm 1 (0.0) (0.1) 0 (0.0) (0.0) 
Coronary Artery Disease 4 (0.1) (0.2) 2 (0.1) (0.3) 

Cerebrovascular  9 (0.3) (0.5) 3 (0.2) (0.4) 

Cerebrovascular Accident 6 (0.2) (0.4) 3 (0.2) (0.4) 
Transient Ischemic Attack 3 (0.1) (0.2) 0 (0.0) (0.0) 

Peripheral Vascular  7 (0.2) (0.4) 1 (0.1) (0.1) 

Arterial Occlusion 1 (0.0) (0.1) 0 (0.0) (0.0) 
Deep Venous Thrombosis 4 (0.1) (0.2) 0 (0.0) (0.0) 
Peripheral Vascular Disorder 1 (0.0) (0.1) 0 (0.0) (0.0) 
Pulmonary Embolism 1 (0.0) (0.1) 0 (0.0) (0.0) 
Vascular Insufficiency 0 (0.0) (0.0) 1 (0.1) (0.1) 

PYR=Patient-years at risk 
‡Crude incident (n/Nx100). 
‡ Events per 100 patient-years (PYR). 

Note:  Patient with multiple events may be counted more than once under different terms but only once in 
the “One or More” category. 
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Figure 13 

 
Kaplan-Meier Estimates of Cumulative Incidence (95% CI) of 

Investigator-Reported Thrombotic Cardiovascular Serious Adverse Experiences 
 Rofecoxib and Nonselective NSAIDs 

 Phase IIb/III OA Studies (1998) 
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4.1.3 CV Conclusions Original NDA 

•  Data in the original NDA were consistent with the interpretation that the incidence of 
thrombotic cardiovascular serious adverse experience with rofecoxib was similar to 
placebo and to the nonselective NSAIDs studied. 

4.1.4 Results of 1999 Arthritis Advisory Committee Meeting and NDA Approval 

The Arthritis Advisory Committee reviewed the efficacy data for rofecoxib in OA, acute 
pain, and primary dysmenorrhea and the safety data including the general, GI, and CV 
safety data in April 1999.  It was concluded that rofecoxib had a favorable risk/benefit 
profile and should be approved.  The FDA approved rofecoxib in May 1999 for the relief 
of the signs and symptoms of osteoarthritis (12.5 and 25 mg), for the management of 
acute pain in adults (50 mg), and for the treatment of primary dysmenorrhea (50 mg).  
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4.1.5 CV Adjudication Standard Operating Procedure (SOP) 

To better assess the cardiovascular safety of its selective COX-2 inhibitors, Merck 
initiated an Adjudication Standard Operating Procedure (CV Adjudication SOP) in the 
second half of 1998 to systematically collect and adjudicate potential cardiovascular  
thrombotic serious adverse experiences from all future studies with its selective COX-2 
agents.  This Adjudication SOP was initiated on the basis of three questions raised in the 
literature: 1) the potential for selective COX-2 agents to cause an imbalance between 
thromboxane and prostacyclin production and thus have a prothrombotic effect [28; 19], 
2) an indication that some nonselective NSAIDs through their ability to inhibit platelet 
thromboxane production may have a cardioprotective effect [29; 27; 30], and 3) studies 
that demonstrated the expression of COX-2 in atheroma and which proposed that COX-2 
might be involved in plaque rupture.  It was proposed that COX-2 inhibitors might inhibit 
plaque rupture and be cardioprotective. [83; 84] 

The basis of the Adjudication SOP was a blinded systematic review by an expert panel of 
cardiologists, neurologists, and vascular medicine internists of serious adverse 
experiences reported by site investigators.  These adverse experiences were prespecified 
in the CV Adjudication SOP as potential thrombotic cardiovascular events (referred to in 
this document as Investigator-Reported Thrombotic CV serious adverse experiences).  
The report of such an event triggered a procedure whereby additional information was 
collected and the event was adjudicated.  None of the members of the 3 expert panels 
(cardiac events, cerebrovascular events, peripheral vascular events) was a Merck 
employee or a site investigator for any of the rofecoxib or etoricoxib studies. Events 
confirmed by adjudication are referred to in this document as Confirmed Thrombotic CV 
Serious Adverse Experiences.  

The purpose of the CV Adjudication SOP was: (1) to improve accuracy in diagnosis 
across a heterogeneous group of study investigators in different nations and having 
different clinical specialties; and (2) to standardize the evaluation of thrombotic 
cardiovascular serious adverse experiences across ongoing clinical studies of rofecoxib.  

The VIOXX GI Outcomes Research Study (VIGOR) which evaluated rofecoxib 50 mg 
and naproxen 1000 mg was initiated in January 1999 and was the first study to utilize the 
CV Adjudication SOP.  From that point on, all ongoing or newly initiated studies 
followed the CV Adjudication SOP.  Thus, except for the OA Phase IIb/III studies and 
the rheumatoid arthritis Phase IIb study, which had completed their initial study periods 
and had been unblinded prior to the time the SOP was initiated, all studies discussed in 
this document were subject to the CV Adjudication SOP. 

The analysis of cardiovascular outcomes in trials of rofecoxib as described in the 
Adjudication SOP did not envision a separate analysis of individual trials. Individual 
trials would likely be underpowered with respect to subgroup and exploratory analyses 
necessary to understand any observed differences in event rates.  Instead, the SOP was 
designed to examine the combined incidence of cardiovascular outcomes across a broad 
range of patients in all post-Phase III OA trials of rofecoxib initiated by or after the  
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second quarter 1998.  However, based on a request from the VIGOR Data Safety 
Monitoring Board, a separate analysis of thrombotic cardiovascular serious adverse 
experiences in VIGOR was performed. 

4.1.5.1 CV Endpoints 

The primary endpoint outlined in the original CV Adjudication SOP was the Confirmed 
Thrombotic CV Serious Adverse Experience endpoint.  With respect to cardiovascular 
analyses, this endpoint was considered primary for all studies included in the CV 
Adjudication SOP.  Prior to undertaking a pooled analysis of the data, which included the 
Phase IIb/III data, the decision was made to prespecify the Antiplatelet Trialists’ 
Collaboration (APTC) combined endpoint, for all pooled analyses which included studies 
which were not part of the CV Adjudication SOP. There were several reasons for this 
decision. First the APTC combined endpoint was the endpoint most commonly used in 
combined analyses of studies investigating antiplatelet agents such as aspirin. It was 
widely accepted and allowed comparison between results obtained for rofecoxib and 
results of the anti-platelet agents.  The APTC combined endpoint consisted of 
cardiovascular death, death due to unknown causes, fatal hemorrhage, myocardial 
infarction, and stroke.  This endpoint includes “hard events” that have a high 
confirmation rate during adjudication, an important characteristic since the data from the 
Phase IIb/III OA studies and the RA Phase IIb study were not subject to adjudication as 
they were initiated and completed (aside from ongoing extensions) prior to the initiation 
of the Adjudication SOP.  Overall, the results have been highly consistent between 
analyses based on the APTC and Confirmed Thrombotic CV serious adverse experience 
endpoints.  Table 10 outlines the different terms included in the APTC endpoint and the 
Confirmed Thrombotic Cardiovascular Serious Adverse Experience endpoint. 
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Table 10 

 
Serious Adverse Events Included in the Confirmed Thrombotic Cardiovascular 

Serious Adverse Experience and APTC Combined Endpoints 

Adjudication Committee Categories for 
Cardiovascular Events 

Confirmed Thrombotic 
Cardiovascular Event 

APTC† Combined 
Endpoint 

Thrombotic Events 

Cardiac Events 

Acute MI √ √ 
Fatal:  acute MI √ √ 
Unstable angina pectoris √  
Sudden and/or unexplained death √ √ 
Resuscitated cardiac arrest √ √ 
Cardiac thrombus √  

Peripheral Vascular Events 

Pulmonary embolism √  
Fatal:  pulmonary embolism √  
Peripheral arterial thrombosis √  
Fatal:  peripheral arterial thrombosis √ √ 
Peripheral venous thrombosis √  

Cerebrovascular Events 

Ischemic cerebrovascular stroke  √ √ 
Fatal:  ischemic cerebrovascular stroke √ √ 
Cerebrovascular venous thrombosis √  
Fatal:  cerebrovascular venous thrombosis √ √ 
Transient ischemic attack √  

Hemorrhagic Events 

Hemorrhagic cerebrovascular stroke‡  √ 
Fatal:  hemorrhagic cerebrovascular stroke‡  √ 
Fatal:  hemorrhagic deaths of any cause  √ 
† APTC = Antiplatelet Trialists’ Collaboration. 
‡ These events are included as investigator-reported events but not Confirmed Thrombotic CV events. 

  

4.2 VIGOR (First Patient Enrolled: 06-Jan-1999/Completed: 17-Mar-2000) 

As described in Section 2.4, the Vioxx GI Outcomes Research Study (VIGOR) was 
designed primarily to assess the GI safety of rofecoxib versus naproxen. Also, as 
described in Section 4.1.4, VIGOR was the first study in which the CV Adjudication SOP 
was applied.  VIGOR was initiated Jan-1999 before the regulatory approval of rofecoxib 
in the US or the EU and the protocol stated that potential thrombotic cardiovascular 
serious adverse experiences were to be adjudicated.  The data became available in Mar-
2000, after the original NDA was approved. 
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4.2.1 CV Safety From VIGOR 

A total of 8076 patients were randomized in the VIGOR study to either rofecoxib 50 mg, 
twice the highest recommended dose for chronic use, or naproxen 1000 mg, a common 
clinical dose.  The 50 mg dose was chosen in consultation with the FDA to provide a 
rigorous assessment of the GI safety of rofecoxib.  The mean duration of study therapy 
was 8 months (median: 9 months) for both treatment groups.  Baseline CV risk factors 
are presented in Table 11.  Importantly, because VIGOR was designed to test the 
hypothesis that a selective COX-2 inhibitor would have improved GI safety compared to 
a dual COX-1/COX-2 inhibitor, and because aspirin inhibits COX-1, concomitant aspirin 
use was not allowed in VIGOR to avoid confounding of the assessment of the primary 
hypothesis.  Thus patients who would clinically be considered appropriate candidates for 
low dose aspirin for cardioprotection were not supposed to be randomized into the trial. 

In March of 2000, the preliminary results of the VIGOR study became available.  These 
data were based on a prespecified plan to include data available as of Feb-2000 in the 
primary analysis.  Although the GI benefit was clear in the VIGOR study, an imbalance 
in thrombotic cardiovascular adverse experiences favoring naproxen was observed. 
Within the same month, the data were released publicly via a press release, and submitted 
to the FDA and other regulatory agencies, communicated to investigators, ethics 
committees, and included in the investigator brochure and informed consent.  These data 
were also presented in a scientific meeting and submitted for publication in May-2000.  
Draft label changes to reflect the GI and CV data were submitted to the FDA in Jun-
2000. A safety update report which included the final GI and CV data, that is, all events 
reported after the prespecified cut off date for the primary analysis, was submitted in Oct-
2000.  These final data were presented at the Feb-2001 FDA Arthritis Advisory 
Committee meeting and are the data included in this background package. 

A total of 96 patients (64 in the rofecoxib group and 32 in the naproxen group) had 1 or 
more thrombotic CV serious adverse experiences which were referred to the CV 
adjudication committee as Investigator-Reported Thrombotic Cardiovascular Serious 
Adverse Experiences.  Of these, 64 patients had one or more events during VIGOR that 
were adjudicated as thrombotic events by the committees (hereafter referred to as 
Confirmed Thrombotic Cardiovascular Serious Adverse Experiences) (Table 12).  The 
overall incidence of Confirmed Thrombotic CV serious adverse experiences in VIGOR is 
presented by treatment group in Table 13.  Therapy with naproxen was associated with a 
lower risk for the development of Confirmed Thrombotic CV serious adverse 
experiences, due primarily to a lower incidence of coronary events.  Multiple statistical 
analyses described in detail below of the proportionate hazard revealed that the relative 
risk between treatment groups for a confirmed thrombotic cardiovascular serious adverse 
experiences did not vary significantly over time.  A summary of the event types is 
displayed in Table 13 and the Cumulative incidence rate of Confirmed Thrombotic CV 
serious adverse experiences is displayed in Figure 14. 
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Table 11 

 
Patient Baseline Demographics and Cardiovascular Risk 

 VIGOR (2000) 
 

 Rofecoxib 
(N=4047) 

Naproxen 
(N=4029) 

Demographic n (%) n (%) 

Age 

Percent <65 Years Old 3050 (75.4)  2959  (73.4)  
Percent ≥65 Years Old 997 (24.6) 1070 (26.6) 

Gender 

Female  3223 (79.6) 3215  (79.8) 
Male 824 (20.4) 814  (20.2) 

Cardiovascular Risk Factors 

Any Cardiovascular Risk Factor 2047 (50.6) 1988 (49.3) 
Hypertension 1217 (30.1) 1168 (29.0) 
Diabetes Mellitus 240 (5.9) 254 (6.3) 
Hypercholesterolemia 343 (8.5) 293 (7.3) 
Current Smoker 790 (19.5) 779 (19.3) 
Hx of Symptomatic ASCVD  170 (4.2) 151 (3.7) 
Increased CV Risk† 604 (14.9) 570 (14.1) 
† 2 or More Risk Factors for coronary artery disease or a history of symptomatic ASCVD 
 ASCVD= atherosclerotic cardiovascular disease 

 
 

Table 12 
 

Absolute Rate and Relative Risk (95% CI) 
Confirmed Thrombotic Cardiovascular  

Serious Adverse Experiences  
 VIGOR (2000) 

 
 Treatment  Patients With   Relative Risk§ 

Event Category Group N Events PYR‡ Rates‡ Estimate 95% CI 
        
All thrombotic  Rofecoxib  4047 45  2697 1.67 2.38  (1.39, 4.00) 

 Events Naproxen  4029 19  2698 0.70   
‡ Per 100 patient-years at risk (PYR). 
§ Relative risk of rofecoxib with respect to naproxen from unstratified Cox model where the number 

of cases is at least 11, otherwise relative risk is ratio of rates. 
Although a patient may have had 2 or more serious adverse experiences, the patient is counted only 
once within a category.  The same patient may appear in different categories. 
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Table 13 

 
Summary of Patients With Confirmed Thrombotic Cardiovascular Serious Adverse 

Experiences:VIGOR (2000) 
 

 Rofecoxib 
(N=4047) 

PYR=2697 

Naproxen 
(N=4029) 

PYR=2698 
 n (%)†  Rate‡ n (%)†  Rate‡ 

Patients with One or More  Thrombotic 
Cardiovascular Serious Adverse Experiences 

45 (1.1) (1.7) 19 (0.5)  (0.7) 

Cardiac Events  28 (0.7) (1.0) 10 (0.2) (0.4) 

Acute Myocardial Infarction  20 (0.5) (0.7) 4 (0.1) (0.1) 
Sudden Cardiac Death  3 (0.1) (0.1) 4 (0.1) (0.1) 
Unstable Angina Pectoris  5 (0.1) (0.2) 3 (0.1) (0.1) 

Cerebrovascular Events  11 (0.3) (0.4) 8 (0.2) (0.3) 

Ischemic Cerebrovascular Stroke  9 (0.2) (0.3) 8 (0.2) (0.3) 
Transient Ischemic Attack  2 (0.0) (0.1) 0 (0.0) (0.0) 

Peripheral Vascular Events 6 (0.1) (0.2) 1 (0.0) (0.0) 

Peripheral Arterial Thrombosis  1 (0.0) (0.0) 0 (0.0) (0.0) 
Peripheral Venous Thrombosis  5 (0.1) (0.2) 1 (0.0) (0.0) 
PYR=Patient-years at risk 
† Crude incident (n/Nx100). 
‡ Events per 100 patient-years (PYR). 
Note:  Patient with multiple events may be counted more than once under different terms but only 
once in the “One or More” category. 
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Figure 14 

 
Kaplan-Meier Estimate of Cumulative Incidence (95% CI) of Confirmed  

Thrombotic Cardiovascular Serious Adverse Experiences 
VIGOR (2000) 
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Preliminary inspection of the Kaplan-Meier time-to-event plots suggested that the 
rofecoxib group showed a different hazard rate pattern than the naproxen group.  
Particularly, the event data between Month 8 to Month 12 as compared to those prior to 
Month 8 could cast doubt on the constant hazard ratio assumption between the two 
groups.  Several statistical analyses as described below were performed to determine if 
there were statistically significant departures from the proportional hazard assumption, 
i.e., the assumption that the hazard ratio between rofecoxib and naproxen was constant 
over time. 

The first analysis assessed the treatment-by-log(time) effect in the Cox PH model.  A 
non-significant result (p>0.2) implied that the hazard ratio did not vary to any significant 
degree over time.  A second analysis examined the correlation between the individual 
Schoenfeld residuals (observed treatment covariate minus expected) from the fitted Cox 
PH model and the log-transformed CV event times.  No significant departure from the 
proportional hazard assumption was seen.  A third analysis involved fitting a Weibull 
parametric survival model to the CV event time data.  Two separate forms of the Weibull 
model were fit to the CV event data.  The first such model utilized a common shape 
parameter, but different scale parameters for each of the two treated groups.  For this  
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model, the common shape parameter was not significantly different from 1, indicating no 
statistical departure from constant hazard rates for each group according to this model, 
and hence, a constant risk ratio as a result.  The second Weibull model allowed for 
different shape parameters for the two treated groups.  The fit from this model was not 
significantly improved relative to the original model.  A fourth analysis utilized Zelen’s 
exact test to check if the risk ratios between the two treatment groups were relatively 
constant over discrete, equal time intervals of the study period.  The test was performed 
multiple times with the data divided in each iteration into 2-, 4-, or 8-month intervals 
(p≥0.159).  In addition to these statistical analyses, the assumption of proportional 
hazards was further assessed either through graphic representations of the estimated 
hazard rates by the models chosen or by comparing the estimates from different models.  
Although the power of each of these tests is admittedly limited, results of these analyses 
all yielded the conclusion of no significant departure from proportional hazards, that is, 
the hazard ratio between rofecoxib and naproxen was relatively constant over time. 

The FDA, however, reached a somewhat different conclusion based on their statistical 
analyses.  They concluded that relative risk could not be used to characterize the findings 
as the data did not support the assumption of a hazard rate that was constant over the 12 
months of the study.  They concluded that the rofecoxib group tended to show a different 
hazard rate pattern than the naproxen group.  Based on the 8-12 month event data for 
rofecoxib, in particular, FDA argued that these data cast doubt on the constant hazard rate 
assumption for that group. 

4.2.2 VIGOR Subgroup Analyses 

In an attempt to investigate further and understand the imbalance observed in Confirmed 
Thrombotic CV serious adverse experiences in VIGOR, subgroup analyses were 
performed including an analysis based on baseline risk for a cardiovascular event and 
analyses based on blood pressure parameters.   

There were no subgroup by treatment interactions for the following subgroups: age, 
gender, history of a CV risk factor and past history of atherosclerotic cardiovascular 
disease. 

Thrombotic Cardiovascular Serious Adverse Experiences Analyzed by Baseline CV 
Risk. 

In this analysis, patients with 2 or more risk factors for CV disease or a history of 
symptomatic atherosclerotic cardiovascular disease at baseline were deemed the 
increased risk subgroup. Although the absolute risk of a thrombotic CV adverse 
experience is higher in such patients, the relative risk of a confirmed thrombotic CV 
serious adverse experience was similar regardless of baseline risk status (Table 14). 
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Table 14 

 
Absolute Rate and Relative Risk (95% CI) 

Confirmed Thrombotic Cardiovascular Serious Adverse Experience 
Subgroup Analysis by Baseline CV Risk 

VIGOR (2000) 

 

Subgroup Treatment n/N (%) 
Patient-
Years Rate† 

Relative Risk‡ 
(95% CI) 

 

Total Cohort  Rofecoxib  45/4047 (1.1)  2697 1.67 2.38 (1.39, 4.00) 

   Naproxen  19/4029 (0.5)  2698 0.70  

Increased Risk  Rofecoxib  21/604 (3.5)  386 5.44  2.86 (1.18, 8.33)  

   Naproxen  7/570 (1.2)  370 1.89     

Without Increased 
Risk  

Rofecoxib  24/3443 (0.7)  2311 1.04 2.00 (0.97, 4.35)  

   Naproxen  12/3459 (0.3)  2328 0.52    

n/N=the number of patients with events/total number of patients, CI=Confidence Interval. 
† Number of events per 100 patient-years. 
‡ Relative risk of rofecoxib with respect to naproxen from unstratified Cox model where the 
number of cases is at least 11, otherwise relative risk is ratio of rates. 

 

Thrombotic Cardiovascular Serious Adverse Experiences Stratified by Changes in 
Blood Pressure in VIGOR 

In VIGOR, consistent with the use of a dose of rofecoxib twice as high as the maximal 
approved dose for chronic use, more patients in the rofecoxib 50 mg group had 
hypertension adverse experiences than in the naproxen group.  Although the difference in 
thrombotic cardiovascular serious adverse experiences was larger than one would 
anticipate given the small between-group differences in observed blood pressure, it was 
nonetheless important to examine the data to determine if the known renovascular effects 
of rofecoxib 50 mg accounted for the cardiovascular findings of VIGOR.  

A number of different analyses were carried out to evaluate the relationship between 
blood pressure and Confirmed Thrombotic CV serious adverse experiences.  This 
included an analysis based on reports of hypertension adverse experiences and analyses 
based on blood pressure measurements.  Neither analysis revealed an association with the 
imbalance of thrombotic cardiovascular events.  The analyses based on blood pressure 
measurements are provided.  As there was very little effect of rofecoxib on diastolic 
blood pressure, the limited analyses of diastolic blood pressure are not shown. 

Table 15 shows an analysis of thrombotic cardiovascular events stratified by changes in 
systolic blood pressure using two stratification approaches – the first from <-5 mm Hg to 
>10 mm Hg is based on equal-sized quartiles of patients and the second from <-10 mm  
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Hg to ≥25 mm Hg is based on equal-sized increments of systolic blood pressure.  In this 
analysis, data on patients with events are only included up until the time of the event. 
Differences are noted in the rates across the various categories of blood pressure changes; 
however, no consistent trend in the relative risk across the strata could be identified.   

 
Table 15 

 
Absolute Rate and Relative Risk (95% CI) 

Confirmed Thrombotic Cardiovascular Serious Adverse Experiences  
Subgroup Analysis by Changes in Systolic Blood Pressure 

VIGOR (2000) 
 

Change in 
Systolic BP Trmt N 

Patients 
With 

Events PYR† Rates‡ 

Relative Risk§ 

95% CI 

Overall  Rofecoxib  3992  39  2693  1.45     

   Naproxen  3998  14  2694  0.52 2.78 (1.52, 5.26)  

Systolic BP ranges from <-5 mm Hg to >10 mm Hg 

<-5 mmHg  Rofecoxib  776  9  503  1.79      

   Naproxen  1131  6  763  0.79 2.33 (0.83, 6.67)  

-5 to <2.5 mmHg  Rofecoxib  977  10  654 1.53     

   Naproxen  1076  1  715  0.14 11.11 (1.41, 100)  

2.5 to 10 mmHg  Rofecoxib  1065  6  728 0.82     

   Naproxen  1002  1  687  0.15 5.56 (0.68, ---)  

>10 mmHg  Rofecoxib  1174  14  809  1.73       

   Naproxen  789  6  529  1.13 1.52 (0.58,  3.85)  

Systolic BP ranges from <-10 mm Hg to ≥25 mm Hg 

<-10 mmHg  Rofecoxib  383  6  253  2.38 3.45 (0.72, 20.0) 

   Naproxen  634  3  429  0.70    

-10 to <10mmHg  Rofecoxib  2258  18  1527 1.18  3.85 (1.45, 11.11) 

   Naproxen  2427  5  1648  0.30    

10 to <25 mmHg  Rofecoxib  1113  9  758 1.19  1.28 (0.43,  3.85) 

   Naproxen  810  5  544  0.92    

≥25 mmHg  Rofecoxib  238  6  155  3.88 2.86 (0.34, 100)  

   Naproxen  127  1  73  1.37    
† Patient-years at risk 
‡ Per 100 PYR 
§ Relative risk of naproxen with respect to rofecoxib from unstratified Cox model where the number of cases is 

at least 11, otherwise relative risk is ratio of rates. 
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Blood Pressure Measurements in Patients With and Without Confirmed 
Thrombotic Cardiovascular Serious Adverse Experiences in VIGOR 

Changes in blood pressure measurements were compared in patients with and without 
Confirmed Thrombotic CV serious adverse experiences.  In both treatment groups, mean 
systolic blood pressure in patients who had Confirmed Thrombotic CV serious adverse 
experiences were 6 to 9 mm Hg higher at baseline compared to patients without events. 
However, mean changes from baseline in systolic and diastolic blood pressure were 
similar in rofecoxib patients with and without Confirmed Thrombotic CV serious adverse 
experiences.  In addition, the percent of patients with elevations in blood pressure which 
exceeded 20 mm Hg in systolic blood pressure or 10 mm Hg in diastolic blood pressure 
was similar in patients with and without Confirmed Thrombotic CV serious adverse 
experiences.  Lastly, there was no correlation between the magnitude of change in blood 
pressure and the risk of sustaining a Confirmed Thrombotic CV serious adverse 
experience.  Consistent with the relatively short duration of the trial, differences between 
treatment groups in blood pressure changes did not appear to serve as an explanation for 
the difference observed in thrombotic cardiovascular event rates, although some 
contribution of blood pressure could not completely be excluded.   

Conclusions 

Although there was a difference in the relative risk of patients who had confirmed 
thrombotic CV serious adverse experiences in VIGOR, it was not clear based on the 
VIGOR data alone, whether this was due to an increase in the risk in the rofecoxib group 
or a decreased risk in the naproxen group.  The VIGOR data were further evaluated 
through subgroup analyses including evaluations based on baseline cardiovascular risk 
and evaluations based on blood pressure changes during the study.  No differences were 
noted when assessing these two parameters. In the absence of a placebo control in 
VIGOR no definitive conclusions could be drawn from the VIGOR data alone with 
regard to the cause of the imbalance in CV events.  Therefore, additional rofecoxib data 
were evaluated to try to answer this question.   

4.2.3 Evidence Against a Prothrombotic Effect of Rofecoxib: Placebo-Controlled 
Interim Data From the Alzheimer’s Disease Program (Data From Sep-2000 
Provided) 

The data from the Phase IIb/III OA program reviewed in the original NDA for rofecoxib 
had not revealed an increased risk of thrombotic cardiovascular serious adverse 
experiences on rofecoxib compared to either placebo or non-naproxen NSAIDs.  To 
better understand the significance of the new cardiovascular results of VIGOR, an interim 
analysis was carried out for two large, ongoing placebo-controlled studies in elderly 
patients with early Alzheimer’s disease (Protocols 078 and 091). These ongoing trials 
provided a large dataset comparing rofecoxib 25 mg with placebo, rather than the 
naproxen comparator evaluated in VIGOR.  Importantly, the Alzheimer’s studies 
provided extensive experience in an elderly population at increased risk for serious 
thrombotic cardiovascular events.   



Rofecoxib 86 
FDA Advisory Committee Background Information 

BG1231.doc VERSION 5.1 PENDING APPROVAL 21-Jan-2005 
  

An initial review was performed on data unblinded in Mar-2000 and submitted to the 
FDA and other regulatory agencies in Jun-2000.  The interim analyses of the data from 
these trials did not demonstrate an increase in cardiovascular event rates for rofecoxib 
compared to placebo; indeed the event rate was numerically lower on rofecoxib. In 
preparation for the Feb-2001 FDA Advisory Committee meeting, a second interim 
analysis of the cardiovascular data from the placebo-controlled Alzheimer’s studies 
occurred in Sep-2000 and are presented below.  These year 2000 analyses were based on 
unadjudicated investigator-reported Thrombotic CV serious adverse experiences, since at 
that time, few of the events had been adjudicated.  Subsequent analyses (see Section 
4.3.3.2) were performed on adjudicated data and were consistent with the initial analyses. 

4.2.3.1 Thrombotic Cardiovascular Serious Adverse Experiences in Alzheimer’s 
Disease Studies (Protocols 078 and 091) – Interim Analysis (Sep-2000) 

Protocol 078 was a 4-year placebo-controlled, parallel-group, double-blind study in 1406 
patients to evaluate the effects of rofecoxib 25 mg daily on the prevention of Alzheimer’s 
disease and cognitive decline in patients ≥65 years of age with mild cognitive 
impairment. Protocol 091 was a placebo-controlled, parallel-group, 15-month, double-
blind study in 682 patients to evaluate the efficacy and safety of rofecoxib 25 mg in 
slowing the progression of symptoms of Alzheimer’s disease.  As of 15-Sep-2000, more 
than 2090 patients had been randomized into the 2 studies combined.  At the time of the 
interim analysis, the total extent of exposure in each treatment group was approximately 
1200 patient-years. 

Patients who were taking aspirin or other antiplatelet agents for cardiovascular protection, 
or who had an indication for the approved use of aspirin  for cardiovascular-protective 
effect were excluded from enrollment in both of these studies.  However, because these 
patients were elderly and might have been at risk for atherosclerotic cardiovascular 
disease complications, therapy with aspirin or clopidogrel was allowed if, during the 
study period, the investigator determined that it was indicated.  Table 16 outlines the 
baseline risk factors of the Alzheimer’s patients.  These patients were older and at a 
relatively higher risk for Thrombotic CV serious adverse experiences compared with the 
overall patient population in VIGOR or in the OA Phase IIb/III studies. 

The relative risk and incidence of patients with investigator-reported Thrombotic CV 
serious adverse experiences is presented for the 2 studies combined (Table 17 and 
Table 18).  The relative risk (95% CI) of 0.85  (0.53, 1.35) does not suggest an increased 
risk of sustaining a Thrombotic CV serious adverse experience with rofecoxib. The 
subgroup of terms constituting myocardial infarction was similar between rofecoxib and 
placebo. The breakdown of event types by term is found in Table 18.  Of note, the 
incidences of cardiac events and specifically MI-related events were similar for rofecoxib 
(9 events) and placebo (12 events).  There were 9 cerebrovascular events in the rofecoxib 
group and 19 in the placebo group. 

The cumulative incidence rates indicating the number of patients at risk at specific time 
points for rofecoxib and placebo are in Figure 15.  None of the data evaluated in this 
interim analysis indicated that rofecoxib 25 mg was associated with an increased risk for 
CV events. 
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Table 16 

 
Patient Baseline Demographics and Cardiovascular Risk 

in Protocols 078 and 091 
Patients With Mild Cognitive Impairment 
or Early Alzheimer’s Disease (Sep-2000) 

 
 Rofecoxib 25 mg 

(N=1069) 
Placebo 

(N=1074) 
Demographic n (%) n (%) 

Age 

Percent <65 Years Old 52 (4.9) 57 (5.3) 
Percent ≥65 Years Old 1017 (95.1) 1017 (94.7) 

Gender 

Female  435 (40.7) 406 (37.8) 
Male 634 (59.3) 668 (62.2) 

Cardiovascular Risk Factors 

Any Cardiovascular Risk Factor 614 (57.4) 590 (54.9) 
Hypertension 406 (38.0) 361 (33.6) 
Diabetes Mellitus 107 (10.0) 108 (10.1) 
Hypercholesterolemia 250 (23.4) 255 (23.7) 
Current Smoker 70 (6.5) 73 (6.8) 
Hx symptomatic ASCVD 164 (15.3) 152 (14.2) 
Increased CV Risk† 289 (27.0) 282 (26.3) 
†History of ≥2 risk factors or a history of symptomatic ASCVD 
ASCVD = atherosclerotic cardiovascular disease 

 
Table 17 

 
Absolute Rates and Relative Risk (95% CI) 

Investigator-Reported Thrombotic Cardiovascular 
Serious Adverse Experiences in Protocols 078 and 091 

 Patients With Mild Cognitive Impairment or Early Alzheimer’s Disease (Sep-2000) 
 

 
Study 

 
Treatment Group 

 
N 

Patients With 
Events 

 
PYR† 

 
Rate‡ 

Relative Risk 
(95% CI) 

       
Protocols 091/078  Rofecoxib 25 mg 1041 32 1146 2.81 0.85 (0.53, 1.35) 
combined Placebo 1050 40 1221  3.31  
       
† Patient-years at risk. 
‡ Per 100 PYR. 
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Table 18 

 
 Summary of Patients with Investigator-Reported Thrombotic Cardiovascular 

Serious Adverse Experiences in Protocols 078 and 091  
Patients With Mild Cognitive Impairment or Early Alzheimer’s Disease (Sep-2000) 

 
 Rofecoxib  

(N=1041) 

PYR=1146 

 Placebo  
(N=1050) 

PYR=1221 
Endpoint Term n (%)†  Rate‡  n (%)†  Rate‡  

     
Patients with One or More  Thrombotic Cardiovascular 

Serious Adverse Experiences 
32 (3.1) (2.8)  40 (3.8) (3.3) 

Cardiac Events 21 (2.0) (1.8)  19 (1.8) (1.6) 

Acute Myocardial Infarction  2 (0.2) (0.2)  3 (0.3) (0.2)  
Angina Pectoris  1 (0.1) (0.1)  4 (0.4) (0.3)  
Cardiac Arrest  1 (0.1) (0.1)  0 (0.0) (0.0)  
Coronary Artery Disease  7 (0.7) (0.6)  3 (0.3) (0.2)  
Coronary Artery Stenosis  1 (0.1) (0.1)  1 (0.1) (0.1)  
Myocardial Infarction  7 (0.7) (0.6)  8 (0.8) (0.7)  
Non-Q-Wave Myocardial Infarction  0 (0.0) (0.0)  1 (0.1) (0.1) 
Unstable Angina  1 (0.1) (0.1)  2 (0.2) (0.2)  
Ventricular Fibrillation  1 (0.1) (0.1)  0 (0.0) (0.0)  
Ventricular Tachycardia  0 (0.0) (0.0)  2 (0.2) (0.2)  

Cerebrovascular Events  9 (0.9) (0.8)  19 (1.8) (1.6) 

Carotid Artery Obstruction  1 (0.1) (0.1)  7 (0.7) (0.6)  
Cerebrovascular Accident  2 (0.2) (0.2)  5 (0.5) (0.4)  
Lacunar Infarction  0 (0.0) (0.0)  1 (0.1) (0.1)  
Transient Ischemic Attack  6 (0.6) (0.5)  6 (0.6) (0.5)  

Peripheral Vascular Events 2 (0.2) (0.2)  3 (0.3) (0.2) 

Deep Venous Thrombosis  0 (0.0) (0.0)  1 (0.1) (0.1)  
Femoral Artery Occlusion  0 (0.0) (0.0)  1 (0.1) (0.1)  
Intracranial Hemorrhage  0 (0.0) (0.0)  1 (0.1) (0.1)  
Pulmonary Embolism  1 (0.1) (0.1)  0 (0.0) (0.0)  
Thrombosis  1 (0.1) (0.1)  0 (0.0) (0.0)  
Vascular Graft Occlusion  0 (0.0) (0.0)  1 (0.1) (0.1)  
PYR=Patient-years at risk 
† Crude incident (n/Nx100). 
‡ Events per 100 patient-years (PYR). 
Note:  Patient with multiple events may be counted more than once under different terms but only once in the 

“One or More” category. 
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Figure 15 

 
Kaplan-Meier Estimate of Cumulative Incidence (95% CI) of Investigator 

Reported Thrombotic Cardiovascular 
Serious Adverse Experiences in Protocols 078 and 091 

Patients With Mild Cognitive Impairment or Early Alzheimer’s Disease (Sep-2000) 
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4.2.4 Evidence Supporting a Possible Cardioprotective Effect of Naproxen 500 mg 
Twice Daily in VIGOR 

Based on an understanding of the literature in 2000 and the hypotheses that had been 
proposed up to that time, the data from VIGOR suggested two principal possibilities: 1) 
rofecoxib was responsible for the imbalance in CV events due to a prothrombotic effect, 
or 2) the imbalance in CV events was attributable to an effect of naproxen.  In addition, 
the play of chance could not be formally excluded.  In assessing these possibilities, the 
clinical trial data available for both the placebo-controlled Alzheimer’s Disease studies 
and the placebo and non-naproxen NSAID-controlled OA Phase IIb/III studies provided 
support that rofecoxib was not prothrombotic.  Therefore, it was important to evaluate all 
of the evidence to support or refute that a nonselective NSAID like naproxen could be 
responsible for the difference observed in VIGOR.  In order to address this question, it 
was important to understand the cardioprotective effects of agents such as aspirin. 
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The acute cardiovascular syndromes such as myocardial infarction, share a common 
underlying pathophysiology: the rupture of an arterial atherosclerotic plaque [85]. Plaque 
fissuring or rupture  results in exposure of thrombogenic material to circulating blood, 
leading to clot formation with partial or complete occlusion of coronary or 
cerebrovascular blood flow and ischemia or infarction.  Patients with a history of 
symptomatic atherosclerotic cardiovascular disease have a significant chronic risk of 
developing a spontaneous plaque rupture that can lead to platelet-mediated thrombosis 
and potentially catastrophic ischemic events [86; 87; 88].  Effective pharmacologic 
antagonism of platelet function using antiplatelet agents such as aspirin has been clearly 
documented to reduce the incidence of fatal and nonfatal cardiovascular thrombotic 
events in these patients [86]. Thus, aspirin therapy has become a central component of 
chronic risk management in these patients [89]. 

4.2.4.1 The Mechanism of Action for the Vascular-Protective Properties of 
Aspirin 

The anti-platelet properties of aspirin are mediated through its effects on prostaglandin 
metabolism [22]. The prostaglandins thromboxane (TXA2) and prostacyclin (PGI2) play a 
major role in the development and control of thrombus formation by modulating platelet 
activation, adhesion, and aggregation and vascular tone in response to plaque rupture. 
TXA2 is produced by activated platelets  [22] and has  pro-aggregatory and 
vasoconstrictive effects [22]. As discussed in section 4.1.1.2, PGI2 is produced by the 
vasculature where it inhibits platelet aggregation and acts as an arterial vasodilator [22]. 
Platelets contain COX-1 but not COX-2 and produce TXA2 following activation through 
a COX-1 dependent process [22].  Of note, it was also known that there are other non-
prostanoid anti-platelet and vasodilatory mediators produced by the endothelium such as 
nitric oxide, which are not affected by cyclooxygenase inhibitors and which could serve 
in addition to prostacyclin in processes that counter-regulate the effects of thromboxane 
[90]. 

Aspirin irreversibly acetylates and inactivates COX-1 and COX-2.  In platelets, this 
inhibition leads to significant reductions in TXA2 synthesis and inhibition of platelet 
activation, adhesion, and aggregation.  The inhibitory effects of aspirin on nucleated cells 
is less marked, because unlike platelets, nucleated cells are able to synthesize new COX-
1 and COX-2 molecules.  This is especially true for low-dose aspirin where the net effect 
of therapy is profound inhibition of platelet function with minimal effects on systemic 
prostacyclin production. Clinically, this inhibition is manifested as an increase in 
bleeding time, and from a patient care perspective, improved outcomes following 
atherosclerotic plaque rupture but with an increased risk of minor and major bleeding 
events.  



Rofecoxib 91 
FDA Advisory Committee Background Information 

BG1231.doc VERSION 5.1 PENDING APPROVAL 21-Jan-2005 
  

4.2.4.2 Comparison of the Effects of Selective Cox-2 Inhibitors and Nonselective 
NSAIDs/Aspirin on COX-1-Related Platelet Metabolism: Clinical 
Pharmacology 

As early as 1977, the potential for non-selective NSAIDs to inhibit platelet aggregation 
was recognized [7].  As clinical use of NSAIDs increased, the ENT literature discussed 
an association of NSAID therapy with epistaxis, and inhibition of platelet aggregation 
with increased bleeding after non-selective NSAID administration was noted in the 
urologic , neurosurgical, and ophthalmologic surgical literature as well [6; 8; 9; 10; 11].  
As discussed in Section 4.1.1, the effects of NSAIDs on platelet aggregation were found 
to be related to the inhibition of COX-1 mediated TXA2 synthesis [31] and it was 
recognized that the effect of an NSAID on platelet aggregation was related to the duration 
of the drug’s effect on TXA2 synthesis [32].  

It is thought that, to serve as a vascular-protective agent, near-complete inhibition of 
TXA2 synthesis sustained over time is needed [25]. The effect of chronic therapy with 
non-aspirin COX-1/COX-2 inhibitors (the nonselective NSAIDs) on the incidence of 
cardiovascular thrombotic events has not been well characterized.  Although nonselective 
NSAIDs inhibit platelet COX-1 activity, this inhibition is reversible.  Thus, the ability of 
a nonselective NSAID to provide potent and sustained antiplatelet effects that mimic 
aspirin’s antiplatelet properties (and thus potentially to effect aspirin-like vascular-
protection) is highly dependent on the unique COX-1/COX-2 potency and 
pharmacokinetic profiles of each of these compounds.  In contrast to the nonselective 
NSAIDs or aspirin, selective COX-2 inhibitors such as celecoxib and rofecoxib do not 
have these platelet inhibitory effects because platelets do not express COX-2 [91]. 

Several studies have demonstrated that the nonselective NSAIDs vary in the magnitude 
and time course of their effects on platelet function.  These studies evaluated the effects 
of the NSAIDs on thromboxane metabolism and platelet aggregation in normal subjects.  
TXA2 synthesis by platelets was monitored by measuring serum TXB2 generated in 
clotting whole blood.  As blood coagulates, platelets synthesize and release TXA2. The 
synthesis of TXA2 is dependent on COX-1. TXA2 is converted rapidly and non-
enzymatically to TXB2 which is stable and measurable.  In addition to the measurement 
of these prostanoid metabolites, effects on platelet aggregation and bleeding time were 
studied. 

Studies reported in the original rofecoxib NDA explored the platelet effects of rofecoxib. 
Protocol 061 compared the effects of rofecoxib and several nonselective NSAIDs on 
thromboxane generation and platelet function [33].  Patients were randomized to receive 
6 days of therapy with either placebo, rofecoxib 12.5 or 25 mg daily, diclofenac 50 mg 3 
times daily, ibuprofen 800 mg 3 times daily, or naproxen 500 mg 2 times daily.  The 
effects of these therapies on COX-1 activity were assessed by measuring the inhibition of 
TXB2 generation and arachidonic acid-induced platelet aggregation at steady state.  On 
day 6, measurements were taken prior to (trough) and at several times points after dosing.  
Protocol 063 investigated the effect of low-dose aspirin (81 mg) on TXB2 and platelet 
aggregation and assessed the subsequent effect of rofecoxib 50 mg on the aspirin-induced 
inhibition of TXB2 and platelet aggregation.  
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The inhibition of platelet aggregation across the dosing intervals observed in Protocol 
061 are displayed in Figure 16.  In this figure, the effect of each drug is displayed across 
its recommended dosing interval.  Because the study was performed at steady-state, 
measurements at 0 hours represent the trough values for the previous dose.  These data 
show a gradient of anti-aggregatory effects when the pharmacodynamics of each drug is 
taken into account.  Rofecoxib had an effect similar to placebo and diclofenac had an 
intermediate effect.  Although ibuprofen showed near maximal inhibition of platelet 
aggregation at peak, it was not maintained across the dosing interval.  Only naproxen 500 
mg twice daily resulted in near maximal inhibition of platelet aggregation that was 
maintained across its dosing interval.  The inhibition observed for naproxen in Protocol 
061 was similar to that observed for aspirin in Protocol 063.  Consistent with these 
findings, >90% inhibition across the dosing interval of platelet TXB2 production was 
only obtained with naproxen 500 mg twice daily and not the other NSAIDs [33].   

 

 
Figure 16 

 
Percent Inhibition From Baseline Platelet Aggregation by 

Time Point* on Day 6 Using Arachidonic Acid as Agonist (Mean ±90% CI) 
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Also consistent with these data, therapy with placebo, rofecoxib, and diclofenac did not 
result in a prolongation of bleeding time whereas therapy with naproxen 500 mg twice 
daily prolonged bleeding time by ~79% [33].  This effect of naproxen on bleeding time is 
similar to the reported effect of aspirin (50 to 100% prolongation) [35; 33; 34; 22; 36]. 

In fact, differences in the antiplatelet effects of the various nonselective NSAIDs are 
reflected in their product circulars.  The diclofenac United States package circular states 
that “Diclofenac increases platelet aggregation time but does not affect bleeding time;” 
the ibuprofen package circular states “Ibuprofen can inhibit platelet aggregation but, 
unlike aspirin, its effect on platelet function is reversible, quantitatively less, and of 
shorter duration;”  while the package circular for naproxen in the United States and other 
countries states that “Naproxen may reduce platelet aggregation and prolong bleeding 
time”, and is associated with a risk of bleeding [92; 93; 94; 92; 93].   

Thus, these data demonstrate a gradient of antiplatelet effects among the nonselective 
NSAIDs and rofecoxib, indicating that certain nonselective NSAIDs such as naproxen, 
with both potent and sustained antiplatelet effects might provide aspirin-like anti-platelet 
effects when appropriately dosed and used continuously. Similar results have been 
reported by other investigators  [95] for the antiplatelet effects of naproxen, celecoxib, 
and valdecoxib [96]. 

4.2.4.3 Comparison of the Vascular Protective Effects of Naproxen/Aspirin in 
Preclinical Models of Vascular Injury 

Additional preclinical data consistent with naproxen having an antithrombotic effect 
come from studies in the African green monkey Figure 17.  In this model, animals 
exposed for 5 days to placebo, rofecoxib, celecoxib, naproxen, collagen, or aspirin were 
evaluated following electrolytic injury to the carotid artery and jugular vein.  The aspirin 
arm was designed to be a positive control to represent effects of an antiplatelet agent.  
The collagen arm was designed to be a positive control to represent effects of a 
prothrombotic agent.  COX-2 inhibition with either rofecoxib or celecoxib had no 
demonstrated effect on either arterial or venous thrombosis compared to placebo.  Those 
treated with naproxen, however, demonstrated significantly prolonged times to both 
arterial and venous thrombosis compared to placebo.  The time to thrombosis in the 
aspirin group had similar outcomes to naproxen; a significantly prolonged time to arterial 
thrombosis and a numerically increased time to venous thrombosis.  The results of this 
study suggest that COX-2 inhibition has no effect on thrombosis and that naproxen 
exhibits antithrombotic effects similar to aspirin.   
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Figure 17 

 
Time to Occlusion in Carotid Artery – African Green Monkey 

Model of Thrombosis 
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4.2.4.4 Clinical Evidence of an Antiplatelet Effect of Naproxen 500 mg Twice 
Daily in the VIGOR Study 

Treatment with anti-platelet agents such as aspirin is associated with an increased risk of 
minor and major episodes of bleeding.  In VIGOR, naproxen was associated with a 
higher incidence of minor bleeding events relative to rofecoxib (2.7 versus 1.9%, 
difference = -0.8%, 95% CI: -1.4%, -0.1%).  The largest differences between naproxen 
and rofecoxib occurred in those events typically associated with antiplatelet effects, such 
as ecchymosis and epistaxis.  For these adverse experiences, naproxen therapy was 
associated with a 2.1- and 3.5-fold increase incidence relative to rofecoxib therapy, 
respectively.  These results are consistent with the differences in antiplatelet properties 
observed in clinical pharmacology studies between potent nonselective COX-1/COX-2 
inhibitors such as naproxen 500 mg twice daily and the selective COX-2 inhibitors such 
as rofecoxib and celecoxib [19; 28]. 

4.2.4.5 Clinical Trials Evaluating the Vascular-Protective Properties of 
Nonselective NSAIDs 

Although there have been no cardiovascular outcomes trials with naproxen, there is 
evidence for the vascular-protective efficacy of flurbiprofen and indobufen, two 
nonselective NSAIDs which exhibit potent antiplatelet properties. Flurbiprofen treatment  
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has been shown to prolong bleeding time and was evaluated for a cardioprotective effect 
compared with placebo in the setting of coronary plaque rupture [27].  In this study, 464 
patients who were successfully treated for acute myocardial infarction by thrombolysis 
and/or coronary angioplasty were randomized to receive either placebo or flurbiprofen 50 
mg twice daily for 6 months.  Use of aspirin or ticlopidine during the treatment period 
was not allowed.  The primary endpoint was recurrent MI or reocclusion of the infarct-
related coronary artery.  Therapy with flurbiprofen was associated with a >50%  
reduction in the incidence of reinfarction and coronary revascularization at 6 months [27] 
and a 71% reduction in the risk of  myocardial infarction when compared with placebo 
treatment.  The benefit was observed regardless of whether the patients underwent 
thrombolysis or percutaneous transluminal coronary angioplasty as therapy for the index 
myocardial infarction.  This study specifically addressed the effects of flurbiprofen in the 
context of acute cardiovascular disease.   

The data on the cardioprotective effects of the nonselective NSAID indobufen are even 
more compelling, although they are not as extensive as available for aspirin or 
clopidogrel.  Clinical studies compared the effects of indobufen with placebo, aspirin, 
warfarin, or ticlopidine in patients with intermittent claudication resulting from peripheral 
vascular disease, in the prophylaxis of thromboembolism in patients with heart disease, in 
the prophylaxis of occlusion of coronary and femoropopliteal artery bypass grafts, and in 
the secondary prevention of thrombotic events following transient ischemic attack (TIA) 
and stroke [29; 37; 26; 38].  Collectively, these randomized double-blind clinical studies 
showed that indobufen treatment was associated with cardioprotective effects superior to 
placebo and similar to aspirin or warfarin although not as effective as ticlopidine 

When compared to placebo, indobufen therapy for 26 months was associated with a 65% 
reduction in the risk of a primary event (defined as fatal and nonfatal ischemic stroke and 
pulmonary embolism, fatal myocardial infarction and nonfatal systemic embolism and 
TIA) and reduced the risk of stroke 3-fold in patients with heart disease who were at risk 
of thromboembolism [26].  When evaluated for the prevention of saphenous vein graft 
occlusion in patients undergoing coronary artery bypass graft surgery indobufen therapy 
resulted in a significant reduction in the incidences of vein graft occlusion at 1 month and 
at 1 year, when compared with aspirin plus dipyridamole [37].  When evaluated for the 
secondary prevention of thrombotic events in patients with nonrheumatic atrial 
fibrillation and a recent (<15 days) cerebral ischemic episode, no difference was noted for 
patients treated with indobufen versus warfarin over 1 year of treatment [38].   

The data from these studies suggest that nonselective COX-1/COX-2 inhibitors with 
potent and sustained platelet COX-1 inhibitory properties result in vascular-protective 
properties similar to those observed with aspirin and the anticoagulant agent warfarin. 
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4.2.4.6 Clinical Trials Demonstrating a Difference in Cardiovascular Event Rates 
Between Naproxen and Other Selective COX-2 Inhibitors 

Although not available at the time of VIGOR, more recent data further identify a 
consistent difference in thrombotic cardiovascular events between selective COX-2 
inhibitors and naproxen but not between selective COX-2 inhibitors and other non-
selective NSAIDs.  To date, published data on all COX-2 inhibitors have shown rates of 
CV events similar to NSAIDs other than naproxen. [15; 39; 40; 41].  In the Phase IIb/III 
OA program as noted above, the incidence of CV events was similar on rofecoxib and the 
comparator NSAIDs ibuprofen, diclofenac and nabumatone.  In contrast, in clinical 
studies comparing selective COX-2 inhibitors to naproxen 500 mg twice daily [15; 39], 
the rates of CV events with naproxen have been lower than with selective COX-2 
inhibitors.  Although it has been argued that CV event rates with celecoxib are similar to 
naproxen with a relative risk of 0.85 for celecoxib:naproxen [40], the data were limited 
with only 4 events and less then 400 patient-years exposure in the naproxen group, and 
the 95% CI were wide (0.29 to 2.46), limiting the ability to draw a conclusion.  

The largest single trial comparing a selective COX-2 inhibitor with naproxen was the 
TARGET study with lumiracoxib [97].  The TARGET study, which enrolled over 18,000 
patients, was designed to assess GI outcomes but a key secondary objective was to 
measure and compare a composite endpoint of cardiovascular morbidity and mortality.  
TARGET consisted of 2 substudies of equal size with one comparing lumiracoxib to 
ibuprofen 800 mg 3x daily and the other lumiracoxib to naproxen 500 mg 2x daily [39].  
In TARGET, the hazard ratio (95% CI) of confirmed or probable APTC events for 
lumiracoxib versus ibuprofen was 0.76 (0.41, 1.40) while the hazard ratio (95% CI) of 
confirmed or probable vascular events for lumiracoxib versus naproxen was 1.46 (0.89, 
2.37).  The differences between lumiracoxib and ibuprofen and between lumiracoxib and 
naproxen were not significant (0.3775 and 0.1313, respectively), and the treatment by 
substudy interaction result was nonsignificant (p=0.1145).  However, the TARGET study 
was not powered for the cardiovascular endpoint.  The hazard ratio for the APTC 
combined endpoint in the lumiracoxib versus naproxen substudy is not inconsistent  with 
the findings with rofecoxib [39]. 

4.2.4.7 Weight of the Evidence in Favor of an Antithrombotic and Potential 
Cardioprotective Benefit of Naproxen 500 mg Twice Daily (Sep-2000) 

In assessing the imbalance in thrombotic cardiovascular events in VIGOR, all of the 
possible data available were reviewed.  The data regarding platelet and bleeding time 
effects for naproxen described above clearly substantiate its potent antiplatelet effects. 
Randomized clinical trials had also suggested a reduction in cardiovascular risk 
associated with the use of nonselective NSAIDs with potent antiplatelet effects. 

The available clinical trial data were not suggestive of an increased cardiovascular risk 
for rofecoxib in either the Alzheimer’s population versus placebo or the Phase IIb/III OA 
population versus non-naproxen NSAIDs (See Figure 18).  The weight of the evidence 
was most consistent with no prothrombotic effect of rofecoxib and a cardioprotective 
benefit of naproxen. 
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In considering the possibility that naproxen provided a cardioprotective benefit in 
VIGOR, it was important to determine if the estimate for a putative cardioprotective 
effect was reasonable based on published data for aspirin, the paradigmatic antiplatelet 
COX-1 inhibitor.  The APTC combined endpoint for the VIGOR data allows one to 
compare the effect size in VIGOR with the effects of antiplatelet drugs reported in a large 
meta-analysis  [98] and thus determine if it is reasonable to hypothesize an antiplatelet 
and therefore, cardioprotective effect of naproxen in VIGOR.  The risk reduction for the 
APTC combined endpoint in the meta-analysis of antiplatelet drugs was 25% (overall 
combined data).  The “risk reduction” and 95% CI of the APTC combined endpoint for 
naproxen versus rofecoxib was 49% (95% CI: 9, 71%).  Although the point estimate for 
“risk reduction” in VIGOR is greater than in the meta-analysis, the meta-analysis result is 
within the 95% CI of the VIGOR result.   

Studies have suggested that aspirin has a larger relative benefit in higher risk patients 
defined either by levels of C-reactive protein (CRP) [99]or as defined clinically[98].  In 
the Physician’s Health Study, the risk reduction for myocardial infarction ranged from 
13.9% in the quartile of patients with the lowest level of CRP to 55.7% in the quartile 
with the highest CRP levels [99].  In the antiplatelet drugs meta-analysis, a greater risk 
reduction was seen in higher risk patients (37% reduction of the APTC combined 
endpoint in patients with coronary artery disease and ~50% reduction in patients with 
unstable angina or post-angioplasty)[98].  The patients in VIGOR all had RA, RA 
patients generally have higher CRP levels than patients without inflammatory disease, 
and RA patients have an increased risk of coronary artery disease and are a recognized 
high risk group for coronary artery disease [100; 101; 102].  

Thus, the results in VIGOR were thought to be consistent with an antiplatelet and 
therefore cardioprotective effect of naproxen.   
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Figure 18 

 
Relative Risk (95% CI) 

Investigator-Reported Thrombotic Cardiovascular Serious Adverse Experiences for  
Alzheimer’s Disease and OA Phase IIb/III Studies; and Confirmed Thrombotic CV 

Serious Adverse Experiences for VIGOR  
(Data Available in 9/2000) 
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4.2.5 Pooled Analysis of Thrombotic Cardiovascular Events: Rofecoxib or 
Nonselective NSAID Users Across All Rofecoxib Clinical Trials Using the 
Antiplatelet Trialists’ Collaboration (APTC) Combined Endpoint (Original 
Pooled Analysis, Sep-2000) 

In addition to the clinical studies described above, the rofecoxib clinical program had 
included several smaller studies in diverse patient populations.  To provide a global 
assessment of cardiovascular outcomes across the rofecoxib clinical program at the time 
of VIGOR completion, Merck conducted a pooled analysis of all relevant studies 
completed and unblinded in early Sep-2000, as well as the two ongoing trials in 
Alzheimer’s Disease as described above.  The focus of the pooled analysis was to 
improve precision in the estimate of relative risks for the development of a thrombotic 
CV event between rofecoxib and naproxen, rofecoxib and placebo, and rofecoxib and 
non-naproxen NSAIDs, and to determine if the conclusions from the individual studies 
described above (VIGOR, OA Phase IIb/III, Alzheimer’s Disease) would be either 
altered or strengthened by inclusion of all relevant data.    

All Phase IIb to V studies of at least 4 weeks duration which included either placebo 
and/or active-comparator nonselective NSAID controls were included in the pooled 
analysis.  The pooled analysis thus included data from the Phase IIb/III OA, VIGOR, 
ADVANTAGE, and Alzheimer’s Disease studies discussed above as well as data from 
the RA Phase IIb/III program in which rofecoxib was compared to placebo and naproxen, 
and from postmarketing (Phase V) studies such as Protocols 085 and 090 in which 
rofecoxib was compared to placebo and nabumetone.  Studies in which rofecoxib was 
compared with celecoxib or that were conducted in healthy volunteers were excluded.  
The celecoxib studies were excluded because they did not provide data to address the 
questions being asked; that is, comparisons to nonselective NSAIDs and placebo. 
Examination of these data revealed similar rates of events on the 2 selective COX-2 
agents: 2 events in 2363 patients (0.08% crude incidence for rofecoxib and 2 events in 
1535 patients (0.13% crude incidence) for celecoxib.  The pooled analysis was a 
prespecified ongoing project; the results were periodically updated as additional sets of 
data became unblinded.   

As discussed previously, the primary endpoint for the pooled analysis was the APTC 
combined endpoint. The primary objective of the pooled analysis was to estimate the 
incidence rates of the APTC combined endpoint in patients treated with nonselective 
NSAIDs (naproxen, and other NSAIDs examined separately) or placebo compared to 
those treated with rofecoxib.  Naproxen was analyzed separately from other NSAIDs due 
to its demonstrated potent and sustained antiplatelet effect which would potentially 
provide cardioprotective effects not present in the other NSAIDs.   The comparisons of 
interest were: 

•  Naproxen versus rofecoxib. 

•  Other (non-naproxen) NSAIDs versus rofecoxib. 

•  Placebo versus rofecoxib. 
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Over 28,000 patients had been treated with either rofecoxib or nonselective 
NSAID/placebo in Phase IIb to V clinical studies by Sep-2000. Baseline patient 
characteristics are in Table 19, Table 20, and Table 21 for the naproxen, non-naproxen 
nonselective NSAID, and placebo populations, respectively. 

The results of the pooled analysis, which were reviewed at the FDA Arthritis Advisory 
Committee meeting on 08-Feb-2001, are displayed in Figure 19 using a standard relative 
risk plot.  The triangle represents the point estimate of the relative risk, with the size of 
the triangle proportional to the number of patient years included in the analysis.  The 
relative risk of the APTC combined endpoint in naproxen users versus rofecoxib users 
was consistent with the results observed in VIGOR and with a decreased incidence of the 
APTC combined endpoint in the naproxen group compared to the rofecoxib group.  
Because of the potential for aspirin use to confound the results of the analysis, a subgroup 
analysis was conducted only in patients who were not taking aspirin/clopidogrel prior to 
study start. This subgroup analysis, which included >88% of the events, provided 
consistent results with the primary approach.  

 
Table 19 

 
Patient Baseline Demographics and CV Risk  

Pooled Analysis 
Rofecoxib Versus Naproxen (Sep-2000) 

 
 Rofecoxib 

(N=9083) 
Naproxen 
(N=7870) 

Demographic n (%) n (%) 

Age 

Percent <65 years old 6214 (68.4) 5228 (66.4) 
Percent ≥65 years old 2869 (31.6) 2642 (33.6) 

Gender 

Female  6984 (76.9) 6015 (76.4) 
Male 2099 (23.1) 1855 (23.6) 

Cardiovascular Risk Factors 

Any cardiovascular risk factor 4834 (53.2) 4205 (53.4) 
Hypertension 3117 (34.3) 2782 (35.3) 
Diabetes mellitus 691 (7.6) 659 (8.4) 
Hypercholesterolemia 1405 (15.5) 1134 (14.4) 
Current smoker 1226 (13.5) 981 (12.5) 

Hx of symptomatic ASCVD 499 (5.5) 451 (5.7) 
Increased CV risk† 1700 (18.7) 1460 (1.6) 
† History of ≥2 risk factors for coronary disease or a history of symptomatic 

atherosclerotic cardiovascular disease 
ASCVD = atherosclerotic cardiovascular disease 
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Table 20 

 
Patient Baseline Demographics and Cardiovascular Risk 

Pooled Analysis 
Rofecoxib Versus Other NSAIDS (Sep-2000) 

 
 Rofecoxib 

(N=4549) 
Other NSAIDs 

(N=2755) 
Demographic N (%) n (%) 

Age 

Percent <65 years old 2499 (54.9) 1510 (54.8) 
Percent ≥65 years old 2050 (45.1) 1245 (45.2) 

Gender 

Female  3256 (71.6) 1966 (71.4) 
Male 1293 (28.4) 789 (28.6) 

Cardiovascular Risk Factors 

Any cardiovascular risk factor 2589 (56.9) 1601 (58.1) 
Hypertension 1816 (39.9) 1104 (40.1) 
Diabetes mellitus 380 (8.4) 217 (7.9) 
Hypercholesterolemia 818 (18.0) 554 (20.1) 
Current smoker 480 (10.6) 291 (10.6) 
Hx of symptomatic ASCVD 357 (7.8) 215 (7.8) 
Increased CV risk† 1021 (22.4) 631 (22.9) 
†History of ≥2 risk factors for coronary disease or a history of symptomatic 
atherosclerotic cardiovascular disease 
ASCVD = atherosclerotic cardiovascular disease 
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Table 21 

 
Patient Baseline Demographics and Cardiovascular Risk 

Pooled Analysis 
Rofecoxib Versus Placebo (Sep-2000) 

 
 Rofecoxib 

(N=6290) 
Placebo 

(N=3482) 
Demographic n (%) n (%) 

Age 

Percent <65 years old 3396 (54.0) 1676 (48.1) 
Percent ≥65 years old 2894 (46.0) 1806 (51.9) 

Gender 

Female  4258 (67.7) 2157 (61.9) 
Male 2032 (32.3) 1325 (38.1) 

Cardiovascular Risk Factors 

Any cardiovascular risk factor 3420 (54.4) 1828 (52.5) 
Hypertension 2182 (34.7) 1098 (31.5) 
Diabetes mellitus 491 (7.8) 308 (8.8) 
Hypercholesterolemia 1104 (17.6) 592 (17.0) 
Current smoker 807 (12.8) 457 (13.1) 
Hx of symptomatic ASCVD 490 (7.8) 292 (8.4) 
Increased CV risk† 1306 (20.8) 728 (20.9) 
†History of ≥2 risk factors for coronary disease or a history of symptomatic 
atherosclerotic cardiovascular disease 
ASCVD = atherosclerotic cardiovascular disease 
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Figure 19 

 
Relative Risk (95% CIs) 

Pooled Analysis of APTC Combined Endpoint at the Time of VIGOR Completion, 
Rofecoxib Versus Comparator Agents (September 2000 Data) 
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4.2.5.1 Pooled Analysis of APTC Combined Endpoint Data by Rofecoxib Dose 
(September 2000 Data) 

Although the aggregate data in the pooled analysis was important in confirming the data 
observed in the Alzheimer’s Disease and OA programs and establishing the low 
likelihood of a prothrombotic effect with rofecoxib, VIGOR studied rofecoxib 50 mg and 
these other databases were based either on pooled rofecoxib doses or just the 25-mg dose. 
To investigate whether rofecoxib dose could have contributed to the imbalance of 
thrombotic cardiovascular serious adverse experiences in VIGOR, data from the pooled 
analysis were explored to investigate evidence for a dose effect on the thrombotic 
cardiovascular event rates. 

vs. 
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To compare incidence rates and relative risks across doses, one needs to combine data 
from different studies.  An important factor therefore is which studies can be combined. 
In general in such an analysis for a dose-related outcome, studies should be combined 
only if each study contains the two treatments that are being compared. Therefore, the 
approach, referred to as a pair-wise analysis, is the most rigorous approach and is based 
on a dose analysis which includes data only from those studies which contained both 
doses being analyzed.  As only one small study (Protocol 029) contained all 3 doses of 
rofecoxib, a pair-wise analysis was done by combining studies that contained the 
approved chronic doses of 12.5 and 25 mg and studies containing 25 and 50 mg.  The 
50-mg dose was not recommended for chronic use.  

Three studies contributed to the comparison of rofecoxib 12.5 and 25 mg.  There were a 
total of 9 patients with CV events: 6 on rofecoxib 12.5 mg in 503 patient-years of 
exposure and 3 on 25 mg in 537 patient-years.  Six studies contributed to the comparison 
of rofecoxib 25 and 50 mg.  There were a total of 17 patients with CV events: 6 on 
rofecoxib 25 mg in 928 patient-years of exposure and 11 on 50 mg in 846 patient-years.  
Consistent with the small number of events, the confidence intervals for the rates are 
widely overlapping.  Overall, the data are limited by small numbers of CV events but do 
not provide evidence in favor of a dose-relationship for APTC events. 

 
Figure 20 

 
APTC Combined Endpoint Stratified by Dose Analysis of Cardiovascular Events 

Rates per 100 Patient-Years (95% CIs) 
Pooled Analysis (Sep-2000 Data) 

 
Pair-Wise Analysis of  Studies Containing Both Doses† 
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4.2.6 Cardiovascular Conclusions – VIGOR 

•  The VIGOR study showed a lower incidence of confirmed serious cardiovascular 
thrombotic events in patients treated with naproxen 500 mg once daily as compared 
to patients treated with rofecoxib 50 mg twice daily.  This finding was largely due to 
a difference in the incidence of myocardial infarction between the groups. 

o Subgroup analyses did not reveal demographic variables associated with an 
increased relative risk.   

o Analyses of the differential effects of the two study treatments on blood pressure 
did not explain the imbalance in confirmed thrombotic CV events in VIGOR. 

o Analyses of relative risks over time were most consistent with a constant relative 
risk. 

•  Data from the other studies in the rofecoxib clinical program did not suggest a 
prothrombotic effect of rofecoxib 

o In the Alzheimer’s Disease studies, there was a similar incidence of serious 
cardiovascular thrombotic events in patients treated with rofecoxib 25 mg once 
daily as compared to patients treated with placebo. 

o A pooled analysis of data across the rofecoxib development program confirmed 
the findings in the OA, Alzheimer’s Disease, and VIGOR studies of a similar rate 
of CV thrombotic events in patients taking rofecoxib compared to either placebo 
or non-naproxen NSAIDs.  The rate of thrombotic events was lower in patients 
taking naproxen 

o Analyses did not reveal a relationship between rofecoxib dose and the incidence 
of thrombotic cardiovascular events. 

o Subgroup analyses revealed that relative risk was similar in patients with or 
without baseline risk factors for CV events. 

•  Data on naproxen and other non-selective NSAIDs with potent and sustained 
antiplatelet effects were consistent with the ability of naproxen 500 mg twice daily to 
provide a cardioprotective benefit when used continuously as in a clinical study. 

o Review of clinical and preclinical pharmacologic data on naproxen revealed that 
naproxen 500 mg twice daily inhibits platelet thromboxane production and 
aggregation and, in animal models, thrombosis to a degree similar to aspirin and 
greater than that seen with ibuprofen 800 mg three times daily or diclofenac 50 
mg three times daily. 

o Review of clinical literature revealed that other non-aspirin NSAIDs with potent 
and sustained antiplatelet effects could provide a cardioprotective benefit. 

o Subsequent studies with lumiracoxib were consistent with a difference in 
thrombotic cardiovascular events between naproxen and another selective COX-2 
inhibitor, lumiracoxib, but not between ibuprofen and lumiracoxib. 
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o Naproxen’s label, in distinction from the diclofenac or ibuprofen labels, describes 
an increased incidence of bleeding; there was a higher incidence of epistaxis and 
ecchymoses with naproxen compared to rofecoxib in VIGOR. 

o The 95% CI for the magnitude of the difference in VIGOR of thrombotic 
cardiovascular events between naproxen and rofecoxib was consistent with the 
size of the effect in a large meta-analysis of aspirin versus placebo in lowering the 
risk of these events. 

•  The weight of the evidence supported that in VIGOR naproxen provided a 
cardioprotective benefit. 

4.2.7 Outcome of Feb-2001 Advisory Committee Meeting and Final FDA 
Decisions on the VIGOR Supplemental NDA  

The preliminary results from the VIGOR trial were submitted to the FDA and made 
available to the public through a press release in Mar-2000 within a month of the data 
being unblinded, and a supplementary NDA was submitted in Jun-2000. A safety update 
report including the final VIGOR data was submitted in Oct-2000.  The FDA assembled 
the Arthritis Advisory Committee in Feb-2001 to assess the gastrointestinal and 
cardiovascular safety data from VIGOR.  The advisory committee, composed of an 
outside group of experts, recommended that the label for rofecoxib should include the 
gastrointestinal and cardiovascular information observed in VIGOR.  The committee 
advised that the NSAID-class warning regarding GI adverse events should be modified, 
but not removed, from the rofecoxib label.  The Advisory Committee noted that one 
cannot conclude from the VIGOR data alone whether the difference in CV event rates 
observed in the study entirely represented a decrease in naproxen users, or an increase in 
rofecoxib users and therefore stated that the cardiovascular data should be presented in 
the label for prescribers to interpret, rather than providing a conclusion.  

In Apr-2001, the FDA issued an Approvable letter for the VIGOR supplemental NDA 
application and requested updated safety analyses in order to adequately interpret the 
cardiovascular and overall safety results in the VIGOR study and provide adequate 
labeling information.  The safety update analyses were provided to FDA in Jul-2001.  
Responses to additional requests for analyses based on the new data were provided to 
FDA through the end of 2001.  Also, in this time frame, efficacy and safety data from the 
adult rheumatoid arthritis program were submitted as an additional NDA supplement.  
This information complimented the VIGOR data, a trial which was performed solely in 
RA patients.  

In April 2002, the rofecoxib label was updated to include 1) a new indication for use of 
rofecoxib in the relief of the signs and symptoms of rheumatoid arthritis in adults, 2) a 
modification of the NSAID-class warning regarding gastrointestinal safety, 3) the CV 
data from VIGOR and the ongoing Alzheimer’s Disease studies, along with a statement 
that the significance of these data is unknown, 4) a direction to use caution in prescribing 
rofecoxib for patients with ischemic heart disease, 5) additional safety information on  
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rofecoxib 50 mg, and 6) the statement that the chronic use of rofecoxib 50 mg is not 
recommended.  Merck issued a “Dear Health Care Provider” letter detailing these 
changes to the rofecoxib label. 

4.3 Ongoing Activities Post-VIGOR Through September-2004 

4.3.1 Study of CV Outcomes (Protocol Developed 2002) 

At the time VIGOR completed, several large placebo controlled studies were already 
underway: the Alzheimer’s Disease studies and the APPROVe study.  The Alzheimer’s 
Disease program consisted of the two Alzheimer’s Disease studies (Protocols 078 and 
091).  A third Alzheimer’s Disease study had been initiated in 2000, identical in design to 
Protocol 091.  This latter study was terminated early after Protocol 091 failed to 
demonstrate efficacy.  Because patient exposure was relatively short in this 3rd study 
compared to the other 2 Alzheimer’s Disease studies, the data from this 3rd study are not 
combined with the others in the Alzheimer’s Disease analyses.  Data from the 3rd 
Alzheimer’s Disease study are included in the pooled analyses of all studies.  The 
APPROVe study, an outcomes study evaluating the ability of rofecoxib to diminish the 
recurrence of colon polyps in patients with a prior colorectal adenoma had started 
screening patients in Dec-1999 and enrolling patients in Feb-2000.  Either of these two 
datasets would have been sufficiently powered to demonstrate a prothrombotic effect of 
rofecoxib of a magnitude similar to the difference observed in VIGOR between rofecoxib 
and naproxen.  Indeed, in final data for each there were more confirmed thrombotic CV 
events than in VIGOR. 

In order to evaluate further the risk of thrombotic cardiovascular events with rofecoxib, 
Merck decided to conduct a cardiovascular outcomes study.  In Dec-2001 Merck 
announced that it would conduct CV Outcomes studies with its COX-2 inhibitors. One 
approach considered was to study the use of rofecoxib in arthritis patients and compare 
the risk of rofecoxib with a nonselective NSAID.  This design could address the question 
of relative risk between rofecoxib and the nonselective NSAID.  The second approach 
considered was to study rofecoxib in comparison to placebo in patients who did not 
require chronic NSAID therapy and who could therefore ethically be enrolled in a long-
term, placebo-controlled study.  This latter design could address the question of relative 
risk between rofecoxib and placebo.  After consultation with experts, Merck decided to 
develop a cardiovascular outcome protocol for rofecoxib based on a placebo-controlled 
design. 

To implement a placebo-controlled cardiovascular outcomes protocol for rofecoxib, a 
strategy was devised to compare rofecoxib to placebo in a novel population in whom a 
potential benefit of selective COX-2 inhibitors had been proposed.  Again, several 
designs were considered.  One design proposal was in high-risk patients with acute 
coronary syndrome.  As alluded to above, because COX-2 is expressed in atheroma and 
was thought to be linked to plaque rupture, the inhibition of COX-2 was proposed as a 
possible mechanism to stabilize plaques.  After extensive discussion with consultants,  
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this design was ultimately rejected for several reasons.  First, these patients are medically 
unstable and the risk of giving them an agent with a known (albeit reduced) risk for 
causing GI hemorrhage and small risk of fluid retention and CHF, was considered 
excessive in comparison to the potential benefit.  Second, in any such study, all patients 
would need to take aspirin which had the potential to mask a potential prothrombotic 
effect of rofecoxib if one should be present.  Third and finally, it was unclear how to 
extrapolate these data to the larger population of arthritis patients with a spectrum of CV 
risks in whom rofecoxib was indicated. 

However, the expanding database of studies versus placebo with rofecoxib and the 
emerging data on possible chemopreventative benefits of COX-2 inhibition  [103; 104] 
provided an alternative means to develop a cardiovascular outcomes protocol in 
populations which could be approached using placebo-controlled studies.  Thus, it was 
decided to develop a cardiovascular outcome protocol for rofecoxib based on a combined 
analysis of placebo-controlled chemoprevention studies with rofecoxib in patients with a 
broad spectrum of CV risks.  The APPROVe study comparing rofecoxib 25 mg to 
placebo was already initiated, and a second study also comparing rofecoxib and placebo 
was to be started in 2002: VICTOR – a study to assess the ability of rofecoxib to prolong 
disease-free time and overall survival in patients with resected colon cancer. The third 
study was to assess the ability of rofecoxib to prevent prostate cancers in men at risk 
(ViP) and was initiated in 2003 after discussions with regulatory agencies.  Together, 
these 3 studies (APPROVe, VICTOR and ViP) would provide information in over 25,000 
patients on thrombotic cardiovascular events that would all be adjudicated per Merck’s 
SOP.  The combined analysis had its own protocol and data analysis plan and as its 
primary safety outcome the confirmed thrombotic CV serious adverse experience 
endpoint.  An External Safety Monitoring Board was to monitor the CV safety for these 3 
combined studies as data became available; however, given the sequence of events, the 
combined ESMB never met.  The protocol for the combined study of CV Outcomes was 
finalized in October 2002 and it was submitted to and discussed with FDA and with the 
regulatory agency in the UK (the reference member state for the EU registration.)  
Preliminary results from the APPROVe study became available in September 2004 and 
are discussed in Section 6.   

4.3.2 Continual Monitoring of Ongoing Studies (2001 to 2004) 

At the time of VIGOR, Merck made a commitment to continue to update our pooled 
analysis of CV events.  The OA Phase IIb/III Study Extensions were completed by 2001 
and included in an updated pooled analysis based on Mar-2001 data that was provided to 
FDA in Jul-2001 as part of the updated safety data requested in the VIGOR Approvable 
action letter received by Merck in  Apr-2001.  

The RA Phase IIb/III Study Extensions were completed later in 2001 and were included 
in an updated pooled analysis based on a Jan-2002 data cutoff.  These data were 
submitted to regulatory agencies in the 2nd quarter 2002 and published  in 2003 [42]. 
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The Alzheimer’s Disease studies were completed in 2003 and were included in the final 
update to the pooled analysis based on a final data cutoff of  June 2003 .  

Shown below are the final data from the OA Phase IIb/III program (Section 4.3.2.1), the 
Alzheimer’s Disease program (Section 4.3.2.2), and the final CV pooled analysis 
(Section 4.3.2.3).  The final CV pooled analysis encompassed a period of up to 4 years of 
follow-up in more than 32,000 patients representing over 19,300 patient-years of 
experience with rofecoxib or comparator agents.  Figure 21 highlights the major updates 
to the pooled analyses of CV events outlined above.  

 
Figure 21 

 
Timeline of Major Updates to the CV Pooled Analysis 

 

1/2002 Data
CV Update #2
(final RA IIb/III &
updated Alz Dz data)
Weir et al., 2003

Sept. 24, 2004
APPROVe Data

Feb. 2001
VIGOR ACM

9/2000 Data
1st CV Pooled Analysis,
Konstam et al., 2001
See Section 4.2.5

6/2003 Data
CV Update #3
(final Alz Dz data)
See Section 4.3.3.33/2001 Data

CV Update #1
(final OA IIb/III data)
(Updated Alz Dz data for Labeling)

10/2002
CV Outcomes 
Protocol finalized:
APPROVe, VICTOR & ViP

2000 2001 2002 2003 2004

Feb. 2000
APPROVe Starts

 

4.3.2.1 Final OA IIb/III CV Data  

The placebo-controlled portions of the OA Phase IIb/III studies were completed at the 
time of the original NDA, however the double-blinded extensions with non-naproxen 
NSAIDs were not completed and fully analyzed until 2001.  Table 22 and Table 23 
contains the final number of events and relative risk for the non-naproxen NSAIDs data 
set.  Figure 22 presents the cumulative incidence of investigator reported Thrombotic CV 
serious adverse experiences.  The results are consistent with the original analysis and 
demonstrate similar rates of events in the rofecoxib and non-naproxen NSAID treatment 
groups. 
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Table 22 

 
Absolute Rate and Relative Risk (95% CI)  

Investigator-Reported Thrombotic Cardiovascular Serious Adverse Experiences 
OA Phase IIb/III: Non-Naproxen NSAIDs (Final  Data 2001) 

 

Study Treatment Group N 

Patients 
With 

Events PYR† Rate‡ 
Relative Risk 

(95% CI) 
Phase IIb/III Studies 
Combined 

Rofecoxib 12.5/25/50 
mg 

3358  50 2381 2.10 0.98 (0.60, 1.62)  

 Nonselective NSAIDS§ 1565  22 1030  2.14  
† Patient-years at risk. 
‡ Per 100 PYR. 
§ diclofenac, ibuprofen, nabumetone 
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Table 23 
 

Summary of Patients With Investigator-Reported Thrombotic Cardiovascular 
Serious Adverse Experiences 

OA Phase IIb/III: Non-Naproxen NSAIDs (Final Data 2001) 
 

  
Rofecoxib 

(N=3358) 

(PYR=2381)  

 Non-Naproxen 
NSAIDs 

(N=1565) 

(PYR=1030)  

Category n (%)† (Rate)‡  n (%)† (Rate)‡  
Patients With One or More Thrombotic 

Cardiovascular Serious Adverse 
Experiences  

50 (1.5) (2.1) 22 (1.4) (2.1) 

Cardiac Events 31 (0.9) (1.3) 15 (1.0) (1.5) 

Acute myocardial infarction  10 (0.3) (0.4) 4 (0.3) (0.4) 

Unstable angina pectoris  4 (0.1) (0.2) 0 (0.0) (0.0) 

Angina pectoris  5 (0.1) (0.2) 4 (0.3) (0.4) 

Sudden/unknown cause of death  2 (0.1) (0.1) 3 (0.2) (0.3) 

Coronary artery occlusion  3 (0.1) (0.1) 1 (0.1) (0.1) 

Coronary artery disease  6 (0.2) (0.3) 3 (0.2) (0.3) 

Coronary vasospasm  1 (0.0) (0.0) 0 (0.0) (0.0) 

Cerebrovascular Events 17 (0.5) (0.7) 6 (0.4) (0.6) 

Cerebrovascular accident  9 (0.3) (0.4) 4 (0.3) (0.4) 

Transient ischemic attack  6 (0.2) (0.3) 1 (0.1) (0.1) 

Vascular insufficiency  1 (0.0) (0.0) 1 (0.1) (0.1) 

Carotid artery obstruction  1 (0.0) (0.0) 0 (0.0) (0.0) 

Peripheral Vascular Events 5 (0.1) (0.2) 1 (0.1) (0.1) 

Deep venous thrombosis  5  (0.1) (0.2) 0 (0.0) (0.0) 

Peripheral vascular disorder  0 (0.0) (0.0) 1 (0.1) (0.1) 
Note: Patient with multiple events may be counted more than once in different terms but only once 
in one term. 
PYR=Patient-years at risk 
† Crude incident (n/Nx100) 
‡ Events per 100 patient-years (PYR) 
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Figure 22 

 
Kaplan-Meier Estimates of Cumulative Incidence (95% CI) of Investigator 

Reported Thrombotic Cardiovascular Serious Adverse Experiences 
OA Phase IIb/III: Nonselective NSAIDs in 

(Final Data 2001) 
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4.3.2.2 Alzheimer’s Disease CV Safety – Final Analysis (Jun-2003 Data) 

An interim analysis of data from Protocols 078 and 091 had been performed based on 
Sep-2000 data in preparation for the 2001 Advisory Committee Meeting and was 
presented in Section 4.2.3.  A subsequent interim analysis based on data through 
Mar-2001 was submitted to FDA in Jul-2001 as part of the updated safety data requested 
in the VIGOR Approvable action letter.  These Mar-2001 data were the basis for the 
placebo-controlled data included in the final VIGOR label of Apr-2002. A final analysis 
of the Alzheimer’s data was carried out at the completion of Protocol 078 in 2003.  These 
data are presented below.  The results of the final data from the Alzheimer’s studies 
showed that the overall rate of Confirmed Thrombotic CV serious adverse experience 
was similar on rofecoxib compared with placebo.   
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Confirmed Thrombotic CV Serious Adverse Experiences  

Table 24 reports the incidence of confirmed thrombotic CV serious adverse experiences 
and the relative risk for rofecoxib versus placebo in the Alzheimer’s studies.  Table 25 
summarizes the confirmed thrombotic CV serious adverse experiences by class of terms 
and treatment.  A non-constant relative risk of rofecoxib over placebo was observed over 
time (p=0.011), therefore the estimated relative risk of 1.01 should be interpreted as the 
average relative risk over time, indicating that the incidence of events was similar in both 
groups over the 4-year treatment period.  

In examining the time-to-event curves (Figure 23), and consistent with the non-constant 
relative risk, there appeared to be a decreased risk for events in the rofecoxib group for 
the first 18 months of the trial followed by an increased risk in the rofecoxib group after 
18 months.  Given the overall relative risk of 1.01, one could interpret the non-constant 
hazard either as variability in the data or as indicating different risks over time for the 
different periods of the study.   

The data were further examined with regard to types of events observed.  The incidence 
of MI was generally similar in both groups; the incidence of sudden cardiac death was 
numerically greater on rofecoxib.  However, the incidence of cerebrovascular stroke was 
numerical greater on placebo. In both Protocol 078 and 091 there were fewer Confirmed 
Thrombotic CV serious adverse experiences on rofecoxib compared with placebo in the 
<18 month treatment period.  During this time period, in Protocol 091 there were 4 and 
12 Confirmed Thrombotic CV serious adverse experiences and in Protocol 078 there 
were 12 and 20 events on rofecoxib and placebo, respectively.  The data beyond 18 
months period comes solely from Protocol 078.  During this time period in Protocol 078, 
there were 26 and 16 events on rofecoxib and placebo, respectively.  Analysis of data 
from 0 to 15 months (the period common to the 2 protocols) indicated that the treatment 
effect of rofecoxib over placebo was consistent across the 2 studies (p=0.502). As 
presented in Section 4.3.2.3, the pooled analysis did not reveal a pattern of changing 
relative risk over time in any of the data sets.  Thus, given the overall relative risk of 1.01 
in the Alzheimer’s Disease studies, it was interpreted that the variability in relative risk 
over time represented chance variation about the mean and was not a clinically 
meaningful observation. 

Figure 23 displays the Kaplan-Meier estimates from 0 to 36 months of the time to 
Confirmed Thrombotic CV serious adverse experiences by treatment groups.  [105] 
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Table 24 

 
Absolute Rate and Relative Risk (95% CI) 

Thrombotic Cardiovascular Serious Adverse Experiences 
Protocols 078 and 091 (Final Data Jun-2003)  

 
 

Study 
 

Treatment Group 
 

N 
Patients With 

Events 
 

PYR† 
 

Rate‡ 
Relative Risk 

(95% CI) 
       
Protocols 091/078  Rofecoxib 25 mg 1069 42 1661 2.53 1.01 (0.67, 1.53) 
Combined Placebo 1074 48 1917  2.50  
       
† Patient-years at risk. 
‡ Per 100 PYR. 

 
Table 25 

 
Summary of Patients with Thrombotic Cardiovascular Serious Adverse Experiences 

by Class of Terms: Protocols 078 and 091 (Final Data Jun-2003) 
 

 Rofecoxib 25 mg Placebo 
 (N=1069) (N=1074) 
 (PYR=1661) (PYR=1917) 
Endpoint Terms n    (%)†   Rate‡   n    (%)†   Rate‡   
Number of patients with ≥1 Confirmed 
Thrombotic Cardiovascular Event 

42 (3.9) 2.5 48 (4.5) 2.50 

Cardiac Events 29 (2.7) 1.7 25 (2.3) 1.3 

Acute myocardial infarction 14 (1.3) 0.8 14 (1.3) 0.7 
Fatal acute myocardial infarction 2 (0.2) 0.1 1 (0.1) 0.1 
Sudden cardiac death 8 (0.7) 0.5 4 (0.4) 0.2 
Unstable angina pectoris 7 (0.7) 0.4 9 (0.8) 0.5 

Cerebrovascular Events 14 (1.3) 0.8 20 (1.9) 1.0 

Fatal ischemic cerebrovascular stroke 1 (0.1) 0.1 0 (0.0) 0.0 
Ischemic cerebrovascular stroke 6 (0.6) 0.4 17 (1.6) 0.9 
Transient ischemic attack 7 (0.7) 0.4 3 (0.3) 0.2 

Peripheral Vascular Events 0 (0.0) 0.0 5 (0.5) 0.3 

Peripheral arterial thrombosis 0 (0.0) 0.0 1 (0.1) 0.1 
Peripheral venous thrombosis 0 (0.0) 0.0 3 (0.3) 0.2 
Pulmonary embolism 0 (0.0) 0.0 1 (0.1) 0.1 
Note:Patients with multiple events may be counted more than once in different terms, but only once in each term. 
PYR=Patient-years at risk 
† Crude incidence (100 × n/N). 
‡ Events per 100 patient-years (PYR)‡ Events per 100 patient-years (PYR) 
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Figure 23 

 
Kaplan-Meier Estimates of Cumulative Incidence (95% CI) of 

 
Thrombotic Cardiovascular Serious Adverse Experiences 

Protocols 078 and 091 (Final Data Jun-2003) 
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4.3.2.3 Updates to Pooled Analysis of CV Events Based on APTC Combined 
Endpoint – Final Update Based on Jun-2003 Data 

As outlined above, the CV pooled analysis was updated as data became available and 
provided to regulatory agencies and were published.  The 2003 final update to the CV 
pooled analysis included over 32000 patients, representing more than 19300 patient-years 
at risk.  

4.3.2.3.1 Primary Findings 

The final results of the APTC combined endpoint for the updated 2003 CV pooled 
analysis are in Figure 24.  These results were generally consistent with the initial pooled 
analysis from Sep-2000 presented in Section 4.2.3.  The data continued to  demonstrate 
similarity between rofecoxib and placebo or non-naproxen NSAIDs and a significant 
difference for rofecoxib compared with naproxen.  The relative risk of 1.61 for rofecoxib 
compared to naproxen would correspond to an approximately 38% reduction of events on 
naproxen compared with rofecoxib.   
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Since event rates had changed over time in the Alzheimer’s studies, the pooled data were 
analyzed by duration intervals in order to examine if the relative risk changed according 
to duration of exposure to study drug.  No consistent pattern was seen in this analysis 
which is displayed in  Figure 25.  The time points for this analysis were chosen because 
they divided the data into roughly equal-sized segments based on patient-years of 
exposure.  The point estimates for the relative risks across the chosen time points 
approximate 1 for the placebo-controlled and non-naproxen-controlled data sets and no 
trend is observed in the naproxen controlled data set.  Given these data, there was no 
clear evidence to support an increased risk in the >12 month time period. 
 
 

Figure 24 
 

Relative Risk (95% CIs) 
APTC Combined Endpoint 

Pooled Analysis (Final CV Update Based on Jun-2003 Data) 

Relative Risk (Rofecoxib/Comparators) 
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Figure 25 

 
Relative Risk (95% CIs) 

APTC Combined Endpoint 
Subgroup Analysis by Duration 

Pooled Analysis (Final CV Update Based on Jun-2003 Data) 
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4.3.2.3.2 Subgroup Analyses 

In order to understand further any potential differences that might contribute to a 
different relative cardiovascular risk with rofecoxib, several subgroup analyses were 
carried out for each data set within the final pooled CV data.  Given the difference 
observed in the relative risk for rofecoxib versus naproxen and the lack of difference 
when rofecoxib was compared with  non-naproxen NSAIDs, an analysis of the APTC 
combined endpoint stratified by comparator was carried out.  The effect of dose was also  
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examined. Subgroup analyses compared patients with an increased CV risk to patients 
without an increased CV risk based on baseline characteristics of known cardiovascular 
risk factors.  A subgroup analysis was also carried out for aspirin user versus non aspirin 
users as it was likely that aspirin users were taking aspirin to mitigate a known 
cardiovascular risk. 

4.3.2.3.2.1 Pooled Analysis of APTC Combined Endpoint Data by Rofecoxib Dose 
- Final Data Cutoff Jun-2003 

CV event rates by rofecoxib dose were determined for the chronic exposure populations 
by analyzing the individual doses across all studies combined using 2 different 
stratification approaches.  This section updates the analyses initially presented in Section 
4.2.5.1.  

The rates per 100 patient-years (95% CI) for the primary pair-wise analysis for the APTC 
combined endpoint are displayed in the left 2 panels of Figure 26.  The estimated rate for 
25 mg is less than for 12.5 mg, and the confidence intervals are broadly overlapping for 
the 2 doses that were recommended for chronic use.  However, the estimated rate for 50 
mg was greater than for 25 mg.  Review of the individual events demonstrated that the 
imbalance between rofecoxib 50 mg and rofecoxib 25 mg was due to an imbalance in the 
number of thrombotic strokes: 10 in patients taking rofecoxib 50 mg and 1 in patients 
taking 25 mg.  Of note, 8 of the 10 events in the 50 mg group occurred in studies which 
were not adjudicated as they occurred in studies that had been completed prior to the 
implementation of the CV Adjudication SOP. 

The right panel of Figure 26 displays the rates per 100 patient-years (95% CI) for 
rofecoxib combined across all studies (secondary analysis).   
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Figure 26 
 

APTC Combined Endpoint 
Stratified by Rofecoxib Dose   

Rates Per 100-Patient Years (95% CIs) 
Pooled Analysis (From Final CV Update Based on Jun-2003 Data) 
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†Comparison of 12.5 mg and 25 mg doses used studies that administered those two doses        

    and comparison of 25 mg and 50 mg doses used studies that administered those two doses. 

Due to questions raised in the epidemiology literature specifically examining the effect of 
dose on myocardial infarction as well as the fact that the signal in VIGOR was an 
imbalance in MI with rofecoxib 50 mg, an additional analysis exploring the effect of dose 
for the MI endpoint was carried out.  Figure 27 displays the pair-wise analysis and the 
analysis across all studies for myocardial infarction. The rates of myocardial infarction 
are similar across doses of rofecoxib including 12.5 mg and 25 mg and extending to 
50 mg.  This was observed for the most rigorous evaluation provided by the pair-wise 
analysis as well as the comprehensive analysis across all studies.  Small differences were 
observed but CIs were broadly overlapping. 

Thus there was no apparent dose-related effect of rofecoxib on the risk of sustaining a 
myocardial infarction. 
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Figure 27 

 
 Clinical Studies by Rofecoxib 

Myocardial Infarction Stratified by Rofecoxib Dose  
Rates per 100 Patient-Years (95% CI) 

Pooled Analysis (From Final CV Update Based on Jun-2003 Data) 
 

 Pair-Wise Analysis of Analysis Combining 
 Studies Containing Both Doses† Doses Across all Studies 

  
     
 

0

1

2

3

R
at

e 
pe

r 
10

0 
P

at
ie

nt
-Y

ea
rs

   
   

   
 w

ith
 9

5%
 C

I 
   

 

   
Pt. Years

No. Cases

 993

 6

Rofecoxib

12.5 mg

1411

10

Rofecoxib

25 mg

Studies containing

both 12.5 and 25 mg

1693

 6

Rofecoxib

25 mg

1417

 7

Rofecoxib

50 mg

Studies containing

both 25 and 50 mg

1247

10

Rofecoxib

12.5 mg

5180

32

Rofecoxib

25 mg

4281

27

Rofecoxib

50 mg

 
 

4.3.2.3.2.2 Pooled Analysis of APTC Combined Endpoint by Baseline CV Risk - 
Final Data Cutoff Jun-2003 

In order to further evaluate the cardiovascular safety of rofecoxib, subgroup analyses of 
patients defined as being at an increased cardiovascular risk were undertaken.  Patients at 
increased risk in the pooled analysis were defined as having 2 or more risk factors 
(hypertension, hypercholesterolemia, diabetes, and smoking) or a history of symptomatic 
arthrosclerotic cardiovascular disease (ASCVD).  Patients with 1 or no risk factors and 
without a prior history of ASCVD were considered to be not at an increased risk.  
Figure 28 displays the relative risk (95% CI) for the placebo controlled, non-naproxen 
controlled, and naproxen controlled data sets for patients at an increased risk and those 
not at an increased risk within each dataset.  As expected, the overall rates are higher in 
the groups of patients at an increased risk, however, the relative risks are similar between 
the treatment groups and consistent with the overall analyses.  
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Additionally, treatment by subgroup interaction analyses found no significant interaction 
indicating that, within each comparison, there were no statistically significant imbalances 
in relative risk between the subgroups of patients at an increased risk versus those not at 
an increased risk. 
 

 
 

Figure 28 
 

Relative Risk (95% CIs) of Cardiovascular Events in 
 

Subgroup Analysis by Baseline CV Risk 
APTC Combined Endpoint 

Pooled Analysis (From Final CV Update Based on Jun-2003 Data ) 

Relative Risk (Rofecoxib/Comparators) 
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4.3.2.3.2.3 Pooled Analysis of APTC Combined Endpoint by Aspirin Use - Final 
Data cutoff Jun-2003 

Subgroup analyses for aspirin/non-aspirin users for the 3 data sets (rofecoxib versus 
placebo, rofecoxib versus non-naproxen NSAIDs, and rofecoxib versus naproxen) are in 
Figure 29.  Aspirin/non-aspirin users were defined as patients who took aspirin ≥50% of 
the time while on study therapy and for patients who had a cardiovascular event which 
contributed to the analysis only the time prior to the event was considered.  Aspirin and  
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the antiplatelet therapies were considered together and the generic terms used were: 
aspirin, clopidogrel, clopidogrel bisulfate, ticlopidine, and ticlopidine hydrochloride.  
Only a small percentage of patients used these therapies (~4% to 7%); therefore, these 
subgroup analyses should be interpreted with caution as very few events occurred in 
aspirin users versus limiting the interpretability of results for this subgroup. 

Event rates (per 100 patient-years), relative risks (95% CIs) for the APTC combined 
endpoint for aspirin/non-aspirin-users and the total cohort for the rofecoxib versus 
placebo, rofecoxib versus non-naproxen NSAIDs, and rofecoxib versus naproxen data 
sets are in Figure 29.  There were no treatment-by-subgroup interactions and no apparent 
differences in the rates of the APTC combined endpoints for aspirin/non-aspirin users and 
the overall cohort in the 3 data sets. 
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Figure 29 

 
Relative Risk (95% CIs) 

Subgroup Clinical Studies 
Analysis by Aspirin Use† 

APTC Combined Endpoint 
Pooled Analysis (From Final CV Update Based on Jun-2003 Data) 
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Note: ASA users were patients who took aspirin ≥50% of the time while on study therapy and for patients 
who had a cardiovascular event which contributed to the analysis only the time prior to the event was 
considered.  
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4.3.3 Mortality - Final Data Cutoff Jun-2003 

The incidences of overall mortality and of cardiovascular mortality were generally 
similar across treatment groups in the rofecoxib program.  Deaths were attributed to one 
of the treatment groups if the adverse experience leading to death began within 14 days 
of the patient’s discontinuing study therapy.  In some studies the mortality incidence was 
numerically lower with rofecoxib than the control group, while in others the rate with 
rofecoxib was numerically higher than in the control group.  Figure 30 displays the rates 
per 100 patient years (95% CI) for the different populations. 

In the OA studies, mortality incidences were significantly lower on rofecoxib than 
comparator NSAIDs (diclofenac, ibuprofen, and nabumetone); 5 deaths on rofecoxib and 
8 deaths for the nonselective NSAID comparator. Of these deaths, 3 in the rofecoxib 
group and 4 in the nonselective NSAID group were thrombotic cardiovascular deaths; a 
rate of 0.13 versus 0.26 per 100 patient years for the rofecoxib and nonselective NSAID 
groups, respectively.   

In the Alzheimer’s Disease studies, Protocol 091 (12-month study followed by 3 month 
randomized withdrawal period) and Protocol 078 (4-year study), the total number of 
deaths was not inconsistent with that expected for an elderly population.  However, the 
incidence was significantly higher on rofecoxib than placebo. Figure 30 displays the 
mortality rates (95% CIs) per 100 patient years.  During the primary safety period of the 
studies (12 months for Protocol 091), a total of 55 deaths occurred in patients who were 
taking study treatment or from fatal adverse events that started within 14 days of the last 
dose (36 or 2.1 per 100 patient years for rofecoxib and 19 or 1.0 per 100 patient years for 
placebo).  Patients died from a range of causes that were consistent with expectations for 
an elderly population, and there was no specific pattern as to the cause of death in either 
treatment group [43; 45].  Of these deaths, 11 in the rofecoxib group and 5 in the placebo 
group were due to confirmed thrombotic cardiovascular events.  These final data were 
consistent with the interim data that had been included in the rofecoxib label in 2002: 8 
deaths in the rofecoxib group and 3 in the placebo group due to confirmed thrombotic 
cardiovascular events.  Based on these data, it was concluded that the difference between 
rofecoxib and placebo in overall mortality did not reflect any increases in particular types 
of events to suggest causality in the Alzheimer’s studies.  An additional 3 deaths occurred 
in the 3-month randomized withdrawal phase of Protocol 091 (all randomized to placebo 
for the initial treatment period and the withdrawal period). 

In addition to the analysis of on-drug mortality discussed in the paragraphs above, an ITT 
analysis of mortality was conducted for the Alzheimer’s program. There were an 
additional 6 deaths in the off-drug period for Protocol 091 (4 assigned to rofecoxib and 2 
assigned to placebo).  None of these deaths were due to thrombotic cardiovascular events.  
Off-drug follow-up mortality data for Protocol 078 were available for less than half the 
patients (N=356 for rofecoxib, N=307 for placebo); the median duration of off-drug 
follow-up in these patients was 29 weeks in the rofecoxib group and 20 weeks in the 
placebo group. There were 22 deaths in the off-drug period for Protocol 078 (17 in 
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patients assigned to rofecoxib and 5 in patients assigned to placebo); 12 of these (11 in 
the rofecoxib group and 1 in the placebo group) occurred more than 48 weeks after 
treatment discontinuation.  Eight of these 22 off-drug deaths in Protocol 078 were due to 
thrombotic cardiovascular events. 

Other than the imbalances discussed above for the OA Phase IIb/III program and for the 
Alzheimer’s program, in other large databases (VIGOR, RA Phase IIb/III, and 
APPROVe), differences in the rates of mortality were not seen for rofecoxib compared to 
naproxen or rofecoxib compared to placebo. 

 
Figure 30 

 
On-Drug Mortality 

Rates Per 100 Patient Years (95% CI) 
(Jun-2003 Data) 
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Patient Years 2390 1032 4047 4029 1665 183 512 640 630 1677 1891 

No. Events 5 8 22 15 5  1 2 5 4 36 19 

 

4.3.4 Summary—Cardiovascular Events in the Clinical Trials Program for 
Rofecoxib (Through Aug-2004) 

There was a large amount of data on cardiovascular safety available through August 
2004.  Our assessments were based on the largest safety database ever developed for any 
NSAID or selective COX-2 inhibitor with the exception of aspirin: over 32,000 patients 
representing over 19,000 patient-years on rofecoxib or comparator agents.  There were 
approximately 7300 patients on rofecoxib representing over 3000 patient years in the  
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placebo-controlled data set.  In the non-naproxen NSAID data set there were over 5100 
patients on rofecoxib representing over 2800 patient years.  In the naproxen data set there 
were 9300 patients on rofecoxib with over 5900 patient years.  Although there was a clear 
difference between rofecoxib and naproxen, the pooled analyses comparing both placebo 
and non-naproxen NSAIDs showed similar rates of cardiovascular events for rofecoxib 
and the comparison groups. Importantly, the majority of the placebo-controlled data was 
from the Alzheimer’s disease program and included elderly patients at increased risk for 
cardiovascular disease.  

Extensive subgroup analyses did not identify a patient population that might have a 
higher relative cardiovascular risk for rofecoxib compared to either placebo or 
nonselective NSAIDs.  In addition, analyses by dose did not show an effect that could 
explain the VIGOR findings. 

In addition, the preclinical, clinical pharmacology and clinical trials data were consistent 
with the potential for a potent and sustained antiplatelet effect of naproxen 500 mg twice 
daily.  The magnitude of the decreased risk of cardiovascular events with naproxen 500 
mg twice daily compared to rofecoxib, when the relative risk and 95% confidence 
intervals are taken into account, is not inconsistent with the reduction observed with 
antiplatelet therapy. As discussed above, subsequent studies suggest a difference between 
other selective COX-2 inhibitors and naproxen but not between COX-2 inhibitors and 
either non-naproxen NSAIDs or placebo [39].   

Overall, the data available through Aug-2004 did not suggest that rofecoxib increased the 
cardiovascular risk relative to placebo or non-naproxen NSAIDs. The totality of the 
clinical trial data through Aug-2004 was most consistent with naproxen having provided 
a relative cardioprotective benefit and argued against a prothrombotic effect of rofecoxib.  

4.3.5 Conclusions—Cardiovascular Events in the Clinical Trials Program for 
Rofecoxib (Through Aug-2004) 

•  Final data from the OA and Alzheimer’s clinical programs were consistent with the 
interim 1998 OA and 2000 Alzheimer’s Disease data and supported the 
interpretations of VIGOR from 2000. 

•  Final data from the pooled analysis of thrombotic cardiovascular events with 
rofecoxib were consistent with the year 2000 analysis and supported the earlier 
interpretation that the difference in thrombotic cardiovascular events between 
rofecoxib and naproxen 500 mg twice daily but not between rofecoxib and placebo or 
between rofecoxib and non-naproxen NSAIDs was most consistent with a 
cardioprotective effect of naproxen. 

o Analyses of cardiovascular events stratified by dose did not reveal findings that 
explained the imbalance of events noted in VIGOR. 

o Analyses of cardiovascular events stratified by time did not identify consistent 
differences in relative risk over time. 

o Subgroup analyses did not identify an increased relative risk in patients with 
particular demographic factors. 
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•  The weight of the evidence continued to support that in VIGOR naproxen provided a 
cardioprotective benefit. 

5. Data from Epidemiology Studies 

Observational Studies of Cardiovascular Thrombotic Risk in Patients Prescribed 
Rofecoxib 

Observational studies are helpful in evaluating associations and generating hypotheses. 
They are particularly advantageous in situations where there is limited clinical trial 
evidence of an uncommon or rare adverse event.  However, they are more prone to bias 
than randomized clinical trials and for that reason are considered to be weaker than 
randomized experiments for establishing causality.  It is generally held that to establish 
causality with observational data one must see consistent, strong associations in a number 
of studies in different settings.  Further credibility is lent to observational data when the 
temporal relationship between exposure and disease is clearly established, when there is 
evidence of a dose-response, and when there is experimental evidence that is consistent 
with the observational data.  However, even when such criteria are met, conclusions 
about cause and effect from observational data may still be contradicted by clinical trial 
evidence, as was seen for the risk of cardiovascular disease in the observational studies of 
hormone replacement therapy as compared to that defined by subsequent clinical trials 
[46; 47; 48]. 

A number of observational studies of cardiovascular thrombotic risk with the use of 
rofecoxib have been presented or published.  Currently, seven have been published in 
peer-reviewed journals [49; 50; 51; 52; 53; 54; 55].  Two of them are open-label studies 
of rofecoxib in clinical practice with no comparator [51; 49] and one is a monitoring 
study [53].  The remainder are comparative studies.  In two the authors conclude there is 
no difference in risk with rofecoxib compared with non-use of NSAIDs [52; 55].  One 
also indicates no difference in risk compared with other NSAIDs or COX-2 inhibitors 
[52].  The others  [50; 54] are inconsistent with each other and with clinical trial 
evidence, In one [50], rofecoxib only at doses greater than 25 mg was significantly 
associated with an increased risk of serious coronary heart disease among patients who 
were “new users” compared with non-users of NSAIDs.  In the other  [54] rofecoxib (all 
doses combined) was associated with a significantly increased risk of  acute MI 
compared to celecoxib (all doses combined).  This increased risk however was 
demonstrated only during the first 90 days of use, after which the risk was similar.  The 
authors also concluded a difference between rofecoxib and no NSAID use although this 
difference did not reach statistical significance (p=0.054).  Therefore, the comparative 
observation studies do not provide clear conclusions about the cardiovascular safety 
profile of rofecoxib. This section briefly summarizes the observational literature on this 
topic. 
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5.1 Observational Studies Published in the Peer-Reviewed Literature to Date   

5.1.1 Open-Label and Monitoring Studies 

Zacher 2002 

Zacher published a post -marketing surveillance study in Germany to assess the efficacy 
and tolerability of rofecoxib in the treatment of OA in 2002 [49]. A total of 80,371 
patients being treated with rofecoxib for the first time or being switched to rofecoxib, 
from among 11,851 office-based physicians specializing in rheumatology, orthopedics, 
internal medicine, or general medicine participated in the study. Patients were treated 
with rofecoxib 12.5 mg or 25 mg once daily (the dose range approved in Germany for 
OA) at the discretion of prescribing physicians.  Adverse events that occurred during the 
study were elicited by questioning patients at their second visit and recorded on forms 
provided for that purpose.  The timing of the second (final) visit was at the discretion of 
the investigator; 28 days was recommended. Three deaths were recorded during the study 
(~1 per 2222 patient-years), of which 2 were considered unrelated to rofecoxib use.  The 
third was attributed to a posterior myocardial infarction in a 75-year-old woman.  A 
causal relationship with rofecoxib was not suspected, but could not be excluded.  No 
further information about cardiovascular thrombotic adverse events was provided. 

Bannwarth 2003 

In 2003 Bannwarth presented a 24-week, open label study of 2896 patients in France with 
knee or hip OA that evaluated the CV safety profile of rofecoxib.  Patients were treated 
with rofecoxib starting at a 12.5 mg once daily dose, and increased to 25 mg at Week 4 or 
Week 12 in case of insufficient efficacy [51].  The study population was 70.3% female 
and had a mean age of 66.8 years.  There were a total of 6 thrombotic arterial events (1 
MI and 5 strokes).  The rate per 100 patient-years rate (95% CI) of MI and stroke with 
rofecoxib was 0.09 (0.0, 0.50) and 0.45 (0.16, 01.05).  The authors concluded the results 
provided evidence for a lack of excess CV events in OA patients treated with rofecoxib 
12.5 to 25 mg. 

Layton 2003 

In Jun-2003, the UK Drug Safety Research Unit performed a Prescription Event 
Monitoring Study of rofecoxib during the period Jul through Nov-1999 to compare the 
incidence rates of selected thromboembolic (cardiovascular, cerebrovascular and 
peripheral venous thrombotic) events reported for patients prescribed rofecoxib and 
meloxicam in general practice. [53]  Patients were identified from dispensed prescriptions 
written by general practitioners (GPs) for meloxicam during the period Dec-1996 to Mar-
1997, and rofecoxib during the period Jul to Nov-1999. Questionnaires (“green cards”) 
requesting details of events recorded during/after treatment, indication and potential risk 
factors (including age, sex and NSAIDs prescribed within 3 months of treatment) were 
posted to prescribing GPs approximately 9 months after the first prescription for each  
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patient. The manuscript does not report the response rate for the return of the green cards 
for patients prescribed rofecoxib, although a preliminary report received in advance of 
the publication indicated 40% were returned, of which 90% (N=15,268 patients) had 
useful clinical data and were therefore used in the study.  Incidence rates of the first of 
each type of event were calculated; crude and age- and sex-adjusted RRs were obtained 
using regression modeling. During the 9 months after starting treatment, there were 21 
(0.14%) and 19 (0.10%) reported cardiovascular events, 74 (0.48%) and 52 (0.27%) 
cerebrovascular events, and 6 (0.05%) and 20 (0.10%) peripheral venous thrombotic 
events for rofecoxib and meloxicam, respectively.  Adjusting for the age and gender, the 
RR for cerebrovascular events was 1.68 (95% CI 1.15, 2.46), for peripheral venous 
thrombotic events 0.29 (0.11, 0.78)], and for the cardiovascular events was 1.38 (95% CI 
0.71, 2.67), for rofecoxib vs. meloxicam respectively.  

The authors concluded a relative increase in the rate of cerebrovascular events, a relative 
reduction in peripheral venous thrombotic events in users of rofecoxib compared with 
meloxicam, and no difference in the rate of cardiovascular thromboembolic events.  They 
noted the incidence of these three types of events was low (less than 0.5%).  In addition, 
the nature of the data collection process, the low rate of return of the green cards, and the 
comparison of data from two different calendar periods makes these results particularly 
difficult to interpret. 

5.1.2 Comparative Observational Studies 

Ray et al. 2002 

In January 2002 Ray et al. published a retrospective cohort study, using the Tennessee 
Medicaid database, that assessed the occurrence of serious coronary heart disease (CHD: 
acute MI or cardiac death), in patients taking rofecoxib, celecoxib or other NSAIDs.[50]  
Among 251,046 NSAID users and 202,916 non-users there were 5,316 events.  Use of 
rofecoxib at doses greater than 25 mg was significantly associated with an increased risk 
(RR 1.93; 95% CI 1·09–3·42) of serious CHD among patients who were “new users” 
compared with non-users of NSAIDs.  This result was based on only 12 exposed cases.  
There was no evidence of increased risk among users of rofecoxib at doses of 25 mg or 
less, celecoxib, naproxen or ibuprofen.   

Mamdani et al. 2003 

In February 2003 Mamdani et al. published a population-based, retrospective cohort 
study among 66,964 elderly patients taking COX-2 inhibitors, naproxen and non-aspirin 
NSAIDs and 100,000 controls not using these drugs using administrative databases in 
Ontario, Canada.[52]  A total of 701 events occurred during the study period.  The rates 
of acute MI among the drugs studied were not different from each other nor were any of 
them different from controls not using NSAIDs.   

Solomon et al. 2004 

In 2004 Solomon et al. published a case-control study to assess the risk of acute MI 
among users of rofecoxib, celecoxib, and NSAIDs among 54,475 elderly recipients of 
NJ/PA Medicare who also received pharmaceutical benefits.[54]  This study was first  
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presented at the American College of Rheumatology meeting in 2003 and was sponsored 
by Merck.  The study included 10,895 cases and 4 controls per case.  No significant 
difference in risk was found comparing rofecoxib to ibuprofen, naproxen, other NSAIDs, 
and to those not taking NSAIDs.  Rofecoxib (all doses combined) was associated with a 
significantly increased risk (OR 1.24; 95% CI 1.05 to 1.46) of  acute MI compared to 
celecoxib (all doses combined).  Analyses comparing comparable doses of rofecoxib and 
celecoxib (i.e., >25mg compared with >400mg) were not performed.  Of note, in the final 
logistic regression model, the use of HMG Co-A reductase inhibitors did not protect 
against MI (adjusted OR 1.0, 95% CI 0.94, 1.04), and use of hormone replacement 
therapy was protective for MI (adjusted OR 0.88, 95% CI 0.79, 0.98).  These results 
contrast the findings from randomized clinical trials of HRT and statin treatment. The 
elevated risk with rofecoxib vs. celecoxib was also seen in dose-specific analyses 
(rofecoxib ≤25 mg and >25 mg vs. celecoxib ≤200 and >200, respectively).  The risk was 
higher with rofecoxib during the first 90 days of use but not thereafter.  The authors also 
concluded a difference between rofecoxib and no NSAID use although this difference did 
not reach statistical significance (p=0.054).   

Kimmel et al. 2004 

Kimmel et al. published an incident case-control study to determine the effect of COX-2 
inhibitors on risk of nonfatal myocardial infarction (MI) in December 2004 [106; 55].  
Seventeen hundred eighteen cases with a first, nonfatal MI admitted to one of 36 
hospitals in a 5-county area near Philadelphia, PA, USA were identified. Controls were 
randomly selected from the same counties.  All cases (n=1718) and controls (n=6800) 
were interviewed via telephone about medication use and risk factors for MI.  Among 
cases, 27 (1.57%), 18 (1.05), and 319 (18.56%) were exposed to rofecoxib, celecoxib, 
and non-selective NSAIDs respectively.  Among controls, 78 (1.15%), 87 (1.28%), and 
2144 (31.53%) were exposed to rofecoxib, celecoxib, and non-selective NSAIDs 
respectively.  There was no increased risk for CV events comparing rofecoxib to non-
users of NSAIDS; the adjusted OR for rofecoxib users  was 1.16 (95% CI 0.70, 1.93).  
Compared to non-users of NSAIDS the adjusted OR for celecoxib users was 0.43 (0.23, 
0.79) and for nonselective NSAID users was 0.61 (0.52–0.71). Because celecoxib and 
NSAIDs had a lower risk than non-users of NSAIDs, comparisons with rofecoxib to the 
other drugs studies were all elevated.  The authors concluded celecoxib and rofecoxib had 
different effects on the odds of MI.  This study was partly funded by Merck and Pfizer.  

5.2 Additional Comparative Observational Studies 

Six comparative observational studies  [107; 108; 109; 110; 111; 112] have been 
presented and published in abstract form only to date.  The Kaiser Permanente Database 
study presented by Graham and Campen in 2004 are the same study, which also appears 
to be an extension of the study presented by Levy in 2002.  Therefore there are only four 
unique studies among the six published abstracts [108; 112; 110; 111].   

Of the four unique studies published in abstract form only, two concluded rofecoxib was 
not associated with an increased risk of MI when compared with other non-selective 
NSAIDs [110; 111].  The others indicated an increased risk with rofecoxib relative to 
some of the comparators considered.  
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The study by Whelton et al. was conducted among patients with hypertension and 
compared rofecoxib with non-use of NSAIDs, celecoxib and non-selective NSAIDs 
[108].  The authors concluded that rofecoxib significantly increased the risk of acute MI 
or stroke compared with non-users of NSAIDS (RR 2.45, 95% CI 1.71, 3.51) while there 
was no increased risk among users of celecoxib or non-selective NSAIDs.  Of note is that 
the study included only 841 patients treated with rofecoxib, the number of events with 
rofecoxib is not reported, and the diagnostic codes used to identify the endpoints included 
diagnoses that were not specific to acute MI or stroke.   

The Kaiser Permanente study initially found no elevation in risk with rofecoxib compared 
with naproxen or ibuprofen [107].  The more recent extension/update to this study was 
presented at 2 meetings in 2004: by Graham at the International Society for 
PharmacoEpidemiology (ISPE) annual meeting in August, and by Campen at the 
American College of Rheumatology (ACR) annual meeting in October.  The abstract of 
this study submitted to ISPE did not contain results [109].  The abstract submitted to 
ACR contained data that was different from that which was ultimately presented at both 
the ISPE and ACR meetings [112].  The ACR abstract reported the estimated RR (95% 
CI) of acute cardiac events with current use of specific NSAIDS compared with remote  
NSAID use (exposure ended more than 60 days before the index date) as: celecoxib 0.77 
(0.60-0.99), ibuprofen 1.13 (1.00-1.30), naproxen 1.11 (0.96-1.30), rofecoxib ≤25mg/d 
1.02 (0.71-1.46), rofecoxib > 25mg/d 5.04 (0.94-27.06).  The results for rofecoxib >25 
mg was based on 5 exposed cases and 7 exposed controls [112].  The data presented at 
the meetings included different, and statistically significant results, for rofecoxib>25mg 
(OR 3.15, 95% CI 1.14, 8.75) based on 10 exposed cases and 8 exposed controls.  Other 
results of this study were that rofecoxib ≤25 mg had an increased risk compared with 
celecoxib, and several other NSAIDs increased the risk of AMI and sudden cardiac death 
compared with remote use of NSAIDs. 

An additional retrospective cohort study, sponsored by Merck, has been conducted 
among patients ages 40-64 who used NSAIDS by prescription from 1999-2001 [113].  
Final results of this study became available in September 2004, were submitted for 
publication on October 21, 2004, and are currently under review.  The study assessed 
rates of MI or unstable angina pectoris (UAP) in relation to use of rofecoxib, celecoxib, 
diclofenac, and ibuprofen.  Compared with the combined referent group of ibuprofen or 
diclofenac, the relative risk of MI or UAP with rofecoxib use was 1.35 (95% CI 1.09-
1.68) and that for celecoxib was 1.03 (0.83, 1.27).  The risk did not vary significantly by 
duration of use or dose.  

In November 2004 Aetna Inc, released a report of a case-control study done using their 
administrative health care databases to examine whether COX-2 inhibitors are associated 
with new acute MI [114].  Cases were all plan members with an admission or 
urgent/emergent emergency department visit for acute MI (ICD-9 code 410) during the 
period Jan-2002 through May-2004. Controls were randomly selected age-and gender-
matched members without such an event during the study period.  Use of rofecoxib,  
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celecoxib, valdecoxib, naproxen and “other NSAIDs” was determined for the time 
windows 1 to 14 and 1 to 90 days prior to the index date.  For exposure in the 1 to 14 day 
window, the adjusted OR (95% CI) for rofecoxib was 1.5 (1.1, 1.7) compared with no 
NSAIDs, and 1.3 (0.9, 1.7) compared with “other NSAIDS.”  For celecoxib, the adjusted 
OR (95% CI) was 1.4 (1.1, 1.7) compared with no NSAIDs, and 1.2 (0.9, 1.6) compared 
with other NSAIDs.  For valdecoxib, the adjusted OR (95% CI) was 0.8 (0.5, 1.2) 
compared with no NSAIDs and 0.7 (0.4, 1.1) compared with other NSAIDs.  Similar 
results were seen in sensitivity analyses and in the analyses that used the 1 to 90 day 
exposure window.  The authors concluded that rofecoxib and celecoxib were associated 
with a significantly higher risk of MI than non-use of NSAIDs.  This study has not been 
publicly presented in a scientific forum. 

5.3 Summary of Epidemiological Reports 

All of the above studies suffer to some extent from limitations of observational studies 
using health care databases.  These include, but are not limited to, possible bias resulting 
from:  

•  Failure to measure or completely control for differences in characteristics of the 
groups being compared.  It is known that COX-2 inhibitors are preferentially 
prescribed over non-selective NSAIDs to older patients and to those with higher 
baseline risk of MI (i.e., “channeling”) [115; 116; 117; 118; 119].  While the studies 
described have attempted to control for differential prescribing of COX-2 inhibitors 
and NSAIDs, limited information is available from claims databases to allow for 
complete control of such differences; 

•  Lack of information regarding important potential confounders, such as use of over-
the-counter medications (e.g. aspirin or other NSAIDs), cigarette smoking, alcohol 
consumption, physical activity, and diet, is not available in most of these 
observational studies;  

•  Misclassification of exposure, particularly that due to unknown compliance with 
prescribed therapy;  

•  Misclassification of outcomes resulting from the lack of endpoint verification through 
clinical chart review.  

In addition, it is generally accepted that small relative risks (i.e. <2.0) in observational 
studies may easily arise due to confounding or bias, as discussed by Temple [58].  

Thus, prior to the results of the APPROVe study, only five observational studies 
comparing the risk of coronary events with rofecoxib vs. no treatment, or treatment with 
selective or non-selective NSAIDs had been published in peer-reviewed journals.  One 
study showed no elevation in risk for rofecoxib compared with no NSAID use or with 
other selective or non-selective NSAIDs [52].  The other four  [50; 53; 54; 55] were 
inconsistent with each other with respect to the effect of rofecoxib on CV risk, both in 
terms of risk vs. different comparators and in terms of risk of different endpoints.  The  
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greatest elevation in risk was based on a very small number of exposed cases at higher 
doses of rofecoxib.  The elevations in risk were in the range that could be explained by 
bias or residual confounding [58].  Furthermore, those studies which showed an increased 
risk with rofecoxib were not consistent with the data from the APPROVe trial, which 
showed an elevated risk with rofecoxib 25 mg vs. placebo that was apparent after, but not 
before, 18 months of therapy.  

Given the inherent limitations of observational and cohort studies, and the superiority of 
clinical trial data for decision making, we placed greater weight on the consistent findings 
in our large clinical trials data base than on the inconsistent observations that arose from 
these epidemiologic analyses. 

6. Cardiovascular Safety Results From APPROVe (September 2004) 

APPROVe Study Design 

Colorectal carcinomas and precursor adenomas are associated with increased 
cyclooxygenase (COX)-2 expression [120].  Epidemiologic studies suggest that regular 
use of nonselective COX inhibitors is associated with a reduced risk of colorectal 
neoplasia [121]. Randomized controlled clinical studies have shown that treatment with 
non-selective and COX 2-selective NSAIDs can cause regression of colorectal adenomas 
[122; 123; 124; 125]. 

APPROVe (Adenomatous Polyp PRevention On Vioxx) was a multicenter (~107 centers 
in 30 countries), randomized, placebo-controlled double-blind clinical trial to determine 
whether 156 weeks (3 years) of treatment with rofecoxib would reduce future adenoma 
occurrence in patients with a history of colorectal adenomas.  Because of the ongoing 
questions about cardiovascular risk a key cardiovascular safety endpoint was 
prespecified. 

Patients (≥40 years) with a recent history of 1 or more histologically confirmed adenomas 
were randomized to receive placebo or 25 mg rofecoxib. Randomization was stratified 
according to chronic use of low-dose aspirin (allowed in up to 20% of subjects to avoid 
potentially confounding effects of aspirin on polyp recurrence).  Only patients not 
anticipated to need chronic NSAID therapy (including analgesic doses of aspirin) during 
the trial were entered. 

Patients were excluded if they had uncontrolled hypertension (diastolic >95 mm Hg or 
systolic >165 mm Hg), angina or congestive heart failure symptoms at rest or with 
minimal activity.  Patients with a history of myocardial infarction, coronary angioplasty 
or coronary arterial bypass grafting were included unless the event occurred within a year 
prior to enrollment.  Patients with a history of stroke or transient ischemic attack were 
included unless it had occurred within 2 years prior to enrollment.  

The primary endpoint was the cumulative incidence of patients who have a recurrence of 
adenoma(s) in the subgroup of patients with an “increased-risk” qualifying exam 
(baseline adenoma ≥ 1 cm, villous component, ≥ 2 adenomas, age <55, family history of  
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colorectal cancer). Cumulative recurrence risk with any baseline adenoma was a 
secondary endpoint.  All adenoma assessments were conducted by a central study 
pathologist. Data were analyzed by the Cochran-Mantel-Haenzel test, and the time-
stratified relative risk was the primary measure of treatment effect. 

The primary cardiovascular safety endpoint was the incidence of confirmed thrombotic 
cardiovascular serious adverse experiences; confirmed thrombotic cardiovascular serious 
adverse experiences were adjudicated in accordance with the Merck SOP for the 
Surveillance, Monitoring, and Adjudication of Acute Thrombotic and Embolic Vascular 
Events and Deaths in Clinical Trials of COX-2 Specific Inhibitors.  APPROVe was one 
of 3 placebo-controlled studies that contributed to the Cardiovascular Outcomes protocol 
for rofecoxib. Data on confirmed thrombotic cardiovascular serious adverse experiences 
in APPROVe were to be combined with data from the other 2 studies based on a 
prespecified analysis plan.  Given the decision by the ESMB to stop the study based on 
the APPROVe data, they are being analyzed separately. 

After a 6-week placebo run-in period, 2586 patients were randomized to either rofecoxib 
25 mg or placebo in a 1:1 ratio (stratified by low-dose aspirin use).  In all patients, 
colonoscopies were performed at Week 52 (Year 1) and Week 156 (Year 3) or at the time 
of study therapy discontinuation.  The first patient was enrolled in Feb-2000 and the last 
patient enrolled was Nov-2001.  The last patient was scheduled to complete the treatment 
phase of the study and have a year 3 colonoscopy at the end of Nov-2004.  Patients who 
completed the year 3 colonoscopy, with removal of all identified polyps, were eligible to 
participate in an off-drug 1 year study extension.   

Approximately 1550 patients had enrolled in the extension as of 09-Dec-2004, and these 
patients were planned to have a year 4 colonoscopy at the end of the 1 year extension to 
evaluate the potential for accelerated adenomatous polyp recurrence; during the 
extension, blinding to the base study treatment assignments was to be maintained.   

Monitoring of Safety in APPROVe 

Safety parameters were monitored on a regular basis by an External Safety Monitoring 
Board (ESMB) with regular meetings and review of unblinded data approximately every 
half year.  During the course of the study, the ESMB communicated twice that 
investigators should be reminded of the need to monitor blood pressure and ultimately 
recommended to discontinue patients from the study if blood pressure was not controlled 
(diastolic >95 mm Hg or systolic >165 mm Hg).   

The final ESMB meeting was on 17-Sep-2004, and the committee recommended that 
participating patients be instructed to discontinue study treatment.  The ESMB has 
indicated that they believed that early termination at this time would not adversely impact 
the planned efficacy analysis using the Year 3 colonoscopy results which would be 
important for a full assessment of risk/benefit in this population. 

In accordance with the protocol, this recommendation was first discussed with the 
executive committee of the APPROVe administrative committee and then with the entire 
administrative committee.  The administrative committee agreed with the  
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recommendation to discontinue the study and this was communicated to Merck on the 
evening of  Thursday 23-Sep-2004.  Patients were notified to stop study drug on 
30-Sep-2004. It was also announced on that day that Merck had decided to voluntarily 
withdraw the drug from the market. 

The cardiovascular safety data in this background document represents the preliminary 
dataset which was the basis for the report provided to the ESMB for their meeting on 17-
Sep-2004. The data that will be presented at the Advisory Committee Meeting in Feb-
2005 will be based on the final data which will be available in late Jan-2005.     

Baseline Characteristics 

The baseline characteristics of the patients were similar in both treatment groups (Table 
26).  The risk factors for colorectal adenomas (Table 27) and cardiovascular (Table 26) 
disease  were similarly distributed.  

A patient was defined as being at increased cardiovascular risk if they had a past history 
of symptomatic atherosclerotic cardiovascular disease or 2 or more of the following: 
history of diabetes, history of hypercholesterolemia, history of hypertension and cigarette 
use.  An aspirin user was defined as patient who took any dose of aspirin, clopidogrel, 
clopidogrel bisulfate, ticlopidine, and ticlopidine hydrochloride for at least 50% of the 
time while on study therapy, and did not start any of these medications after a confirmed 
thrombotic cardiovascular serious adverse event. 
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Table 26 
 

Baseline Patient Demographics and Baseline Cardiovascular  
Risks in APPROVe 

 
 Rofecoxib 

(N=1287) 
Placebo 

(N=1299) 
Demographic n (%) n (%) 

Age 

Percent ≥65 Years Old 385 (29.9) 385 (29.6) 

Gender 

Male 804 (62.5) 805  (62.0) 

Cardiovascular Risk Factors 

Hypertension 463 (36.0) 445 (34.3) 
Diabetes Mellitus 115 (8.9) 111 (8.5) 
Hypercholesterolemia 373 (29.0) 338 (26.0) 
Current Smoker 279 (21.7) 285 (21.9) 
Increased Cardiovascular     
   Risk† 

379 (29.4) 341 (26.2) 

 Aspirin Use  

Low Dose Aspirin User At 
Baseline 

213 (16.6) 204 (15.7) 

Concomitant Aspirin User§ 247 (19.2) 239 (18.4) 
† 2 or more risk factors for coronary artery disease or past medical history of either 

cerebrovascular accident, transient ischemic attack, myocardial infarction, unstable or 
stable angina, coronary artery bypass graft surgery, or percutaneous coronary 
intervention). 

§ Use of any dose of aspirin, clopidogrel, clopidogrel bisulfate, and ticlopidine ≥50% of 
time on study therapy 
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Table 27 
 

Baseline Patient Colorectal Cancer Risk Characteristics in APPROVe 
 

 Rofecoxib 25 mg 
(N=1287) 

Placebo 
(N=1299) 

 n % N % 

Number of Adenomas  

≥2 Adenomas  488   (37.9) 434   (33.4) 

Maximum Size of Adenomas  

≥1 cm  436   (33.9) 430   (33.1) 

First Degree Family History of Colorectal Cancer or Polyps 

Yes  439   (34.1) 420   (32.3) 

Adenoma With Tubulovillous or Villous Characteristics 

Yes  151   (11.7) 176   (13.6) 

Age at first-identified Colorectal Adenomas  

<55 years 436   (33.9) 444   (34.2) 

Increased-risk Patients * 

Yes  1019   (79.2) 1002   (77.1) 

Advanced Adenomas  

Yes 371 (28.8) 374   (28.8) 
* Patients with an “increased-risk” qualifying exam (baseline adenoma ≥ 1 cm, villous 

component, >2 adenomas, age <55, family history of colorectal cancer 

 

6.1 Primary Analyses 

Based on the preliminary analysis of November 2004, the cumulative adenoma 
recurrence rates were significantly lower with rofecoxib vs. placebo for both primary and 
secondary endpoints.  For the increased-risk patient population, among the 923 patients in 
the rofecoxib group who had colonoscopies during the 3-year treatment period, 350 had 
the recurrence of colorectal adenomas; among the 953 patients in the placebo group who 
had colonoscopies during the 3-year treatment period, 489 had the recurrence of 
colorectal adenomas.  The cumulative Year 0 to 3 recurrence rates for colorectal 
adenomas was 40.9% for rofecoxib and was 54.8%  for placebo. The relative risk for 
rofecoxib versus placebo was 0.75 with a 95% confidence interval of (0.67, 0.83) which 
was significantly less than 1 (p<0.001).  This preliminary result supported the primary 
hypothesis for the trial.  A similar reduction in the Year 0 to 3 recurrence rates was seen 
in the all-patient population where the relative risk for rofecoxib versus placebo was 0.75 
with a 95% confidence interval of (0.68, 0.82).   
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Overall Safety Results 

Table 28 provides data on prespecified general adverse experiences observed in 
APPROVe.  Prespecified safety analyses were done for selected adverse experiences of 
particular interest, including edema-related, hypertension-related, congestive heart 
failure-related, hepatic-related, digestive and renal-related adverse experiences (Table 29) 
as well as clinical upper GI events (see section 2.5 Data from Placebo-Controlled 
Studies) and confirmed thrombotic cardiovascular serious adverse experiences (Table 30) 

There was an increased incidence of hypertension, congestive heart failure and edema 
associated with rofecoxib treatment compared to placebo, consistent with the previously 
documented adverse event profile of both non-selective NSAIDs and selective COX-2 
inhibitors. Discontinuations were more frequent in the rofecoxib patient group; the three 
most common causes of discontinuation were hypertension, increased blood pressure and 
peripheral edema (not shown).  
 
 

Table 28 
 

Prespecified General Adverse Experiences in APPROVe  
 

 Rofecoxib 25 mg 
(N=1287) 

Placebo 
(N=1299) 

Number (%) of Patients n (%) n (%) 

With one or more AEs 1223 (95) 1234 (95.0) 

With drug-related† clinical AEs 453 (35.2) 364 (28.0) 

With serious clinical AEs 330 (25.6) 273 (21.0) 

Who died 5 (0.4)    5 (0.4) 

Discontinued due to a clinical AE 181 (14.1) 129 (9.9) 

Discontinued due to a laboratory AE 12 (0.9)   6 (0.5) 

Discontinued due to a serious AE 69 (5.4) 53 (4.1) 
† Assessed by the investigator to be possibly, probably, or definitely drug-related. 
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Table 29 

 
Prespecified Adverse Experiences of Particular Interest in APPROVe 

 

 
Rofecoxib 25 mg 
(N=1287) 

Placebo 
(N=1299) 

Number (%) of Patients: N (%) N (%) 
With edema-related AEs 104 (8.1) 78 (6.0) 
With hypertension-related AEs 357 (27.7) 207 (15.9) 
With congestive heart failure AEs 16 (1.2) 4 (0.3) 
With hepatic-related lab AEs 47 (3.7) 48 (3.7) 
Discontinued due to a digestive 

AE including abdominal pain 
40 (3.1) 28 (2.2) 

Discontinued due to an edema-
related AE 

12 (0.9) 5 (0.4) 

Discontinued due to a 
hypertension-related AE 

32 (2.5) 6 (0.5) 

Discontinued due to a renal-
related AE 

1 (0.1) 0 (0) 

Discontinued due to a hepatic-
related AE 

2 (0.2) 0 (0) 

 

Mortality 

All deaths were adjudicated to determine whether cardiovascular in etiology. 

In the preliminary dataset provided to the ESMB on 17th September 2004, the following 
mortality information was available:  

•  A total of 10 patients died within 14 days of discontinuing blinded therapy: 5 patients 
in each treatment group. Eight deaths were thrombotic cardiovascular events with 4 in 
each treatment group. 

•  A total of 15 patients died more than 14 days after discontinuing blinded therapy but 
within 3 years of randomization (that is, the prespecified study period).  Eight deaths 
were in patients treated with rofecoxib (3 thrombotic) and 7 deaths were in patients 
treated with placebo (1 thrombotic).  

Cardiovascular Safety Results 

A total of 118 patients (74 in the rofecoxib 25-mg group and 44 in the placebo group) had 
one or more investigator-reported cardiovascular serious adverse experiences.   

Primary Analysis of Confirmed Thrombotic Cardiovascular Serious Adverse 
Experiences 

Seventy patients had one or more events that were determined to be confirmed 
thrombotic cardiovascular serious adverse experiences by an independent blinded 
Adjudication Committee.  The risk of patients having 1 or more confirmed thrombotic 
cardiovascular serious adverse experiences was 1.48 per 100 patients-years for the 
rofecoxib 25-mg group and 0.75 per 100 patients-years for the placebo group.  Treatment  
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with rofecoxib was associated with an overall relative risk of 1.96 compared to placebo 
for the development of a confirmed thrombotic cardiovascular serious adverse experience 
(Table 30), due primarily to a higher incidence of acute myocardial infarction and 
ischemic cardiovascular stroke, as illustrated in Table 31.   

 

 
Table 30 

 
Absolute Rate and Relative Risk (95% CI) 

Confirmed Thrombotic Cardiovascular Serious Adverse Experiences 
in APPROVe 

 
 Treatment  Patients With   Relative Risk 

Event Category Group N Events PYR† Rates‡ Estimate 95% CI 
        
Confirmed 
thrombotic Events 

Rofecoxib  1287 45  3041 1.48     1.96  (1.20, 3.19) 

  Placebo  1299 25  3315 0.75   
        

† Patient-years at risk. 
‡ Per 100 patient-years at risk (PYR). 
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Table 31 
 

Summary of Patients With Confirmed Thrombotic 
Cardiovascular Adverse Experiences by Class of Terms Summary of Confirmed 

in APPROVe  
 

 Rofecoxib 25 mg 
(N=1287) 

(PYR=3041) 

Placebo 
(N=1299) 

(PYR=3315) 
 N (%)† Rate‡ n (%)†  Rate‡ 
Patients with One or More  with 
Confirmed Thrombotic Cardiovascular 
Serious Adverse Events  

 45 (3.5) (1.5)  25 (1.9)  (0.8)  

Cardiac Events   30 (2.3)  (1.0)  11 (0.8) (0.3)  
Acute myocardial infarction   20 (1.6)  (0.7)  8 (0.6) (0.2)  
Fatal acute myocardial infarction   1 (0.1) (0.0)  3 (0.2) (0.1)  
Sudden cardiac death   3 (0.2) (0.1)  1 (0.1) (0.0)  
Unstable angina pectoris   7 (0.5)  (0.2)  4 (0.3)   (0.1)  
Cerebrovascular Events   15 (1.2) (0.5)  7 (0.5)  (0.2)  
Fatal ischemic cerebrovascular stroke   0 (0.0) (0.0)  0 (0.0)  (0.0)  
Ischemic cerebrovascular stroke   11 (0.9) (0.4)  6 (0.5)  (0.2)  
Transient ischemic attack   5 (0.4) (0.2)  2 (0.2)  (0.1)  
Peripheral Vascular Events   3 (0.2) (0.1)  7 (0.5)  (0.2)  
Peripheral arterial thrombosis   1 (0.1) (0.0)  1 (0.1)  (0.0)  
Peripheral venous thrombosis   2 (0.2) (0.1)  4 (0.3)  (0.1)  
Pulmonary embolism   0 (0.0)  (0.0)  2 (0.2)  (0.1)  
† Crude incident (n/Nx100). 
‡ Events per 100 patient-years (PYR). 
Note: Patients may be counted in more than one row but are only counted once within a row 

 

A Kaplan-Meier analysis (Figure 31) of the cumulative incidence of confirmed 
thrombotic cardiovascular serious adverse events over time shows that the separation of 
the trend lines for rofecoxib and placebo did not begin until after 18 months of 
continuous daily treatment. Prior to 18 months there was no apparent difference in the 
cumulative incidence of these events in the two groups as evidenced by the overlapping 
lines.  The changing pattern of treatment effect over time was confirmed by the failed test 
for proportionality of hazards (p=0.006).  The difference between rofecoxib and placebo 
beginning after 18 months appears to primarily reflect a relative flattening of the placebo 
curve after 18 months compared with the preceding 18 months (Figure 31). Baseline 
characteristics of those patients with events beginning after 18 months were comparable 
between the treatment groups (data not shown). 

Results for analysis of the APTC combined endpoint over time were similar. 
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Figure 31 
 

Kaplan-Meier Estimates of Cumulative Incidence of Confirmed 
Thrombotic Cardiovascular Adverse Experiences  Plot for  Confirmed Thrombotic 

in APPROVe  
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6.2 Subgroup Analyses 

Subgroup analyses were performed to assess whether any clinical risk factors could be 
identified as potential explanations for the imbalance in cardiovascular events observed.  
The following subgroup analyses were done: age ≥65, past history of cardiovascular 
event, increased cardiovascular risk (as defined previously), low dose aspirin use at 
baseline, concomitant aspirin use, presence of the history of diabetes, and history of 
hypertension.  Although there were no statistically significant treatment by subgroup 
interactions for any of the subgroups, indicating no significant departure from 
consistency of treatment effects across subgroups, numeric trends in the data suggested 
the possibility of a higher relative risk in patients who at baseline were defined as being 
at increased risk for cardiovascular disease.  The data for subgroups defined by increased 
cardiovascular risk, low dose aspirin use at baseline, and concomitant aspirin use are 
shown in Figure 32.   
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Figure 32 

 
Relative Risk (95% CIs) 

Subgroup Analysis by CV Risk and Aspirin Use: Confirmed  
Cardiovascular Serious Adverse Experiences 

(Events Within 14 Days After Discontinuation of Study Therapy) in APPROVe 

 

 Relative Risk (Rofecoxib/Placebo) 
   

   
   
   

   

Pt.Years Favors Rofecoxib Favors Placebo 

   

   

2.62 (1.27,  5.40) 1676 
Increased  
Cardiovascular Risk 

1.36 (0.69,  2.71) 4681 No Increased 
Cardiovascular Risk 

Low  Dose Aspirin User at Baseline 
2.04 (0.70,  5.96)  989 ASA User 

1.93 (1.11,  3.34) 5368 Non-ASA User 

Concomitant Aspirin User 
3.17 (0.86, 11.72) 1196 ASA User 

1.79 (1.05,  3.04) 5161 Non-ASA User 

1.96 (1.20,  3.19) 6356 Total Cohort 

0.1 0.2 0.5 1 2 5 10 

 
Increased Risk = Increased Cardiovascular Risk, defined as 2 or more risk factors for coronary artery disease or past 
medical history of either cerebrovascular accident, transient ischemic attack, myocardial infarction, unstable or stable 
angina, coronary artery bypass graft surgery, or percutaneous coronary interventions 

Concomitant Aspirin User =  Patient using any dose of aspirin, clopidogrel, clopidogrel bisulfate, or ticlopidine ≥ 
50% of time on study therapy  

Note: No significant subgroup interactions in the subgroups defined by low dose aspirin use, concomitant aspirin use, 
or baseline cardiovascular risk 



Rofecoxib 144 
FDA Advisory Committee Background Information 

BG1231.doc VERSION 5.1 PENDING APPROVAL 21-Jan-2005 
  

6.2.1 Analysis of Blood Pressure Changes and Risk of Having Serious 
Cardiovascular Thrombotic Adverse Experiences 

Mean blood pressure increases of 3.3 mm Hg (systolic) and 0.9 mm Hg (diastolic) were 
observed in the rofecoxib group relative to baseline and mean blood pressure decreases of 
0.4 mm Hg (systolic) and 0.8 mm Hg (diastolic) were observed in the placebo group 
relative to baseline.  There are no data to reference for evaluation of the consequences of 
sustained (>12 months) pharmacologically induced blood pressure increases such as 
associated with non-selective NSAID and selective COX-2 inhibitor therapy.   

In order to investigate the potential relationship between blood pressure changes and 
serious cardiovascular thrombotic adverse events further, patients were categorized 
according to their change from baseline in mean arterial blood pressure at 4 weeks.  Since 
changes in blood pressure in the rofecoxib group appeared to have stabilized by that time, 
and as there had only been 2 CV events during the first 4 weeks of the study (1 in each 
treatment group), this analysis provided an assessment of whether the magnitude of the 
change in blood pressure could have been predictive of relative risk for a CV event.  The 
rofecoxib:placebo relative risks for a confirmed thrombotic serious cardiovascular 
adverse event were similar across quartile categories of blood pressure change 
(Table 32).  Similar results were obtained in an analysis based on change in mean arterial 
pressure at Week 17.   

 
Table 32 

 
Absolute Rates and Relative Risk (95% CI)  

Confirmed Thrombotic Cardiovascular Serious AEs 
by Subgroup of Changes in MAP at Week 4 in APPROVe 

 

 Rofecoxib         (N=1266) Placebo         (N=1279)  

Change From 
Baseline BP 

Events/Patient-Years 
(Rate x100), N 

Events/Patient-Years  
(Rate x100), N Relative Risk(95% CI) 

Overall  45/3038 (1.48),   1266  25/3296 (0.76),   1279  1.95 (1.20, 3.18)  

<-4.6  8/615 (1.30),    256  6/1031 (0.58),    400  2.23 (0.77, 6.42)  

-4.6 to 0  13/802 (1.62),    334  7/878 (0.80),    343  2.02 (0.81, 5.06)  

0 to 5.8  7/760 (0.92),    321  7/711 (0.99),    275  0.93 (0.33, 2.65)  

>5.8  17/861 (1.98),    355  5/676 (0.74),    261  2.67 (0.99, 7.23)  

  

An analysis was also performed in which mean arterial blood pressure at all time points 
during the study was included as a time-varying co-variate in the model of treatment 
effects (Table 33).  In this analysis, data on patients with events are only included up until 
the time of the event.  Mean arterial blood pressure did not have a significant effect on 
confirmed thrombotic cardiovascular serious adverse events in this analysis (p=0.748), 
and its inclusion as a covariate did not materially modify the treatment difference 
(rofecoxib:placebo relative risk [95% CI]  = 2.01 [1.22, 3.31]). There was no significant 
treatment by covariate interaction. 
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Table 33 

 
Relative Risks (95% CIs) 

Effect of Change From Baseline in MAP at Visit Prior to Cardiovascular Event 
on Confirmed Thrombotic Cardiovascular Serious Adverse Experiences in APPROVe 

 
Effect RR (95% CI) p-Value 

With Confirmed Thrombotic Cardiovascular Serious Adverse Event 
TREATMENT  2.01 (1.22, 3.31) 0.006 
Time-varying COVARIATE*  1.00 (0.97, 1.02) 0.748 
STRATUM§ 1.39 (0.77, 2.51) 0.272 
* The value of MAP at the visit before the event time was used as the covariate. 
§    Aspirin user/ Non-aspirin user (at baseline) 

 

Additional exploratory analyses of association of confirmed thrombotic cardiovascular 
serious adverse experiences with categories of baseline, on treatment, and change from 
baseline in systolic and diastolic BP were carried out, and revealed no important or 
consistent findings (data not shown). 

Risk of Patients Having Thrombotic CV Serious Adverse Experiences Analyzed by 
Absolute BP at Baseline or During Therapy 

The effect of baseline blood pressure on the rates of patients having confirmed 
thrombotic cardiovascular serious adverse experiences was explored. Baseline blood 
pressure measurements were taken at visit 2 after a 6-week placebo run-in period.  Table 
34 presents the numbers of patients with confirmed thrombotic cardiovascular serious 
adverse experiences by category of baseline BP.  Baseline, pretreatment elevations in 
blood pressure were associated in both treatment groups with an increased incidence of 
cardiovascular events, as expected from the known association between hypertension and 
cardiovascular risk.  In all BP categories (from low to high), the relative risk of patients 
having a cardiovascular event was higher in the rofecoxib group than in the placebo 
group.  This effect was greatest for patients with diastolic BP of 80 to 84 mm Hg or 
systolic BP of 120 to 129 mm Hg at baseline.   
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Table 34 

 
Absolute Rates and Relative Risk (95% CI) 

Analysis by Baseline Blood Pressure and Confirmed Thromboembolic 
Serious AEs in APPROVe 

 
 Rofecoxib  

(N=1287) 
Placebo 

(N=1299) 
 

Comparison 

Baseline Blood Pressure 
Events/Patient-

Year (rate x100) 
Events/Patient-

Year (rate x100) 
Relative Risk    

(95% CI) 
DBP≥100 or SBP≥160   5/176 (2.84)   3/191 (1.57)  1.81 (0.35, 11.63)  
DBP 90-99 or  
SBP 140-159  

 13/857 (1.52)   11/1030 (1.07)  1.42 (0.64, 3.18)  

DBP 85-89 or  
SBP 130-139  

 14/753 (1.86)   8/709 (1.13)  1.65 (0.69, 3.93)  

DBP 80-84 or  
SBP 120-129  

 9/707 (1.27)   2/809 (0.25)  5.13 (1.11, 23.75)  

DBP <80 and SBP <120   4/548 (0.73)   1/576 (0.17)  4.21 (0.42, 207.13)  
DBP = diastolic blood pressure;  SBP = systolic blood pressure. 

 

Table 35 presents the numbers of patients having a confirmed thrombotic cardiovascular 
serious adverse experience by category of blood pressure attained at any time post-
randomization up to the discontinuation of study therapy.  The rates of CV events were 
greater for patients in the rofecoxib group who experienced an elevated blood pressure 
during the study compared to the other patients.  

 
Table 35 

 
Rates Per 100 Patient-Years  

Confirmed  
Thrombotic Serious Adverse Experiences by Analysis of Blood  

Pressure During Study in APPROVe 
 

  
Rofecoxib         (N=1268) 

Placebo         
 (N=1286)  

 
On-Treatment Blood Pressure 

Events/Patient-Year 
(rate x 100)  

Events/Patient-Year 
(rate x 100)  

DBP<100 and SBP<160  20/2062  (0.97)  20/2515  (0.80) 

DBP≥100 or SBP≥160 (Once)  13/454  (2.86)  2/413  (0.48)  

DBP≥100 or SBP≥160 (Two or more times)  12/525  (2.29)  3/386  (0.78)  

DBP = diastolic blood pressure;  SBP = systolic blood pressure 

Relative risk (95% CI) for time-varying covariate defined as 1 once (DBP≥100 or SBP≥160) was true: 2.29 (1.37, 
3.82); treatment effect: 1.83 (1.12, 2.99). Treatment by covariate interaction p-value: 0.105 

Relative risk (95% CI) for time-varying covariate defined as 1 if (DBP≥100 or SBP≥160) was true at the visit 
before the event time otherwise defined as 0: 1.44 (0.66, 3.15); treatment effect: 1.97 (1.20, 3.24). Treatment by 
covariate interaction p-value: 0.474 
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Relationship of Blood Pressure to Cardiovascular Outcomes 

Data from epidemiologic studies like the Framingham study [126] and more recent meta-
analyses [127] have permitted estimates of the magnitude of cardiovascular risk and the 
types of events associated with elevations in blood pressure.  These epidemiologic studies 
suggest that an increase of 20 mm Hg in systolic blood pressure or 10 mm Hg in diastolic 
blood pressure is associated with an approximately 2-fold increase in cardiovascular 
events [127].  Data from clinical and epidemiologic meta-analyses shows that reducing 
diastolic blood pressure over 5 to 6 years by 5 to 6 mm Hg in hypertensives reduces the 
risk of stroke by 35 to 40% and coronary heart disease by 20 to 35% (epidemiologic 
studies) or 14% (clinical studies) [128].  In rofecoxib-treated patients in APPROVe, the 
mean difference at individual study visits from pre-treatment baseline blood pressure 
ranged from 2.3 to 3.9 mm Hg for systolic blood pressure and from 0.3 to 1.4 mm Hg for 
diastolic blood pressure (see Section 3.3).  

These epidemiological studies have shown that elevations in blood pressure are 
consistently associated with a greater risk of cerebrovascular events than cardiac events. 
Furthermore, the benefit of blood pressure reduction is greater for cerebrovascular 
outcomes than for cardiac outcomes [129].  In the APPROVe study, cardiac events were 
more numerous than cerebrovascular events. 

Thus, drug-related increases in blood pressure would not appear to account for the 
magnitude of the increased risk of cardiovascular events observed for rofecoxib 
compared to placebo in APPROVe, although a small contribution of blood pressure to the 
overall result cannot be excluded. 

Summary: Blood Pressure Changes and Risk of Having Serious Cardiovascular 
Thrombotic Adverse Experiences 

The majority of analyses performed did not reveal significant associations between blood 
pressure and relative risk for CV events in the APPROVe study.  In one analysis, the 
relative risk for CV events was greatest in patients with increases in systolic blood 
pressure ≥160 mm Hg.  The lack of consistency with any of the other BP analyses 
performed limits the ability to draw conclusions from this single association. 

6.3 APPROVe Summary 

The study validates the primary efficacy hypothesis but revealed unexpected safety 
findings. Daily administration of rofecoxib was associated with a significantly reduced 
rate of adenoma recurrence compared with placebo.  The study also showed an increased 
risk of patients having confirmed thrombotic cardiovascular serious adverse experiences 
with rofecoxib 25 mg.  The risk began to diverge from placebo beginning after 18 months 
of chronic therapy; over time the difference became significant.  Results for the first 18 
months of treatment in APPROVe did not indicate any meaningful difference 
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 between rofecoxib and placebo and were consistent with prior placebo-controlled and 
non-naproxen NSAID controlled data. Analyses of cardiovascular risk factors, including 
blood pressure, did not reveal any important association that might provide insight into 
origin of the increased risk of patients having thrombotic cardiovascular events 
associated with rofecoxib therapy beginning after 18 months of continuous therapy. 
There was no difference in mortality between the treatment groups. 

6.4 APPROVe Conclusions 

•  The incidence of thrombotic cardiovascular events with rofecoxib 25 mg was similar 
to placebo over the first 18 months of continuous usage, consistent with the other data 
in the rofecoxib development program. 

•  The risk of thrombotic CV events in patients taking rofecoxib 25 mg  began to 
diverge from placebo beginning after 18 months of chronic therapy; over time the 
difference became significant. 

•  Analyses of cardiovascular risk factors, including blood pressure, did not reveal any 
consistent association that might provide insight into the increased risk of thrombotic 
cardiovascular risk factors associated with rofecoxib therapy after 18 months.  

•  There was no difference in mortality between the treatment groups. 
•  The mechanism(s) for the increased risk versus placebo starting after 18 months of 

continuous therapy of thrombotic cardiovascular events are uncertain. 

7. Postmarketing Data 

Postmarketing surveillance is an important signal detection tool after a new drug enters 
the market.  The first suspicion of rare and non-mechanism based adverse events not 
detected in clinical trials usually arises from spontaneous reporting systems. For common 
adverse events, i.e. coronary heart disease (CHD), however, the background rate (640 to 
1,100 per 100,000 patient years in the U.S.) often is so much higher than the reported rate 
(3.5 per 100,000 patient-years of exposure worldwide, market introduction through 30-
September-2004; Health Care Provider reports) that no conclusion of an association or an 
increased risk can be drawn. Similarly, mechanism based adverse events, i.e., fluid 
retention and hypertension from NSAID use, are expected to occur and therefore are not 
systematically reported by health care practitioners for drugs of the same class; hence no 
conclusions can be drawn regarding the magnitude of risk. Therefore, it is generally 
accepted that post marketing surveillance cannot be used to evaluate such adverse events, 
which only can be studied in clinical trials and/or observational studies. 

It is also generally accepted that spontaneous reporting systems can only produce signals 
of potential cause – effect relationships because the information is most often incomplete 
and the systems are sensitive to multiple biases like time on market – reporting highest 
during the first years, media attention – leading to increased reporting, channeling high 
risk patients to new treatments etc.  For irreversible effects it is impossible to make valid 
causal inferences from spontaneous reports since two important criteria for causality 
evaluation – dechallenge and rechallenge are not applicable.  Typical examples of such 
effects are cardiovascular events like thromboembolism including acute myocardial 
infarctions and cerebrovascular events.  Such events can therefore only be evaluated in  
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formal studies where the risk of the outcome is compared between exposed and non-
exposed.  Furthermore, spontaneous reports cannot be used to compare the risk of one 
type of AE between different drugs, a fact recognized by the FDA and other experts. 

8. Overall Conclusions 

•  Rofecoxib was the only approved selective COX-2 inhibitor with a demonstrated 
advantage over nonselective NSAIDs in decreasing the risk of clinical upper GI 
events.  A benefit over nonselective NSAIDs in patients taking concomitant low dose 
aspirin has been suggested but not conclusively established. 

•  Rofecoxib use, like all NSAIDs, is associated with renovascular adverse experiences 
that are mechanism based and dosed related.  In general, these effects with rofecoxib 
are similar to the effects seen with other NSAIDs. 

•  The data from rofecoxib clinical trials shows a similar incidence of thrombotic 
cardiovascular events with rofecoxib 25 mg compared to placebo over the first 18 
months of chronic usage or from non-naproxen NSAIDs. 

•  The incidence of thrombotic cardiovascular events is lower on naproxen 500 mg 
twice daily than rofecoxib.  The difference is apparent shortly after initiation of 
therapy. 

•  In APPROVe, the risk of thrombotic CV events in patients taking rofecoxib 25 mg  
began to diverge from placebo beginning after 18 months of chronic therapy; over 
time the difference became significant.  Long term data for rofecoxib in comparison 
to non-naproxen NSAIDs has not revealed a difference but are limited. 

•  The mechanism(s) for the increased risk of thrombotic cardiovascular events in the 
APPROVe study are uncertain. 

•  There are as yet no long-term data to suggest a difference in the incidence of 
thrombotic cardiovascular events in selective COX-2 inhibitors compared to 
nonselective NSAIDs such as ibuprofen and diclofenac that do not have potent and 
sustained antiplatelet effects. 

•  It is premature to draw conclusions at this time on the implications of the new 
findings with rofecoxib, celecoxib, and naproxen for the other drugs in this class 
including COX-2 selective inhibitors and non-selective NSAIDs or to assess topics 
such as the effects of dose and duration.  Although the data suggest that the CV 
findings represent a class effect, it is unclear at this time how extensive the class 
might be: selective COX-2 inhibitors, all NSAIDs, or the subset of NSAIDs without 
potent and sustained COX-1 inhibitory effects. 

•  Physicians and patients should discuss the benefits and risks of these agents and 
incorporate the new information into their decision making.  New and ongoing 
studies will likely continue to inform on this topic and should be taken into account in 
any product labeling.   
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APPENDIX 1 
 

Emerging Data on Prostaglandin Biology Relevant to the 
Cardiovascular System 

Over the course of the clinical development of rofecoxib, there has been an evolution in 
the understanding of the biology of the pathways affected by the inhibition of COX-1 and 
COX-2. Although there are no definitive data, mechanisms have been proposed to 
explain the reasons why selectively inhibiting COX-2 might be associated with an 
increase in cardiovascular risk.  Both clinical and preclinical data on the cardiovascular 
effects of selective COX-2 inhibition reveal mixed results with some studies showing a 
benefit, some no effect, and others a possible deleterious effect. 

The identification of COX-2 in atherosclerotic lesions in humans and in fatty streaks of 
apoE-/- and LDL-/- mice has spurred an interest in the role of COX-2 in the pathogenesis 
of atherosclerosis [1; 2; 3; 4].  Animal models of atherosclerosis examining the effects of 
COX-2 inhibition on lesion size provide inconclusive correlation. In short term (3 to 12 
week) studies in apoE-/- mice, mice treated with COX-2 selective inhibitors had 
increased, decreased, and no change in  the size of atherosclerotic lesions [5; 4; 6; 7].  In 
longer terms studies (>15 weeks), neither the COX-2 selective inhibitors celecoxib, MF-
tricyclic, or the non-selective NSAID sulindac had a significant effect on the size of 
atherosclerotic lesions [8; 9]. In LDL-/- mice, 6 weeks of treatment with the COX-2 
inhibitor rofecoxib reduced lesion size [4], while treatment for 18 weeks with the COX-2 
inhibitor nimesulide had no significant effect [3].   Overall, the majority of mouse studies 
indicate no detrimental effects of COX-2 inhibition, and several indicate potential 
benefits on atherogenesis.  

A variety of studies have explored the pathogenesis of atherosclerosis using mice with 
targeted deletions in specific prostanoid receptors.  These results must be interpreted in 
light of the knowledge that NSAIDs or COX-2 selective inhibitors produce between 60 
and 75% inhibition of the enzyme at clinical doses [10].  In addition, inhibitors affect the 
synthesis of a broad range of prostanoids rather than targeting a single molecular species. 
The data from cross breeding experiments suggest that loss of the IP (prostacyclin) 
receptor potentiates atherosclerosis in apoE-/- mice while loss of the TP (thromboxane) 
receptor is partially protective [11; 12].  As both COX-1 and COX-2 may be involved in 
the synthesis of thromboxane and prostacyclin, depending on the cell type and stimulus, 
the significance of these findings for non-selective NSAIDs and COX-2 selective 
inhibitors is not clear.  The observation that the phenotype of mice with targeted deletion 
of prostacyclin synthase is not similar to that of the IP knockout mouse is further 
evidence that the results of receptor knockout experiments may not be directly 
extrapolated to situations in which prostanoid synthesis is decreased [13]. 

Numerous animal studies have examined the effect of COX-2 gene deletion and selective 
inhibition on myocardial infarction (MI), in one study,  and thrombosis (references from 
Lynch memo) [14; 15; 16; 17; 18].  Overall, these studies indicate no detrimental effects  
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of COX-2 selective inhibitors compared with nonselective NSAIDs.  An internal MRL 
preclinical study assessed the effect of selective COX-2 inhibition versus nonselective 
inhibition with aspirin and naproxen on arterial and venous thrombosis in an African 
green monkey model of carotid artery and jugular vein electrolytic injury. Five day oral 
dosing regimens were selected to achieve levels of inhibition of COX-1 and COX-2 
similar to those achieved in clinical use with non-selective and selective COX-2 
inhibitors, respectively. The COX-2 selective inhibitors used were rofecoxib and 
celecoxib while the nonselective NSAIDs were Naproxen and aspirin. This primate study 
demonstrated no effect of COX-2 inhibition with rofecoxib or celecoxib on either arterial 
or venous thrombosis. In contrast, naproxen significantly prolonged times to both arterial 
and venous thrombosis. Aspirin significantly prolonged time to arterial thrombosis, and 
tended, albeit non-significantly, to increase time to venous thrombosis. This study 
suggested that COX-2 inhibition demonstrated no effect on acute arterial or venous 
thrombosis, while naproxen was associated with significantly longer times to arterial and 
venous thrombosis.   

Recent animal experiments have demonstrated that both COX-1 and COX-2 may play a 
role in late ischemic preconditioning, an experimental paradigm in which myocardium or 
brain is subjected to short periods of ischemia followed by complete occlusion of the 
artery.  Pre-conditioning has been observed to reduce infarct size.  Non-selective NSAIDs 
and selective COX-2 inhibitors abolish this pre-conditioning response [19; 20; 21].  Both 
COX-1 and COX-2 null mice, as well as wild-type mice treated with non-selective 
NSAIDs, lose the last ischemic pre-conditioning response, suggesting that both enzymes 
may be involved in this prostanoid-dependent mechanism of cardioprotection [22].  The 
significance of this finding for human disease states is unknown and untestable.  
However, both non-selective NSAIDs and COX-2 inhibitors produced similar effects in 
this model system so that effects unique to selective COX-2 inhibition are not anticipated. 

The overall effects of COX-2 inhibition or deletion on cardiovascular risk are unclear at 
this time as the aggregate data do not provide a clear signal.  Comprehensive literature 
reviews of animal models suggest that COX-2 inhibition is associated with a full range of 
outcomes, including positive benefit, no effect, and deleterious outcomes.  The animal 
model effects of COX-2 inhibition should be extrapolated to effects in humans with 
extreme caution as there is no clear established relationship between these animal models 
and human disease. 
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APPENDIX 2 
 

Summary of Efficacy Findings from Rofecoxib Alzheimer’s Disease Studies 
 
1. Introduction 

A total of 3 studies were initiated to investigate the efficacy of rofecoxib 25 mg for 
slowing the progression of symptoms in patients with Alzheimer’s disease (AD). These 
include 2 Merck studies (Protocols 091 and 126) and the Alzheimer’s Disease 
Cooperative Study (ADCS). Because proof of efficacy in AD typically requires 
improvement on cognition and another domain such as an overall clinical rating or 
activities of daily living, these studies assessed multiple endpoints. An additional Merck 
study (Protocol 078) investigated the efficacy of rofecoxib for delaying a diagnosis of 
AD in patients with Mild Cognitive Impairment (MCI). Patients with MCI are at 
increased risk for developing AD compared with the normal elderly subjects. The study 
employed similar assessments to those used in the AD trials. The main findings from 
each study are summarized below.  

2. Protocol 091 [1] 

2.1 Design 

Protocol 091 was a randomized, multicenter, double-blind, placebo-controlled, 12-month, 
intent-to-treat (ITT) study in patients at least 50 years of age with mild or moderate 
possible or probable AD. Patients were randomized to receive rofecoxib (N=346) or 
placebo (N=346). Efficacy measures included assessments of cognition (AD Assessment 
Scale – cognitive subscale [ADAS-Cog], Mini-Mental State Exam [MMSE]), clinical 
ratings (Clinical Dementia Rating [CDR], Clinician’s Interview Based Impression of 
Change with caregiver input [CIBIC+]), and activities of daily living (ADCS Activities 
of Daily Living scale [ADCS-ADL]).  

2.2 Results 

The efficacy findings at Month 12 are summarized in Figure 1. There were no 
statistically significant differences between treatments.  
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Figure 1 
 

Month 12 Mean (95% CI) Treatment Differences in Changes from Baseline in Protocol 
091  
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←  F a v o r s  R o fe c o x ib    F a v o r s  P la c e b o  →
 

2.3 Conclusions 

Rofecoxib had no effect on the progression of symptoms in AD patients in this study.  

3. Protocol 126 

3.1 Design 

This study had an identical design to Protocol 091. 

3.2 Results 

The study was terminated early when the results from Protocol 091, indicating no effect 
of rofecoxib, became known. Due to the early termination, only 1% of the 758 
randomized patients completed the planned 12 months of treatment, too few to allow an 
analysis of the  primary endpoint (ADAS-Cog score at Month 12). Analyses of efficacy 
data at earlier time points of 3, 6, and 9 months were generally consistent with those from 
Protocol 091 in showing no effect of rofecoxib on progression of AD. Out of 20 
comparisons performed with no adjustment for multiplicity, there was 1 statistically 
significant finding  consisting of a treatment difference in favor of placebo on the ADAS-
Cog at 6 months of 1.08 points [95% CI: 0.11, 2.05], p=0.029.  This small difference was 
not replicated at the 3- or 9-month time points, or on other measures. No treatment 
difference on the ADAS-Cog at 6 months was seen in Protocol 091 which had nearly 
twice the sample size at this time point. 

3.3 Conclusions 

The results from Protocol 126 were generally consistent with those from Protocol 091 in 
suggesting no effect of rofecoxib on progression of AD. 
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4. ADCS Trial [2] 

4.1 Design 

This was a randomized, multicenter, double-blind, placebo-controlled, 12-month, study in 
patients at least 50 years of age with mild or moderate probable AD. Patients were 
randomized to receive rofecoxib 25 mg (N=111), naproxen 220 mg (N=118), or placebo 
(N=122). Efficacy measures included assessments of cognition (ADAS-Cog), clinical 
ratings (CDR), activities of daily living (ADCS-ADL), quality of life (AD Quality of Life 
scale [QOL-AD]), and neuropsychiatric symptoms (Neuropsychiatric Inventory [NPI]).  

4.2 Results 

The efficacy findings at Month 12 for rofecoxib versus placebo are summarized in Figure  
2. There were no statistically significant differences between treatments. There were also 
no significant differences between naproxen and placebo (data not shown). It should be 
noted that the statistical comparison for the primary endpoint of the ADAS-Cog at Month 
12 was adjusted for multiplicity because there were 2 primary comparisons (rofecoxib 
versus placebo and naproxen versus placebo); the unadjusted p-value for the comparison 
of rofecoxib versus placebo was 0.044. The rofecoxib ADAS-Cog score at Month 12 
appeared to be an outlier relative to other time points (Aisen, personal communication). 
Some secondary analyses favored rofecoxib (trend toward slower decline on the ADCS-
ADL, and longer time to institutionalization). 
 

Figure 2 
 

Month 12 Mean (95% CI) Treatment Differences in Changes From Baseline in the ADCS 
Trial  

ADAS Cog

CDR-Sum of Boxes
ADCS-ADL
NPI
QOL AD

-6 -4 -2 0 2 4 6

← Favors Rofecoxib    Favors Placebo →
 

 
Note: The 95% CIs shown in this illustrative plot are created from data presented in the 
manuscript [2], and are without statistical adjustments for either multiplicity or baseline 
factors. 

4.3 Conclusions 

The results from the ADCS trial were generally in line with those from Protocol 091, 
indicating no consistent effect of rofecoxib on progression of AD. 
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5. Protocol 078 

The primary findings from this study were presented at the 42nd annual meeting of the 
American College of Neuropsychopharmacology, December 7-11, 2003 [3] and have 
been accepted for publication [4].  

5.1 Design 

Protocol 078 was a randomized, multicenter, placebo-controlled, double-blind, 4-year 
ITT study to investigate the efficacy of rofecoxib 25 mg for delaying a diagnosis of AD 
in patients at least 65 years of age with MCI. These patients were expected to progress to 
AD at  a rate of 15% per year. Patients were randomized to receive rofecoxib (N=725) or 
placebo (N=732). The primary endpoint was the number of patients in each treatment 
group who were diagnosed with possible or probable AD according to NINCDS-ADRDA 
criteria [5]. Investigator diagnoses confirmed as possible or probable AD by a blinded 
independent endpoint adjudication committee (EAC) were included in the analysis. The 
endpoint adjudication process is described in more detail in section 5.3.2 below. Other 
assessments consisted of cognitive test measures (ADAS-Cog, MMSE, Selective 
Reminding Test [SRT; a word recall test]), clinical ratings (CDR), and activities of daily 
living (Blessed Dementia Scale – Activities of Daily Living [BDS-ADL]).  

The study was one of the first prevention trials to be initiated in an MCI population. The 
intention was to run the study until 220 diagnoses of AD had been made, which it was 
anticipated would take 2 years based on an expected conversion rate of 15% per year. 
The study was extended to 4 years due to lower than expected conversion rates and high 
discontinuation rates, and then terminated early after 189 confirmed diagnoses of AD had 
been made. The study was terminated early because the steadily decreasing accrual of 
endpoints made it likely that continuation until completion would have yielded little 
further useful information.  Approximately 45% of the total number of randomized 
patients discontinued the study prematurely and 40% of the total number of randomized 
patients completed the study on-drug.  

5.2 Results of Pre-specified Analyses 

In the primary ITT analysis, the hazard ratio for conversion to possible or probable AD 
unexpectedly favored placebo (Figure 3). The difference was not further increased in an 
analysis restricted to the on-drug population (Figure 3). The estimated annual diagnosis 
rates were 6.4% in the rofecoxib group and 4.5% in the placebo group. The treatment 
difference was evident at the earliest evaluation (4 months) and was proportional over 
time. No differences between treatments were observed on other commonly measured 
endpoints in AD trials  including  assessments of cognition, clinical ratings, and activities 
of daily living (Figure 4).  
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Figure 3 

 
Rofecoxib:Placebo Hazard Ratios (95% CI) for Diagnosis of AD 
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Figure 4 
 

Comparison Between Rofecoxib and Placebo In Terms of Annual Slopes  
(95% CI) for Secondary Measures  
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5.3 Results of Post-hoc Analyses 

In order to further explore the unexpected findings on the primary endpoint  suggesting 
that rofecoxib might accelerate a diagnosis of AD, a number of post hoc analyses were 
conducted. The analyses addressed the following questions: 1) Was there any evidence 
for biases that may have influenced the results? 2) Was the treatment difference 
maintained in patients with the most certain AD diagnosis? 3) Was there any evidence 
that rofecoxib might have contributed to an AD diagnosis through cardiovascular effects? 
4) Was there any evidence that rofecoxib might have been associated with non-specific 
cognitive effects that could have been misinterpreted as conversion to AD? 5) Could the 
findings be replicated in an independent dataset? 

5.3.1 Potential Biases  

5.3.1.1 Imbalances Between Groups 

The observation that the separation between treatment groups in rates of AD diagnosis 
was apparent from 4 months (the earliest time point assessed) but did not increase over 
time, raised the possibility that there may have been an imbalance between the groups at 
baseline or which arose during the study. There was no evidence of a major imbalance for 
measured variables, including severity of impairment. To more fully investigate the 
possible contribution of baseline and post-randomization variables, an analysis was 
performed adjusting for factors which showed an effect, at a significance level of  
p<0.10, on progression to AD. Those factors correlated with greater likelihood of 
progression to AD were lower baseline MMSE score stratum (24-26), female gender, age 
>75, and prior ginkgo use. Factors associated with a decreased risk of progressing to AD 
were longer duration of concomitant NSAID use, and concomitant use of statins. In the 
analysis which adjusted for these factors, the statistical significance of the hazard ratio 
was reduced (1.31 [95% CI: 0.98, 1.75], p = 0.065). (Presence of the apolipoprotein ε4 
allele was also a risk factor but was not included in the model because information was 
missing for a substantial proportion of patients.) This suggests that the treatment 
difference may have been partly due to imbalances between the groups.  

5.3.1.2 Differential Discontinuations 

As noted above, only 40% of the total number of randomized patients completed the 
study on-drug.  The high drop-out rate complicates interpretation of the results and raises 
the potential that differential discontinuations may have influenced the results. No major 
imbalance was noted with regard to reasons for discontinuation, although the categories 
used to classify the reasons may have been too broad to be informative. For example 
“withdrew consent” was the largest single categorization, accounting for over half the 
discontinuations in each treatment group. The relatively large proportion who withdrew 
consent may have been partly due to the fact that patients were asked to sign a new 
consent form after 2 years (the original planned study duration) and were unwilling to 
extend their initial commitment. An analysis was performed to determine if the baseline 
characteristics of patients who discontinued differed by treatment group. The analysis 
included baseline efficacy measures, demographics, vital signs, laboratory measures, and  
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prior medications. Of those who discontinued, placebo patients had higher baseline 
ADAS-Cog scores, indicative of greater cognitive impairment and presumably greater 
risk of progression to AD, than patients randomized to rofecoxib (p=0.034 in a logistic 
regression model). In the subgroup of discontinued patients who had at least 1 on-
treatment evaluation (about a third of discontinuers had no on-treatment evaluation), the  
change from baseline to last evaluation time point scores on the ADAS-Cog, MMSE, and 
CDR-sum of boxes were similar between the treatment groups (data not shown). 

5.3.2 Effect of Type of AD Diagnosis 

Cases of dementia (any cause) diagnosed by the investigator were adjudicated by a 
blinded EAC consisting of 3 experts who were sent copies of the patient’s case report 
forms and medical records. Each expert reviewed the case independently and indicated 
whether the event was a confirmed event of AD (yes/no; if yes, whether possible AD or 
probable AD), non-AD dementia (yes/no), or non-dementia. The primary analysis 
included those events in which ≥2 of the adjudicators confirmed the diagnosis of AD as 
possible or probable according to NINCDS-ADRDA criteria [5]. Out of a total of 195 
investigator-reported cases of dementia (190 possible or probable AD and 5 non-AD 
dementia), 189 were adjudicated as confirmed AD (the endpoint for the primary 
analysis). Of the 189 confirmed AD cases, 154 were adjudicated as probable AD (≥2 
adjudicators classified as probable AD), 25 were adjudicated as possible AD (≥2 
adjudicators classified as possible AD), and in the remaining 10 there was a split 
judgment (1 adjudicator classified as probable AD, 1 adjudicator classified as possible 
AD, and 1 adjudicator classified as either non-AD dementia or non-dementia). Of these 
adjudicated diagnoses, probable AD represents the most certain diagnostic category; the 
FDA had requested an analysis restricted to patients with probable AD in the Protocol 
091 treatment trial of patients with possible or probable AD. Analyses of the Protocol 
078 data were therefore performed to see if the treatment difference was maintained or 
enhanced in those patients with the most certain diagnosis. 
In the analysis of the 154 patients with adjudicated probable AD, the rofecoxib:placebo 
hazard ratio was reduced in the primary ITT model (1.20 [95% CI: 0.88, 1.65], p=0.256). 
In the analysis of the remaining 35 patients (those with either adjudicated possible AD or 
a split judgment), the hazard ratio was increased in the primary ITT model (3.84 [95% 
CI: 1.74, 8.45], p=0.001). One key distinction between probable AD and possible AD is 
presence of a confounding factor in the case of a possible AD diagnosis [5]. An attempt 
was made to determine the reasons for the latter 35 events being adjudicated as non-
probable AD, based on the adjudicator’s written comments. Since multiple reasons were 
often given within and between adjudicators for their diagnosis, the approach taken was 
that a neurologist reviewed the comments and made an overall judgment as to what 
appeared to be the primary confounding reason for the less certain AD diagnosis. Based 
on this approach, the primary reasons were: non-AD dementia (e.g., Lewy body 
dementia) - 9 cases; little evidence of disease progression - 8 cases; depression - 7 cases; 
cardiovascular disease - 7 cases; other (e.g. delirium) -  4 cases.  In order to more 
objectively assess the possibility that cardiovascular factors might have been a major 
determinant of the non-probable diagnoses, the number of events in which ≥2 
adjudicators made any mention of cardiovascular factors in their comments was  
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determined. This included any mention of stroke or infarct on the CT/MRI brain scan 
performed at the time of diagnosis, but excluded mention of non-specific generalized 
white matter abnormalities. This approach may have been over-inclusive by counting 
non-clinically-relevant lesions and static pre-existing lesions (it should be noted than 
brain scans were not performed at baseline). To ensure an all-inclusive analysis, the 
analyzed dataset also included 2 cases adjudicated to be non-AD dementia, and 2 cases 
with a split AD/non-AD dementia/non-dementia EAC judgment, in addition to the above 
35 patients. Using this approach, the comments for 12 of the 39 non-probable-AD 
diagnoses included any mention of cardiovascular factors by ≥2 adjudicators. In both 
evaluations, therefore, cardiovascular factors did not appear to be the primary 
determinant of the majority of non-probable-AD diagnoses.   

In summary, the results from this exploratory analysis indicated that the finding on the 
primary endpoint was not confirmed in the 154 patients who had the most certain AD 
diagnosis. The treatment difference appeared to be increased in the remaining 35 patients 
with a less certain AD diagnosis, but the interpretation of this finding is unclear.  

5.3.3 Cardiovascular Effects and AD Diagnosis 

5.3.3.1 Relation of AD Diagnosis to Blood Pressure Changes 

Rofecoxib and other NSAIDs can cause small mean increases in blood pressure, and 
there is some evidence in the literature to suggest that increased blood pressure might be 
associated with an increased risk of dementia. We therefore performed three post hoc 
analyses to evaluate whether the rofecoxib:placebo risk ratio for diagnosis of AD 
increased as a function of increased blood pressure change. In the first analysis, change 
from baseline in mean arterial blood pressure at month 4 was calculated for each patient. 
The rofecoxib:placebo odds ratios for diagnosis of AD were then calculated for 3 
categories of patients: those with no change or a decrease (odds ratio = 1.43), those with 
an increase ≤5 mm Hg (odds ratio = 1.18), and those with an increase >5 mm Hg (odds 
ratio = 1.47). The test of homogeneity of the odds ratios across categories indicated no 
statistically significant differences (p=0.895). The second analysis looked at a predefined 
limit of change in systolic blood pressure, which was prespecified as a postrandomization 
value that was ≥180 mm Hg and showed a ≥20 mm Hg increase from baseline. The 
rofecoxib:placebo hazard ratios for diagnosis of AD were similar in those patients who 
did not meet the predefined limit of change criteria at any time point during the study 
(hazard ratio = 1.42 [95% CI: 1.06, 1.92]), compared with those who did meet the criteria 
(hazard ratio = 1.53 [95% CI: 0.49, 4.81]). In the third analysis, mean arterial blood 
pressure at all time points in the study was included as a time-varying covariate in the 
primary model. Mean arterial blood pressure had no effect on conversion to AD in the 
overall population (hazard ratio = 0.99, [95% CI: 0.98, 1.01], p=0.398) and did not 
modify the treatment hazard ratio (1.47) compared to the estimate found in the primary 
analysis (1.46).  

5.3.3.2 Relation of AD Diagnosis to Cardiovascular Risk Factor Status 

An analysis was performed to examine whether patients at higher cardiovascular risk 
were more likely to receive an AD diagnosis, and whether cardiovascular risk status 
modified the treatment hazard ratio. The definition of higher cardiovascular risk was the  
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same as that used throughout the rofecoxib program. The higher risk subgroup was 
defined as those with either ≥2 major risk factors for coronary artery disease (current 
smoker, history of hypertension, history of diabetes, history of hypercholesterolemia) or 
with a prior history of a cardiovascular thrombotic event. When cardiovascular risk 
category (higher or lower risk) was included as a covariate in the primary model, it had 
no statistically significant effect on conversion to AD in the overall population (hazard 
ratio = 1.13, [95% CI: 0.81, 1.56], p=0.458) and did not modify the treatment hazard ratio 
(1.46) compared to the estimate found in the primary analysis (1.46).  

5.3.4 Non-specific Cognitive Effects and AD Diagnosis 

NSAIDs have been reported to have central nervous system (CNS) side effects such as 
decreased mental acuity and somnolence. These have a low reported incidence but it is 
conceivable that they might have a disproportionate effect in elderly individuals who are 
already cognitively compromised, potentially leading to a misdiagnosis of dementia.  In 
order to assess this possibility, the percentages of patients with CNS adverse events were 
examined. There did not appear to be a clear increase in the percentages of patients with 
these types of events: % with ≥1 CNS adverse experience = 36.5% for rofecoxib and 
38.0% for placebo; % with ≥1 psychiatric adverse event = 21.7% for rofecoxib and 
19.4% for placebo; % with somnolence = 2.4% for rofecoxib and 1.6% for placebo; % 
with confusional state = 2.1% for rofecoxib and 1.4% for placebo. Since it might be 
difficult to detect a signal of CNS-type adverse experiences in patients who are already 
cognitively compromised, the assessment was repeated using pooled data for patients 
aged ≥65 years from non-AD rofecoxib trials (these were typically of much shorter 
duration than the AD trials). The analysis included 2165 patients on rofecoxib and 967 
patients on placebo. As in Protocol 078, there did not appear to be a clear increase in the 
percentages of patients with CNS adverse events in this pooled dataset: % with at ≥1 
CNS adverse experience = 12.3% for rofecoxib and 12.2% for placebo; % with ≥1 
psychiatric adverse event = 1.8% for rofecoxib and 1.3% for placebo; % with somnolence 
= 0.6% for rofecoxib and 0.1% for placebo; % with memory impairment =  0.1% for 
rofecoxib and 0% for placebo; % with decreased mental acuity = 0.2% for  rofecoxib and 
0.1% for placebo. 

Another approach to investigate this possibility involved examination of cognitive test 
scores over time in Protocol 078 to see if there was any evidence for an early treatment 
difference which might be indicative of an acute non-specific cognitive effect of 
rofecoxib. There was no evidence for an early treatment difference on the MMSE or 
SRT, those tests which were administered every 4 months (data not shown). As a final 
approach, cognitive test scores in patients from Protocol 091 who received rofecoxib for 
12 months and were then switched to placebo (in a blinded fashion) for an additional 3 
months were examined to see if there was any evidence of a “rebound” effect following 
rofecoxib discontinuation. There was no evidence that cognitive test scores improved on 
discontinuation of rofecoxib (data not shown).  

In summary, the above analyses provided no definitive evidence that non-specific 
cognitive effects might have contributed to the AD diagnosis, but are insufficient to 
exclude the possibility. 
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5.3.5 Replication in an Independent Dataset  

Ideally, one would like to compare the results from Protocol 078 with results from a 
similar study to see if the findings were replicated. In this case, there was no other study 
of rofecoxib in MCI.  However, there were subgroups of patients in Protocols 078 and 
091 who had overlapping MMSE scores of 24-26 (approximately a third of patients in 
each study), indicating broadly similar levels of cognitive function despite the difference 
in diagnosis. Comparison of these overlapping subgroups was used as the closest 
approximation available to an independent replication. There was no evidence to suggest 
differences between treatments on assessments of cognition (ADAS-Cog) in the MMSE 
24-26 subgroup in either study (data not shown). In the subgroup analysis from Protocol 
078, there was a nominally significant difference between treatments for the CDR-sum of 
boxes score in favor of placebo (annual slope difference = -0.18 [95% CI: -0.35, -0.01], 
p=0.039). This finding was not surprising given that the global score on the CDR was the 
trigger for diagnosing AD. There was no difference between rofecoxib and placebo on 
the CDR sum-of-boxes score in the subgroup analysis from Protocol 091 (annual slope 
difference = -0.05 [95% CI: -0.56, 0.45], p=0.837). Thus, there was no evidence of a 
detrimental effect of rofecoxib in the most directly comparable group of patients 
available. 

5.4 Conclusions 

Interpretation of results on the primary endpoint in Protocol 078 is difficult for a number 
of reasons. Firstly, the results were internally inconsistent; the primary endpoint 
suggested that rofecoxib might accelerate the rate of conversion from MCI to AD, but 
rofecoxib did not differ from placebo on secondary endpoints including assessments of 
cognition, global function, and activities of daily living. Secondly, the results need to be 
interpreted against the backdrop of high discontinuation rates and lower than expected 
AD diagnosis rates. There was some evidence that differential discontinuations, as well 
as imbalances between treatment groups, may have influenced the results.   

A number of observations argue against rofecoxib having an effect on the underlying 
pathophysiology of AD. These include the early onset of the treatment difference and 
constant hazard rates over time, the reduction in the size of the treatment hazard ratio in 
patients with the most certain AD diagnosis, and the absence of any treatment effect in 
the subgroup of patients with overlapping MMSE scores in Protocol 091 (the most 
directly comparable group of patients available).  Alternative hypotheses are that 
rofecoxib might have indirectly led to an AD diagnosis through cardiovascular effects, or 
that non-specific cognitive effects of rofecoxib might have resulted in an AD (mis) 
diagnosis.  There was no support for the former hypothesis in a relatively extensive set of 
exploratory analyses. The more limited exploratory analyses designed to investigate the 
latter hypothesis provided no definitive evidence that non-specific cognitive effects might 
have contributed to the AD diagnosis, but are insufficient to exclude the possibility. 

In summary, it is difficult to draw any definitive conclusions from Protocol 078. The 
possibility that rofecoxib could accelerate a diagnosis of AD in MCI patients cannot be 
totally discounted. For the reasons noted above, it seems unlikely that any treatment 
difference reflects an effect of rofecoxib on the underlying pathophysiology of AD. 
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