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manufacturing the truth: From designing clinical trials to publishing trial 
data

MARGARET WHITSTOCK

Abstract

This paper expands on some of the points made by Deepak 
Natarajan on techniques used in designing clinical trials of new 
drugs to ensure favourable outcomes. It also considers the nexus 
between the manufacturers of new drugs and the publishers of 
medical journals in which edited versions of these favourable 
outcomes are presented to the medical fraternity. 

The argument will be illustrated by referring to the clinical trials of 
rofecoxib (Vioxx®) and etoricoxib (Arcoxia®). Both these drugs are 
COX-2 selective non-steroidal anti-inflammatory drugs (NSAIDs) 
manufactured by Merck & Co. Because of the unparalleled 
access to Merck’s internal confidential documents, due to the 
subpoenaing of these documents by government and private 
individuals in civil and criminal actions, we are still learning about 
the company’s unconscionable acts. What we learn can inform 
our judgement concerning published reports of both new and old 
drugs.

The randomised controlled trial in the research 
process

most national jurisdictions require that a new drug must 
demonstrate safety and efficacy via at least one randomised 
controlled trial (RCT), as this is deemed the most scientific 
method to evaluate a new drug. In the UsA, for example, the 
only clinical trial format that is acceptable for demonstrating 
safety and efficacy is the RCT, and the Us Food and Drug 
Administration (FDA) will not approve a new drug that has not 
been evaluated in this format. 

however, in practice, this sought-after objectivity is shown to 
be an artifice. For a pharmaceutical manufacturer, conducting 
clinical trials of a new drug is a tactical exercise to support 
the approval to market that new drug. As an eminent 
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epidemiologist, Alvan Feinstein, has said: “A randomised clinical 
trial is designed and analysed according to strategic policies 
about what questions the trial is intended to ask, what answers 
are to be obtained, what is to be done with the data, and 
who is to be convinced by the results” (1). The selection and 
definition of the clinical problem, the variables to be evaluated, 
the participating subjects, the procedures and measuring 
techniques, the nomination of what will be considered as 
an outcome, the statistical analyses to be performed, and the 
interpretation of those analyses – all of these are made from a 
position of pre-specified interest (2). 

This paper discusses some of the clinical trial techniques 
identified by natarajan (3) in which pre-specified interests 
influence how an RCT is designed and reported:

1. comparison with a treatment known to be inferior; 

2. non-compliance with the recommended dosages of 
comparator drugs to the advantage of the trialled drug; 

3. choosing to submit for publication only the selected 
endpoints that show the trialled drug to advantage; and

4. choosing to submit for publication only favourable 
subgroup analyses.

The relationship between manufacturers and medical 
journals 

During the development of a new drug, manufacturers sponsor 
(or act as authors of ) articles on the clinical trials of the new 
drug, and these articles are submitted to medical journals. 
publication of these articles acts as an essential tool for 
advertising to the medical community who will be the future 
prescribers of the new drug. Richard smith, a former editor of 
The BMJ, considered that medical journals are “an extension 
of the marketing arm of pharmaceutical companies” (4). To 
illustrate, at an estimated cost of up to Us$ 836,000, merck & 
Co. purchased 900,000 reprints of the vIgOR trial article from 
the nEJm to circulate to doctors to promote vioxx® (5,6). 
wilson (7) argues that in the public interest, the potential for 
capture of medical journals represented by this commercial 
role must be acknowledged and addressed.  

sometimes articles are not submitted for publication until 
after a new drug is granted regulatory approval to market 
(8,9), as holding over publication until post-approval reduces 
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the likelihood of peers finding problems that may affect the 
approval process (8,10). Once a new drug is approved for 
marketing, the number of publications on the trials of the drug 
usually increases (9). however, there is no effective mechanism 
to ensure that what is published in medical journals accurately 
reports the data from the clinical trials submitted for the 
approval of that drug.

This has had a considerable impact on the value of the 
peer-review process, as reviewers see only the data that 
pharmaceutical manufacturers have been willing to provide, 
and this frequently means that adverse data are omitted or 
played down. smith observes that peer review has become an 
uncertain means to assess research papers, particularly those 
reporting on clinical trials (11). he notes that there is little 
evidence on the effectiveness of peer-review and considerable 
evidence on its defects (11). smith’s viewpoint is supported by 
Richard horton (editor of The Lancet) and marcia Angell (former 
editor of the nEJm) (4). brophy argues that superficial peer-
reviewing in publications reporting on vioxx® contributed 
to misleading inferences and conclusions that ultimately put 
public safety at risk (12). 

Development of the COXIBS

Cyclooxygenase (COX) was originally understood to exist as a 
single enzyme, albeit with a range of expression in different 
tissues. Research published in 1991 (13) and 1992 (14) 
confirmed that there are two isoforms of cyclooxygenase, COX-
1 and COX-2. It was hypothesised that COX-1 was responsible 
for protecting gastric mucosa, and COX-2 was responsible 
for inflammatory responses to tissue damage. It was further 
hypothesised that if a drug could be developed in which 
COX-2 could be selectively inhibited, while leaving the action 
of COX-1 unopposed, then the outcome would be that tissue 
inflammation levels would be reduced, and gastric mucosa 
protection would be maintained.

This opened up research to develop drugs that would 
selectively inhibit the action of COX-2, the isoform believed 
to be responsible in inflammatory conditions such as 
osteoarthritis or rheumatoid arthritis. pfizer’s celecoxib 
(Celebrex®) was the first such drug on the market. merck 
developed two COX-2 selective nsAIDs, vioxx® and Arcoxia®. 
The FDA approved vioxx® in may 1999. Arcoxia® had been 
approved for marketing in the UK in 2002, and was in use in 
Latin America and the Asia pacific region, but it had not been 
approved by the FDA for marketing in the UsA. 

Identification of risks with COXIBS – Merck’s Vioxx® is 
withdrawn

subpoenaed evidence has indicated that by 1998, merck 
scientists had already recognised that COX-2 inhibitors carried 
a risk of cardiovascular (Cv) and cerebrovascular morbidity 
and mortality (15).1 The level of risk appeared to be correlated 
with the level of the inhibition of COX-2 activity, which can be 
described by the COX-1 to COX-2 selectivity ratio,2 though the 
process underlying this risk was not clearly understood. From 

the perspective of COX-2 selectivity ratios, both vioxx® and 
Arcoxia® could be considered to hold a significantly greater 
risk for patients when compared with Celebrex®.

notwithstanding the growing awareness of the association 
of COX-2 inhibition with Cv and vascular morbidity, merck 
continued with testing vioxx® because it wanted to overtake 
Celebrex® in the highly profitable COXIb market place. The 
intention was to offer a stronger pain-reliever for arthritis 
patients, while also offering protection from damage to 
gastric mucosa. merck was not prepared to allow the growing 
understanding about the risks associated with COX-2 inhibition 
to derail its application to the FDA for approval to market 
vioxx® in the UsA. The application was made in november 
1998.3 vioxx® was given Fast Track approval status, and was 
approved for marketing in the UsA in may 1999. Applications 
to market were also made in other jurisdictions, using the same 
data as submitted to the FDA.

Eventually, it was realised that while inhibition of COX-2 
activity could assist in reducing inflammation, it also affected 
both vasoconstriction and platelet aggregation, and the 
subsequent development of blood clots, leading to thrombotic 
events such as heart attacks (myocardial infarctions [mIs]) or 
cerebrovascular strokes. The actual extent and complexity 
of the counterbalancing roles of both the COX-1 and COX-
2 isoforms had not been clearly understood, and the clinical 
trials which had been designed specifically to prove the 
anti-inflammatory and gastroprotective capacity of COX-2 
inhibitors were not designed to consider these complex issues. 

On september 30,  2004, merck withdrew vioxx® from the 
market worldwide, citing safety reasons as shown in the data 
from the AppROve clinical trial which had commenced in 
February 2000.  by the time it was withdrawn, there had been 
many thousands of adverse Cv and cerebrovascular events, 
including thousands of deaths, in patients taking vioxx®, 
particularly at the highest daily dosage of 50 mg.4

1. Comparing a drug with a known inferior treatment: 
Merck and Arcoxia®

Arcoxia® with naproxen as comparator

In the face of accumulating adverse event data concerning 
vioxx®, merck needed to show that its remaining COX-
2, Arcoxia®, was safe from a Cv perspective. The company 
had commenced trialling Arcoxia® in 1999. by 2002, it had 
conducted clinical trials of Arcoxia® in which naproxen 
(naprosyn®, Aleve®), a traditional nsAID, was used as the 
comparator. Unfortunately for merck, these studies found that 
patients in the Arcoxia® arms experienced a higher incidence 
of adverse thrombotic Cv events than did patients in the 
naproxen arms. but rather than acknowledge the increased 
risk posed by Arcoxia®, it claimed, post hoc, that the lower 
incidence of thrombotic Cv events in the naproxen arms was 
due to a cardioprotective capacity of naproxen. One of the 
trial reports described naproxen as “a potent and sustained 
inhibitor of platelet aggregation at therapeutic doses” (19).
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merck had previously tried this baseless and counterfactual 
explanation concerning the cardioprotective quality of 
naproxen when reporting on trials with vioxx® versus 
naproxen.5 The FDA had sent a warning letter to merck, in 
2001, criticising the drug maker for promoting the idea that 
naproxen was cardioprotective without explaining that this 
was still hypothetical, that it had not been demonstrated by 
substantial evidence, and that there was another reasonable 
explanation, and that explanation was “that vioxx® may have 
pro-thrombotic properties” (21).

Arcoxia® with diclofenac as comparator – The MEDAL 
Program

when merck’s claim that naproxen was cardioprotective was 
rejected, it undertook new trials of Arcoxia® with a different 
comparator, diclofenac sodium (voltaren®). Diclofenac, a 
traditional nsAID, had been used worldwide for many years for 
relief of pain associated with inflammatory conditions such as 
osteoarthritis. Its approval in the UsA in 1988 was granted well 
before issues regarding the safety profile of all nsAIDs became 
apparent. 

The mEDAL program, consisting of three trials in which 
Arcoxia® was compared with diclofenac, commenced in 2002. 
The three trials were EDgE I, EDgE II, and the mEDAL study. 
by the time the mEDAL study, which compared Arcoxia® to  
diclofenac, commenced in the UsA, much would have been 
known about diclofenac (22). merck had used that drug as 
a comparator in at least two RCTs of vioxx®. In one of these, 
in which diclofenac was administered at 33% above the 
manufacturer’s recommended level, the rate of thrombotic Cv 
events in the diclofenac arm exceeded the numbers in both 
the vioxx® 12.5 mg trial arm, and the vioxx® 25 mg arm (12.5 
mg – 25 mg is the recommended dosage range for vioxx®) (23). 

In a 2001 study, diclofenac had been assessed as equivalent 
to Celebrex® in respect of COX-2 selectivity (24)6, and other  
research available at the time of the choice of diclofenac as the 
comparator in the mEDAL studies would have indicated that 
the drug was increasingly suspected of having thrombotic Cv 
risk (28), particularly at the 150 mg daily dosage, the dosage 
chosen for the mEDAL trials. merck’s use of diclofenac as the  
comparator was unethical. 

merck’s continued trialling of a new COX-2 selective nsAID 
(Arcoxia®) after the safety withdrawal of vioxx® is also 
ethically suspect, as the company was uniquely well-placed 
to understand the Cv problems with COX-2 selectivity. Even 
before the Arcoxia® versus diclofenac trials had commenced, a 
2001 publication focusing on two major clinical trials, one with 
vioxx® and one with Celebrex®, noted the potential for adverse 
Cv events associated with COX-2 inhibitors (26).   

Outcomes of the MEDAL non-inferiority study design

The primary hypothesis of the mEDAL program was that, 
based on confirmed thrombotic Cv events, Arcoxia® would be 
non-inferior or, as stated, “no worse than”, diclofenac (30). The 
reason given for choosing the non-inferiority design was that 

it would not be possible to assess absolute risk as this would 
require a placebo arm, and this was not ethical in a long-term 
arthritis study (31). however, use of an active comparator is 
acceptable, and resorting to a non-inferiority design is not 
the only way to take account of the possible unacceptability 
of a placebo arm.7 The trial investigators set a pre-specified 
criterion for determining non-inferiority, namely an upper 
bound of a two-sided 95% confidence interval below 1.30 
(30). The published report on the mEDAL trial, the largest 
study in the mEDAL program, stated that: “hypertension is an 
important risk factor for Cv disease and in this study etoricoxib 
[Arcoxia®] was associated with a significantly greater number 
of discontinuations due to hypertension-related AEs [adverse 
events]” than occurred in the diclofenac arm (32).

The choice of the non-inferiority study design meant that 
the mEDAL trials could only establish the relative Cv risk of 
Arcoxia® as compared with the Cv risk of diclofenac. but what 
was the level of risk of diclofenac? As noted earlier, diclofenac 
was itself showing potential for thrombotic Cv risk, and 
comparing the COX-2 selective Arcoxia® with another potential 
COX-2 selective nsAID would mean little in terms of a safety 
assessment. 

non-inferiority trials cannot establish absolute risk. All they 
can establish is that the drug described as non-inferior has an 
equal or lower numbers of adverse events for patients than 
the drug with which it is being compared. Investigating the 
drug which is used as the basis for comparison is an essential 
first step when assessing the safety of a new drug (or any drug) 
that relies on non-inferiority trial data. non-inferiority trials can 
mask the real safety risks of the “non-inferior” drug.

As the FDA’s David graham noted: “From the perspective of 
patient safety and rational therapeutics, naproxen [which 
had a lower CV risk], not diclofenac, should have been the 
reference drug in mEDAL. had that been so, it is highly likely 
that etoricoxib [Arcoxia®] would have been shown to be no 
different than its first cousin rofecoxib [vioxx®] with respect to 
cardiovascular risk” (33). merck’s Arcoxia® trials were designed 
strategically to get the answers that would allow the drug 
to gain FDA approval to market in the UsA; they were not 
designed to actually prove the safety of Arcoxia®. In 2007, after 
due consideration of the clinical trial evidence and the issues 
discussed above, the FDA decided not to approve Arcoxia® for 
marketing in the UsA (28). 

2. Non-compliance with recommended dosages of 
comparator drugs to the advantage of the trialled 
drug: Merck and Vioxx® 

The early clinical trials of vioxx® focused on comparing the 
clinical efficacy, safety and tolerability of this drug when 
compared with various traditional nsAIDs. Early RCTs showed 
that vioxx® had an unexpected capacity to cause adverse 
thrombotic Cv events (and adverse thrombotic events in other 
body systems, e.g. cerebrovascular accidents or strokes). These 
thrombotic events were in marked excess to placebo and to 
traditional nsAID comparators. In his testimony given at the 
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Us senate hearing “FDA, merck and vioxx: putting patient 
safety first?”, gurkirpal singh, a former merck consultant, stated 
that by november 1996, merck scientists had recognised that 
vioxx® did not inhibit platelet formation, and this seemed to be 
associated with a risk of heart attack (mI) in studies comparing 
vioxx® with other painkillers (34). 

Following this realisation, merck’s clinical trials of vioxx® no 
longer focused on adjudicating Cv outcomes; or, if this was 
done, these outcomes were not published at the same time as 
the other outcomes (e.g. with the vIgOR trial, where Cv data 
were collected but were not analysed, and only briefly referred 
to in the vIgOR trial report in the nEJm (35). merck’s claims 
for the superiority of vioxx® then focused on the capacity of 
vioxx® to reduce damage to the gastric mucosa, and reduce 
arthritis pain and improve joint functionality (directly related 
to the capacity of vioxx® to selectively inhibit COX-2-related 
inflammation typical of arthritis).

Testing the gastroprotective capacity of Vioxx®

Traditional non-selective nsAIDs inhibit the action of both 
COX-1 and COX-2 isoforms of the cyclooxygenase enzyme. 
Traditional nsAIDs were taken by patients because of 
their capacity to inhibit the COX-2 isoform responsible for 
the inflammatory pain associated with such conditions 
as osteoarthritis or rheumatoid arthritis, even though, by 
inhibiting the COX-1 isoform at the same time, traditional 
nsAIDs posed the risk of varying degrees of damage to 
the gastric mucosa, from digestive discomfort to erosions, 
perforations, ulcers or bleeding. 

merck designed its clinical trials to show the benefits of 
vioxx® in reducing gastric adverse events, and contrasted 
these with the adverse effects of traditional nsAIDs on the 
gastric mucosa. The higher the dosage in the trial arms using 
various traditional nsAID comparators, the more likely the 
contrast could be made evident, with the traditional nsAID 
comparators shown at maximum disadvantage and vioxx® 
shown at maximum advantage. vioxx® trial arms were also 
subject to supratherapeutic dosing levels, with the intention of 
showing that, even at high levels, the drug showed no adverse 
effects on gastric mucosa. 

Supratherapeutic dosing with the ibuprofen comparator in 
Vioxx® clinical trials

The Laine et al 24-week trial of vioxx® to treat osteoarthritis 
(36) was submitted to the FDA in 1997, but not published until 
1999. The trial arms included a placebo arm, two trial arms with 
different dosages of vioxx® (one using 25 mg, the upper limit 
of the recommended dosage range, and the other using 50 mg, 
which is twice the recommended upper limit for longer term 
use, as was the case with the Laine et al. trial), and one trial arm 
with the traditional non-selective nsAID ibuprofen (brufen®, 
neurofen®). The manufacturer’s dosage instructions for the 
ibuprofen comparator at that time were that the usual daily 
dosage was 1200 mg – 1600 mg, with provision for a maximum 
of 2400 mg. In the Laine et al. trial, the maximum 2400 mg 
dosage of ibuprofen was used. The trial report commented that 

vioxx® caused “markedly less gastrointestinal (gI) ulceration 
than ibuprofen, with ulcer rates comparable to placebo” (36). 

In the Laine et al trial, the investigators used endoscopic 
examinations to assess whether ibuprofen caused gI adverse 
events including erosions, perforations, ulcers or bleeding. 
however, there was an important question: would a gastric 
morbidity as observed via an endoscope develop into an 
outcome requiring clinical intervention? As Laine et al 
commented, “there is much controversy regarding whether 
endoscopic ulcers are surrogates for clinical outcomes”; it had 
not yet been shown that endoscopic studies could “definitively 
determine if the use of COX-2-specific inhibitors will indeed 
significantly decrease clinically important ulcers” (36).

The Day et al six-week trial of vioxx® to treat osteoarthritis (37) 
focused on the clinical efficacy of vioxx® in controlling the 
symptoms of arthritis. It was completed and submitted to the 
FDA in 1998, but not published until 2000. The trial arms were 
placebo, two vioxx® arms (12.5 mg and 25 mg), and ibuprofen 
2400 mg (the maximum allowable dosage). The investigators 
reported that clinical adverse events that led to withdrawals 
from the trials were most common in the ibuprofen group, and 
were “mostly accounted for by adverse experiences related 
to the gI tract”. The investigators commented that to firmly 
establish an improved safety profile of vioxx® in contrast to 
non-selective nsAIDs, it was important that the safety profiles 
be compared using doses that provide equivalent efficacy; 
nevertheless, the investigators acknowledged that they had 
chosen the maximum dosage of ibuprofen rather than assess 
ibuprofen at the recommended usual dosage levels.  

Some discussion points on the Laine et al. and Day et al. 
clinical trials

First, no data are provided either in Laine et al or Day et al trial 
about equivalent efficacy at anything other than the maximum 
dosage of ibuprofen. It could be possible that the normal 
dosage of ibuprofen may have provided equivalent efficacy. 
second, by introducing ibuprofen at its maximum dosage, the 
investigators were able to take advantage of the potential for 
adverse gI effects known to be associated with that maximum 
dosage. Third, to be enrolled in either the Laine et al. or Day et 
al. study, patients with osteoarthritis of the knee or hip were 
required to have been currently treated with a traditional non-
selective nsAID or paracetamol (acetaminophen) before the 
commencement of the trial. The investigators reported that 
an analysis was undertaken to see if the pre-trial medication 
(nsAID or paracetamol) resulted in different treatment effects. 
however, this analysis was not reported. If patients previously 
on traditional nsAIDs were randomised to the ibuprofen trial 
arm, and the patency of their gI mucosal lining was unknown, 
there is the possibility that for patients with some prior level 
of gI damage, a high 2400 mg per day could have precipitated 
the gI problems reported.

Supratherapeutic dosing with the naproxen comparator in 
Vioxx® clinical trials

The vIgOR trial (vioxx gastrointestinal Outcomes Research) 
commenced in January 1999, with the stated aim of comparing 
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the rates of upper gI toxicity in patients prescribed vioxx® for 
rheumatoid arthritis with those for patients prescribed the 
traditional non-selective nsAID naproxen (naprosyn®, Aleve®) 
(35). The trial started before vioxx® was approved by the FDA 
to be marketed in the UsA (which took place in may 1999). The 
vIgOR trial was completed in march 2000, and submitted to 
the FDA in that same year. 

The investigators, bombardier et al, used 1000 mg naproxen 
as the comparator, the dosage at the upper bound of the 
manufacturer’s daily dosage instructions for long-term 
treatment with naproxen. There were 72 confirmed upper gI 
adverse events in the vioxx® trial arm, and 148 in the naproxen 
arm, indicating that the gI performance of vioxx® was superior 
to naproxen. however, these numbers form only a small 
proportion of the 1185 withdrawals from the vioxx® arm, 
and the 1149 withdrawals from the naproxen arm, so there 
were other issues contributing to participants’ withdrawals. 
The major issue with the vIgOR trial was the significant 
difference between the occurrence of thrombotic Cv events 
(in particular, mIs) in the two trial arms. This issue will be 
discussed in section 3.

Supratherapeutic dosing with the investigational drug in the 
Vioxx® clinical trials

In the early trials of vioxx®, doses of the investigational 
drug were often recorded as being greater than the dosage 
necessary to control symptoms of osteoarthritis. Examples 
are Laine et al. (36), in which the 50 mg vioxx® dosage 
was recorded as “2–4-times the dose shown to relieve the 
symptoms of osteoarthritis”; or Erich et al (38), in which the 
125 mg dosage was described as “5-fold higher than the 25 mg 
dose sufficient for meaningful clinical efficiency in this study”. 
while the 50 mg dosage was used regularly in vioxx® trials, 
there were also a number of trials in which the dosage used 
was 12.5 mg and/or the 25 mg. 

The FDA approval in may 1999 specified 12.5 mg and 25 mg of 
vioxx® as efficacious dosages for the control of symptoms of 
osteoarthritis, management of acute pain and dysmenorrhoea. 
A 50 mg dosage was also approved for acute pain, but not for 
long-term use (39). Though the vIgOR trial commenced before 
the FDA approval of vioxx®, bombardier et al were aware of 
the dosages to be approved by the FDA, as the investigators 
identified the 50 mg dosage used in vIgOR as being “twice the 
maximal [daily] dose approved by the FDA for long-term use” 
(35). The dosage used for the vIgOR trial was 50 mg per day for 
up to 12 months (35), which counts as long-term use. There was 
only one vioxx® arm.

The FDA 1999 approval for vioxx® was for the treatment 
of osteoarthritis. The vIgOR trial used participants with 
rheumatoid arthritis, which has a different aetiology, though 
joint inflammation is common to both forms of arthritis. 
Rheumatoid arthritis is also independently associated with an 
increased rate of thrombosis, particularly mIs, which added a 
further risk for the vIgOR participants (40). 

There were more mIs in the vioxx® arm than in the naproxen 
arm, and the supratherapeutic dosage of vioxx® may well 
have contributed to the numbers of these mIs. because there 
was only one vioxx® dosage used in the trial, there were no 
data about the possible occurrence of mIs at lower dosage 
levels. This would have been useful, particularly in view of the 
fact that there was a 5-fold increased risk of mIs in the vIgOR 
vioxx® arm compared with the naproxen arm.

As Turner et al note, medical decisions are based on an 
understanding of publicly reported clinical trials, and if the 
evidence presented in these journals is biased, then decisions 
based on this evidence may not be the optimal decisions (41). 
The selective publication of clinical trials can lead to unrealistic 
estimates of drug effectiveness and alter the apparent risk–
benefit ratio (41). In the case of vioxx®, the manufacturer’s 
purchase and circulation of 900,000 copies of the vIgOR 
paper published in the nEJm (4,5,6,20) played a crucial role in 
foregrounding the 50 mg dosage of vioxx®. This 50 mg dosage 
came to be the dosage that caused the most mIs in the UsA, 
even though the FDA approval stated that 12.5 mg and 25 mg 
of vioxx® were efficacious dosages. 

when assessing the value of new drugs, potential prescribers 
can check the approved dosage of a new drug as provided 
by the manufacturer in the container or in the manufacturer’s 
online prescribing information. Other sources to check are 
clinicaltrials.gov, or www.fda.gov (key in drug approval package 
[drug name] in the search window at the upper right-hand side 
of the screen.) The FDA’s online Drug Approval package (DAp) 
database presents data from all the trials submitted to the FDA 
as part of the FDA’s approval process – not just those trials 
which have been chosen by manufacturers for publication in 
medical journals. The FDA DAps provide more information than 
clinicaltrials.gov.

3. Publishing selected endpoints to the advantage of 
the trialled drug: Merck, Vioxx® and the VIGOR trial

when the vIgOR trial data were published in the NEJM 
on november 23, 2000 (35), the authors, bombardier et al, 
focused primarily on the gI advantage of vioxx®, and not on 
its Cv safety. The vIgOR paper reported that Cv data had been 
collected, but stated that these were not going to be analysed 
in the published paper. The reason given was that a separate 
analysis of the Cv data was not specified in the study design. 
by choosing to focus predominantly on the gI data, and by 
adopting a self-imposed limitation on the reporting of Cv data, 
the investigators made decisions that proved to be greatly to 
the advantage of vioxx®, as the dangers of the drug remained 
hidden for longer. 

In their vIgOR paper, the researchers acknowledged that 
“because highly selective cyclooxygenase inhibitors [such as 
rofecoxib] do not inhibit platelet aggregation [which can lead 
to thrombotic CV events] … there was a possibility that the 
incidence of thrombotic cardiovascular events would be lower 
among patients treated with non-selective cyclooxygenase 
inhibitors [in this trial, the traditional non-selective NSAID 
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naproxen]” (35). This statement indicates that the vIgOR 
investigators had recognised that platelet aggregation could 
be behind thrombotic Cv events, but they continued to 
administer patients in the vioxx® arm with twice the FDA-
approved maximal dose. 

There were more mIs in the vioxx® arm of vIgOR than there 
were in the naproxen arm, though the actual numbers of 
patients experiencing these adverse events were not included 
in the paper published in the NEJM.  The vIgOR paper reported 
only that 0.1% of patients in the naproxen arm and 0.4% of 
patients in the vioxx® arm experienced an mI. These numbers 
could reasonably be viewed as pointing to the potential Cv 
toxicity of vioxx®, but bombardier et al were not prepared 
to acknowledge this toxicity. The data should have been 
interpreted to mean that there were more mIs in the vioxx® 
trial arm because vioxx® was cardiotoxic but they interpreted 
the data to mean that because vioxx® was competing with a 
naproxen comparator that protected the heart, vioxx® was 
competing at a disadvantage. 

Though the true relative risk for the published mIs was 4.25:1 
bombardier et al calculated a counterfactual relative risk 
of 0.2:1. In order to do this, they called upon an implausible 
theory developed by the merck public relations department 
concerning the cardioprotective capacity of the comparator 
drug, naproxen. The convoluted argument supporting the 
investigators’ interpretation of the Cv data, together with 
their false relative risk calculations, meant that readers (and 
prescribers) were led astray. A confidential internal merck 
memo, mRK-nJ0362784 (20; see endnote 5), which was 
subpoenaed in one of the many legal actions taken against 
merck, clearly shows intent to deceive.8

Publication issues with VIGOR exposed patients to harm

The vIgOR paper was published in the NEJM. both the authors 
and the publishers of the vIgOR paper acted in ways which 
exposed patients to considerable danger. The authors did 
not present all the available vIgOR data to the NEJM, and the 
NEJM  publishers failed to properly assess the data that were 
submitted. The publishers also failed to act on warnings 
concerning the availability of the data the authors had 
withheld from the NEJM. These three factors meant that doubts 
about the safety profile of vioxx® were not raised in time, and 
patients remained exposed to the level of harms which finally 
led to the withdrawal of vioxx® three years and ten months 
after the vIgOR paper appeared in the NEJM. 

The vIgOR paper was submitted to the NEJM in may 2000, and 
published in november 2000. A subpoenaed internal merck 
memo shows that by July 2000, merck knew that there were 
three additional mIs than had been reported in the submitted 
paper (43). These three additional mIs meant that the relative 
risk of an mI for a patient on vioxx® versus a patient on 
naproxen changed to 5:1, and these changes made certain 
other calculations in the paper incorrect. Two further data 
corrections were submitted to the NEJM before publication, 
but these did not include the three additional mIs. On October 

13, 2000, one month before the publication of the vIgOR paper, 
merck submitted information on the additional three mIs in 
the vioxx® arm to the FDA (5,7,43), but still did not submit that 
information to the NEJM. 

In June 2001, the editors of the NEJM  received a letter drawing 
attention to the three additional mIs in the vioxx® arm which 
had been omitted from the published vIgOR paper, and stating 
that information on these additional mIs were now available 
on the FDA website (5,7,44). The authors of the letter warned 
the journal that the published vIgOR results were incomplete 
and made the drug appear safer than it was. Their concern was 
that doctors prescribing vioxx® should be made aware that the 
relative risk of the drug was even higher than the published 
figure in the bombardier et al 2000 vIgOR paper. The NEJM 
refused to publish the letter, saying space was limited (5,7,44). 
In a radio programme on August 14, 2001, in which the nEJm 
editor-in-chief, Jeffrey Drazen was participating, one of the 
authors of the letter (hrachovec) phoned in, repeating her 
concerns. Drazen replied that editors “can’t be in the business 
of policing every bit of data we put out” (5,7,44,45).

Richard smith, a former editor of the BMJ, stated that if 
those three additional mIs had been reported in the original 
publication of the vIgOR trial in november 2000, the 
interpretation that naproxen was protective rather than vioxx® 
was harmful “would have been much less convincing – indeed, 
it would probably have been untenable”(5), and that if the 
NEJM had corrected the vIgOR data when it was informed of 
their existence, then the dangers of vioxx® “might have been 
highlighted much earlier”(5). If the withdrawal of vioxx® had 
occurred in June 2001 rather than september 2004, the trail 
of devastating fatal and non-fatal heart attacks and strokes 
caused by vioxx® could have been halted. 

haack notes that in a vioxx® litigation hearing in Texas 
in november 2005, Curfman, an editor of the NEJM, 
acknowledged that neither the reviewers of the vIgOR paper 
nor the editors of the NEJM had questioned merck’s theory 
that the higher rate of Cv events among vioxx® patients 
was attributable to a cardioprotective effect of naproxen, 
even though, as an FDA official had noted, the theory “is not 
supported by any controlled trials”(44,45).

The NEJM and the statements of concern

In the December 29, 2005 issue of the NEJM – published 51 
months after the editors received notification of the existence 
of the additional mI data on the FDA website; 15 months 
after the safety withdrawal of vioxx®; and one month after 
Curfman’s statement in the vioxx® litigation hearing above 
– the NEJM editors, Curfman, morrissey and Drazen (43), 
recorded their dissatisfaction on finding that the vIgOR paper 
had not reported all the known occurrences of mIs in the 
vioxx® patient group, even though authors of the paper were 
aware of this information before the paper was published. 
The statement of concern reported that the NEJM editors had 
found data on three additional mIs in an update on the FDA 
website, and also via merck documents subpoenaed in vioxx® 
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litigation. no reference was made either to the hrachovec 
letter or to her phone call alerting the nEJm that there were 
additional mIs uploaded to the FDA website. 

In the NEJM issue of march 16, 2006, there were two responses 
in defence of the original vIgOR data published in the 
november 23, 2000 issue of the NEJM. One by bombardier 
et al (46) was signed by the non-merck contributors to the 
original paper, and the other was signed by Reicin and shapiro 
(47), both merck employees. According to the bombardier et 
al response, they were not responsible for the decision not to 
publish the three additional mIs in the vioxx® arm; they were 
following the only pre-specified analysis plan they knew about 
(46). The Reicin and shapiro response reiterated that it was 
acceptable to omit the three additional mIs in the vioxx® arm 
because they occurred after the pre-specified cut-off date 
selected by merck (47). In a further editorial response, Curfman 
et al (48) maintained that the difference between the later 
cut-off date for gI events and that used for Cv events was “an 
untenable feature of trial design, which inevitably skewed the 
results”. Use of different cut-off dates for an investigational drug 
and the chosen comparator drug can be seen as a warning 
signal that there could be data that a manufacturer does not 
want to be available. 

The initial publication of the vIgOR trial in late 2000 occurred 
at a time when there was mounting evidence of the fatal and 
non-fatal adverse Cv toxicity of vioxx®. merck took unethical 
advantage of the incomplete data in the initial NEJM article 
(35) in the period between its publication date in november 
2000 and the september 2004 safety withdrawal of rofecoxib.

The lesson from the vIgOR disputes is a warning that the 
existence of pre-specified protocols does not necessarily 
endow such protocols with the mantle of scientific disinterest. 
The vIgOR trial was conducted with the purpose of proving 
the gI superiority of vioxx®, and thereby increasing vioxx®’s 
share in the very profitable COXIbs marketplace. The pre-
specified protocols reflected merck’s pre-specified interests. 
paraphrasing Feinstein (1), the vIgOR RCT was designed in 
accordance with merck’s policies about what questions the 
vIgOR trial was intended to ask, what answers were to be 
obtained, what was to be done with the data, and who was to 
be convinced by the results. 

4. Publishing only favourable subgroup analyses: 
Merck, rofecoxib, the ADVANTAGE trial, and the 
APPROVe trial

The Vioxx® ADVANTAGE trial

The ADvAnTAgE trial (Assessment of Differences between 
vioxx and naproxen to Ascertain gastrointestinal Tolerability 
and Effectiveness) is an example of a seeding trial. seeding 
trials are used by pharmaceutical companies to promote 
use of a drug that has been recently approved, or is under 
consideration, by the FDA. These trials are framed as science, 
but in truth, they are marketing ploys designed to appear as if 
they seek an answer to a scientific question (48). The 12-week 

ADvAnTAgE trial, with a vioxx® arm and a naproxen arm, was 
actually designed by merck’s marketing department. It was 
publicly identified as a safety study, but the trial was intended 
to promote vioxx® to influential doctors and their patients, 
and the prescribing information was then to be analysed for 
marketing purposes with the intent of expanding sales of 
vioxx® (48). The deceptions associated with the ADvAnTAgE 
trial were only discovered after confidential internal merck 
communications were subpoenaed as part of the litigation 
against merck concerning harms caused by vioxx®.  

The merck marketing department kept the intended purpose 
of the ADvAnTAgE trial secret from institutional review 
boards, participating doctors and participating patients, in 
a comprehensive infringement of ethical practice (48). The 
trial commenced in march 1999, two months before the FDA 
approved vioxx® for marketing in the UsA in may 1999. The 
intention of the ADvAnTAgE trial was to allow vioxx® sales staff 
to gain experience with the new drug prior to and during the 
critical launch phase (48), and “to get physicians in the habit 
of prescribing a new drug” (49). A total of 5557 participants 
received vioxx®, and 600 investigators prescribed it just before 
it became available on the market (48,49). 

The ADvAnTAgE trial data were submitted to the FDA in 
2000, and were submitted to the Annals of Internal Medicine 
and published in 2003 (50). Jeffrey Lisse, a rheumatologist 
at the University of Arizona, was listed as the first author (50). 
however, as Lisse himself later reported, merck had designed 
and run the trial, the initial paper was written at merck, and 
then it was sent to him for editing (51). but merck did not 
supply Lisse with all the data, and so the published paper 
did not report on the unfavourable subgroup analysis which 
showed “an important and statistically significant excess risk 
for cardiac events, namely myocardial infarction  and ‘sudden/
unknown’ death” (52). The Lisse et al paper was accepted for 
publication just one day after its submission, with just 24 hours 
for peer-review (12). An independent 24-hour peer-review 
process is extraordinary. had merck “bought” space in advance 
in the Annals?

when assessing whether a published paper on a new drug 
is a report of a seeding trial, it can be helpful to check the 
acknowledgements at the end of the paper to see whether 
there are a large number of investigators at a large number 
of sites (the ADvAnTAgE trial had 600 investigators who each 
managed only a few of the 5557 patients in the trial). numbers 
such as these point to the possibility that the trial is actually a 
seeding trial designed to jump-start sales of a new drug rather 
than answer a scientific question about it. A further factor to 
consider is that large numbers of trial sites with large numbers 
of investigators can contribute to lower rates of consistency 
in compliance with trial protocols, affecting the reliability of 
data collected.9 Impossibly close receipt and acceptance dates 
for a published paper may also help in recognising a seeding 
trial paper (or at the least, a trial that is associated with some 
unstated relationship between author and publisher that 
needs explaining). 



Indian Journal of Medical Ethics Vol III No 2 April-June 2018

[ 159 ]

The Vioxx® APPROVe trial

The AppROve trial (Adenomatous polyp prevention on vioxx), 
first published under the title: Cardiovascular Events Associated 
with Rofecoxib in a Colorectal Adenoma Chemoprevention 
Trial, but subsequently referred to as the AppROve trial, was 
planned to be a three-year, multicentre, randomised, placebo-
controlled, double-blind trial designed to evaluate the efficacy 
of vioxx® in preventing the recurrence of neoplastic colorectal 
polyps in patients with a history of colorectal adenomas (55). 
The enrolment phase of the AppROve trial at the planned 
108 centres in 29 countries started in February 2000 and 
continued until november 2001. however, in response to the 
level of adverse thrombotic Cv and cerebrovascular events in 
the AppROve trial, merck withdrew vioxx® from the market for 
safety reasons on september 30, 2004, before any paper on 
AppROve had been published. 

when details of the study were first published in the nEJm in 
march 2005 (55), six months after the safety withdrawal of 
vioxx® from the market, the investigators presented only the 
thrombotic Cv and cerebrovascular data. The paper reported 
that there was an increased risk of confirmed thrombotic 
events associated with the long-term use of vioxx®, but this 
increase was not evident in the first 18-months of the trial (55). 
Event rates supporting the 18-month risk-free period were 
calculated using Cox proportional-hazards models, and Kaplan-
meier estimates were calculated to derive cumulative event 
rates over time.

This 18-month finding was regarded as an important one for 
merck, as even though the AppROve paper was not published 
until after vioxx® was withdrawn, the 18-month risk-free claim 
could be called on in litigation cases involving patients on 
vioxx® who experienced thrombotic Cv or cerebrovascular 
events while taking the drug. The 18-month “safe” period could 
be used to prove that adverse events which occurred before 
that point were not due to the use of vioxx®.

The AppROve trial protocol included a rule which required the 
censoring of data on adverse Cv events when these adverse 
events occurred more than 14 days after a participating patient 
had stopped taking vioxx®. This limitation meant that any 
such adverse events were not to be considered in analyses of 
the trial. Clinical trial protocols are critical components of any 
medical product development programme; they describe 
trial objectives, trial design and methodology, statistical 
considerations, and trial organisation (56). They are not 
necessarily impartial. Confidential internal merck documents 
subpoenaed as part of a 2004 Us senate investigation into 
vioxx® revealed that, by early 1997, merck scientists were 
exploring study designs that would exclude people who 
could have a weak heart, “so that the heart attack problem 
with vioxx® would not be evident” (34). The AppROve paper 
itself referred to “standard procedures for rofecoxib [vioxx®] 
studies initiated by the sponsor [merck] in 1998” (55). was the 
Cv censoring rule designed to remove from consideration data 
that could support the argument that vioxx® was cardiotoxic?

A later extension of the original AppROve trial dropped the 
censoring rule and instead used an intention-to-treat analysis, 
which included the subgroup of patients who had withdrawn 
early from the initial trial and who had experienced an adverse 
Cv event after the 14-day censoring cut-off (57,58). This 
subgroup analysis provided data that were quite different 
from the initial analysis where the censoring date was adhered 
to, and this new analysis “had a clear effect on the published 
survival curve for rofecoxib”(58).

In July 2006, the NEJM carried a correction submitted by the 
AppROve investigators. In this correction, the investigators 
stated that they had not used the appropriate statistical 
procedure in the post-hoc assessment of the data from the 
AppROve trial. The investigators stated that the wording in the 
initial 2005 NEJM publication regarding an increase in risk after 
18 months should now be removed (59). The risk that vioxx® 
could precipitate an adverse thrombotic Cv or cerebrovascular 
event was acknowledged as being possible immediately upon 
commencing treatment with the drug. 

The formal correction of the conclusion published in the initial 
AppROve paper points to the potential for trial protocols 
and trial analysis techniques to be used to support desired 
conclusions and hide those that are unwanted.

Conclusion

The essential issue underpinning the clinical trials discussed 
in this paper is that once a decision has been made by a 
pharmaceutical manufacturer to conduct a trial of a new drug, 
a purpose for that trial exists, and this purpose represents a 
pre-specified interest in the results. Inter alia, this pre-specified 
interest determines how trial protocols are developed, what 
data are to be sought, how patients are chosen to maximise 
the opportunity to show the new drug to advantage, how 
to select comparators that will show adverse performances, 
how to avoid monitoring and reporting of any events that 
could reflect adversely on the new drug, and how to manage 
statistical analyses to show the new drug to advantage. These 
decisions take into account forward projections on how the 
performance of the new drug is to be positioned in the market, 
including how the new drug will be presented in medical 
journal publications (which, by their very number, show that 
manufacturers consider them an essential part of releasing 
a new drug). If these forward projections are best served by 
publishing trial data that differ from the data supplied to the 
FDA to support approval of the new drug, then this, too, is 
considered by manufacturers as acceptable practice.

Notes
1  see various testimonies presented at the Us senate Finance Committee 

hearing: “FDA, merck, and vioxx: putting patient safety First?” (15). 
2  Celebrex® has a COX-1 to COX-2 selectivity ratio of 30 (16); for vioxx®, 

the ratio is 272 (16); and for Arcoxia®, the ratio is 344 (17).
3  see Appendix 1* for chronology of events discussed in this paper.
4  In his testimony given at the november 18, 2004 Us senate Finance 

Committee hearing “FDA, merck and vioxx: putting patient safety First?”, 
David graham, Associate Director for science at the FDA’s Office of Drug 
safety, said that the estimate for cases of heart attack (or sudden cardiac 
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death) in excess of the statistical background figures for the UsA ranged 
from 88,000 to 139,000, of whom 30%–40% probably died. The 50 mg 
dosage of vioxx® proved to be the most lethal dosage (18).

5  The invention of the counterfactual and unproven property of naproxen 
is documented in a confidential internal document subpoenaed as part 
of litigation brought against merck in relation to vioxx®. This document, 
mRK-nJ0362784 (20) shows how merck simply crossed out the data 
that attested to the increase in mIs (heart attacks) in the vIgOR trial and 
substituted wording with the opposite meaning, e.g. where the data 
reported an “increase”, merck substituted the word “decrease”, and then 
followed through the document changing the wording to say what 
merck wanted. 

6  since then, a 2013 advisory from the European medicines Agency 
recommended the same Cv precautions for diclofenac as for selective 
COX-2 inhibitors (25); a 2014 health Canada advisory stated that 
diclofenac increases heart and stroke adverse events more than other 
nsAIDs, and comparable to COX-2 inhibitors including Celebrex ® (26); 
and a 2014 Australian Therapeutic goods Administration safety Review 
of Diclofenac advised that there is consistent evidence that there is an 
increased risk of serious Cv events with the use of diclofenac (27) .

7  It is not necessary to have a placebo arm when there is a satisfactory 
alternative therapy already available. RCTs with an active comparator 
are acceptable to the FDA. with the mEDAL program, the issue is with 
the choice of diclofenac as the active comparator.

8  In 2011, merck was fined Us$ 321.6 million in a criminal case in 
connection with its guilty plea related to its promotion and marketing 
of vioxx®. In 2012, the company was fined Us$ 628.3 million in a civil case 
concerning allegations that merck representatives made inaccurate, 
unsupported, or misleading statements about the Cv safety of vioxx® 
in order to increase sales of the drug (42).

9  Large numbers of participants can affect statistical significance. In a 1998 
review on p values and confidence intervals, Feinstein observes that 
“investigators who were wise enough (or fiscally supported enough) 
to study large groups have been able to achieve significance and to 
gain editorial or regulatory approval for claiming a significant action for 
agents that had minor importance in science or in clinical therapy (53). 
wilson-Davis confirms this position noting that “it is an unfortunate fact 
that as the size of the sample studied becomes larger, then the smaller is 
the difference required to give a statistically significant difference” (54).
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