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B. Analyses and Presentation of the APPROVe Trial Cardiovascular Data.

1. Introduction.

After Vioxx was withdrawn from the market, MRL scientists worked to present
the APPROVe Trial cardiovascular data in several fora. First, MRL scientists, in
collaboration with external scientists who had worked on the APPROVe Trial
Administrative Committee or External Safety Monitoring Board, prepared an article

about the trial’s cardiovascular results that was published on the website of the New

England Journal of Medicine on February 15, 2005 and in its print edition on
March 17, 2005. Second, MRL scientists prepared and submitted to the FDA on June 6,
2005 an abbreviated Clinical Study Report providing the APPROVe Trial results.®

The APPROVe article and the abbreviated Clinical Study Report stated that there
was an overall increased relative risk of confirmed thrombotic events’ in the Vioxx
group of the trial as compared to the placebo group (relative risk 1.92; 95% confidence
interval, 1.19 to 3.11; p=0.008) and that the relative risk of experiencing thrombotic
events on Vioxx versus placebo was not constant over time but rather increased after

extended exposure to Vioxx.”® Specifically, the article stated that thrombotic event rates

>* In addition, prior to the publication of the APPROVe article, preliminary cardiovascular data from the

APPROVe Trial were presented at the October 2004 American College of Rheumatology Annual
Meeting. 10/18/04 presentation, “Preliminary Cardiovascular Safety Data from the APPROVe
Study,” MRK-AQG0002001-32.
>’ The confirmed thrombotic event endpoint was one of the two composite endpoints of confirmed
events that MRL used to evaluate the results of the APPROVe Trial. It is discussed in more detail in
Section B.3.c of this Appendix.
% Bresalier RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 092, 097, 100; sce
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were similar in the Vioxx and placebo groups during patients’ first 18 months in the
study and that the increased relative risk in the incidence of thrombotic events in the
Vioxx group as compared to the placebo group became “apparent” or “evident” after 18
months of continuous treatment.” Merck made similar statements in connection with the
February 16 to 18, 2005 meeting of the FDA’s Arthritis Advisory Committee and Drug
Safety and Risk Management Advisory Committee convened to discuss the safety and
efficacy of selective and non-selective Cox-2 inhibitors.*

On May 30, 2006, Merck announced that it recently had discovered that the
February 2005 APPROVe article and the APPROVe Trial abbreviated Clinical Study
Report described incorrectly a component of one of the statistical tests underlying the

Company’s conclusion that the hazard ratio — i.e., the ratio of the cardiovascular hazard

also 3/15/05 APPROVe Trial abbreviated Clinical Study Report, MRK-18940100731, at 742 (stating
that, in the APPROVe Trial, “[t]here [was] a significantly increased risk for confirmed thrombotic
cardiovascular events with rofecoxib 25 mg daily compared with placebo, beginning only after 18
months of continuous treatment™).
% Bresalier RS, Sandler” RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 092, 097, 100.

% MRL Background Package for 2/16/05 — 2/18/05 Joint Meeting of the FDA Arthritis Advisory
Committee and the Drug Safety and Risk Management Advisory Committee, MRK-AAD0408404,
at 439 (“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.”); see also Transcript of
2/16/05 Joint Meeting of the FDA Arthritis Advisory Committee and the Drug Safety and Risk
Management Advisory Committee, at 162, MRK-ATU0185869, at 6033 (Dr. Braunstein stating:
“Overall, there was an approximately two-fold increase in risk with rofecoxib compared to placebo.
However, there was a statistically significant change in relative risk over time. Event rates were
similar to placebo over the first approximately 18 months, consistent with our previous data. Starting
after 18 months of treatment the curves began to separate with the difference becoming significant.”).
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rate on Vioxx to the hazard rate on placebo — was not constant throughout the course of
the trial but rather increased over time. The Company announced that the error, which is
discussed below, did not “change the results of the APPROVe study, in which an
increased relative risk for confirmed thrombotic cardiovascular events for VIOXX
compared to placebo was observed beginning after 18 months of continuous daily
treatment.”®'
This section discusses (i) the error generally; (ii) the drafting of the APPROVe
article, including the source of the error and other issues; (iii) the drafting of the
APPROVe Trial abbreviated Clinical Study Report; (iv) the Company’s additional
analyses of the hazard rates in the APPROVe Trial; and (v) the Company’s discovery of

and reaction to the error.

2. Overview of the Error.

a. Summary of the error.

As discussed above, MRL scientists conducted numerous statistical tests
concerning the cardiovascular hazard ratio in the APPROVe Trial. The most formal of
these tests — and the source of the APPROVe article error that Merck announced on
May 30, 2006 — was a test of the proportionality of the hazard rates (also known as the
“proportionality of hazards” test). The test of the proportionality of hazard rates
presumes that the hazard ratio for the events at issue is constant over time, such that, for

example, the risk of experiencing a cardiovascular event on Vioxx relative to the risk of

1 5/30/06 Merck press release, “Merck Corrects Description of a Statistical Method Used in APPROVe
Study,” MRK-ARQO0006011, at 11.
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experiencing a cardiovascular event on placebo at any given point in time is roughly the
same throughout the duration of the trial. The result of the test of the proportionality of
the hazard rates is a p-value (a number between 0.0 and 1.0) indicating the strength of the
evidence for rejecting the assumption that the hazard ratio is constant.®* The lower the
p-value, the more evidence there is for rejecting the assumption of constant hazard ratio
and concluding that the hazard ratio changes over time. Tests of proportionality of
hazards, however, generally have low power, which means that they may not detect small
changes in the hazard ratio. As a result, many biostatisticians consider any p-value equal
to or lower than 0.10 (as opposed to the 0.05 p-value discussed throughout this Report),
in conjunction with graphical analysis, sufficient to reject the assumption of proportional
hazards.

While there are a variety of ways to test the proportionality of hazards in a given
trial, biostatisticians commonly use a Cox proportional-hazards model fitted with one
covariate for the assigned treatment (here, Vioxx or placebo) and a second covariate for
either (1) the interaction between treatment and “logarithm of time” (the “Logarithm of
Time Test”) or (ii) the interaction between treatment and “linear time” (the “Linear Time
Test”). Whether one chooses the Logarithm of Time Test or the Linear Time Test in the
first instance is a matter of personal preference, and the choice, once made, can be easily

switched by plugging the other covariate into the relevant computer program.

2 P-values are discussed in detail in Exhibit 3 to the Report.
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The February 2005 APPROVe article and the abbreviated Clinical Study Report
submitted to the FDA on June 6, 2005 stated that the Logarithm of Time Test had been

performed for the confirmed thrombotic event endpoint and had yielded a p-value of

0.01, which “confirmed” the “changing pattern of the treatment effect over time.”®

On May 30, 2006, however, Merck announced that:®*

o The APPROVe article and the abbreviated Clinical Study Report
described incorrectly the test that had been used to assess the
proportionality of the hazard rates;

o The test that had been used and yielded the reported p=0.01 was the Linear
Time Test (not the Logarithm of Time Test, as the article and the
abbreviated Clinical Study Report had reported);

o “[TThe result using logarithm of time has a p-value = 0.07,” as compared
to the p-value = 0.01 reported in the article and the abbreviated Clinical
Study Report.

In addition, as discussed more fully below, Merck also announced that the Statistical
Data Analysis Plan for Protocol 203 — a pre-planned combined analysis of thrombotic
events from the APPROVe, VICTOR and ViP Trials (discussed in detail in Appendix M)
intended to serve as a cardiovascular outcomes trial — “called for numerous statistical and
graphical methods to be used to assess whether the relative risk of VIOXX compared to
placebo was constant over time or if it changed over time” and that “[t]he use of the

variable, logarithm of time, was an element in the primary method specified [in that data

% Bresalier RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a

colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 97,
MRK-ARQO0000659; see 3/15/05 APPROVe Trial abbreviated Clinical Study Report, Cardiovascular
Safety Report, MRK-18940100962, at 976, 986.

4 5/30/06 Merck press release, “Merck Corrects Description of a Statistical Method Used in APPROVe
Study: Study Results Unchanged,” MRK-ARQO006011, at 11.

Appendix R
-32-



Report of John S. Martin, Jr. to the Special Committee September 5, 2006
of the Board of Directors of Merck & Co., Inc. Debevoise & Plimpton LLP
Concerning the Conduct of Senior Management

in the Development and Marketing of Vioxx

2965

analysis plan for Protocol 203].”” Finally, the press release stated that “[t]he results of

diagnostic steps specified in the data analysis plan [for Protocol 203] indicate[d] that [the
Linear Time Test] is an appropriate method to assess changes in relative risk over
266

time.

b. The statistical test at issue and
relevant data analysis plans.

The error in the APPROVe article raised questions about whether the precise
method to be used to test proportionality of the hazard ratio was pre-specified. As
discussed in Appendix A, prior to unblinding the data at issue, scientists often pre-specify
the statistical analyses to be performed on the unblinded data to avoid bias in the way the
data are analyzed or the conclusions are drawn. In general, the results of pre-specified
analyses drive a study’s conclusions and must be reported.

The APPROVe article stated that the proportionality of hazards assumption was
tested using the Logarithm of Time Test. The article also stated that this test “was

»$7 The article did not define the

specified in the cardiovascular-analysis plan.
“cardiovascular-analysis plan” or indicate whether the “cardiovascular-analysis plan” was

part of the Data Analysis Plan for the APPROVe Trial.

% 5/30/06 Merck press release, “Merck Corrects Description of a Statistical Method Used in APPROVe
Study: Study Results Unchanged,” MRK-ARQO006011, at 11.

% 5/30/06 Merck press release, “Merck Corrects Description of a Statistical Method Used in APPROVe
Study: Study Results Unchanged,” MRK-ARQO006011, at 11.

¢ Bresalier RS, Sandler” RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a

colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 1095,

MRK-ARQO0000659, at 62. Section B.3.g of this Appendix discusses the quoted language and its

origin in detail.
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The Data Analysis Plan for the APPROVe Trial pre-specified in detail the
statistical methods for assessing efficacy of Vioxx in preventing the recurrence of colon
polyps (the primary endpoint of the trial), but pre-specified only in general terms the
statistical methods for analyzing other adverse event data, including cardiovascular event
data. For example, it called for the calculation of the between-group difference and
associated 95% confidence interval for confirmed thrombotic events,” but did not
pre-specify any test of the proportional hazards assumption for this endpoint. It also
stated that the APPROVe Trial confirmed thrombotic event data would be “combined
with those of other studies in a pooled analysis [i.e., Protocol 203] to better assess the
effect of rofecoxib on these [confirmed thrombotic events].”®

As discussed in detail in Section B.3.g of this Appendix, references in the
APPROVe article to the “cardiovascular-analysis plan” were in fact references to the
Statistical Data Analysis Plan for Protocol 203 — a combined analysis of thrombotic
events from the APPROVe, VICTOR and ViP Trials (discussed in detail in Appendix
M). The Statistical Data Analysis Plan for Protocol 203 pre-specified the methods for
testing the proportionality of hazards for confirmed thrombotic events and the applicable
level of statistical significance, stating:

Analytical and graphical methods will be employed to
verify the proportional hazards assumption. The primary

method for testing the proportional hazards assumption will
be by including the factor treatment*log(time) in the model

% 3/8/03 Protocol 122 Statistical Data Analysis Plan, MRK-AGO0025614, at 631.

% 6/11/02 Protocol 122 Statistical Data Analysis Plan, MRK-AFL0000907, at 25.
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[Le., the Logarithm of Time Test]; nonsignificance
(p>0.050) of this factor is not inconsistent with
proportionality, i.e., constancy of treatment effect over
time.

Further, the log HR [hazard ratio] will be plotted over time
by stratifying time into intervals containing approximately
the same number of events within each interval. The log
HR [hazard ratio] within each successive 6-month time
interval with confidence limits will also be calculated and
plotted. Such plots will provide an indication of any time
effect on the HR [hazard ratio].”

Because Protocol 203 was a study “to assess cardiovascular safety from the combined
analysis of 3 placebo-controlled studies of rofecoxib” —the APPROVe, VICTOR and
ViP Trials,”" the Statistical Data Analysis Plan for Protocol 203 did not govern the
analyses of the APPROVe Trial cardiovascular data standing alone. Had the Statistical
Data Analysis Plan for Protocol 203 governed the analysis of the data from the
APPROVe Trial alone, the p=0.07 obtained for the Logarithm of Time Test for the
confirmed thrombotic event endpoint would not have met the pre-specified p=0.05
statistical significance level, meaning one could not conclude from this test that the
hazard ratio of confirmed thrombotic events in the APPROVe Trial changed over time.
As discussed above, in its May 30, 2006 press release, Merck stated that the
Statistical Data Analysis Plan for Protocol 203 “called for numerous statistical and

graphical methods to be used to assess whether the relative risk of VIOXX compared to

7®" Protocol 203 Statistical Data Analysis Plan, MRK-AAB0083231, at 55-36.

' Protocol 203 Statistical Data Analysis Plan, MRK-AAB0083231, at 39.

Appendix R
-35-



Report of John S. Martin, Jr. to the Special Committee September 5, 2006
of the Board of Directors of Merck & Co., Inc. Debevoise & Plimpton LLP
Concerning the Conduct of Senior Management

in the Development and Marketing of Vioxx

272

placebo was constant over time or if it changed over time.”’* The press release also

stated that “[t]he use of the variable, logarithm of time, was an element in the primary

method specified [in that Statistical Data Analysis Plan for Protocol 203].”"

Finally, the
press release stated that “[t]he results of diagnostic steps specified in the data analysis
plan [for Protocol 203] indicate[d] that [the Linear Time Test] is an appropriate method
»74

to assess changes in relative risk over time.

3. The APPROVe Article.

a. Introduction.

The cardiovascular results from the APPROVe Trial were published in the New

England Journal of Medicine on February 15, 2005.” The article, entitled

“Cardiovascular Events Associated with Rofecoxib in a Colorectal Adenoma
Chemoprevention Trial,” was co-authored by members of the APPROVe Trial
Administrative Committee, which included six external and three MRL scientists, along

with Dr. Marvin Konstam', a member of the APPROVe Trial External Safety Monitoring

72 5/30/06 Merck press release, “Merck Corrects Description of a Statistical Method Used in APPROVe
Study: Study Results Unchanged,” MRK-ARQO006011, at 11.

7 5/30/06 Merck press release, “Merck Corrects Description of a Statistical Method Used in APPROVe
Study: Study Results Unchanged,” MRK-ARQO006011, at 11.

" 5/30/06 Merck press release, “Merck Corrects Description of a Statistical Method Used in APPROVe
Study: Study Results Unchanged,” MRK-ARQO006011, at 11.

7> The article was also published in the print edition of the New England Journal of Medicine in March

2005. Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in

a colorectal adenoma chemoprevention trial. N Engl ] Med. 2005;352:1092-102,

MRK-ARQ0000659.
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Board, Dr. Hui Quan, the unblinded statistician for the APPROVe Trial, and
Dr. Christopher Lines, a medical writer from MRL.”
The co-authors began drafting the manuscript in early November 2004,”” with the

intention of submitting it to the New England Journal of Medicine.”® Dr. Baron”

submitted the manuscript to Dr. Jeffrey Drazen, Editor-in-Chief of the New England

6 Bresalier RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a

colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, MRK-ARQ0000659.
The first and last authors were Dr. Robert S. Bresalier, Department of Gastrointestinal Medicine and
Nutrition, University of Texas M.D. Anderson Cancer Center, and Dr. John A. Baron” (Chair of the
Administrative Committee), Departments of Medicine and Community and Family Medicine,
Dartmouth Medical School, respectively. Other authors were: Mr. James Bolognese, MRL, the
blinded statistician for the APPROVe Trial, member of the APPROVe Trial’s Administrative
Committee; Dr. Christopher Lines, Director, Medical Communications; Dr. Quan, MRL; Dr. Bettina
Oxenius, MRL, the Clinical Monitor on the APPROVe Trial and member of the Administrative
Committee; Dr. Kevin Horgan, MRL, member of the Administrative Committee and Dr. Oxenius’s
supervisor; Dr. Robert S. Sandler Department of Medicine, University of North Carolina at Chapel
Hill, member of the APPROVe Trial’s Administrative Committee; Dr. Marvin A. Konstam', a
cardiologist from the Department of Medicine, Tufts New England Medical Center and a member of
the APPROVe Trial’s External Safety Monitoring Board; Dr. Robert Riddell”, Department of
Pathology, Mount Sinai Hospital, Toronto, Canada, member of the APPROVe Trial’s Administrative
Committee, Dr. Dion Morton”, Department of Surgery, University of Birmingham, United Kingdom,
member of the APPROVe Trial’s Administrative Committee; and Dr. Angel Lanas’, Department of
Medicine, Clinic University Hospital, Zaragoza, Spain, member of the APPROVe Trial’s
Administrative Committee.

77 11/2/04 email from C. Lines to J. Baron” et al., MRK-AHC0027631 (“I"'m attaching a draft outline of
the above paper, for discussion at our teleconference on Thursday.”).

®  APPROVe article draft, MRK-AHC0027633, at 633 (referring to the word limit for articles submitted
to the New England Journal of Medicine) (attached to 11/14/04 email from R. Sandler” to C. Lines,
MRK-AHC0027631); see also 10/6/04 email from J. Baron’ to J. Drazen”, MRK-AHC0008096
(excerpting Dr. Drazen’s  email, which had stated: “It would be good to get the “safety” article in the
Journal during this calendar year.”).

The Journal of the American Medical Association also had expressed to Dr. Baron” interest in
considering the manuscript for publication. 11/23/04 email from J. Baron” to P. Fontanarosa ,
MRK-AHC0028559 (responding to Dr. Fontanarosa’s” email, which had stated: “T am writing with
the hope that you might be interested in submitting the manuscript from the APPROVe study to
JAMA, for consideration for rapid peer review and EXPRESS publication.”).
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Journal of Medicine, on February 6, 2005.” By letter dated February 9, 2005,

Dr. Gregory Curfman’, Executive Editor of the New England Journal of Medicine,

informed the authors that the manuscript “ha[d] not been accepted for publication in its

current form,” but that the New England Journal of Medicine “would be very willing to

consider an extensively revised version of the manuscript that successfully addressed the
[attached] comments of the [peer] reviewers” (discussed in Section B.3.g of this
Appendix).*

During the following two days, the authors revised the manuscript. The article
was posted on the journal’s website on February 15, 2005 — one day before the FDA’s
Arthritis Advisory Committee and Drug Safety and Risk Management Advisory
Committee convened on February 16 to 18, 2005 to discuss the safety and efficacy of
selective and non-selective Cox-2 inhibitors, including the results of the APPROVe Trial
— and was published in the March 17, 2005 print edition of the journal.®

The following subsections discuss (i) the respective roles of the various
co-authors in the drafting process; (ii) the source of the erroneous description of the
method used to test the proportionality of hazards; (ii1) discussions among the co-authors

about other notable aspects of the article prior to its initial submission; (iv) the draft

7 2/6/05 email from J. Baron™ to R. Sandler” et al., MRK-AFV0398907, at 07.

8 2/9/05 letter from G. Curfman’ to J. Baron , MRK-AFV0399548.

8 Bresalier RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a

colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, MRK-ARQ0000659.
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manuscript submitted to the New England Journal of Medicine on February 6, 2005,

(v) the peer reviewers’ comments and resulting revisions; and (vi) the published article.

b. Participants in the drafting process.

The initial working group drafting and reviewing the APPROVe article consisted
of Dr. Baron’, Dr. Bresalier , Mr. Bolognese, Dr. Horgan, Dr. Lines, and Dr. Sandler .*
In early November 2004, Dr. Lines circulated several draft outlines of the manuscript that
he had written, and Mr. Bolognese, Dr. Baron and Dr. Sandler commented on and
proposed revisions to the draft outlines.*’ In addition, Dr. Quan contributed the results of
analyses based on the August 2004 data used in his September 13, 2004 report, which
served as a placeholder until the final data became available in December 2004.%*

After the MRL co-authors had finalized a preliminary draft of the “Introduction,”
“Methods,” and “Results” sections of the manuscript (taking into account comments from

the external co-authors), Dr. Bresalier , with input from Drs. Baron and Sandler’,

2 10/27/04 email from K. Horgan to J. Baron’, MRK-AF00267117 (“The working group for preparing

the publication will consist of me, Chris Lines, Jim Bolognese and you, Bob Sandler and Bob
Bressalier [sic] . . .. Chris and I will provide an outline of the data to be included in the paper prior to
the teleconference.”); see also 10/27/04 email from K. Horgan to D. Quinn, MRK-AF0O0267118
(referring to a teleconference among Drs. Horgan, Lines, Baron’, Bresalier , and Sandler” and

Mr. Bolognese).

¥ 11/2/04 email from C. Lines to J. Baron” et al., MRK-AHC0027631 (attaching “a draft outline” of the

APPROVe article); 11/2/04 email from J. Bolognese to C. Lines, MRK-AGO0029753 (“some

comments are included in the attachment™); 11/14/04 email from R. Sandler” to C. Lines, K. Horgan,

MRK-AHC0027631 (attaching “a marked up manuscript with comments™); 11/15/04 email from

J. Baron to K. Horgan et al., MRK-AHC0024449 (attaching comments on Dr. Lines’ draft outline).
¥ 11/18/04 email from H. Quan to C. Lines and J. Bolognese, MRK-AGO0075099 (“I have added the
data we have so far . . . .”).
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prepared a draft “Discussion” section of the manuscript.*® By early December 2004,

Dr. Konstam™ also had provided comments on the draft of the manuscript.*® In December
2004 and January 2005, Dr. Bresalier continued to receive proposed revisions from his
co-authors and to incorporate the revisions with which he agreed.*’ Prior to submission,
several non-author MRL scientists (Drs. Gertz, Reicin, Braunstein, van Adelsberg, and
Hirsch) also provided comments and signed off on the draft before it was submitted on
February 6, 2005.*® As with comments from the article co-authors, Dr. Bresalier’
considered all revisions proposed by MRL reviewers and incorporated in the draft the

. . . 89
revisions with which he agreed.

85

E.g.. 11/18/04 from C. Lines to J. Baron’ et al., MRK-AHC0024585 (“we’te now handing over to you
to work on the Discussion™); 11/29/04 email from K. Horgan to A. Reicin, MRK-AHC0021967
(stating that the manuscript is “awaiting draft of discussion from lead author Bresalier™); 12/1/04
email from J. Baron™ to R. Bresalier” et al., MRK-AHC0024621 (“I"ve marked up [Dr. Bresalier’s*]
revision of [Dr. Lines’] draft and also his discussion.”); 12/5/04 email from R. Sandler” to J. Baron'
et al., MRK-AHC0030140 (attaching revised version of the draft).

8 12/6/04 email from R. Bresalier” to C. Lines, MRK-AHC0031383 (“Marv Konstam had several
substantive comments about how he would like to see the data presented.”).

¥ See. e.g.. 1/5/05 email from D. Quinn to F. Jeremiah™, MRK-AGO0063797 (referring to 1/11/05
teleconference among certain co-authors); 1/10/05 email from R. Bresalier to K. Horgan,
MRK-AGO0075320 (attaching a revised draft of the manuscript); 1/10/05 email from J. Bolognese to
R. Bresalier et al.. MRK-AHD0000760 (attaching a draft of the manuscript with “a few more
suggested edits™).

¥ 1/13/05 APPROVe article draft with J. van Adelsberg’s comments, MRK-AHD0000459; 1/17/05
email from L. Hirsch to C. Lines, MRK-AHD0074962 (attaching draft of the APPROVe article with
his comments); APPROVe article draft with A. Reicin’s comments, MRK-AHD0000429; 12/07/04
APPROVe article draft with B. Gertz’s comments, MRK-AHD0000843 (attached to 12/13/04 email
from B. Gertz to C. Inoa, MRK-AHD0000842).

¥ 12/18/04 email from R. Bresalier” to C. Lines, MRK-AHD0073546 (“I have revised [the manuscript]
again taking into account many of the comments suggested by Alise [Reicin] and others. I have not
incorporated all suggestions verbatim since this must be presented as an objective scientific article
and frankly, a few of the comments appeared aimed at ‘damage control’.”).
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C. Cardiovascular event endpoints discussed in the APPROVe article.

The APPROVe article discussed analyses of three cardiovascular thrombotic
event endpoints (with emphasis on the first):

o Confirmed thrombotic event endpoint — a set of thromboembolic events
pre-defined by MRL and diagnosed (or “confirmed”) by a blinded expert
adjudication committee pursuant to MRL’s Cardiovascular Adjudication
SOP;

o APTC composite cardiovascular events endpoint — a set of cardiovascular
events comprising the endpoint developed by the Antiplatelet Trialists’
Collaboration and diagnosed (or “confirmed”) by a blinded expert
adjudication committee pursuant to MRL’s Cardiovascular Adjudication
SOP; and

o Investigator-reported cardiovascular events — a pre-defined set of
thromboembolic events diagnosed by investigators (i.e., doctors
dispensing the study drug) whether or not such diagnoses were
subsequently confirmed by the blinded expert adjudication committee
pursuant to MRL’s Cardiovascular Adjudication SOP.

As demonstrated in Table 1, the composition of the two confirmed event
endpoints overlapped, but the endpoints differed in that (i) the confirmed thrombotic
event endpoint included certain peripheral vascular events, such as pulmonary embolism,
that the APTC composite cardiovascular endpoint did not include; and (ii) the APTC
composite cardiovascular endpoint included three hemorrhagic adverse events, such as
hemorrhagic cerebrovascular stroke, that the confirmed thrombotic endpoint did not

. 90
include.

** " For more information regarding the two composite endpoints, see Appendix F.
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d. The source of the error discovered in May 2006.

As mentioned above, the APPROVe article stated that the test of proportionality
of hazards for the confirmed thrombotic event endpoint yielded a p-value of 0.01 and
described the method used to perform the test as the Logarithm of Time Test.”' In May
2006, the Company discovered that the description of the test was wrong because the test
that had been used to test proportionality of hazards was the Linear Time Test. This
subsection discusses the circumstances that led to the error.

i Dr. Quan’s September 13, 2004 safety report to the
APPROVe Trial External Safety Monitoring Board.

When the co-authors began writing the article, they used as a placeholder the data
presented in Dr. Quan’s September 13, 2004 report to the APPROVe Trial External
Safety Monitoring Board (which included events reported and adjudicated by
August 16, 2004).”* In preparing the September 13, 2004 report, Dr. Quan had, at the
External Safety Monitoring Board’s request,”” performed three sets of analyses
(described in Section A.2.a of this Appendix) aimed at determining whether the risk of

cardiovascular events on Vioxx relative to placebo was increasing over time — such that,

' Bresalier RS, Sandler’ RS, Quan H, et al. Cardiovascular Events Associated with Rofecoxib in a

Colorectal Adenoma Chemoprevention Trial. N Engl J Med. 2005;352:1092-102, at 95, 98;
MRK-ARQ0000659, at 62, 65.
2 9/13/04 Pre-Meeting Report from H. Quan to APPROVe ESMB, MRK-AGO00029517, at 517.

% 8/28/04 email from J. Neaton to H. Quan, MRK-AGO0000326.
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for example, a two-fold increased risk in year 1 might grow into a four-fold increased risk
in year 2 — or whether the hazard ratio remained constant over time.”*
One of these analyses was a statistical test to assess whether the hazard rates in

the placebo and Vioxx groups were proportional (i.e., whether the hazard ratio stayed

constant) throughout the trial. As mentioned above, biostatisticians commonly perform
this test by analyzing the interaction between the assigned treatment (here, Vioxx and
placebo) and either the logarithm of time or linear time in the Cox proportional-hazards
model (i.e., by performing the Logarithm of Time Test or the Linear Time Test). There is
no contemporaneous documentary evidence of the analyses of the proportionality of
hazard rates that Dr. Quan conducted, but, after being informed of the error, Dr. Quan
recalled that, as he was preparing in the summer of 2004 for the September 2004 meeting
of the APPROVe Trial External Safety Monitoring Board, his analyses proceeded as

follows:

" 9/13/04 Pre-Meeting Report from H. Quan to APPROVe ESMB, MRK-AGO00029517.

The External Safety Monitoring Board’s interest in these analyses was triggered by analyses it had
reviewed previously. First, at the Board’s February 18, 2004 meeting, Dr. Reicin had informed the
Board that, in the Alzheimer’s disease trials comparing Vioxx 25 mg to placebo (Protocols 078 and
091), the constant hazard ratio assumption did not hold for the APTC and the confirmed thrombotic
endpoints, suggesting that the hazard ratio for cardiovascular events on Vioxx as compared to placebo
may have changed over time. Minutes of 2/18/04 APPROVe Open Session ESMB meeting,
MRK-AFF0000120, at 21. Dr. Reicin’s presentation to the External Safety Monitoring Board is
discussed in Appendix Q. Second, data contained in Dr. Quan’s February 12, 2004 safety report to
the APPROVe Trial External Safety Monitoring Board suggested that the hazard ratio for
cardiovascular events on Vioxx as compared to placebo might be increasing over time in the
APPROVe Trial as well. 2/12/04 Pre-Meeting Report from H. Quan to APPROVe ESMB,
MRK-AGO0006866, at 884-85 (indicating that the proportionality p-values were 0.0545 and 0.1312
for the confirmed thrombotic event and the APTC event endpoints, respectively). For detailed
discussion of proportionality p-values, see Section B.2 of this Appendix.
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o The computer program for the test of the proportionality of hazards, as
originally written, used the Logarithm of Time Test (consistent with
Dr. Quan’s usual practice and MRL’s convention);”

o Dr. Quan ran the Logarithm of Time Test on the data available to him at
the time, which yielded a p-value above 0.05 (meaning that, based on the
p <0.05 standard that Dr. Quan generally used, there was not sufficient
evidence to conclude that the hazard ratio changed over time).”® This
result struck Dr. Quan as inconsistent with other results he had obtained,
most notably the Kaplan-Meier plot, which seemed clearly to indicate a
change in the hazard ratio;

. Dr. Quan stated that, if the hazard ratio in the APPROVe Trial changed
over time, he wanted the External Safety Monitoring Board to know about
it;

o Dr. Quan then ran the analysis using the Linear Time Test. The Linear
Time Test generated a p-value that was lower than that obtained for the
Logarithm of Time Test and therefore more consistent with Dr. Quan’s
prior analyses (such as the Kaplan-Meier plots). Based on his review of
the two p-values, as well as “fit statistics” generated as part of the output
from the two tests, Dr. Quan concluded that the Linear Time Test
covariates fit the data better than the Logarithm of Time Test covariates;”’

95

96

97

The first pre-meeting report to the APPROVe Trial External Safety Monitoring Board to cite
proportionality p-values was the November 18, 2003 report; therefore, the computer program at issue
was probably written before November 18, 2003. See 1/21/02 Pre-Meeting Safety Report from

H. Quan to APPROVe ESMB, MRK-AGO0006753; 2/11/02 Pre-Meeting Report from H. Quan to
APPROVe ESMB, MRK AGO0006667; 5/9/02 Pre-Meeting Report from H. Quan to APPROVe
ESMB, MRK-AFF0000318; 5/8/03 Pre-Meeting Report from H. Quan to APPROVe ESMB,
MRK-AFK0202981; 11/18/03 Pre-Meeting Report from H. Quan to APPROVe ESMB,
MRK-AGO0007185, at 202-203 (citing proportionality p-values); 2/12/04 Pre-Meeting Report from
H. Quan to APPROVe ESMB, MRK-AGO0006866, at 884-85 (citing proportionality p-values);
9/13/04 Pre-Meeting Report from H. Quan to APPROVe ESMB, MRK-AGO0029517, at 536-37
(citing proportionality p-values).

Dr. Quan stated that the dataset for which he obtained the non-significant result was smaller than the
August 2004 dataset that was analyzed in the September 13, 2004 report to the APPROVe Trial
External Safety Monitoring Board. The Logarithm of Time Test result for the August 2004 dataset is
statistically significant (p=0.048). Draft letter to the editor, MRK-AQUO0000031, at 32 (referring to
the p=0.048 result for the August 2004 APPROVe Trial data) (attached to 6/8/06 email from

J. Bolognese to T. Reiss, MRK-AQUO0000030).

6/8/06 email from H. Quan to J. Bolognese et al., MRK-ARQ0007271.

Appendix R
- 44 -



Report of John S. Martin, Jr. to the Special Committee September 5, 2006
of the Board of Directors of Merck & Co., Inc. Debevoise & Plimpton LLP
Concerning the Conduct of Senior Management

in the Development and Marketing of Vioxx

o Accordingly, Dr. Quan modified the computer program to use the Linear
Time Test — a test that Dr. Quan believed would give the External Safety
Monitoring Board a more accurate assessment of what was happening in
the APPROVe Trial because, in his view, “[i]f a model does not fit the
data very well, the use of that model for checking the proportionality [of
hazard rates] assumption will not serve that purpose.”®

In preparing the September 13, 2004 report to the APPROVe Trial External
Safety Monitoring Board, Dr. Quan used the same program he modified previously that
summer. As a result, the report included results of the Linear Time Test for the
confirmed thrombotic and APTC composite cardiovascular event endpoints. The report,
did not, however, specify which covariate (linear time versus logarithm of time versus
something else) was used in producing these results. The results were p=0.0056 and
p=0.0235 for the confirmed thrombotic and APTC composite cardiovascular event
endpoints, respectively.” Both p-values were low, suggesting that the cardiovascular
hazard ratios for both endpoints changed over time.

On June 8, 2006, Dr. Quan wrote an email concerning the error in the APPROVe
article to Mr. Bolognese and other co-authors in which he stated that he had not
documented the change in the variable (other than in the program itself) and subsequently
had forgotten switching the variable in the program. As a result, from September 2004
until May 2006 (including when he worked on the APPROVe article and the Clinical
Study Report for the APPROVe Trial), Dr. Quan mistakenly believed that the results

included in the September 13, 2004 report and the results included in the APPROVe

*8 6/8/06 email from H. Quan to J. Bolognese et al., MRK-ARQ0007271.

* " 9/13/04 Pre-Meeting Report from H. Quan to APPROVe ESMB, MRK-AGO00029517, at 536-37.
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article — which were produced using the same computer program — were based on the
Logarithm of Time Test.'”

ii. Final (December 2004) data.

In December 2004, MRL scientists obtained final data for the APPROVe Trial
and re-ran many of the analyses that had been performed on the preliminary
cardiovascular data. The APPROVe Trial abbreviated Clinical Study Report and the
APPROVe article reflected these final data analyses. Among the analyses performed on
the final data was a test of the proportionality of hazards using the same computer

program Dr. Quan had used for his September 13, 2004 report (i.e., the program that he

had modified to use the Linear Time Test). The final data yielded proportionality
p-values of 0.014 and 0.119 for the confirmed thrombotic and APTC composite

101 Table 11 below summarizes the

cardiovascular event endpoints, respectively.
proportionality test results for the confirmed thrombotic and APTC composite

cardiovascular event endpoints based on preliminary and final data.

1% 6/8/06 email from H. Quan to J. Bolognese et al., MRK- ARQ0007271 (“Unfortunately, since I could
not modify the APPROVe DAP and didn’t document this in some document, I forgot all about this
when I rushed through the final analysis. Thus, in my mind, I always thought we used [logarithm of
time].”).

191 3/15/05 APPROVe Trial abbreviated Clinical Study Report, Cardiovascular Safety Report,
MRK-18940100731, at 0986, 0994.
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Table 11

Cardiovascular Thromboembolic Event Proportionality of
Hazards P-Values in the APPROVe Trial

reliminary (August 20 Final (December 200 ata
ata
Confirmed Thrombotic Event p=0.0056 p=0.014
Endpoint
APTC Composite p=0.0235 p=0.119
Cardiovascular Event Endpoint
iil. Incorrect description of the test of proportionality

of the hazard rates in the APPROVe article.

As noted above, the published APPROVe article reported the results of the Linear
Time Test performed on the final (December 2004) data (p=0.01) but described that
p-value as resulting from the Logarithm of Time Test. The incorrect description that
appeared in the published article was not added to the manuscript until February 13,
2005 — two days before the article was published. This subsection and Table 12 below
summarize the descriptions of the proportionality of hazards test in the preceding drafts
of the manuscript and the circumstances under which the incorrect description was added
to the article on February 13, 2005.

The first draft to cite the results of the test for the proportionality of hazards,
which was circulated by Dr. Lines on November 16, 2004, reported those results for the

confirmed thrombotic event endpoint based on the preliminary data (p=0.006), but did
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not describe the method that had been used to perform the test.'”® On January 11, 2005,
after Dr. Konstam™ questioned whether the test used to obtain the p=0.006 result was
described in the “Methods” section of the manuscript,'® the authors supplemented the
section by inserting the following sentence: “The proportional hazards assumption was
tested by evaluation of the time-by-log (time) interaction in the COX model.”'** This
new text did not accurately describe the Logarithm of Time Test that Dr. Quan believed
he had performed (there is no test that can be described as “time-by-log (time)
interaction” test), nor did it describe the Linear Time Test that Dr. Quan had in fact
performed. Subsequent drafts, including the one that Dr. Baron submitted to

Dr. Drazen™ of the New England Journal of Medicine on February 6, 2005, continued to

include this description, although the p-value was changed to p=0.01 on January 13, 2005
after the final data became available.'”

At some point between February 6, 2005 and February 12, 2005, the description
was revised to state that the proportionality of hazards was tested “by evaluating the

interaction between the time to an event and the total patient-years of follow-up in the

' 11/15/04 APPROVe article draft, MRK-AHD0072653, at 663 (attached to 11/16/04 email from
C. Lines to K. Horgan, MRK-AHDO0072652) (“The changing pattern of treatment effect over time was
confirmed by the failed test for proportionality of hazards (p=0.006).”).

193 11/18/04 APPROVe article draft with M. Konstam’s” revisions, MRK-AHC0024647, at 659 (attached
to 12/1/04 email from J. Baron™ to R. Sandler” et al., MRK-AHC0024646).

" 1/11/05 APPROVE article draft, MRK-AGO0075451, at 457 (attached to 1/11/05 email from
R. Bresalier to C. Lines et al., MRK-AGO0075450) (“Revised manuscript. I have taken into account
all changes discussed this morning.”).

105 APPROVe article draft, MRK-AGO0075933, at 962 (attached to 1/13/05 email from R. Bresalier” to
C. Lines et al., MRK-AGO0075952).
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Cox proportional-hazards model.”'%

(This description, like the one before it, did not
refer to the Linear Time Test Dr. Quan had performed, or to the Logarithm of Time Test

Dr. Quan believed he had performed.)

On February 12, 2005, a Journal editor asked the authors whether the description
in the February 12, 2005 draft correctly defined the interaction term used in the Cox
proportional hazards model.'”” As a result, the description was changed to that which
appeared in the published article: “This [test] was accomplished by evaluating the
interaction between the logarithm of time and the assigned treatment in the Cox

proportional-hazards model.”'*®

Both Mr. Bolognese and Dr. Quan believed that one of
them made that change, but neither recalled which one. The following table reflects the

evolution of the description of the statistical method used in various drafts of the

APPROVe manuscript:

19 APPROVe article draft, MRK-AHDO0092254, at 60 (attached to 2/12/05 email from C. Lines to J.
Wainwright et al., MRK-AHD0092252-53).

197 APPROVe article draft, MRK-AHD0092254, at 60 (attached to 2/12/05 email from C. Lines to J.
Wainwright et al., MRK-AHD0092252-53).

1% Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a

colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 95,

MRK-ARQO00006539, at 662.
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Table 12

APPROVe Article Drafts — Description of the Test for Proportionality of the Hazard Rates

Date of Draft(s roportionality o Description of the Metho
e Hazard Rat
esult Cite
11/2/04 -11/18/04 Result not included Method not described
12/01/04 - 1/11/05 p=0.006 (based on Method not described
preliminary August
2004 data)
1/11/05 - 1/13/05 p=0.006 (based on “The proportional hazards assumption was tested
preliminary August by evaluation of the time-by-log (time)
2004 data) interaction in the COX model.”

1/13/05 - 2/6/05 p=0.01 (based on “The proportional hazards assumption was tested

(including the draft final December 2004 | by evaluation of the time-by-log (time)

submitted to the New | data) interaction in the COX model.”

England Journal of

Medicine)

2/13/05 p=0.01 “A test of the proportional-hazards assumption
was . . . accomplished by evaluating the
interaction between the time to an event and the
total patient years of follow-up in the Cox
proportional hazards model.”

Published article p=0.01 “A test of the proportional-hazards assumption

(2/15/05) was . . . accomplished by evaluating the
interaction between the logarithm of time and
the assigned treatment in the Cox
proportional-hazards model.”

e. Issues discussed during drafting process.

As discussed above, in the fall and winter of 2004, MRL scientists conducted

several post-hoc analyses (i.e., analyses not pre-specified in the Data Analysis Plan for
the APPROVe Trial) to explore whether and how the incidence of thrombotic events in
the Vioxx and placebo groups of the APPROVe Trial varied over time. In addition, the
MRL and external scientists noticed that there were very few events in the placebo group

of the APPROVe Trial after the 18-month point (as depicted by the relatively flat course
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of the placebo curve on the Kaplan-Meier plot), which some viewed as potentially
contributing to the difference in the incidence rates on Vioxx versus placebo in the
second 18 months.

In the course of drafting the APPROVe article, the authors discussed whether and
to what extent to refer to — and what conclusions, if any, to draw from — these post-hoc
analyses and the observed “flattening” of the placebo curve in the second 18 months.
The dialogue among the APPROVe article co-authors and MRL scientists concerning
whether to include these analyses in the manuscript is discussed below.

1. Discussion regarding post-18-month increase in relative
risk.

In writing the APPROVe article, the authors discussed the extent to which the
article should focus on the results of the post-hoc analyses (discussed above) showing
that the incidence of cardiovascular events was similar in the Vioxx and placebo groups
for the first 18 months of the APPROVe Trial and diverged thereafter. On
November 2, 2004, Mr. Bolognese sent an email to Drs. Horgan, Lines, and Quan
attaching a draft of the article with what Mr. Bolognese characterized as “some major

comments.”'%

In his comments, Mr. Bolognese expressed the view that “the key point of
the results” was that “the results for the first 18 months did not show an increased relative

risk of confirmed cardiovascular events” and that “the increased relative risk was

199 11/2/04 email from J. Bolognese to C. Lines et al.. MRK AGO0029732 (attached to 11/1/04
APPROVe article draft with J. Bolognese’s revisions, MRK-AGO0029733).
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»110

observed beginning after 18 months of treatment. Mr. Bolognese further stated that

this “key point . . . should lead the results section [and] be followed with appropriate

summary statistics broken by <18 [months] > 18 [months].”'"!

In addition,

Mr. Bolognese suggested that the article “maybe even NOT cite the 0-36 [month] results
at all” and that “[i]f we must present the combined 0-36 [month] info, I suggest we
immediately discount it because of non-proportional hazards . . . and follow it up [with
relative risk analyses for the first and second 18-month intervals].”''

Later that day, Mr. Bolognese sent a follow-up email to the same group stating
that a discussion with Dr. Quan had led him to modify some of his comments. In his
revised comments, Mr. Bolognese stated that “[t]he thrust of the interpretation” should be
that (1) the “0-36 month results represent the overall average difference across the time
period,” and (i1) “[t]his average is made up of 2 distinctly different profiles, [the]

<18 [months] and >18 [months].”'"* Mr. Bolognese suggested that the article should

report the rate and relative risk analyses for the first and second 18-month segments of

1

—

°  11/1/04 APPROVe article draft with J. Bolognese’s revisions, MRK-AGO0029733, at 735 (attached
to 11/2/04 email from J. Bolognese to C. Lines et al., MRK AG00029732).

" 11/1/04 APPROVe article draft, MRK-AGO0029733, at 735 (attached to 11/2/04 email from
J. Bolognese to C. Lines et al., MRK-AG0O0029732).

2 11/1/04 APPROVe article draft, MRK-AGO0029733, at 734-35, 744 (also stating that the table
summarizing cardiovascular safety information “needs to have <18mo and >18mo results prominent —
combined results are [secondary and] really not valid since non-proportional hazards was observed™)
(attached to 11/2/04 email from J. Bolognese to C. Lines ¢t al., MRK-AG00029732).

'3 11/2/04 email from J. Bolognese to C. Lines et al., MRK-AGO0029753.
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the trial, but no longer suggested that the results for the entire 0 to 36-month duration of
the study be omitted.'"*

Consistent with Mr. Bolognese’s suggestions, Dr. Lines revised the article to
emphasize the difference in results between the two 18-month segments of the trial. For
instance, a draft circulated by Dr. Lines on November 16, 2004 stated:

The difference [in cardiovascular thrombotic events]
between treatments was due to events that occurred in the
2"4 18 months of the study, whereas the rates were similar
for the first 18 months. This finding is illustrated in
Figure 2 which shows the Kaplan-Meier plot for time to
[confirmed thrombotic] events. The changing pattern of
treatment effect over time was confirmed by the failed test
for proportionality of hazards (p=0.006)."'"

In addition, pursuant to Dr. Quan’s suggestion, the table reporting rate and relative risk
analyses for thrombotic events was expanded to include results for the first and second
18-month segments in addition to the data for the entire duration of the APPROVe

Trial 't

4 11/2/04 email from J. Bolognese to C. Lines et al., MRK-AGQO0029753, at 56-57 (attaching
APPROVe article draft, MRK-AGO0029755).

5 APPROVe article draft, MRK-AHD0072653, at 654, 663 (also stating in the “Abstract” section: “The
increased relative risk was observed beginning after 18 months of treatment; the results for the first
18 months showed similar risk for the 2 treatments.”) (attached to 11/16/04 email from C. Lines to
K. Horgan, MRK-AHD0072652).

16 APPROVe article draft, MRK-AHD0072653, at 673 (attached to 11/16/04 email from C. Lines to
K. Horgan, MRK-AHDO0072652).

Dr. Bresalier’s” first draft of the “Results” section also referred to this observation: “The increase in
thrombotic cardiovascular events associated with rofecoxib was not evident during the first 18 months
of the trial. The reason for this finding is unclear.” 11/18/04 APPROVe article draft,
MRK-AHC0024622, at 623-624 (attached to 12/01/04 email from J. Baron™ to R. Bresalier” and

C. Lines, MRK-AHC0024621).
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The emphasis on the difference in cardiovascular results between the first and
second 18-month segments of the trial subsequently became a subject of discussion
among the co-authors and non-author MRL scientists who reviewed the draft. In
commenting on a draft in late November 2004, Dr. Konstam ™ pointed out that the analysis
to evaluate the results by 18-month segments was not pre-specified in the APPROVe
Trial Data Analysis Plan and the decision to choose 18 months as the breakpoint was

»17 Dr Konstam' stated that he

based on the “appearance of the [Kaplan-Meier] curves.
was “ambivalent about listing . . . early [versus] late [relative risks] at all ([as opposed to]
merely point[ing] out the shape of the curve and stat[ing] the significance based on

»1¥ Dr Konstam also expressed the view that, if the co-authors

proportionality test).
chose to display the 18-month data, they should explain in the article how the 18-month
breakpoint was chosen and should not present the 18-month results in the same table as
the results for the overall duration of the trial.'"” (In a January 31, 2005 email to

co-authors, Dr. Konstam™ also expressed the view that the authors were “going out on a

limb by emphasizing the 18 month issue.”'*)

17 11/18/04 APPROVe article draft with M. Konstam’s revisions, MRK-AHC0024647, at 658-59
(attached to 12/1/04 email from J. Baron to R. Sandler et al., MRK-AHC0024646).

18 11/18/04 APPROVe article draft with M. Konstam’s" revisions, MRK-AHC0024647, at 658-59
(attached to 12/1/04 email from J. Baron to R. Sandler et al., MRK-AHC0024646).

19 11/18/04 APPROVe article draft with M. Konstam’s” revisions, MRK-AHC0024647, at 658-59
(attached to 12/1/04 email from J. Baron to R. Sandler et al., MRK-AHC0024646).

129 1/31/05 email from M. Konstam™ to C. Lines et al., MRK-AGO0077012, at 012.
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Similarly, in his January 21, 2005 comments on the draft circulated to Dr. Lines
(copying Dr. Gertz, Dr. Horgan, Dr. Reicin, and Ms. Lahner), Dr. Braunstein, who was
not an author, wrote: “It is not clear why you are splitting the data at 18 months. Visual
inspection of the curves? Are there statistical analyses to support this split[?]”"*'

Dr. Braunstein went on to suggest: “I would point out that there was a treatment by time
interaction” — 1.e., that the test for proportionality of hazards failed, indicating that the
hazard ratio changed over time — “and then just discuss visual inspection of curves,
unless there is some statistical basis for selecting a particular time point for analysis.”'**

On January 27, 2005, MRL co-authors and MRL scientists commenting on the
draft held a teleconference to discuss whether, in Dr. Lines’ words, “too much [was]
made in the text of the <18 month v >18 month split” and whether MRL scientists
“[s]hould . . . recommend [to the external authors] reducing the amount of text on

thlS 5123

It was decided at that meeting that the 18-month analyses should be removed
from the table displaying rates and relative risks for thrombotic events.'** As discussed

below, at a later point, however, Drs. Lines and Gertz decided to retain the

21 1/13/05 APPROVe article draft, MRK-AADO0411667, at 678 (attached to 1/21/05 email from
N. Braunstein to C. Lines ¢t al., MRK-AADO0411664).

22 1/13/05 APPROVe article draft, MRK-AADO0411667, at 678 (attached to 1/21/05 email from
N. Braunstein to C. Lines ¢t al., MRK-AADO0411664).

123 1/26/05 email from C. Lines to K. Horgan et al., MRK-AHDO0000392, at 392 (attaching 1/26/05
APPROVe article draft, MRK-AHDO0000393); see also 1/28/05 email from C. Lines to N. Braunstein
et al., MRK-AGO0076263 (referring to “yesterday’s teleconflerence]™).

124 1/28/05 APPROVe article draft, MRK-AGO0076264, at 297 (attached to 1/28/05 email from H. Quan
to C. Lines, MRK-AGO0076263) (“Suggestion is to delete . . . month 0-18 + month 19-36 data from
this table.”).
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18-month-segment analysis in the table at issue because, in their view, it showed that the
overall findings for the confirmed thrombotic and APTC composite cardiovascular event
endpoints were similar.

The draft that Dr. Baron™ submitted to the New England Journal of Medicine on

February 6, 2005 set forth the 0-to-36-month results, and then stated in relevant part:

The increased relative risk was observed beginning after 18
months of treatment; in the first 18 months the risks for the
2 treatments were similar.

The difference between treatments was evident in the 2™

18 months of the study, whereas event rates were similar
for the first 18 months (Figure 2 [Kaplan-Meier plot for
confirmed thrombotic events reproduced as Figure 3
above]). The changing pattern of treatment effect over time
was confirmed by a failed test for proportionality of
hazards (p=0.014). Findings for the Antiplatelet Trialists’
Collaboration endpoint were similar (data not shown).'*>

The table displaying rates and relative risks for thrombotic events included such results
for the entire 36-month duration of the trial as well as its first and second 18-month

126
segments.

125 APPROVe article draft, MRK-AFV0398909, at 11, 19 (attached to 2/6/05 email from J. Baron™ to R.
Sandler” et al., MRK-AFV0398907-08).

126 APPROVe article draft, MRK-AFV0398909, at 11, 19 (attached to 2/6/05 email from J. Baron™ to R.

Sandler” et al., MRK-AFV0398907-08).
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il Discussion regarding the observed
“flattening” of the placebo curve.

As noted above, the placebo curve on the Kaplan-Meier plot of the cumulative
incidence of confirmed thrombotic events in the APPROVe Trial became relatively flat
after the 18-month mark, indicating that there were very few events in the placebo group
after 18 months of continuous treatment (Figure 3). This, for some scientists, raised the
issue of whether the seemingly anomalous flattening of the placebo curve explained or at
least contributed to the separation of the Vioxx and placebo curves and the increased
relative risk on Vioxx as compared to placebo.

On November 9, 2004, Dr. Lines circulated to his MRL colleagues a draft
“Results” section of the article, which stated: “It can be seen that the difference between
rofecoxib and placebo after 18 months partly reflects a flattening of the placebo slope
after 18 months compared with the preceeding [sic] 18 months.”'?” Subsequent drafts of
the “Results” section expanded on this discussion:

The difference between rofecoxib and placebo after 18
months partly reflects a flattening of the placebo curve after
18 months. Within the rofecoxib group, the rate of
confirmed events was similar or only slightly higher in the
2"4 18 months of the study, compared with the first 18
months, as shown by a month 19-36 versus 0-18 relative
risk of 1.32 (ninety five percent confidence interval 0.74,
2.35). By contrast, the rate within the placebo group was

lower in the 2 18 months compared with the first 18
months, as shown by a month 19-36 versus month 0-18

27 11/9/04 APPROVe article draft with J. Bolognese revisions, MRK-AGO0072373, at 383 (attached to
11/9/04 email from J. Bolognese to C. Lines et al., MRK-AGO0072372).
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relative risk of 0.34 (ninety five percent confidence interval
0.11, 0.88).'%

Similarly, Dr. Bresalier’s first draft of the “Discussion” section of the
manuscript, circulated to co-authors on November 30, 2004, attributed the increased
relative risk on Vioxx in part to the flattening of the placebo curve:

The difference between rofecoxib and placebo after 18
months partly reflects a flattening of the placebo event
curve after 18 months, compared with a slightly higher
event rate in the rofecoxib group compared with the first 18
months of the trial. The reason for this unexpected finding
is unclear, and could represent a chance effect, or the result

of differential drop out of at-risk individuals in the placebo

129
group.

On December 10, 2004, however, Dr. Baron™ sent an email to the co-author group
stating: “I deleted the sentences elaborating on the flattening of the placebo curve
because I wasn’t sure where we were going with that. My guess is that we won’t try to
make much of a deal out of it, so I thought maybe we should note the pattern, and leave it
at that”">°
Dr. Konstam' also expressed the view that the article should not refer to the

flattening of the placebo curve for reasons he explained in his comments on one of the

drafts:

128 1/13/05 APPROVe article draft, MRK-AADO0411667, at 678-679 (attached to 1/21/05 email from
N. Braunstein to C. Lines ¢t al., MRK-AADO0411664).

122 APPROVe article draft, MRK-AHD0072873, at 875 (attached to 11/30/04 email from R. Bresalier” to
C. Lines, MRK-AHD0072847).

139 12/10/04 email from J. Baron” to R. Bresalier et al., MRK-AHC0030956, at 936.
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I disagree with including this entire suggestion of a
‘flattening’ of the placebo rate. I don’t agree that anything
can be made of it. Ther [sic] is no statistical test for the
validity of this subjective observation. I don’t believe it;
Anyway, even if it were true, it would not dispel the
adverse impact of rofecoxib, which did not manifest this
‘flattening’. We will be criticized for trying to call
attention to this. "

In response to Dr. Konstam’s comment, Dr. Lines deleted the reference to the

132

flattening of the placebo curve from the “Discussion” section. °° The “Results” section,

however, still stated:

The difference between rofecoxib and placebo beginning
after 18 months partly reflects a flattening of the placebo
curve after 18 months. Within the rofecoxib group, the rate
of confirmed thrombotic cardiovascular serious events was
similar or only slightly higher in the 2°¢ 18 months of the
study, compared with the first 18 months, as shown by a
month 19-36 versus month 0-18 relative risk of 1.32 (ninety
five percent confidence interval 0.74, 2.35). By contrast,
the rate within the placebo group was lower in the 2™ 18
months compared with the first 18 months, as shown by a
month 19-36 versus month 0-18 relative risk of 0.34 (ninety
five percent confidence interval 0.11, 0.88)."*

On January 31, 2005, after seeing that the “Results” section still referred to the
flattening of the placebo curve, Dr. Konstam ™ wrote another email to the co-authors

stating:

11 1/13/05 APPROVe article draft, MRK-AHC0025599, at 610 (attached to 1/20/05 email from
M. Konstam' to K. Horgan and J. Baron , MRK-AHC002597).

132 1/31/05 email from C. Lines to R. Bresalier et al., MRK-AAD0421787, at 87.

133 1/13/05 APPROVe article draft, MRK-AAD0421789, at 800 (attached to 1/31/05 email from C. Lines
to B. Gertz et al., MRK-AAD0421787).
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I am deeply concerned about mentioning the notion that the
result relates to a “flattening” of the placebo curve. 1
believe that this observation is weak, not supportable by
statistics, and of no identifiable clinical meaning. Analysis
of shapes of curves are laden with hazards to begin with,
and we are already going out on a limb by emphasizing the
18 month issue. I feel that mentioning this “flattening”
issue, will subject us to the accusation that we are trying to
minimize the key finding — an adverse effect of rofecoxib.
I know we are not trying to do this, so we shouldn’t look
like we are."**

In response to Dr. Konstam’s™ email, the co-authors decided to remove all
references to the flattening of the placebo curve, and the draft that Dr. Baron sent by

email to the New England Journal of Medicine on February 6, 2005 did not mention the

flattening of the placebo curve.'”

iil. Discussion regarding results for the APTC
composite cardiovascular event endpoint.

From the outset, drafts of the APPROVe article focused on the confirmed
thrombotic event endpoint, but also mentioned certain results obtained for the APTC
composite cardiovascular event endpoint. For instance, the January 13, 2005 draft
(which incorporated final APPROVe Trial data) cited the proportionality p-value and
included a Kaplan-Meier plot only for the confirmed thrombotic event endpoint, but

referred to the 18-month relative risk analyses for both endpoints. It stated:

134 1/31/05 email from M. Konstam™ to C. Lines et al., MRK-AGO0077012, at 012; see also 2/01/05
email from B. Gertz to C. Lines et al., MRK-AHD0075697 (I think Marv [Konstam | makes good
points on both counts.”).

135 See APPROVe article draft, MRK-AFV0398909-40 (attached to 2/6/05 email from J. Baron” to R.
Sandler” et al.. MRK-AFV0398907-08).
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Summary data for confirmed and investigator reported
serious cardiovascular thrombotic adverse events and
APTC events are shown in Table 2 [displaying data for
both confirmed thrombotic and APTC composite
cardiovascular event endpoints]. While the absolute rates
of events in both groups was low, there was an
approximately 2-fold overall increased relative risk for a
confirmed event in the rofecoxib versus the placebo group
[confirmed thrombotic and APTC endpoints]. The
difference between treatments was evident in the 2™ 18
months of the study, whereas the rates were similar for the
first 18 months (Figure 2 [Kaplan-Meier plot for the
confirmed thrombotic event endpoint only]). The changing
pattern of treatment effect over time was confirmed by the
failed test for proportionality of hazards (p=0.014)
[confirmed thrombotic endpoint only]."*

In a January 20, 2005 e-mail commenting on this paragraph of the January 13
draft, Dr. Konstam™ asked: “What about APTC events, since this is mentioned in the
methods?”"*” In response to Dr. Konstam’s comment, Dr. Lines made several changes

to the paragraph quoted above, including a new sentence at the end stating: “Similar

5138

results were seen for the APTC endpoint. The paragraph as revised by Dr. Lines

read:

For confirmed thrombotic cardiovascular serious events,
the absolute rates of events in both groups were low, but
there was a 1.92 overall increased relative risk for a
confirmed event in the rofecoxib versus the placebo group.

¢ 1/13/05 APPROVe article draft, MRK-AHC0025599, at 610 (attached to 1/20/05 email from
M. Konstam to K. Horgan and J. Baron , MRK-AHC0025597). The reference to the “failed test for
proportionality of hazards™ was to the fact that the p-value of 0.014 was less than p=0.05.

137 1/13/05 APPROVe article draft, MRK-AHC0025599, at 610 (attached to 1/20/05 email from
M. Konstam” to K. Horgan and J. Baron”, MRK-AHC0025597).

138 1/26/05 APPROVe article draft, MRK-AHD0000393, at 404 (attached to 1/26/05 email from C. Lines
to K. Horgan and et al., MRK-AHD0000392).
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The difference between treatments was evident in the 2™

18 months of the study, whereas the rates were similar for
the first 18 months (Figure 2 [Kaplan-Meier plot for
confirmed thrombotic events reproduced as Figure 3
above]). The changing pattern of treatment effect over time
was confirmed by the failed test for proportionality of
hazards (p=0.014). Similar results were seen for the APTC
endpoint."’

In response to this revision, on January 28, 2005, Dr. Quan noted: “[A]ctually,
for APTC, p=0.119” — a p-value too high to conclude based on this test alone that the
hazard ratio for the APTC composite cardiovascular event endpoint changed over time —
“even though the first 18 months and the last 18 months results were similar to those of
[the confirmed thrombotic event endpoint].”'*" As discussed in Section B.3.e.i of this
Appendix, at the January 27, 2005 teleconference among MRL authors and reviewers of
the draft, in response to the concern voiced by Dr. Konstam™ and Dr. Braunstein that the
18-month analysis was being overemphasized, it was suggested that the draft manuscript
omit rate and relative risk data for the two 18-month intervals from Table 2 and retain
such data only for the overall 36-month duration of the trial. When Dr. Quan noted that
the proportionality p-value for the APTC composite cardiovascular event endpoint,
unlike that for the confirmed thrombotic event endpoint, was not statistically significant,

Dr. Lines responded:

139 1/26/05 APPROVe article draft, MRK-AHD0000393, at 404 (attached to 1/26/05 email from C. Lines
to K. Horgan ¢t al., MRK-AHD0000392).

19 1/28/05 APPROVe article draft, MRK-AGO0076264, at 275 (attached to 1/28/05 email from H. Quan
to C. Lines, MRK-AGO0076263).
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Thanks Hui

The fact that the APTC endpoint did not fail the stat test of
proportionality, unlike the confirmed endpopint [sic], might
be an argument for keeping in the month 0-18, month 19-
36 split in Table 2 (so people can see that the pattern [for
the APTC composite cardiovascular event endpoint] is
similar to [the pattern for the confirmed thrombotic event
endpoint]).'*!

Dr. Lines suggested as an alternative including a Kaplan-Meier plot for the APTC
composite cardiovascular event endpoint in addition to the Kaplan-Meier plot for the
confirmed thrombotic event endpoint already included in the draft so that readers could

142

see the similarity between the two plots (see Figures 3 and 4)."™ The following day,

Dr. Gertz responded to Dr. Lines: “I would tend to agree with that . . . provides some
utility for the table. Would not see need for a second APTC [Kaplan-Meier] plot.”'*
Consistent with Dr. Gertz’s email, the draft of the APPROVe article submitted to

Dr. Drazen” of the New England Journal of Medicine and the published version of the

article included a table displaying confirmed thrombotic and APTC composite
cardiovascular event endpoint results for the first and second 18-month intervals of the
APPROVe Trial as well as the entire 36-month period, included a Kaplan-Meier plot for

the confirmed thrombotic event endpoint, and did not include a Kaplan-Meier plot for the

11 1/28/05 email from C. Lines to H. Quan (cc: N. Braunstein, B. Gertz, A. Reicin, J. Lahner,
K. Horgan, B. Oxenius, J. Bolognese), MRK-AHC0025721, at 21.

142 1/28/05 email from C. Lines to H. Quan (cc: N. Braunstein, B. Gertz, A. Reicin, J. Lahner,
K. Horgan, B. Oxenius, J. Bolognese), MRK-AHC0025721, at 21.

13 1/29/05 email from B. Gertz to C. Lines, MRK-AHC0025721, at 21.
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APTC event endpoint. The proportionality p-value for the APTC composite

. . 144
cardiovascular endpoint was not stated.

f The manuscript submitted to the New England
Journal of Medicine on February 6, 2005.

On or shortly before February 6, 2005, Dr. Drazen emailed Dr. Baron' to request

that the authors submit the manuscript to the New England Journal of Medicine for

145

review by February 7, 2005.'* Around the same time, Dr. Drazen” informed Dr. Baron™

that the New England Journal of Medicine had received manuscripts concerning
cardiovascular results from trials of other selective Cox-2 inhibitors and wanted to
publish the APPROVe article in the same issue with the other manuscripts prior to the
FDA Advisory Committee meeting regarding the safety of selective and non-selective
Cox-2 inhibitors, which was scheduled for February 16 to 18, 2005.'* At that point, the

co-authors of the article had not yet finalized the text of the article or proofread the parts

144 Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a

colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 097,
MRK-ARQO0000659, at 64.

145 2/6/05 email from J. Baron* to R. Sandler* et al., MRK-AFV0398907.

16 2/7/05 email from J. Baron™ to R. Sandler et al., MRK-AFV0398907; 1/10/05 email from J. Drazen”
to J. Baron", MRK-AADO0421174 (“If we can get the paper soon we could potentially have it up on
the web for the [February 16 to 18, 2005] advisory panel. I anticipate this will increase its impact.”);
2/12/05 email from K. Horgan to J. Wainwright et al., MRK-AFV0403673, at 74 (“the journal is
eager to place [the APPROVe article] on its web site prior to the FDA [Advisory Committee
Meeting].”); see also 2/14/04 email from K. Sokolic to C. Smith et al., MRK-AJJ0018179 (attaching
articles “being published in NEJM this week,” including articles entitled “Cardiovascular Risk
Associated with Celecoxib in a Clinical Trial for Colorectal Adenoma Prevention,”
MRK-AJJ0018181, and “Complications of the Cox-2 Inhibitors Parecoxib and Valdecoxib After
Cardiac Surgery,” MRK-AJJ0018198).
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that had been completed.'*” Given Dr. Drazen’s request, however, Dr. Baron’
incorporated some of the comments he had received previously from his co-authors and,
on February 6, 2005, sent the manuscript to Dr. Drazen by email.'*

In the draft of the manuscript submitted to Dr. Drazen’, the paragraph discussing
the hazard ratio over time stated:

There were a total of 121 patients with investigator
reported thrombotic cardiovascular adverse events (77 in
the rofecoxib group and 44 in the placebo group) . . .. The
absolute rates of confirmed thrombotic cardiovascular
events were low in both groups, but there was increased
relative risk in the rofecoxib group (relative risk 1.92;
ninety five percent confidence interval 1.19 —3.11). The
difference between treatments was evident in the 2™ 18
months of the study, whereas event rates were similar for
the first 18 months (Figure 2 [Kaplan-Meier plot for
confirmed thrombotic events reproduced as Figure 3
above]). The changing pattern of treatment effect over time
was confirmed by a failed test for proportionality of
hazards (p=0.014). Findings for the Antiplatelet Trialists’
Collaboration endpoint were similar (data not shown).'*’

The proportionality p-value of p=0.014 resulted from the Linear Time Test

although the submitted draft erroneously described the test for proportionality of hazards

7 See 1/28/05 email from J. Baron™ to C. Lines, MRK-AHD0075359 (“I thinks people need to see the
new [i.c., updated December 2004] and also have more time with a draft.”).

% 2/6/05 email from J. Baron” to R. Sandler” et al.. MRK-AFV0398907 (“[The New England Journal of

Medicine] needed the paper sooner than our strategy would easily allow us . . .. Bob [Bresalier | was
still in the air, so I patched together the paper as best as I could in a few minutes — taking into account
Marv Konstam’s comments and the numbers that Jim [Bolognese] had sent. ... Then I ‘submitted’ it

to Drazin [sic] personally (not to the NEJM....). ... We can change the paper in the next few days if
we want, however.”).

149 APPROVe article draft, MRK-AFV0398909, at 19 (attached to 2/6/05 email from J. Baron™ to R.
Sandler” et al., MRK-AFV0398907-08).
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performed to obtain the reported p=0.014 as one evaluating “the time-by-log (time)
interaction in the COX model” (i.e., the Logarithm of Time Test)."* The draft also
referred in several other places to the 18-month issue, stating that “[t]he increased relative
risk was observed beginning after 18 months of treatment,” and that, “in the first 18

151
”°% and that there was an “absence

months[,] the risks for the 2 treatments were similar,
of an adverse effect treatment [sic] on cardiovascular outcomes during the first 18 months
of APPROVe”"? and a “delayed emergence” of an increased risk.'”

The table displaying the rate and relative risk analyses for thrombotic events
included results for the confirmed thrombotic and APTC composite cardiovascular event
endpoints for the entire 36-month duration of the trial as well as for the first and second
18-month segments of the APPROVe Trial.">*

Finally, the draft reported analyses of certain adverse events that might have been

related to thrombotic cardiovascular events but were not included in either composite

endpoint — namely, hypertension, edema, and a composite endpoint of congestive heart

130 APPROVe article draft, MRK-AFV0398909, at 16 (attached to 2/6/05 email from J. Baron™ to R.
Sandler” et al., MRK-AFV0398907-08).

131 APPROVe article draft, MRK-AFV0398909, at 11 (attached to 2/6/05 email from J. Baron™ to R.
Sandler” et al., MRK-AFV0398907-08).

132 APPROVe article draft, MRK-AFV0398909, at 24 (attached to 2/6/05 email from J. Baron™ to R.
Sandler” et al., MRK-AFV0398907-08).

153 APPROVe article draft, MRK-AFV0398909, at 25 (attached to 2/6/05 email from J. Baron™ to R.
Sandler” et al., MRK-AFV0398907-08).

134 APPROVe article draft, MRK-AFV0398909, Table 2 at 39 (attached to 2/6/05 email from J. Baron” to
R. Sandler” et al., MRK-AFV0398907-08).
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failure, pulmonary edema and cardiac failure. Specifically, the draft stated:

(1) “[c]ompared to placebo, the rofecoxib group had a higher percentage of patients with
hypertension adverse experiences (rofecoxib = 29.3%, placebo = 16.9%, p<0.001),
edema adverse experiences (rofecoxib = 8.6%, placebo = 5.9%, p = 0.008), and the
grouping of congestive heart failure, pulmonary edema or cardiac failure (rofecoxib =
1.3%, placebo = 0.3%, p = 0.004)”; and (i1) “[t]he Kaplan-Meier plots for hypertension,
edema, and congestive heart failure, pulmonary edema, or cardiac failure all showed
early separation between treatment groups with no statistically significant departures
from [proportional] hazards over time (data not shown).”">

8. Peer reviewers’ comments on the submitted
draft and subsequent revisions.

1. Summary.

By letter dated February 9, 2005, Dr. Curfman’, Executive Editor of the New

England Journal of Medicine, informed Dr. Baron' that the manuscript had “not been

accepted for publication in its current form,” but that the New England Journal of

Medicine “would be very willing to consider an extensively revised version of the

manuscript that successfully addressed” the attached comments by five anonymous peer

reviewers.>® In the letter, Dr. Curfman’ stated that the New England Journal of

155 APPROVe article draft, MRK-AFV0398909, at 20 (attached to 2/6/05 email from J. Baron™ to R.
Sandler” et al., MRK-AFV0398907-08).

16 2/9/05 letter from G. Curfman’ to J. Baron', MRK-AFV0399548, at 48.
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Medicine hoped the authors would be able to “complete the revisions very soon, given
the timely nature and the public health importance of the topic.”"’

Over the next few days, Drs. Baron™ and Bresalier , with input from other
co-authors, worked on revising the article.”® In revising the article, Dr. Baron™ held
several telephone conferences with Dr. Curfman™."” In addition, the authors also

prepared a document responding to each comment made by the peer reviewers, although

it is not clear whether that document was sent to the New England Journal of Medicine.

This section provides an overview of the reviewers’ comments and discusses in
detail comments (and authors’ subsequent revisions of the article) concerning two
specific issues: (i) the manuscript’s discussion of the post-hoc analyses showing that, in
the APPROVe Trial, the increased relative risk on Vioxx versus placebo did not become
apparent until 18 months of continuous treatment; and (ii) the authors’ pre-submission
decision not to include in the article analyses of investigator-reported events (and instead
include only analyses of confirmed events, i.e., the confirmed thrombotic and APTC

cardiovascular events).

137 2/9/05 letter from G. Curfman’ to J. Baron , MRK-AFV0399548, at 49 (“The editors recognize that
we are asking for extensive changes, but we hope you will be able to complete the revisions very
soon, given the timely nature and the public health importance of the topic. Please understand that we
will carefully check your revised manuscript to be certain that all of the changes requested by the
reviewers and editors have been made.”).

1% 2/11/05 email from C. Lines to B. Gertz et al.. MRK-AJK0016400 (“Here’s the revised paper from
the external [authors].”).

139 11/21/05 deposition of G. Curfman” at 132 (In re Vioxx Litig., MDL No. 1657, ED. La.).
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ii. The 18-month issue.

(a) Peer reviewers’ comments.

In their comments, four of the five peer reviewers asked that the article place less
emphasis on analyses suggesting that the increased relative risk on Vioxx versus placebo
emerged in the second 18 months of the trial because (1) these analyses were post-hoc,
that is, were not conducted pursuant to a pre-specified data analysis plan; and
(i1) Kaplan-Meier curves for events involving congestive heart failure, pulmonary edema,
and cardiac failure — cardiovascular-related adverse events that were not included in
either endpoint — began to separate much earlier (at around the S-month point). These
Kaplan-Meier curves had been discussed but not included in the submitted draft. For
example, one of the reviewers wrote:

The [18-month] analysis . . . seems to be presented as if it
were a pre-specified hypothesis. Was the stratification of
the analysis of 0-18 months and 19-36 months pre-specified
in the original protocol? If not, then this analysis and the
post-hoc choice of the cutpoint at 18 months need to be
presented as an exploratory analysis, and they do not
belong in Table 2 [presenting relative risks with 95%

confidence intervals for the two composite endpoints].'®’

A different reviewer made a similar comment:

The ‘18 month hypothesis’. The [manuscript] aggressively
promotes the safety of up to 18 months of use of rofecoxib.
This goes beyond the data of the study. The analysis by
duration of use is an example of a post hoc subgroup
analysis, because the variation of the effect by duration was
not an a priori hypothesis and the 18 month cutpoint was

190 Reviewer B’s comments on APPROVe article draft, MRK-AFV0399552, at 53 (attached to 2/9/05

letter from G. Curfman’ to J. Baron”, MRK-AFV0399548).
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chosen by inspection of the data.

* * *

The data do provide evidence, based on a post hoc analysis,
that risk increases with duration of use. The remarks in the
[manuscript] should be congruent with these data and
appropriately cautious about the finding of a subgroup
analysis.

Another reviewer stated:

Much has been made of the lack of a safety signal on
thrombotic events until 18 months. However it is clear that
the heart failure and pulmonary edema plots do show such
a separation from the beginning. It is hard to see why these
data were omitted. They must be included.'®

In light of the peer reviewers’ comments, in his February 9, 2005 letter (attaching

the comments), Dr. Curfman’ asked that the co-authors, among other things:

Remove assertion that increased risk was observed only
after 18 months, because the event curves for other adverse
events [Le., (1) hypertension; (ii) edema; and

(ii1) congestive heart failure, pulmonary edema, and cardiac
failure] separate early. Also, the focus on the first

18 months was not pre-specified and is a post hoc
analysis.'®

161

162

163

Reviewer C’s comments on APPROVe article draft, MRK-AFV0399556, at 56-57 (attached to 2/9/05
letter from G. Curfman to J. Baron , MRK-AFV0399548).

Reviewer D’s comments on APPROVe article draft, MRK-AFV0399560, at 60 (attached to 2/9/05
letter from G. Curfman to J. Baron , MRK-AFV0399548).

2/9/03 letter from G. Curfman’ to J. Baron , MRK-AFV0399548, at 49; see also 11/21/05 deposition
of G. Curfman” at 144 (In re Vioxx Litig., MDL No. 1657, E.D. La.) (Dr. Curfman’ testifying that he
“thought that if you . . . repeated the study in exactly the same way, it would be very unlikely you
would see that kind of sharp separation at 18 months™ and that “a significant amount” of his
February 9-15, 2005 telephone communications with Dr. Baron™ focused on the way in which the
manuscript discussed the analysis showing that the increased relative risk on Vioxx did not emerge
until 18 months of continuous treatment).
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(b)  Authors’ responses.

(1) Question of pre-specification.

Upon reviewing the reviewers’ comments regarding the 18-month analyses,
Mr. Bolognese sent to other co-authors, including Dr. Baron', what Mr. Bolognese

characterized as, “comments that might help resolve some of the reveiwers’ [sic]

» 164

comments. With regard to the reviewers’ comments that the analysis comparing

cardiovascular results from the first 18 months of the trial to the results from the second

18 months was not pre-specified, Mr. Bolognese expressed the view that the co-authors

5165

“probably should mention” ™" that:

o the APPROVe Trial was part of the pre-planned Protocol 203 — a
combined analysis of cardiovascular event data from the APPROVe,
VICTOR and ViP Trials;

o Protocol 203 had a Statistical Data Analysis Plan;'®

<

o ‘endpoints & analyses reported for APPROVe were intended for
[Protocol] 203”; and

(13

o the unexpected definitive signal [in] APPROVe precluded completion of
[Protocol] 203.”'¢7

Further, Mr. Bolognese suggested mentioning that:

o the “test of proportional hazards was pre-specified for [Protocol] 203”;

164 2/10/05 email from J. Bolognese to J. Baron™ et al., MRK-AGO0107791.

165 1t is unclear whether Mr. Bolognese suggested that these comments be mentioned in the article or in
responses to reviewers’ comments.

166 The Statistical Data Analysis Plan for Protocol 203 had been finalized in January 2004. Protocol 203
Statistical Data Analysis Plan, MRK-AAB0083231.

17 2/10/05 email from J. Bolognese to J. Baron™ et al., MRK-AGO0107791.
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o the Data Analysis Plan for Protocol 203 stated that in the event of a
statistically significant departure from the proportional hazards
assumption, additional exploratory analyses would be carried out to
explain the departure; and

o “[t]he 18[-month] breakdown was strongly suggested by [the
Kaplan-Meier plot pre-specified in the Statistical Data Analysis Plan for
Protocol 203], [and additional exploratory analyses] were employed for
APPROVe "%

On February 11, 2005, Dr. Baron™ circulated the first draft of a proposed written
response to the peer reviewers’ comments. The draft, among other things, stated that
“[t]he time-dependent analyses were part of a pre-specified analysis,” referred to “a
pre-planned assessment of the cardiovascular safety of rofecoxib, with specified
endpoints and analysis,” and a few pages later explained:

The stratification of analysis on 0-18 months and 19-36
months was not prespecified. However, the test for
proportional hazards WAS part of the planned safety
analysis referred to above, and was to be followed by an
exploration of time-period patterns. This exploration
resulted in the 0-18 months and 19-36 months groupings.'®’

Later that day, Mr. Bolognese circulated “suggested edits/comments” regarding

170 Next to Dr. Baron’s’

Dr. Baron’s” draft response to the peer reviewers’ comments.
proposed statement that “time-dependent analyses were part of a pre-specified analysis,”

Mr. Bolognese wrote: “time-dependent analyses were not pre-specified; [the APPROVe

18 2/10/05 email from J. Bolognese to J. Baron™ et al., MRK-AGO0107791.

1% Draft responses to reviewers’ comments on *APPROVe article draft, MRK-AGOO0103978, at 79, 81,
83 (attached to 2/11/05 email from J. Baron to K. Horgan et al., MRK-AGO0103976).
170" 2/11/05 email from J. Bolognese to K. Horgan et al., MRK-AGO0103998 (attaching draft responses

to peer reviewers’ comments with J. Bolognese’s comments, MRK-AGO0104000).
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Trial External Safety Monitoring Board] carried some of them out to assist their
evaluation of patient safety; we added to them to pursue their findings.”'”!

Mr. Bolognese did not comment on Dr. Baron’s proposed statement that “the test for
proportional hazards WAS part of the planned safety analysis . . . and was to be followed
by an exploration of time-period patterns.”’

While it is not clear whether the document responding to the reviewers’

comments was sent to the New England Journal of Medicine, what appears to be the

latest version of the document stated with regard to the pre-specification question:

' Draft responses to reviewers’ comments on APPROVe article draft with J. Bolognese’s comments,

MRK-AGO0104000, at 01 (attached to 2/11/05 email from J. Bolognese to K. Horgan et al.,
MRK-AGO0103998).
72" Draft responses to reviewers’ comments on APPROVe article draft with J. Bolognese’s comments,
MRK-AGO0104000, at 05 (attached to 2/11/05 email from J. Bolognese to K. Horgan et al.,
MRK-AGO0103998).
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fman's

Reviewers mments

thors’ Proposed Responses

“Remove assertion that increased risk was
observed only after 18 months, because the
event curves for other adverse events separate
carly. Also, the focus on the first 18 months
was not pre-specified.”'”

“These matters are discussed in detail below.
The time-dependent analyses were part of a
pre-specified analysis.”" ™

“Cardiovascular events do not appear to have
been an a priori outcome of primary interest
and defined as such in the original protocol.
... At what point in the trial was the decision
made to review carefully and adjudicate
blindly cardiovascular events?”'”

“We have clarified in the manuscript that the
cardiovascular analysis was part of a
pre-planned assessment of the cardiovascular
safety of rofecoxib, with specified endpoints and
analysis.”"”

“The analysis stratified on follow-up time
seems to be presented as if it were a
pre-specified hypothesis. Was the
stratification of the analysis of 0-18 months
and 19-36 months pre-specified in the original
protocol? If not, then this analysis and the
post-hoc choice of the cutpoint at 18 months
need to be presented as an exploratory
analysis, and they do not belong in Table 2
[presenting relative risks with 95%
confidence intervals for the two composite
endpoints].”"”’

“The stratification of analysis on 0-18 months
and 19-36 months was not prespecified.
However, the test for proportional hazards WAS
part of the planned safety analysis referred to
above, and in [sic] the specified analysis was to
be followed by consideration of time-period
patterns. This resulted in the 0-18 months and
19-36 months groupings.”™ "

173 2/9/05 letter from G. Curfman’ to J. Baron, MRK-AFV0399548. at 49.

7% Authors’ responses to reviewers’ comments on APPROVe article draft, MRK-AHDO0000061, at 62.

7> Reviewer B’s comments on APPROVe article draft, MRK-AFV0399552, at 52 (attached to 2/9/05
letter from G. Curfman to J. Baron , MRK-AFV0399548).

176 Authors’ responses to reviewers’ comments on APPROVe article draft, MRK-AHDO0000061, at 65.

77" Reviewer B’s comments on APPROVe article draft, MRK-AFV0399552, at 53 (attached to 2/9/05
letter from G. Curfman to J. Baron , MRK-AFV0399548).

7% Authors’ responses to reviewers’ comments on APPROVe article draft, MRK-AHDO0000061, at 67.
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fman's

Reviewers mments

thors’ Proposed Responses

“If the test for proportional hazards revealed
this issue, it is reasonable to include the
finding within a table that explores other
potential interactions. Stratification on
aspirin should be fully presented. . . ..

25179

“As noted above the proportional hazards
analysis was part of the prespecified analysis
plan. We are hesitant to emphasize further the
subgroup/interaction analyses . . . because of the
well-known variability of subgroup findings.”"™

“. .. The °18 month hypothesis’. The
[manuscript] aggressively promotes the safety
of up to 18 months of use of rofecoxib. This
goes beyond the data of the study. The
analysis by duration of use is an example of a
post hoc subgroup analysis, because the
variation of the effect by duration was not an
a priori hypothesis and the 18 month cutpoint
was chosen by inspection of the data.”*'

“As noted above, the test for proportional
hazards was part of the intended safety analysis.

We now emphasize this in the methods section
55182

“Given that the duration finding is from a
post-hoc subgroup analysis, is it appropriate
to give it the prominence that it has in Table
2?77183

“See response above.”'™

7" Reviewer B’s comments on APPROVe article draft, MRK-AFV0399552, at 53 (attached to 2/9/05
letter from G. Curfman to J. Baron , MRK-AFV0399548).

180 Authors’ responses to reviewers’ comments on APPROVe article draft, MRK-AHDO0000061, at 67.

81 Reviewer C’s comments on APPROVe article draft, MRK-AFV0399556, at 56 (attached to 2/9/05
letter from G. Curfman to J. Baron , MRK-AFV0399548).

182 Authors’ responses to reviewers’ comments on APPROVe article draft, MRK-AHDO0000061, at 70.

183 Reviewer C’s comments on APPROVe article draft, MRK-AFV0399556, at 57 (attached to 2/9/05
letter from G. Curfman to J. Baron , MRK-AFV0399548).

181 Authors’ responses to reviewers’ comments on APPROVe article draft, MRK-AHDO0000061, at 71.
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Reviewers fman’s mments thors’ Proposed Responses
“I am not impressed that we understand “We have softened the inference somewhat —
enough about the effect of exposure time to and strengthened the scientific basis for the

provide the reassurance offered by the authors | exposure time considerations.”™ (As stated

here.”"™ (The peer reviewer was referring to | below, the revised article read: “Differences

the following statement in the submitted draft: | between our results and these earlier clinical-trial
“Differences between the present results and | data may be related to differences in defined end
these earlier clinical trial data may be related | points or the duration of treatment, a possibility
to differences in exposure time, a possibility supported by the apparent absence of a
supported by the absence of an adverse effect | difference in adjudicated thrombotic events
treatment [sic| on cardiovascular outcomes during the first 18 months of our study.”'*)
during the first 18 months of APPROVe.”'™)

In response to the peer reviewers’ comments regarding the post-hoc nature of the
analyses at issue and the manuscript’s emphasis on the results of such analyses, the

authors made several revisions to the article. First, they identified the analysis assessing

the difference between results for the first and second 18 months of continuous treatment
as a “post-hoc” analysis. Second, they added sentences stating that “[m]onitoring and
analysis of the cardiovascular events in the [APPROVe] trial were part of a planned

assessment of the cardiovascular safety of rofecoxib” and that “[a] test of the

185 Reviewer D’s comments on APPROVe article draft, MRK-AFV0399560, at 61 (attached to 2/9/05
letter from G. Curfman to J. Baron MRK-AFV(0399548).

186 APPROVe article draft, MRK-AFV0398909, at 24 (attached to 2/6/05 email from J. Baron™ to R.
Sandler” et al., MRK-AFV0398907-08).

87 Authors’ responses to reviewers’ comments on APPROVe article draft, MRK-AHDO0000061, at 76.

188 Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 099,

MRK-ARQ0000659, at 666.
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. . . . . . 189
proportional-hazards assumption was specified in the cardiovascular-analysis plan.”

Third, they changed as follows the wording and order of certain paragraphs in order to

place less emphasis on the results of the post-hoc time-dependent analyses:

he draft submitted to the Text of the published article (in orating
ngland Journal of Medicine for pee autho ost-peer review revision
review
“Abstract” section
“The increased relative risk was observed “The increased relative risk became apparent after
beginning after 18 months of treatment; in the 18 months of treatment; during the first 18 months,
first 18 months the risks for the 2 treatments the event rates were similar in the two groups.”™"
were similar.”

18 Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a

colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 094, 095,
MRK-ARQO0000639, at 661, 662.
190 Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 092,
MRK-ARQO00006539, at 659.
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ext of the draft submitted to the New Text of the published article (in orating
England Journal of Medicine for peer authors’ pos I review revision

review

“Results™ section

“There were a total of 121 patients with
investigator reported thrombotic cardiovascular
adverse events (77 in the rofecoxib group and
44 in the placebo group) (Table 2). The
absolute rates of confirmed thrombotic
cardiovascular events were low in both groups,
but there was increased relative risk in the
rofecoxib group (relative risk 1.92; ninety five
percent confidence interval 1.19 —3.11). The
difference between treatments was evident in
the 2™ 18 months of the study, whereas event
rates were similar for the first 18 months
(Figure 2). The changing pattern of treatment
effect over time was confirmed by a failed test
for proportionality of hazards (p=0.014).
Findings for the Antiplatelet Trialists’
Collaboration endpoint were similar (data not
shown).

The types of confirmed thrombotic
cardiovascular serious adverse events are
shown in Table 3. The difference between
treatments was mainly due to an increase in
myocardial infarctions and strokes in the
rofecoxib group. There were 10 deaths in the
rofecoxib group and 10 deaths in the placebo
group. Cardiovascular causes of death were
myocardial infarction (2 rofecoxib, 3 placebo),
sudden cardiac death (3 rofecoxib, 1 placebo),
ischemic cerebrovascular stroke (1 rofecoxib),
and hemorrhagic cerebrovascular stroke (1
placebo).”™!

“A total of 121 patients had investigator-reported
serious thrombotic events (77 in the rofecoxib
group and 44 in the placebo group). A total of 46
patients in the rofecoxib group had confirmed (i.c.,
adjudicated) thrombotic events during 3059 patient-
vears of follow-up (1.50 events per 100 patient-
years), and 26 patients in the placebo group had
such events during 3327 patient-years of follow-up
(0.78 event per 100 patient-years). As compared
with the placebo group, the rofecoxib group had an
increased risk of confirmed thrombotic events
(relative risk, 1.92; 95 percent confidence interval,
1.19t0 3.11). The types of confirmed serious
thrombotic events are shown in Table 2. The
difference between the two groups was mainly due
to an increased number of myocardial infarctions
and strokes in the rofecoxib group. There were 10
deaths in each group. Myocardial infarction was the
cause of death in two patients in the rofecoxib
group and three in the placebo group, sudden death
from cardiac causes occurred in three patients in the
rofecoxib group and one in the placebo group,
ischemic stroke was the cause of death in one
patient in the rofecoxib group, and hemorrhagic
stroke was the cause of death in one patient in the
placebo group.

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

11 APPROVe article draft, MRK-AFV0398909, at 19 (attached to 2/6/05 email from J. Baron™ to R.

Sandler” et al., MRK-AFV0398907-08).
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ext of the draft submitted to the New Text of the published article (in orating
England Journal of Medicine for peer authors’ pos I review revision
review

“Discussion” section

“The increased relative risk was observed “In post hoc analyses, the increased relative risk of
beginning after approximately 18 months of adjudicated thrombotic events was first observed
treatment.”'” after approximately 18 months of treatment.”™™*
“Differences between the present results and “Differences between our results and these earlier
these earlier clinical trial data may be related to | clinical-trial data may be related to differences in
differences in exposure time, a possibility defined end points or the duration of treatment, a
supported by the absence of an adverse effect possibility supported by the apparent absence of a
treatment [sic] on cardiovascular outcomes difference in adjudicated thrombotic events during

during the first 18 months of APPROVe.”"” the first 18 months of our study.”"*

(i)  Kaplan-Meier curves for congestive
heart failure, pulmonary edema and
cardiac failure.

As noted above, one of the reviewers had asked that the Kaplan-Meier plots for

heart failure and pulmonary edema be included in the article, noting that, while “[m]Juch

192

Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 096-97,
MRK-ARQO0000659, at 663-64.

193 APPROVe article draft, MRK-AFV0398909, at 22 (attached to 2/6/05 email from J. Baron™ to R.
Sandler” et al., MRK-AFV0398907-08).

194 Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a

colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 098,

MRK-ARQO0000659, at 665.

195 APPROVe article draft, MRK-AFV0398909, at 24 (attached to 2/6/05 email from J. Baron™ to R.
Sandler” et al., MRK-AFV0398907-08).

1% Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a

colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 099,

MRK-ARQ0000639, at 666.
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[had] been made of the lack of a safety signal on thrombotic events until 18 months,”
“the heart failure and pulmonary edema plots [showed] such a separation from the

5197

beginning. In addition, Dr. Curfman asked in his February 9, 2005 letter

summarizing peer reviewers’ comments that the authors “[s]how the [Kaplan-Meier]
curves for all serious CV events to demonstrate the early separation.”'”®

After discussing with Dr. Drazen” what Dr. Curfman” meant by “all serious CV
events,” Dr. Baron asked that the MRL co-authors prepare a Kaplan-Meier plot for a
wide composite endpoint including (1) cardiovascular events comprising the confirmed
thrombotic and APTC event endpoints; (ii) congestive heart failure; (iii) pulmonary

. . . 199
edema; and (iv) cardiac failure.

Dr. Quan had included such a Kaplan-Meier plot in
his September 13, 2004 report to the APPROVe Trial External Safety Monitoring Board,
and, in light of Dr. Baron’s  request, Mr. Bolognese asked Dr. Quan to prepare an
updated Kaplan-Meier plot based on the final December 2004 data.**

After learning of Dr. Baron’s request, Dr. Reicin stated in an email to the MRL

co-authors and other Merck personnel that the Kaplan-Meier plot in Dr. Quan’s

197 Reviewer D’s comments on APPROVe article draft, MRK-AFV0399550, at 60 (attached to 2/9/05
letter from G. Curfman to J. Baron , MRK-AFV0399548).

198 2/9/05 letter from G. Curfman’ to J. Baron', MRK-AFV0399548, at 48.

199 2/8/05 email from J. Baron” to J. Bolognese and H. Quan, MRK-ALE0045390; 2/8/05 email from
J. Bolognese to K. Horgan et al., MRK-ALE0045390 (“[Dr. Baron*] mentioned the endpoint which
was in the ESMB report last Sept[ember] w/ CHF+edema and other things. I copied this from
[Dr. Quan’s] report. Adjudicated/confirmed thromboembolic or APTC serious AEs or (congestive
heart failure, pulmonary edema, or cardiac failure from CTS data base).”).

299 2/8/05 email from J. Bolognese to K. Horgan et al., MRK-ALE0045390; 9/13/04 report from H. Quan
to APPROVe ESMB, MRK-AGO0029517, at 60.
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September 13, 2004 report was “a post hoc analysis” that “mix[ed] apples and oranges,”

»201 11 an email sent

and that such mixing of events was “not appropriate for the paper.
the next day to the same group, Dr. Gertz agreed with Dr. Reicin: “I’m assuming we will
not pool such data in a [Kaplan-Meier] plot for the NEJM in this completely post hoc
analysis with events of very likely different pharmacologic origin.”*%*

On February 9, 2005, the authors sent to the editors Kaplan-Meier plots for
edema-related and hypertension adverse events as well as a Kaplan-Meier plot for the
composite endpoint of congestive heart failure, pulmonary edema and cardiac failure.**
After reviewing the Kaplan-Meier plots, Dr. Curfman’ requested that the article include
one Kaplan-Meier plot for the composite endpoint of congestive heart failure, pulmonary
edema and cardiac failure, but did not ask for a Kaplan-Meier plot for the endpoint
including the composite of (i) cardiovascular events comprising the confirmed thrombotic

and APTC event endpoints; (ii) congestive heart failure; (iii) pulmonary edema; and

. . . 204
(iv) cardiac failure.

21 2/9/05 email from A. Reicin to N. Braunstein et al., MRK-ALE0045389 (also stating: “[Congestive
heart failure] and [hypertension] are known side effects of the drug and we already acknowledge these
in the paper (as well as our label). If [the journal] want[s] a [Kaplan-Meier plot| of [hypertension or
congestive heart failure] that is fine but mixing all together is inappropriate for this paper which
focuses on CV thrombotic safety.”) .

292 2/9/05 email from B. Gertz to C. Lines et al., MRK-ALE0045288; see also 2/9/05 email from
B. Gertz to A. Reicin et al., MRK-ALE0045289 (“We need to speak first to [Dr. Baron | and not just
provide inappropriate analyses.”).

293 2/10/05 email from C. Lines to A. Reicin, MRK-AFV0399928.

2% 2/10/05 email from C. Lines to A. Reicin, MRK-AFV0399928 (“The editor’s letter is confusing, but
[Dr. Baron'] determined that what they want incorporated is the 3 K-M plots that we sent yesterday
for 1) edema, 2) hypertension, 3) congestive heart failure + pulmonary edema + cardiac failure.”);
Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
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As a result of these discussions, the authors made three revisions in response to
the peer reviewers’ comments regarding congestive heart failure, pulmonary edema and
cardiac failure. First, they included in the article a Kaplan-Meier plot for a composite
endpoint of congestive heart failure, pulmonary edema and cardiac failure (Figure 3 of
the published article, reproduced in full in Section B.3.h of this Appendix), not the
broader composite endpoint originally mentioned by Dr. Baron™.*> Second, they added
to the article a table reporting the rate and hazard ratio results for hypertension, edema,
and congestive heart failure, pulmonary edema, and cardiac failure.**® Third, they
revised the “Abstract” section of the article, which previously did not mention non-
adjudicated investigator-reported congestive heart failure, pulmonary edema, and cardiac
failure, to state that “[t]here was earlier separation (at approximately five months)

5207

between groups in the incidence of [such events]. Finally, the authors revised a

paragraph in the “Discussion” section of the article as follows”

colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 097,
MRK-ARQO0000659, at 664.
295 Bresalier RS, Sandler” RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 097,
MRK-ARQO0000659, at 664; see also Authors’ responses to reviewers’ comments on APPROVe
article draft, MRK-AHDO0000061, at 61 (“[ W]e have supplied an event curve for the most serious and
homogencous of the endpoints, congestive failure [sic]/pulmonary edema/cardiac failure.”).

296 2/11/05 email from J. Baron™ to K. Horgan et al., MRK-AGO0103976 (“I.. . . added a table for the
three . . . events we included.”); see also Bresalier” RS, Sandler’ RS, Quan H, et al. Cardiovascular
events associated with rofecoxib in a colorectal adenoma chemoprevention trial. N Engl J Med.
2005;352:1092-102, at 099, MRK-ARQO0000659, at 666 (Table 4).

27 Bresalier RS, Sandler” RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a

colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 092,

MRK-ARQO00006539, at 659.
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—
=
o

ext of the draft submitted to the yublished article (incorporating

New England Journal of Medicine for | authors’ post-peer review revisio

PDE

“The increase in thrombotic “The increase in adjudicated thrombotic events
cardiovascular events associated with associated with rofecoxib therapy was not evident
rofecoxib was not evident during the during the first 18 months of the trial. Other

first 18 months of the trial. This investigator-reported cardiovascular events known to
delayed emergence does not suggest a be associated with NSAID use, such as congestive
pro-thrombotic effect, which might be heart failure and pulmonary edema, although less well
expected to be manifest early upon defined, occurred earlier (at approximately five

208 months) and at a higher rate among patients taking

rofecoxib than among those taking placebo.”*”

treatment initiation.

iil. Investigator-reported cardiovascular
thromboembolic events.

As discussed above, the manuscript submitted on February 6, 2005 reported
results for three composite cardiovascular event endpoints: (i) investigator-reported

cardiovascular thrombotic events; (ii) confirmed thrombotic events; and (iii)) APTC

210

composite cardiovascular event endpoint.” - The manuscript reported the total number of

2% APPROVe article draft, MRK-AFV0398909, at 25 (attached to 2/6/05 email from J. Baron” to R.
Sandler” et al.. MRK-AFV0398907-08).
299 Bresalier RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 100,
MRK-ARQ0000659, at 667.
219 As with all trials of Vioxx of four weeks of longer, investigator-reported cardiovascular thrombotic
events from the APPROVe Trial were adjudicated pursuant to Merck’s Cardiovascular Adjudication
SOP. As discussed in Appendix A, an independent committee, which consisted of external
cardiologists, neurologists, and vascular medicine internists, adjudicated investigator-reported
cardiovascular events — that is, decided, based on its evaluation of the underlying medical
documentation, whether the event met the pre-specified criteria for a thromboembolic event, such as a
myocardial infarction or a stroke. If an event was adjudicated to be a thromboembolic event, then the
event was classified as a “confirmed” thromboembolic event and included in the relevant composite
endpoint (e.g., (i) confirmed thrombotic event endpoint as defined by MRL scientists in the
Cardiovascular Adjudication SOP, and/or (ii) the widely used APTC endpoint). The difference
between the two endpoints is discussed in detail in Appendix F and in Section B.3.c¢ of this Appendix.
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events for each of the three endpoints, but reported the rate and relative risk analyses only
for the two confirmed event endpoints (i.e., the confirmed thrombotic and APTC
composite cardiovascular event endpoints).*'' Pre-submission drafts of the manuscript
had included the rate and relative risk analyses for the investigator-reported event
endpoint as well,*'? but, after some discussion, the authors decided not to include such
analyses on the theory that the confirmed event data constituted more reliable and

therefore more relevant evidence of the cardiovascular profile of Vioxx.?"> Table 13

A1 APPROVe article draft, MRK-AFV0398909, at 19, Table 2 at 39 (attached to 2/6/05 email from J.
Baron' to R. Sandler” et al.. MRK-AFV0398907-08).

212 APPROVe article draft, MRK-AGO0072373, at 392 (attached to 11/9/04 email from J. Bolognese to
C. Lines et al., MRK-AGO0072372); see also APPROVe article draft, MRK-AHC0027633, at 653
(attached to 11/14/04 email from R. Sandler to C. Lines and K. Horgan, MRK-AHC0027631);
APPROVe article draft, MRK-AGO0075101, at 122 (attached to 11/18/04 email from H. Quan to
C. Lines et al., MRK-AGO0075099).

213 APPROVe article draft, MRK-AHC0024450, at 457 (attached to 11/15/04 email from J. Baron™ to
K. Horgan et al., MRK-AHC0024449) (Dr. Baron™ suggesting that the article not include any analyses
of investigator-reported events, reasoning: “Let’s not do this. It takes up space and is dominated by
the adjudicated analysis anyway.”); APPROVe article draft with M. Konstam’s” comments,
MRK-AHC0024647, at 655 (“I think that the principal focus of the results should be on the event
rates based on the pre-specified adjudication process. We can consider including the
investigator-reported events as a secondary analysis, but I'm not sure that’s necessary.”) (attached to
12/1/04 email from J. Baron” to R. Sandler” et al., MRK-AHC0024646); 1/17/05 email from C. Lines
to K. Horgan, MRK-AHD0074962 (“I’'m beginning to think we should get rid of the investigator
events.”); APPROVe article draft with N. Braunstein’s comments, MRK-AADO0411667, at 675, 678
(attached to 1/21/05 email from N. Braunstein to C. Lines et al., MRK-AADO0411664) (Dr. Braunstein
noted that he “wouldn’t do or report any analyses based on investigator-reported [thromboembolic]
events” “other than perhaps to report their number” because “the entire rationale for the
[Cardiovascular Adjudication SOP] was that analyses would be based on confirmed events.”); 1/26/05
email from C. Lines to K. Horgan ¢t al., MRK-AHDO0000392 (“Issues raised by a number of people
that we need to agree upon before discussing with externals are: 1) Should we recommend deletion of
investigator reported events, other than just brief mention of overall numbers at beginning of Results
section? . . ..”); 1/31/05 email from C. Lines to R. Bresalier et al., MRK-AAD0421787 (attaching
APPROVe article draft, MRK-AADO0421789) (emailing to external authors a revised draft with
“suggestions,” including “[d]eletion of investigator-reported events (except for 1 sentence describing
the totals) — improves clarity.”).
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below is the version of Table 2, including investigator-reported data, that appeared in the

January 28, 2005 draft. The shaded rows subsequently were deleted pre-submission.

Table 13

“Table 2. Summary of rates and relative risks for confirmed thrombotic cardiovascular
serious adverse events and APTC events” from 1/28/05 draft of the APPROVe article.*™”

Rofecoxib 25 mg Placebo Comparison
Rate per Rate per
Patient- 100 Patient- 100 Rate
years patient- years patient- Difference Relative risk
N*  Events  atrisk years N* Events at risk years [95% CI] [95% CI]
Confirmed
Confirmed 1287 46 3059 1.50 1299 26 3327 0.78 0.72 1.92
[0.19, 1.25] [1.19,3.11]
Month 0-18 1287 22 1656 1.33 1299 20 1765 1.13 0.20 1.18
[-0.55, [0.64, 2.15]
0.94]
Month 19-36 989 24 1403 1.71 1079 6 1561 0.38 1.33 4.45
[0.58,2.08] [1.77,13.32]
APTC
APTC 1287 34 3070 1.11 1299 18 3334 0.54 0.57 2.06
[0.12, 1.02] [1.16,3.64]
Month 0-18 1287 14 1658 0.84 1299 12 1769 0.68 0.17 1.25
[-0.42, [0.58, 2.69]
0.75]
Month 19-36 994 20 1412 1.42 1083 6 1565 0.38 1.03 3.69

[0.34,1.73]  [1.43,11.24]

Investigator
eported
Dverall 5 1299
[ 90 6
h0-18 9 5 2. 1 2 3 9
[ 8 1.2.76
Month 19 8 384 2 1076 549 2
[ 3.8

* Number of patients at risk

214 APPROVe article draft, MRK-AGO0076264, at 297-98 (attached to 1/28/05 email from H. Quan to
C. Lines, MRK-AGO0076263).
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The person who deleted investigator-reported events from the manuscript prior to
submission, however, inadvertently left behind a note stating: “SUGGESTION IS TO
DELETE INVESTIGATOR-REPORTED EVENTS [from Table 2].”*"> In reviewing the

draft manuscript, the New England Journal of Medicine peer reviewers noticed that note

and asked that the analyses of investigator-reported events be restored.*'® One of the

reviewers also commented: “There is a worrying note to delete some reports from table 2

that the authors ought to explain — we were obviously not supposed to see that!”!”

In the document responding to each of the peer reviewers’ comments, the
co-authors explained:

We will be happy to [include analyses of
investigator-reported events if] necessary, but believe it
would detract from the paper to present numbers of
candidate events, including those deemed by a blinded
adjudication committee to NOT be “real.” The investigator
reported thrombotic events ARE included in the text,
however.*'®

* * *
After extensive discussion the authors chose to omit
non-adjudicated investigator reported events from the table
(they are included in the text). This was a choice based on

215 APPROVe article draft, MRK-AFV0398909, at 39 (attached to 2/6/05 email from J. Baron” to R.
Sandler” et al., MRK-AFV0398907-08). In addition, although Table 2 no longer included analyses of
investigator-reported events, the text of the submitted draft still referred the reader to Table 2 for data
on such events. Id. at 19.

216 2/9/05 letter from G. Curfman’ to J. Baron”, MRK-AFV0399548, at 48 (highlighting several
reviewers’ comments, including request that authors “[r]estore the investigator-reported events
category to Table 27).

27 Reviewer D’s comments on APPROVe article draft, MRK-AFV0399560, at 61 (attached to 2/9/05
letter from G. Curfman’ to J. Baron', MRK-AFV0399548).

218 Authors’ responses to reviewers’ comments on APPROVe article draft, MRK-AHDO0000061, at 61.

Appendix R
- 86 -



Report of John S. Martin, Jr. to the Special Committee September 5, 2006
of the Board of Directors of Merck & Co., Inc. Debevoise & Plimpton LLP
Concerning the Conduct of Senior Management

in the Development and Marketing of Vioxx

the authors’ decision about weight of evidence, and it is
inappropriate to infer anything else.*'”

The co-authors did not reinstate and the published article did not include the analyses of
investigator-reported events that had been removed from the draft manuscript.

iv. Peer reviewers’ other comments on
the submitted manuscript.

The reviewers also commented on the overall tone and quality of the article. One

5220

reviewer noted that the manuscript was “excellent””" and another that it was “clearly

written.”*?! Several reviewers, however, asked that the authors change the overall tone of
the article. For example, one reviewer wrote:

The “hand” of the study sponsor seems too evident
throughout the manuscript, which is written consistently in
a fashion designed to support the company’s public
positions. In the process, the scientific integrity of the
manuscript is compromised.

* * *

The manuscript really needs a complete re-working to
avoid the current “spin.”***

219 Authors’ responses to reviewers’ comments on APPROVe article draft, MRK-AHDO0000061, at 76.

220 Reviewer A’s comments on APPROVe article draft, MRK-AFV0399550, at 550 (attached to 2/9/05
letter from G. Curfman’ to J. Baron”, MRK-AFV0399548).

21 Reviewer D’s comments on APPROVe article draft, MRK-AFV0399560, at 560 (attached to 2/9/05
letter from G. Curfman’ to J. Baron”, MRK-AFV0399548).

222 Reviewer E’s comments on APPROVe article draft, MRK-AFV0399562, at 62 (attached to 2/9/05
letter from G. Curfman’ to J. Baron', MRK-AFV0399548); sce also Reviewer C’s comments on
APPROVe article draft, MRK-AFV0399556, at 56 (attached to 2/9/05 letter from G. Curfman’ to
J. Baron”, MRK-AFV0399548) (“[MJuch of the Introduction and Discussion of the present
[manuscript] is devoted to a selective review of previous studies that seems to have as a goal
defending the manufacturer’s conduct in the entire rofecoxib affair.”).
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As discussed above, after receiving peer reviewers’ comments, Dr. Bresalier and
Dr. Baron™ (with input from other co-authors) made extensive revisions to the
manuscript. In comparison to the draft submitted on February 6, 2005, the revised
manuscript, among other things, placed less emphasis on the results of the post-hoc
analysis suggesting that the increased risk on Vioxx did not emerge until 18 months of
continuous use and focused more on the early separation of the Kaplan-Meier curves for
Vioxx and placebo for congestive heart failure, pulmonary edema and cardiac failure. In
their response to the peer reviewers’ comments, the authors also stated: “The manuscript
has been extensively edited. ... We are confident the manuscript fairly describes the
literature and the findings of APPROVe.”**

h. The published article.

The article was posted on the website of the New England Journal of Medicine on

February 15, 2005 and published in its March 17, 2005 edition. The following is a
summary of the article (which is reproduced in full below) with regard to the issues
discussed above:
o The article in several places, including the Abstract section, noted that the
event rates in the Vioxx and placebo groups were similar during the first

18 months of the study and that the increased relative risk became
apparent after 18 months of treatment.”*

23 Authors’ responses to reviewers’ comments on APPROVe article draft, MRK-AHDO0000061, at 70,
78.

224 Bresalier RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a

colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 1092, 1097, 1100.
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The article stated that the 18-month analysis (i.e., the analysis comparing
the relative risk results between the first and second 18-month intervals of
the APPROVe Trial) was a post-hoc analysis and that “[a] test of the
proportional-hazards assumption was specified in the
cardiovascular-analysis plan.”**

The table reporting cardiovascular results of the study reported data for the
entire duration of the trial as well as for its first and second 18-month
intervals for the confirmed thrombotic and APTC composite
cardiovascular endpoints.?*°

The article stated that the proportional hazards assumption was tested
using the Logarithm of Time Test and that the test yielded a statistically
significant result (p=0.01) for the confirmed thrombotic event endpoint.**’

The article also stated that “[f]indings” for the confirmed thrombotic and
APTC composite cardiovascular endpoints were “similar” and did not
state the proportionality p-value (p=0.119) obtained for the APTC
endpoint:

“In a post hoc analysis, the difference between the
two groups in the incidence of thrombotic events
was evident in the second 18 months of the study,
whereas the event rates were similar for the first 18
months (Fig. 2 and Table 3). The changing pattern
of the treatment effect over time was confirmed by
a failed test for proportionality of hazards (P=0.01).
Findings for the APTC end point were similar
(Table 3).7%*

225

226

227

228

Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 1097, 1095.

Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 1098.

Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 1095, 1097.

Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 1097.
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The article included Kaplan-Meier plots for confirmed thrombotic events
as well as for congestive heart failure, pulmonary edema and cardiac
failure. Furthermore, the Abstract and Discussion sections mentioned the
early separation of the Kaplan-Meier curves for congestive heart failure,
pulmonary edema and cardiac failure.**’

The article reported total event numbers for investigator-reported events
but did not include analyses of investigator-reported events.***

The article did not mention the observation that the Kaplan-Meier curve
for placebo for confirmed thrombotic events turned relatively flat after the
18-month mark.

229

230

Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 1092, 1097.

Bresalier’ RS, Sandler’ RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a
colorectal adenoma chemoprevention trial. N Engl J Med. 2005;352:1092-102, at 1096.
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From the Department of Gastrointestinal
Medicine and Nutrition, University of Texas
M.D. Anderson Cancer Center, Houston
(R5.B); the Department of Medicine, Uni-
versity of North Carolina at Chapel Hill,
Chapel Hill (R.5.5.); Merck Research Lab-
oratories, West Point, Pa. (H.Q., J.A. Bo-
lognese, B.O., K.H., C.L); the Department
of Pathology, Mount Sinai Hospital, Toron-
to (R.R.); the Department of Surgery, Uni-
versity of Birmingharm, Birmingham, Unit-
ed Kingdem (D.M); the Department of
Medicine, Clinic University Hospital, Zara-
poza, Spain (A.L); the Department of Med-
icine, Tufts—New England Medical Center,
Boston (M.A.K.); and the Departments of
Medicine and Community and Family
Medicine, Dartmouth Medical Schoal, Ha-
nover, N.H. (.A. Baron). Address reprint
requests to Dr. Bresalier at the Depart-
ment of Gastrointestinal Medicine and
Nutritian, University of Texas M.D. Ander-
son Cancer Center, 1515 Holcombe Blvd.,
Houstan, TX 77030-4009, or at rbresali@
mdandersan.org.

*The members of the APPROVe Trial are
listed in the Appendix.

This article was published at www.nejm.
org on February 15, 2005.

N Engl ] Med 2005;352:1052-102.
Copyright © 2005 Massachusebts Medical Saciety.
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Cardiovascular Events Associated with Rofecoxib
in a Colorectal Adenoma Chemoprevention Trial

ABSTRACT

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

METHODS

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

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

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

N ENGL J MED 352;11 WWW.NEJM.ORG MARCH 17, 2005
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CARDIOVASCULAR EVENTS ASSOCIATED WITH ROFECOXIB

ONSTEROIDAL ANTIINFLAMMATORY

drugs (NSAIDs) alleviate pain and in-

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

to that of nonselective COX inhibitors.

COX-2 is expressed at sites of inflammation,
such as in atheromatous plaques, and in neoplasms,
raising the possibility that COX-2 inhibition might
also be useful in the treatment or prevention of ath-
erosclerosis and various cancers.™? However, pre-
dicting the consequences of COX-2 inhibiton on
cardiovascular disease is notastraightforward prop-
osition. COX-2 inhibition has several effects that
could increase the risk of cardiovascular disease,
including reducing prostacyclin levels, increasing
blood pressure, decreasing angiogenesis,** and

destabilizing plaque.™?

Rofecoxib is a selective COX-2 inhibitor that has
been shown to be associated with significantly few-
er gastrointestinal adverse events than NSAIDs.*®
In one trial,3 there were more cardiovascular events
among patients given a high dose of rofecoxib than
among those given naproxen, an NSAID with plate-
let-inhibiting properties of unclear clinical rele-
vance.*5116 Pogled data from other randomized
trials have notshown a significant difference in car-
diovascular risk between rofecoxib and placebo
or other nonselective NSAIDs.*>*7 Observational
studies have provided conflicting data on the asso-
ciation of rofecoxib with cardiovascular risk: some
studies suggested that there was no effect, some
suggested that the risk was increased only at high
doses, and others indicated a possible increase in
the risk of cardiovascular events at standard or un-

specified doses.5%1%518-21

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

ings from the study.

N ENGL J MED 352,11

METHODS

DESIGN OF THE TRIAL
Enrollment occurred from February 2000 to No-
vember 2001 at 108 centers in 29 countries. Partic-
ipating investigators are listed in the Appendix. Men
and women who were atleast 40 years old were eli-
gible if they had had at least one histologically con-
firmed large-bowel adenoma removed within 12
weeks before study entry and were not anticipated
to need long-term NSAID therapy (including high-
dose aspirin) during the study. Initially, patients who
were taking low-dose aspirin (no more than 100 mg
daily) were excluded from the study. However, in
May 2000, after the results of the Vioxx Gas-
trointestinal Research (VIGOR) trial’? had become
available, the protocol was amended to allow ran-
domized subjects to take low-dose aspirin (no more
than 100 mg daily) for cardiovascular protection.
The proportion of subjects taking low-dose aspi-
rin at enrollment was capped at 20 percent because
of the possible chemopreventive effects of the
drug.22 Exclusion criteria were evidence of uncon-
trolled hypertension (defined by a blood pressure
of more than 165/95 mm Hg); angina or congestive
heart failure, with symptoms evoked by minimal
activity; myocardial infarction, coronary angioplas-
ty, or coronary-artery bypass grafting within the
preceding year; or stroke or transient ischemic at-
tack within two years before screening.

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

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

Patients were evaluated clinically at randomiza-
ticn and at weeks 4, 17, 35, 52, 69, 86, 104, 121,
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3260 Patients assessed for eligibility

674 Did not underge randomization
10 25 mg of rofecoidb or placebo

clirical evenis
26 Were giver 50 mg of rofecoxib
24 Hed other ons

1287 Assigned 1025 mg af rofecoxib
1287 Received treaiment and included
in safety analysis

1299 Assigned o placebo
1299 Received treatment and included
in safety amalysis

410 Discontinued treatrrent
202 Had adverse events
22 Had adverse lzaboratary
events S zomo
117 withdrew consent
14 Were lost Lo follow-up
60 Had other reasons

g everts

R77 Completed 3 yr of treatment

980 Completed 3 yr of treatment

Figure 1. Enrollment, Randomization, and Outcomes;

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

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

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

nonfatal myocardial infarction, unstable angina,
sudden death from cardiac causes, fatal and non-
fatal ischemic stroke, transient ischemic attack,
peripheral arterial thrombosis, peripheral venous
thrombosis, and pulmonary embolism. The end
point used in the Antiplatelet Trialists’ Collabora-
tion {APTC) study®® was also analyzed: the com-
bined incidence of death from cardiovascular, hem-
orrhagic, and unknown causes; nonfatal myocardial
infarction; and nonfatal ischemic and hemorrhagic
stroke. Other relevant but not independently adju-
dicated events were also analyzed, including hyper-
tension-related events, edema-related events, and
the combined end point of congestive heart failure,
pulmonary edema, or cardiac failure.

The procedure for confirming cardiovascular
events was prespecified in the protocol. All serious
adverse events were identified and recorded by the
clinical investigators. Potential thromboembeolic
events, components of the APTC end point, and all
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deaths (regardless of cause) were prespecified as
eligible for adjudication according to standard pro-
cedures for rofecoxib studies initiated by the spon-
sor in 1998. For each eligible event, source docu-
ments were collected and sent to the cardiac,
cerebrovascular, or peripheral vascular adjudication
committee. Decisions were made on the basis of
majority rule with the use of prespecified critetia.

STATISTICAL ANALYSIS

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

Data were collected and held by the sponsor. The
investigators had full and unfettered access to the
data. Astatistician who was aware of patients’ study-
group assignments butwho was nototherwise in-
volved in the study analyzed the data using SAS
software (version 8.2). All patients who underwent

randomization and took at least one dose of study |~ Tabiz 1. Baseline Characteristics of the Patients;
medication were included in the analyses. For con- Rofecoxib Placebo
firmed serious thrombotic events and the APTCend | characteristic (N=1287)  (N=1299)
point, eventrates were determined and relative risks
{with 95 percentconfidence intervals) were calculat- Age &)
ed with the use of Cox proportional-hazards mod- Mean * >
els. However, if there were fewer than 11 events in Range 40-96 40-26
either group, the rate ratio was computed with the Hleight (cm)
use of the binomial distribution.** A test of the Mean 170 170
proportional-hazards assumption was specified in Range 137-19¢8 133199
the cardiovascular-analysis plan. This was accom- | Weight (kg)
plished by evaluating the interaction between the Mean 81 81
logarithm of time and the assigned treatment in the Range 38-160 34-159
Cox proportional-hazards model. Kaplan-Meieres- | yaié sex (%) 2 62
timates of the cumulative event rates over time were White race (94)% 2 24
also made. Use of low-dose aspirin (%6) | 17 1s

.Several EXploraFory analyses were perfo.rmed ro Use of antihypertensive medication (%) 30 29
delineate the relation between mean arterial pres- ) ) )
sure and the study findings. One analysis summa- Hfgh cardiovascular ”_Sk et _ ] 30 2
rized the relative risk of confirmed serious throm- H'“"”\JZ‘ZZ’[’;E’Z’E:ZZZ ?;‘e“’SCIe“’“C cardio- ? g
botic adverse events according to the quartiles of . . ol

. . . History of hypertension (%6 35 34

change In mean arterial pressure at week 4. This ; :
time was chosen because treatment-based differ- | '°" of hypercholesterolemia () 2 26
ences in mean arterial pressure occurred early and | istory of diabetes (%) o s
remained constant throughout the treatment peri- | Current cigarette use (3) 2 2

od and because only two confinmed serious throm-
botic events had occurred by week 4 {one in each
group). The second analysis included changes from
baseline in mean arterial pressure as a time-varying
covatiate in a Cox proportional-hazards model in
which treatment was the main effect. This model

N ENGL J MED 352,11
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was used to investigate the association of the change
in blood pressure over time with the occurrence of
confirmed serious thrombotic events.

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

RESULTS

PARTICIPANTS
Atotal 0of 3260 patients were screened for the study,
of whom 2586 were deemed to be eligible; 1287 of
the eligible patients were randomly assigned to re-
ceive rofecoxib, and 1299 to receive placebo (Fig. 1).
The two groups were generally similar with regard
to baseline characteristics, including age, sex, use
or nonuse of low-dose aspirin, and cardiovascular-
risk status {Table 1). Concomitant medications used
at some time during the study included low-dose
aspirin {in 20 percent of the rofecoxib group and

% Race was self-reported.
T Low-dose aspirin was defined as 100 mg per day or less.

- A high cardiovascular risk was defined by a history of symptomatic atheroscle-

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

cholesterolemia, history of diabetes, or current cigarette use.
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Taba 2 Incidence of Adjudicated Throm botic Adverse Events.*

Rofecoxib Group Placebo Group Hazard Ratio
Adverse Event (N=1287) (N=1299) (95% CI)
No. of Rate/100 No. of Rate/100

Patients (%4) Patient-yr  Patients (36) Patient-yr
Tatal 46 (3:6) 1.50 26(2.0) 0.78 1,92 (1.19-3.11)
Cardiac events 31 (24) 1.01 12 (0.9) 036 2.80 (1.44-5.45)
Myocardial infarction 21 g
Fatal myocardial infarction ? 3
Sudden: death: from cardiac causes 3 1
Unstable angina pectoris 7 4
Cerebrovascular events 15:(1:2) 049 7{0.5) 021 232 (0.29-6.74)
Fatal ischernic stroke 1 0
|schemnic stroke 11 &
Transient ischernic attack 5 2
Peripheral vascular events 3.(0.2) 0.10 7{0.5) 021 0.46 (0.08-2.03)
Peripheral arterial thrombosis 1 1
Peripheral venous thrombosis ? 4
Pulrmonary embolism 0 2

ES

The total duration of follow-up was 3059 patient-years in the rofecoxib group and 3327 patient-years in the placebo

group. Although a patient may have had two or more clinical adverse events, the patient was counted once within
a category. The sarne patient may appear in different categories. Cl denotes confidence interval.

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

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

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

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

INCIDENCE OF THROMBOTIC EVENTS
AND THE APTC END POINT

Atotal 0f121 patients had investigator-reported se-
rious thrombotic events (77 in the rofecoxib group
and 44 in the placebo group). A total of 46 patients
in the rofecoxib group had confirmed (i.e., adjudi-
cated) thrombotic events during 3059 patient-years
of follow-up (1.50 events per 100 patient-years), and
26 patients in the placebo group had such events
during 3327 patient-years of follow-up {0.78 event
per 100 patient-years). As compared with the place-
bo group, the rofecoxib group had an increased risk
of confirmed thrombotic events (relative risk, 1.92;
95 percent confidence interval, 1.19 to 3.11). The
types of confirmed serious thrombotic events are
shown in Table 2. The difference between the two
groups was mainly due to an increased number of
myocardial infarctions and strokes in the rofecoxib
group. There were 10 deaths in each group. Myo-
cardial infarction was the cause of death in two pa-
tients in the rofecoxib group and three in the placebo
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group, sudden death from cardiac causes occurred
in three patients in the rofecoxib group and one in
the placebo group, ischemic stroke was the cause
of death in one patient in the rofecoxib group, and
hemorrhagic stroke was the cause of death in one
patient in the placebo group.

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

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

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

N ENGL J MED 352,11

69 P=0.008

5 Rafecoxib

Cumulative Incidence
of Confirmed Thrombotic
Events (%)

Marith
No. al Risk
Rofecoxib 1287 1129 1657 989 938 296 727
Plceba 1299 1195 1156 1979 1042 1an7 £35

Figire 2. Kaplan-Meier Estimates of the Cumulative Incidence of Confirmed
Serious Thrombotic Events,

Vertical lines indicate 95 percent confidence intervals:
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1287 1132 1069 996 948 906 138
1299 1197 1159 1083 1045 lagy 841

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

Vertical lines indicate 95 pereent confidence intervals.
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The Kaplan—Meier curves for the cumulative inci-
dence of congestive heart failure, pulmonary edema,
and cardiac failure (Fig. 3) showed early separation
of the two groups (at approximately five months),
with no significant departures from proportional
hazards over time and a hazard ratio 0f4.61 for the
comparison of the rofecoxib group with the place-
bo group (95 percent confidence interval, 1.50 to
18.83). The hazard ratios for edema and hyperten-
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Adverse Event

Confirmed event

Overall
Month 0-18
Month 19-36

APTC end point

Overall
Month 0-18

Month 19-36

Table 3. Summary of Rates and Relative Risks of Confirmed Serious Thrambotic Events and the APTC End Point.*
Differencein  Relative Risk
Rofecaxib Group Placebo Group Rate (95% CI) (95% ClI)
No. of No. of
No.at No.of Patientyr  Rate/100  No.at MNo.of Patientyr  Rate/100
Risk Events  at Risk Patient-yr Risk Events  atRisk Patient-yr
1287 46 3059 1.50 1299 26 3327 0.78 0.72 1.92
01916 125)  (1.19103.11)
1287 22 1656 133 1299 20 1765 1.13 020 1.18
{(-0.55100.94) (064 102.15)
989 24 1403 1.71 1079 6 1561 038 1.33 4.45
{058 t0208) (1:77161332)
1287 34 3070 111 1299 18 3334 0.54 057 2,06
0126 1.02) (1160 3.64)
1287 14 1658 0.84 1299 12 1769 0.68 0.17 1.25
(-042100.75) (05810 2.69)
994 20 1412 1.42 1083 6 1565 038 1.03 3.69
{03410 1.73) (14310 1124)

# Cl denotes confidence interval, and APTC Antiplatelet Trialists” Collaboration.

1098

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

During the trial, the rofecoxib group had mean
(£SE) increases of 3.4+0.4 mm Hg in systolic blood
pressure and 0.9+0.2 mm Hg in diastolic blood
pressure, as compared with respective changes of
—0.520.3 mm Hg and —0.8£0.2 mm Hg in the pla-
cebo group (P<0.01 for the comparison between
the two groups). Blood-pressure effects were seen
by four weeks and remained relatively constant
throughout the study. To investigate the relation
between changes in blood pressure and confirmed
thrombotic events, we categorized patients accord-
ing to the change from baseline in mean arterial
pressure at four weeks. The relative risks of a con-
firmed thrombotic event in the rofecoxib group, as
compared with the placebo group, were broadly
similar across quartile categories of the change in
blood pressure (data not shown). The mean arteri-
a] pressure throughout the study, included as a
time-varying covariate, did not materially modify
the reatmenteffect (relative risk for the comparison
of the rofecoxib group with the placebo group, 1.87;
95 percent confidence interval, 1.14 to 3.06).
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DISCUSSION

COX-2 inhibitors have been widely used as andin-
flammatory and pain-relief agents and may hold
promise as chemopreventive agents for a variety of
epithelial cancers. In this randomized, placebo-
controlled, double-blind trial, we found that long-
term use of the COX-2 inhibitor rofecoxib was as-
sociated with an increased risk of cardiovascular
events. In post hoc analyses, the increased relative
risk of adjudicated thrombotic events was first ob-
served after approximately 18 months of treat-
ment. The overall risk did not appear to be signifi-
cantly influenced by baseline or subsequent use of
low-dose aspirin. In addition, there was an in-
creased frequency of investigator-reported events,
such as hypertension, edema, and congestive heart
failure, which occurred much earlier in the study.
Thromboxane A,, a major COX-1-mediated pro-
duct of arachidonic acid metabolism, causes irre-
versible platelet aggregation, vasoconstriction, and
smooth-muscle proliferation, whereas prostacyclin
is an inhibitor of platelet aggregation, a vascdilator,
and an inhibitor of smooth-muscle proliferation.
COX-2 is the chief source of systemic prostacyclin
synthesis,?> and COX-2 inhibitors may increase the
cardiovascular risk by shifting the functional bal-
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Tabie 4. Incidence of Nonadjudicated Cardiovascular Adverse Events.*
Rofecoxib Group Placebo Group Hazard Ratio
Adverse Event (N=1287) (N=1253) (95% CI)
No. of Rate/100 No. of Rate/100
Patients (%) Patient-yr Patients (%) Patient-yr
Hypertension 377.(29.3) 14,9 219 (16.9) 73 7.07 (1.71-2.38)
Serious event 11 1
Edema 111 (3.6) 3.8 76 (5.9) 24 157 (1.17-2.10)
Serious event 3 0
Congestive heart failure, pulmonary: 17.(13) 0.6 4103) 0.1 4.61 (150-18.83%)
ederna, or cardiac failure
Serious event 12 2

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

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

manent disability.

ance of these vasocactive eicosancids toward the
promotion of thrombosis or atherogenesis. COX-2
inhibition combined with thromboxane-receptor
antagonism may also lead to the destabilization of
atheromatous plaque.*? In addition, COX-2 plays a
role in angiogenesis.* How these pharmacologic
observations relate to the clinical cardiovascular
findings with COX-2 inhibiticn is unknown. It is
also not clear whether the partial inhibition of
COX-1 by various nonselective NSAIDs offsets any
adverse cardiovascular effects of COX-2 inhibition,
sinee this possibility has not been evaluated explic-
itly in trials.

The VIGOR study®® compared 50 mg of rofe-
coxib daily with 500 mg of naproxen twice daily in
patients with rheumatoid arthritis and found ro-
fecoxib to be associated with a higher incidence of
myocardial infarction. It was unclear how much
of the increase in risk was due to a deleterious ef-
fect of high-dose rofecoxib, a protective effect of
naproxen, chance, or a combination of these fac-
tors.26 A recent meta-analysis®* suggested that the
magnitude of any cardicprotective effect of naprox-
en is unlikely to account entirely for these findings.

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

phase 3 trials reported similar rates of thrombetic
cardicvascular adverse events with refecoxib, pla-
cebo, and various nonselective NSAIDs.> A pooled
analysis of data from more than 28,000 patients
with various diseases (representing more than
14,000 patient-years atrisk) from 23 previoustrials
of rofecoxib (phase 2B through phase5), including
patients from the VIGOR trial, alsc did notdemon-
strate a significant increase in cardiovascular risk
for rofecoxib as compared with placebo or NSAIDs
other than naproxen.* This analysis used the APTC
end point we evaluated. An updated analysis that
included data from various placebo-controlled stud-
ies investigating rofecoxib for the treatment or pre-
vention of Alzheimer’s disease did not demonstrate
an excess of cardiovascular events associated with
rofecoxib therapy.® A recent meta-analysis compar-
ing cardiovascular risk in trials that included various
doses of rofecoxib suggested an increased relative
risk among patients taking rofecoxib, as compared
with those taking naproxen, but not placebo.?? Dif-
ferences between our results and these earlier clin-
ical-trial data maybe related to differences in defined
end points or the duration of treatment, a possibili-
ty supported by the apparent absence of a difference
in adjudicated thrombotic events during the first
18 months of our study.

Observational studies haye provided conflicting
data on the cardiovascular safety of rofecoxib. A Ca-
nadian retrospective cohort study did not demon-
strate an increased risk of myocardial infarction
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among new users of rofecoxib as compared with
control subjects, but a case—control study of pa-
tients 65 years of age or older suggested a dose-
dependentelevation in the relative risk of acute my-
ocardial infarction with rofecoxib therapy.” Unlike
the findings in the current study, this risk was ele-
vated during the first 90 days of use, but not there-
after. A retrospective cohort study that assessed the
occurrence of serious coronary heart disease among
NSAID users™® showed an eleyated cardiovascular
risk associated with the use of high-dose rofecoxib,
but no increased risk with the use of doses of 25 mg
or less.

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

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

TGLAND JOURNAL o MEDICINE

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

It is unclear whether the results seen with rofe-
coxib represent a general effect of COX-2 inhibitors
or a specific effect of rofecoxib. A recent case-con-
trol study?*? suggested that the odds of nonfatal my-
ocardial infarction differ between patients who take
rofecoxib and those who take celecoxib, and a nest-
ed case—control study®® also suggested that there
are differences in the risk of serious coronary heart
disease between the two agents. Elsewhere in this
issue of the Journal, Nussmeier etal. reportthat pa-
tients who received parecexib and valdecoxib for
pain in the first 10 days after coronary-artery by-
pass grafting had an increased risk of cardicvascu-
lar events during 30 days of follew-up.?® Also in
this issue, Solomon et al. report that an ongoing
safety review of the Adenoma Prevention with Cele-
coxib Trial revealed that the risk of fatal or nonfatal
cardiovascular events was increased by a factor of
2.3 among patients who were randomly assigned to
receive celecoxib, as compared with those who were
assigned to receive placebo,?® leading the National
Cancer Institute to suspend the trial. The possibility
that conventional NSAIDs may have similar effects
also has to be considered. Possible cardiovascular
effects will need to be taken into account in an as-
sessment of the potential ability of any of these
drugs to prevent neoplasia in the large bowel and

other organs.
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4, The Abbreviated Clinical Study Report for the APPROVe Trial.

a. Introduction.

Shortly after unblinding of the APPROVe Trial data on September 23, 2004,
MRL scientists began to prepare a submission to the FDA reporting the APPROVe Trial
results. As discussed in Appendix I, MRL generally reports safety data from a trial to the
FDA in the form of a Clinical Study Report. Procedure No. 21 of Merck’s Medical
Affairs Procedures and Policies provides that an abbreviated Clinical Study Report, as
opposed to the full Clinical Study Report normally filed with the FDA, may be used
“when a program is canceled or a study is discontinued prematurely and yields no usable
efficacy or immunogenicity data.”*!

In this case, because Merck had withdrawn Vioxx from the market and
discontinued the Vioxx development program, MRL scientists prepared an abbreviated
Clinical Study Report to report the APPROVe Trial data to domestic and worldwide
regulatory agencies. Given the fact that the APPROVe Trial resulted in the withdrawal
of Vioxx and the obvious public interest in the data from this Trial, however, the

abbreviated Clinical Study Report was much more extensive than required by Merck’s

Medical Affairs Procedures and Policies.?*

»1 Merck Medical Affairs Procedures and Policies — Procedure 21, MRK-AGE0001636, at 37. This
procedure further provided that this format may be used “when a study is in progress and, for full
disclosure in a regulatory submission, the safety information must be briefly summarized.” Id.

2 See 10/25/04 email from J. Bolognese to T. Capizzi, MRK-AF00264630 (noting that for “obvious
reasons,” the abbreviated Clinical Study Report for APPROVe would be “much more extensive” than
“the usual aCSR.”); 10/08/04 email from K. Horgan to B. Oxenius and T. Reiss, MRK-AHC0014922.
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Shortly after the Company withdrew Vioxx from the market, MRL
representatives met with the FDA a number of times regarding timing for the submission
of the APPROVe Trial data and the analyses to be included.””> On January 26, 2005, in
accordance with the timeline agreed upon with the FDA, Merck submitted to the FDA the
cardiovascular safety portion of the yet-to-be completed abbreviated Clinical Study

Report.234

This version was, to the extent relevant to this Report, similar to the final
abbreviated Clinical Study Report. The final abbreviated Clinical Study Report was
submitted to the FDA on June 6, 2005 and included a short synopsis and three
appendices: the Efficacy Report (concerning colon polyps), the General Safety Report,
and the Cardiovascular Safety Report.>

The following sections describe the drafting process of the abbreviated Clinical
Study Report, with focus on the drafting and content of the cardiovascular safety portion
of the Report. In particular, this section discusses the abbreviated Cardiovascular Safety
Report’s description of the test for proportionality of the hazard rate, the characterization

of the results from these analyses, and the Report’s conclusion that the APPROVe Trial

showed an increased cardiovascular risk on Vioxx beginning after 18 months.

3 9/29/04 email from P. Davish to J. Wainwright et al., MRK-ACMO0005819; 6/6/05 letter from
P. Huang to B. Harvey* (FDA), MRK-S0420050996; 10/07/04 email from D. Louie to N. Braunstein
ct al., MRK-ABY0179883-85; Minutes of 11/10/04 FDA teleconference, MRK-AFK 0192456, at 57,
see also 6/14/05 email from Regulatory Release Mailbox to N. Braunstein et al., MRK-AOY 0032263
(attaching FDA eDossier reflecting timeline for APPROVe regulatory submissions).

3% 1/26/05 letter from P. Huang to B. Harvey” (FDA) attaching 1/17/05 APPROVe Trial Cardiovascular
Safety Report draft, MRK-ATU0057340-406.

33 6/6/05 letter from P. Huang to B. Harvey (FDA), MRK-S0420050996; 12/21/04 memorandum from
S. Loftus to A. Reicin at al., MRK-AHC0032613, at 13-14.
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b. Summary of contents.

The final Cardiovascular Safety Report contained in the abbreviated Clinical
Study Report presented detailed analyses of the APPROVe Trial cardiovascular data,
including Kaplan-Meier plots and hazard plots with proportionality p-values for the
confirmed thrombotic and APTC composite cardiovascular event endpoints,
investigator-reported cardiovascular events, and subgroup analyses of confirmed
thrombotic cardiovascular events.*® The final Cardiovascular Safety Report also
included analyses of the relationship between blood pressure and cardiovascular events in
the APPROVe Trial. >’

Like the APPROVe article published in the New England Journal of Medicine,

the Cardiovascular Safety Report stated that (i) the Kaplan-Meier plot for confirmed
thrombotic events revealed an increased relative risk on Vioxx “after approximately 18
months,” (ii) that the apparent change in the hazard ratio was confirmed by a failed test

for proportionality of hazards,”® and (iii) that the proportionality of hazards was analyzed

> 03/15/05 APPROVe Trial abbreviated Clinical Study Report, Cardiovascular Safety Report,
MRK-I8940100962, passim; see also 1/17/05 APPROVe Trial Cardiovascular Safety Report draft,
MRK-AIU0057345, passim (attached to 1/26/05 letter from P. Huang to B. Harvey* (FDA),
MRK-AIU0057340).

> 03/15/05 APPROVe Trial abbreviated Clinical Study Report, Cardiovascular Safety Report,
MRK-18940100962, at 1010-18; see also 1/17/05 APPROVe Trial Cardiovascular Safety Report draft,
MRK-ATU0057345, at 386-92 (attached to 1/26/05 letter from P. Huang to B. Harvey* (FDA),
MRK-AIU0057340).

2% 3/15/05 APPROVe Trial abbreviated Clinical Study Report, Cardiovascular Safety Report,
MRK-18940100962, at 0969.

Appendix R
- 104 -



Report of John S. Martin, Jr. to the Special Committee September 5, 2006
of the Board of Directors of Merck & Co., Inc. Debevoise & Plimpton LLP
Concerning the Conduct of Senior Management

in the Development and Marketing of Vioxx

using the Logarithm of Time Test. Unlike the APPROVe article, it did not state that the
test of proportionality of hazards was “specified.”*”

C. Procedural aspects of the drafting process.

The principal author and point person for the abbreviated Clinical Study Report
was Dr. Raymond Joseph, >** who had joined Dr. Bettina Oxenius as co-clinical monitor
of the APPROVe Trial in mid-October 2002. Dr. Joseph’s co-authors were Dr. Hui
Quan, the unblinded statistician for the APPROVe Trial, Dr. Bettina Oxenius, clinical
monitor on the APPROVe Trial beginning in fall 2001, Ms. Susan Loftus, Medical

Program Clinical Specialist and Dr. Eric Maller, Director of Clinical Research.**!

% 3/15/05 APPROVe Trial abbreviated Clinical Study Report, Cardiovascular Safety Report,

MRK-I8940100962, at 0969, 0973-977. As discussed above, in May 2006, MRL Scientists
discovered that the APPROVe article and the abbreviated Clinical Study Report mistakenly reported
that the Logarithm of Time Test resulted in a p-value of 0.014 for confirmed thrombotic events and
0.119 for APTC events. These results were in fact obtained by running a linear time method to assess
the proportionality assumption. Although the abbreviated Clinical Study Report did not indicate that
the test used to assess the proportionality assumption was pre-specified and that there was no pre-
specified cardiovascular data analysis plan for the APPROVe Trial alone, recent internal
correspondence in connection with discovery of the error suggests that the Statistical Data Analysis
Plan for Protocol 203 may have been looked to when preparing the cardiovascular analyses for
APPROVe. InaMay 25, 2006 memorandum to Drs. Theodore Reiss, Barry Gertz, Raymond Bain,
Bettina Oxenius, Ned Braunstein, Philip Huang and Ms. Joanne Lahner, Messrs. Jim Bolognese and
Tom Cook explained that “[t]here was no Statistical Analyses Plan (SAP) for the confirmed
thrombotic CV data from APPROVe alone. The CV data from APPROVe, along with that from two
other trials (VICTOR and VIP), form the basis for VIOXX Protocol 203. Although the SAP for
Protocol 203 specified that the primary assessment of proportional hazards would be the test of
treatment-by-natural-log(time) interaction [logarithm of time], a detailed assessment of relationship of
hazard ratio with time [analyses performed by Drs. Jennifer Ng and Hongwei Wang) revealed a better
fit of the [confirmed thrombotic event hazard ratio] over time relationship by a model including linear
time in comparison to one including log(time).” 5/25/06 memorandum from J. Bolognese and

T. Cook to R. Bain et al., MRK-S0420112192.

240 11/09/04 email from B. Oxenius to T. Biftu, MRK-AFN0073160.

21 03/15/05 APPROVe Trial abbreviated Clinical Study Report, Cardiovascular Safety Report,
MRK-18940100962.
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Although the drafting was collaborative,**

Dr. Quan had primary responsibility
for preparing the Cardiovascular Safety Report and the Efficacy Report, while Ms. Loftus
provided overall support and had primary responsibility for the General Safety Report.**’

Preparation and review of the abbreviated Clinical Study Report was guided by
Merck’s Medical Affairs Procedures and Policies.*** Procedure No. 26 detailed
formatting guidelines for full or modified Clinical Study Reports, and Procedure No. 21
provided guidelines for format and content of abbreviated Clinical Study Report.**
While the guidelines for content and format of an abbreviated Clinical Study Report
differed from those applying to a full report, the procedures for planning, review and
authorship delineated in Policy No. 16 were the same for both formats.**

Procedure No. 16 required that the statistical author (in this case Dr. Quan)

“review the CSR for accuracy in reporting statistical results and data, and agreement with

the [Data Analysis Plan].”**” It also provided the following;

*2 " Dr. Quan distributed the Cardiovascular Report to the other authors for comment. See 11/24/2004

email from H. Quan to B. Oxenius et al., attaching draft Cardiovascular Safety Report for review,
MRK-AGO0074753.

23 11/12/04 email from H. Quan to S. Loftus, MRK-AFN0073765.
24 Merck Medical Affairs Procedures and Policies — Guidance Document, MRK-AFK 0180481, at 82.

2 Merck Medical Affairs Procedures and Policies — Guidance Document, MRK-AFK0180481, at 82;
Merck Medical Affairs Procedures and Policies — Procedure 21, MRK-AGE0001636.

246 Merck Medical Affairs Procedures and Policies — Guidance Document, MRK-AFK 0180481, at 83;
Merck Medical Affairs Procedures and Policies — Procedure 21, MRK-AGE0001636, at 38 (“The
review and approval of ACSRs is described in MAPP 16.”). Procedure No. 16 provided guidance on
the planning, writing, reviewing and approving of regulatory documents for use in regulatory
submissions. Merck Medical Affairs Procedures and Policies — Procedure 16, MRK-AGEO000001.

27 Merck Medical Affairs Procedures and Policies — Procedure 16, MRK-AGE0000001, at 20.
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A mandatory QC [quality check] for internal consistency
with standards and a data check should be completed by all
authors, according to the QC Guidance for Authors
Preparing Clinical & Regulatory Documents.

* * *

Prior to releasing the CSR into the Management Review
cycle, the [Medical Program Clinical Specialists — in this
case, Ms. Loftus] should confirm that all authors have
completed a thorough QC of the CSR and approved it for
entry into Management Review Cycle. The [Medical
Program Clinical Specialists] should also complete a final
QC of the CSR before releasing it into Management
Review cycle.**®

Mr. Bolognese described “QC” as a process intended to ensure that all data generated by
statistical programs were reflected in the proper tables in the final product. According to
Mr. Bolognese, the APPROVe Trial abbreviated Clinical Study Report was subject to the

“QC process” provided for in Policy No. 16.**

28 Merck Medical Affairs Procedures and Policies — Procedure 16, MRK-AGE0000001, at 21.

2% Separate from the “QC process” described in Policy No. 16, an internal departmental (Biostatistics
and Research Decision Sciences) Standard Operating Procedure — SOP No. SP-S002 — mandated peer
review and validation of analyses of results from “pivotal studies that [would] be submitted to support
a claim for a [Product Licensing Application, Worldwide Marking Application, New Drug
Application] or supplementary [New Drug Application], as well as any program that create[d] an
analysis data set used in these analyses.” Merck Standard Operating Procedure No. SP-S002:
Validating Internally Written Programs, MRK-AGE0003145, at 51. The validation and peer review
process required an independent statistical programmer or statistician who was not the program
developer to test the statistical programs used to ensure replication/validation of results. For certain
complex programs, the SOP also required statistical peer review testing by an independent statistician.
Id. at 53-56. Although the procedures delineated in this SOP were typically required for Clinical
Study Reports, they were not mandatory for the APPROVe Trial, because after withdrawal of Vioxx,
the APPROVe Trial was no longer considered a “pivotal study.” See 10/29/04 email from

N. Braunstein to I. Pescek and C.Q. Song, MRK-AF0O0310044 (“Since APPROVe will have an aCSR
(not a full CSR) and since it is not being used as a pivotal trial, or to support any regulatory claims,
we do not see any need for our usual formal validation/peer review processes applying. Rather, this
seems more atuned [sic] to how we handle regulatory queries —i.¢., we “validate’ the results by
inspection of the output & its consistency with the entire set of results available.”).
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In addition, Policy No. 16 provided for formal review and approval by the first
line of the authors’ management within each therapeutic area as well as a broader review
by management in Clinical Sciences, Biostatistics and Research Decision Sciences, and
Global Strategic Regulatory Development.*”

The APPROVe Trial abbreviated Clinical Study Report was reviewed internally
by Dr. Reicin, Mr. Bolognese, Dr. Reiss, and Dr. Horgan.251 In addition, the
Cardiovascular Safety Report, which was primarily prepared by Dr. Quan, was reviewed
by Mr. Bolognese, Dr. Quan’s supervisor, and by the other authors.”* On
January 11, 2005, it was distributed among a larger group for review before it was

submitted to the FDA on January 26, 2005.%>

d. Substantive review: drafts of the Cardiovascular Safety Report.

As noted above, the abbreviated Clinical Study Report, like the APPROVe article,
erroneously stated that the proportionality of hazards had been tested using the Logarithm
of Time Test, when in fact the reported p-value resulted from the Linear Time Test. In
addition, like the APPROVe article, the abbreviated Clinical Study Report characterized

the results for the APTC composite cardiovascular event endpoint as “similar” to those

20 Merck Medical Affairs Procedures and Policies — Procedure 16, MRK-AGE0000001, at 7-8.

21 11/03/04 email from S. Loftus to A. Reicin et al., MRK-AHC0012140; see also 12/21/04
memorandum from S. Loftus to A. Reicin et al., MRK-AHC0032613-14.

2 11/22/2004 email from H. Quan to J. Bolognese attaching APPROVe Trial Cardiovascular Safety
Report draft, MRK-AGO0073798; 11/24/2004 email from H. Quan to B. Oxenius et al., attaching
APPROVe Trial Cardiovascular Safety Report draft, MRK-AGO0074753.

23 1/11/05 email from P. Huang to M. Stimson et al., attaching APPROVe Trial Cardiovascular Safety

Report draft, MRK-AFK0200644.
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for the confirmed thrombotic event endpoint and stated that the increased relative risk on
Vioxx was revealed after 18 months of continuous therapy. The following section
discusses the drafting and review process relevant to those statements.

i Description of the Cox proportional hazards
model and outputs from the analyses.

The first draft of the Cardiovascular Safety Report was distributed on
November 12, 2004 and provided the following description of the proportionality of
hazards test in the “Statistical Methodology” section:

Cox proportional hazards model with covariate for
treatment was used to calculated [sic] the relative risk (i.e.,
hazard ratio) estimates . . . . The proportionality
assumption for the Cox model was assessed by testing a

time-dependant covariate Treatment*log (Time) in the Cox
model [i.e., the Logarithm of Time Test].*>*

The above description was drafted by Dr. Quan and remained essentially the
same, with minor typographical edits, throughout the drafting process. Drafts do not
reflect any edits or commentary by reviewers questioning the correctness of the

description.”> The January 26, 2005 submission to the FDA, as well as the

% 11/12/04 APPROVe Trial Cardiovascular Safety Report draft, MRK-AGO0018092, at 94.

23 11/22/04 APPROVe Trial Cardiovascular Safety Report draft, MRK-AGO0074646, at 49; 11/24/04
APPROVe Trial Cardiovascular Safety Report draft, MRK-AGO0074754, at 57, 12/9/04 APPROVe
Trial Cardiovascular Safety Report draft, MRK-AGO0060794, at 97, APPROVe Trial Cardiovascular
Safety Report draft, MRK-AGO0063695, at 701 (attached to 1/5/05 email from J. Bolognese to
H. Quan, MRK-AGO0063694); 1/5/05 APPROVe Trial Cardiovascular Safety Report draft reflecting
comments by A. Reicin, MRK-AHC0002489, at 496; 1/9/05 APPROVe Trial Cardiovascular Safety
Report draft, MRK-AGO0035207, at 210; 1/10/05 APPROVe Trial Cardiovascular Safety Report
draft, MRK-AFK 0200837, at 845; 1/10/05 APPROVe Trial Cardiovascular Safety Report draft
reflecting edits, MRK-AFK0200645, at 653; 1/10/05 APPROVe Trial Cardiovascular Safety Report
draft reflecting comments by J. van Adelsberg, MRK-AFKO0185270, at 278 (attached to 1/11/05 email
from J. van Adelsberg to S. Curtis et al., MRK-AFK0185269); 1/10/05 APPROVe Trial
Cardiovascular Safety Report draft reflecting comments by K. Horgan, MRK-AFN0093232, at 239
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March 15, 2005 final abbreviated Clinical Study Report synopsis and Cardiovascular

Safety Report, described the test in similar language.?®

il Description of results of proportionality testing
for confirmed thrombotic and APTC composite
cardiovascular event endpoints.

(a)  November 12 through December 9, 2004 drafts.

The November 12, 2004 draft, which was based on dummy data, did not report

the p-value outputs obtained from tests of the proportionality of hazards. However, in the

sections discussing results for both confirmed thrombotic and APTC composite

cardiovascular events, the draft reported the following:

Bothe [sic] figure xx and Table mm show that the hazard
ratio or the relative risk for thrombotic cardiovascular [or
APTC] events appeared not to be a constant over time.
Thus, the proportional hazard assumption for the Cox
proportional hazards model did not hold.*’

256

257

(attached to 1/12/05 email from K. Horgan to H. Quan, MRK-AFN0093231); 1/14/05 APPROVe
Trial Cardiovascular Safety Report draft, MRK-AHC0002981, at 993; 1/14/05 APPROVe Trial
Cardiovascular Safety Report draft reflecting comments by A. Ko, MRK-AJJ0024204, at 211
(attached to 1/24/05 email from A. Ko to H. Quan, MRK-AJJ0024203) (description of language
stating that a Cox proportional hazard model was used to calculate the relative risk is highlighted;
however, description of the logarithm of time as the test used to assess the proportionality assumption
is not highlighted. There is note stating “Need to explain . . . better” with regard to following
statement: “If the proportionality assumption was not satisfied, the estimate of the hazard ratio from
the Cox model should be interpreted as an average of the treatment effect over the time range of the
study.”); 1/17/05 APPROVe Trial Cardiovascular Safety Report draft MRK-AIU0057345, at 353
(attached to 1/26/05 letter from P. Huang to B. Harvey  (FDA), MRK-ATU0057340); 1/30/05
APPROVe Trial Cardiovascular Safety Report draft with handwritten comments by H. Quan,
MRK-AFN0054274, at 286; 3/15/05 APPROVe Trial abbreviated Clinical Study Report,
Cardiovascular Safety Report, MRK-18940100962, at 976.

1/17/05 APPROVe Trial Cardiovascular S*afety Report draft, MRK-ATU0057345, at 353 (attached to
1/26/05 letter from P. Huang to B. Harvey (FDA), MRK-AIU0057340); 3/15/05 APPROVe Trial
abbreviated Clinical Study Report, MRK-18940100731, at 737 (synopsis), 976 (Cardiovascular Safety
Report).

11/12/04 APPROVe Trial Cardiovascular Safety Report draft, MRK-AGO0018092, at 99, 102.
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The November 22, November 24 and December 9 drafts were based on an interim
frozen data set that was created on November 10, 2004 to enable work on the abbreviated
Clinical Study Report to begin pending availability of the final December 2004 data.
These drafts reported statistically significant p-values of 0.0109 for confirmed thrombotic
events and 0.0449 for APTC composite cardiovascular events.**®

(b)  January 5, 2005 through final
March 15, 2005 drafts.

The January 5, 2005 draft, prepared by Dr. Quan and reflecting revisions by
Mr. Bolognese, appears to have been the first draft based on the final frozen dataset. This
draft, and all future drafts — including the January 26, 2005 submission to the FDA and
the final approved March 15, 2005 Report — reported a statistically significant p-value of
0.014 for confirmed thrombotic events and a non-statistically significant p-value of 0.119

for APTC composite cardiovascular events.” Although the p-value for the APTC

2% 11/22/04 APPROVe Trial Cardiovascular Safety Report draft, MRK-AGO0074646, Figure 3 at 57,
Figure 5 at 63; 11/24/04 APPROVe Trial Cardiovascular Safety Report draft, MRK-AGO0074754,
Figure 3 at 66, Figure 5 at 71; 12/9/04 APPROVe Trial Cardiovascular Safety Report draft,
MRK-AGO0060794, Figure 3 at 807, Figure 5 at 811.

2 APPROVe Trial Cardiovascular Safety Report draft, MRK-AGO0063695, Figure 3 at 710, Figure 5
at 717 (attached to 1/5/05 email from J. Bolognese to H. Quan, MRK-AGO0063694); 1/10/05
APPROVe Trial Cardiovascular Safety Report draft reflecting edits, MRK-AFK 0200645, Figure 3
at 663, Figure 5 at 672; 1/10/05 APPROVe Trial Cardiovascular Safety Report draft reflecting
comments by J. van Adelsberg, MRK-AFK0185270, Figure 3 at 290, Figure 5 at 297 (attached to
1/11/05 email from J. van Adelsberg, MRK-AFK0185269); 1/10/05 APPROVe Trial Cardiovascular
Safety Report draft reflecting comments by K. Horgan, MRK-AFN0093232, Figure 3 at 249, Figure 5
at 256 (attached to 1/12/05 email from K. Horgan to H. Quan, MRK-AFN0093231); 1/14/05
APPROVe Trial Cardiovascular Safety Report draft reflecting comments by A. Ko,
MRK-AJJ0024204, Figure 3 at 222, Figure 5 at 229 (attached to 1/24/05 email from A. Ko to
H. Quan, MRK-AJJ0024203); 1/17/05 APPROVe Trial Cardiovascular Safety Report draft,
MRK-AIU0057412, Figure 3 at 431, Figure 5 at 438 (attached to 1/26/05 letter from P. Huang to
B. Harvey (FDA), MRK-ATU0057340); APPROVe Trial Cardiovascular Safety Report draft,
MRK-AFN0096304, Figure 3 at 327, Figure 5 at 334 (attached to 1/26/05 email from J. McGovern to
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endpoint was not statistically significant, the executive summary of this draft and all

future drafts reported the following, with only slight modification:

For confirmed thrombotic events, there were 46 patients
with the events in the rofecoxib group and 26 patients with
the events in the placebo group. Over the 3-year treatment
period, the patient-year adjusted event rates were 1.50 and
0.78 events per 100 patient-years for the rofecoxib and
placebo groups, respectively. The relative risk of rofecoxib
versus placebo was 1.92 with a 95% confidence interval of
(1.19,3.11). The relative risk was significantly greater
than 1 (p=0.008). Examination of the Kaplan-Meier plot
for cumulative proportion of patients with these events
revealed similarity of risk between treatments for the first
approximately 18 months of the study and increased risk
with rofecoxib after approximately 18 months. The test for
proportional hazards was statistically significant, indicating
different relative risks over time. . . .

Results for confirmed [Antiplatelet Trialists’ Collaboration]
APTC events and for investigator reported events were
similar to those for confirmed thrombotic events.**’

260

B. Oxenius, MRK-AFN0096302); APPROVe Trial Cardiovascular Safety Report draft,
MRK-AFN0096985, Figure 3 at 008, Figure 5 at 015 (attached to 1/28/05 email from H. Quan to

B. Oxenius et al., MRK-AFN0096981); 1/30/05 APPROVe Trial Cardiovascular Safety Report draft
with handwritten comments by H. Quan, MRK-AFN0054274, Figure 3 at 297, Figure 5 at 3006;
3/15/05 APPROVe Trial abbreviated Clinical Study Report, Cardiovascular Safety Report,
MRK-18940100962, Figure 3 at 987, Figure 5 at 994.

APPROVe Trial Cardiovascular Safety Report draft, MRK-AGO0063695, at 695 (attached to 1/5/05
email from J. Bolognese to H. Quan, MRK-AGO0063694); 1/10/05 APPROVe Trial Cardiovascular
Safety Report draft, MRK-AFK0200837, at 838; 1/10/05 APPROVe Trial Cardiovascular Safety
Report draft reflecting edits, MRK-AFK 0200645, at 646; 1/10/05 APPROVe Trial Cardiovascular
Safety Report draft reflecting comments by J. van Adelsberg, MRK-AFK0185270, at 271 (attached to
1/11/05 email from J. van Adelsberg to S. Curtis et al., MRK-AFK0185269); 1/10/05 APPROVe Trial
Cardiovascular Safety Report draft reflecting comments by K. Horgan, MRK-AFN0093232, at 233
(attached to 1/12/05 email from K. Horgan to H. Quan, MRK-AFN0093231); 1/14/05 APPROVe
Trial Cardiovascular Safety Report draft with comments by A. Ko, MRK-AJJ0024204, at 205
(attached to 1/24/05 email from A. Ko to H. Quan, MRK-AJJ0024203); 1/17/05 APPROVe Trial
Cardiovascular Safety Report draft, MRK-ATU0057345, at 346 (attached to 1/26/05 letter from

P. Huang to B. Harvey (FDA), MRK-AIU0057340); APPROVe Trial Cardiovascular Safety Report
draft, MRK-AFN0096304, at 309 (attached to 1/26/05 email from J. McGovern to B. Oxenius,
MRK-AFN0096302); APPROVe Trial Cardiovascular Safety Report draft, MRK-AFN0096985,
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The synopsis to the final March 15, 2005 abbreviated Clinical Study Report had slightly
stronger language:
Notably, results for confirmed APTC events and for

investigator reported events were similar to those for
confirmed thrombotic events.*’

Unlike the APPROVe article, however, the body of the Cardiovascular Safety
Report provided the proportionality p-value for both confirmed thrombotic and APTC
composite cardiovascular endpoints. The January 5, 2005 draft reflected the following

revisions with regard to the p-value for the APTC composite cardiovascular endpoint:**

igina Revised
Authored b uan (Revised by Mr. Bolognese

“The testing of the p_roportional
hazard assumption for the Cox
proportional hazards model did

“The testing of the proportional
hazard assumption for the Cox
proportional hazards model did

not show violation of the
assumption (p =0.119).”

not show significant violation of
the assumption (p = 0.119), but it
approached significance.”

The January 10, 2005 and future drafts, including the final Report, reflect the revised

language.®

at 990 (attached to 1/28/05 email from H. Quan to B. Oxenius et al., MRK-AFN0096981); 1/30/05
APPROVe Trial Cardiovascular Safety Report draft with handwritten comments by H. Quan,
MRK-AFN0054274, at 279; 3/15/05 APPROVe Trial abbreviated Clinical Study Report,
Cardiovascular Safety Report, MRK-18940100962, at 969.

1 3/15/05 APPROVe Trial abbreviated Clinical Study Report, Synopsis, MRK-18940100731, at 740.

22 APPROVe Trial Cardiovascular Safety Report draft, MRK-AGO0063695, at 717 (attached to 1/5/05
email from J. Bolognese to H. Quan, MRK-AGO0063694).

% 1/10/05 APPROVe Trial Cardiovascular Safety Report draft, MRK-AFK0200837, at 864; 1/10/05
APPROVe Trial Cardiovascular Safety Report draft reflecting edits, MRK-AFK0200645, at 672;
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ii. Conclusion that the increased cardiovascular risk
of Vioxx was revealed after 18 months.

As with the APPROVe article published in the New England Journal of Medicine,

the Cardiovascular Safety Report stated that, in the APPROVe Trial, the use of Vioxx
was associated with an increased risk of thrombotic events as compared to placebo

beginning “after approximately 18 months” of therapy.?**

This statement does not appear
to have been the subject of much editing or discussion during the drafting and review of
the Cardiovascular Safety Report.

The Executive Summary and Conclusion sections of the January 26, 2005 draft

submission to the FDA read as follows:

Cxecutive Summary nclusio
Examination of the Kaplan-Meier plot | -- Increased risk of thrombotic
for the cumulative proportion of patients | cardiovascular events beginning
with [confirmed thrombotic] events approximately 18 months associated
revealed similarity of risk between with rofecoxib therapy.
treatments for the first 18 months of the

1/10/05 APPROVe Trial Cardiovascular Safety Report draft reflecting comments by J. van Adelsberg,
MRK-AFKO0185270, at 297 (attached to 1/11/05 email from J. van Adelsberg to S. Curtis,
MRK-AFKO0185269); 1/10/05 APPROVe Trial Cardiovascular Safety Report draft reflecting
comments by K. Horgan, MRK-AFN0093232, at 256 (attached to 1/12/05 email from K. Horgan to
H. Quan, MRK-AFN0093231); 1/14/05 APPROVe Trial Cardiovascular Safety Report draft
reflecting comments by A. Ko, MRK-AJJ0024204, at 229 (attached to 1/24/05 email from A. Ko to
H. Quan, MRK-AJJ0024203); 1/17/05 APPROVe Trial Cardiovascular Safety Report draft,
MRK-ATIU0057345, at 371 (attached to 1/26/05 letter from P. Huang to B. Harvey* (FDA),
MRK-AIU0057340); APPROVe Trial Cardiovascular Safety Report draft, MRK-AFN0096304, at
334 (attached to 1/26/05 email from J. McGovern to B. Oxenius); APPROVe Trial Cardiovascular
Safety Report draft, MRK-AFN0096985, at 015 (attached to 1/28/05 email from H. Quan to
B. Oxenius et al., MRK-AFN0096981); 1/30/05 APPROVe Trial Cardiovascular Safety Report draft
with handwritten comments by H. Quan, MRK-AFN0054274, at 306; 3/15/05 APPROVe Trial
abbreviated Clinical Study Report, Cardiovascular Safety Report, MRK-18940100962, at 994.
264 3/15/05 APPROVe Trial abbreviated Clinical Study Report, Cardiovascular Safety Report,
MRK-18940100962, at 969.
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u ummary nclusior

study and increased risk with rofecoxib | -- First 18 months consistent with
therapy after approximately 18 months. | prior placebo-controlled and non-
The test for the proportional hazards was| naproxen controlled data.®
statistically significant, indicating
different relative risks over time.*®

The final March 15, 2005 Cardiovascular Safety Report had identical language in

the Executive Summary and similar language in the Conclusion section.”®” The synopsis

to the March 15, 2005 abbreviated Clinical Study Report stated:

Examination of the Kaplan-Meier plot for the cumulative
proportion of patients with [confirmed thrombotic] events
revealed similarity of risk between treatments for the first
18 months of the study and significantly increased risk with
rofecoxib versus placebo beginning after 18 months.

Notably, results for confirmed APTC events and for
investigator reported events were similar to those for
confirmed thrombotic events.**®

5. MRL’s Modeling of Hazard Ratios of Cardiovascular
Thrombotic Events Over Time in the APPROVe Trial.

As discussed above, MRL scientists’ analyses of the APPROVe Trial

cardiovascular hazard ratio had:

265

266

267

268

1/17/05 APPROVe Trial Cardiovascular S*afety Report draft, MRK-ATU0057345, at 346 (attached to
1/26/05 letter from P. Huang to B. Harvey (FDA), MRK-AIU0057340).

1/17/05 APPROVe Trial Cardiovascular S*afety Report draft, MRK-ATU0057345, at 394 (attached to
1/26/05 letter from P. Huang to B. Harvey (FDA), MRK-ATIU0057340)

3/15/05 APPROVe Trial abbreviated Clinical Study Report, Cardiovascular Safety Report,
MRK-18940100962, at 0969, 0020.

3/15/05 APPROVe Trial abbreviated Clinical Study Report, Synopsis, MRK-18940100731, at 740.
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o established through testing the proportionality of hazards that the hazard
ratio was not constant throughout the course of the APPROVe Trial;

o provided visual evidence through Kaplan-Meier plots suggesting that the
hazard rates for Vioxx and placebo were similar for the first 18 months of
the trial and then diverged thereafter; and

o provided some statistical evidence, through 6-month and 18-month

segment analyses, to support the visual evidence suggesting that the
hazard ratio increased beginning at approximately 18 months.

The limited data available, however, made it difficult to draw more detailed
conclusions about the precise way in which the hazard ratio changed over time. Asa
result, contemporaneously with the preparation of the APPROVe manuscript and the
abbreviated Clinical Study Report, Merck statisticians undertook an effort to “model” the
cardiovascular hazard ratio in the APPROVe Trial over time by identifying various
mathematical models that fit the known data and explained its progression so that
inferences about the data might be drawn. This section describes the purpose of
modeling analyses in general, the analyses that the Company undertook in order to
further understand how the hazard ratio changed over time, and the results of those
analyses.

a. Overview of statistical modeling.

Statistical modeling is a means of describing and understanding data
mathematically. It may be used, among other things, to help statisticians extrapolate or
draw inferences from a limited pool of data. In the context of the APPROVe Trial, MRL
statisticians sought to identify appropriate models — in essence, mathematical equations —

that “fit” the data with the goal of furthering their understanding of the relation of Vioxx
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and placebo to the development of cardiovascular events and the constancy (or lack
thereof) of the hazard ratio.

Statisticians rely on an array of standard pre-existing models that, over time, have
come to be accepted as providing reasonably accurate representations of certain types of
phenomena. An example of such a model is the bell shaped curve (the normal
distribution) which is used often to model medical variables such as total cholesterol and
systolic blood pressure. For investigating and modeling the time it takes to develop
specified events (such as heart attacks), the Cox proportional hazard model and an
alternative model called the Weibull model are often used.

The first step in the modeling process is often to examine how well a model fits
the data. This can be accomplished with the aid of “model fit” measures (or “fit
statistics”) and graphical techniques. Fit statistics indicate the degree to which the model
matches or fits the data. They can be either associated with formal statistical tests or
simple numerical indexes.

By analyzing the value of the fit statistics and graphical plots a statistician can
conclude which of the several models being investigated is the most appropriate to
represent the phenomenon under investigation. In selecting a model or models for the
data, the joint use of graphical and fit statistics is the usual modality. In addition
substantive concerns such as biological plausibility are essential.

Once a model is selected, the parameters of the model can be estimated. For
example, with systolic blood pressure the mean blood pressure can be estimated from the

data. For the APPROVe study, once a model such as the Cox model is deemed
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appropriate, parameters such as the hazard ratio can be estimated. In addition, deviation
of data from proportional hazard ratio (or constant hazard) can be evaluated. For the Cox
model the latter can be achieved by examining an interaction covariate consisting of the
product of time and treatment.

The final step in a modeling exercise is often to identify the most appropriate
model and the inclusion of appropriate covariates (such as treatment and the interaction
of treatment and time). Fit statistics and graphical methods, in addition to statistical
significance tests, are usually employed.

When interpreting the plots produced by the chosen models, it is important to bear
in mind two considerations: First, the plots represent estimated values, not actual
observed values. The accuracy of these estimates may be influenced by the amount of
data available for analysis. (In the case of the APPROVe Trial, for example, a mere 70
confirmed thrombotic events over the course of three years — 45 on Vioxx and 25 on
placebo — were insufficient to produce wholly reliable estimates of the hazard ratio over
time.)*” Second, the model chosen influences to a large extent certain characteristics of
the curve produced. For example, in a model assessing changes in a hazard ratio over
time, a model using a single time-varying covariate such as the interaction of time and

treatment almost always shows change beginning immediately because time starts

** " Dr. Ng performed her modeling analyses on preliminary data from August 2004, which included 70

confirmed thrombotic events. 1/27/05 memorandum from J. Ng and H. Wang to R. Bain et al.,
MRK-AQY023523, at 28. The final data from December 2004 on which the APPROVe manuscript
was based included two additional events, one on Vioxx and one on placebo. See Bresalier’ RS,
Sandler RS, Quan H, et al. Cardiovascular events associated with rofecoxib in a colorectal adenoma
chemoprevention trial. N Engl J Med. 2005;352:1092-102, Table 3 at 1098.
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increasing immediately, even though the actual phenomenon may not involve an
immediate change.

b. Conduct of the modeling.

In October or November of 2004, Mr. Jim Bolognese or Dr. Murray Selwyn asked
Dr. Jennifer Ng, a statistician in the Biostatistics and Research Decisions Department, to
undertake, based on preliminary APPROVe Trial data from August 2004, exploratory
analyses specified in the Statistical Data Analysis Plan for Protocol 203.2" Specifically,
Dr. Ng was assigned to model how the hazard ratio changed over time.*”" At that time,
MRL planned to use the results of Dr. Ng’s work to create back-up slides to be presented
in response to potential questions at the February 16 to 18, 2005 joint meeting of the
FDA’s Arthritis Advisory Committee and Drug Safety and Risk Management Advisory
Committee convened to discuss the safety and efficacy of selective and non-selective
Cox-2 inhibitors, including the results of the APPROVe Trial.>”* Witnesses stated that
Dr. Ng’s analyses were not intended to confirm the findings resulting from the

proportionality of hazards analyses conducted earlier by Dr. Quan.

7% The Statistical Data Analysis Plan for Protocol 203 (analysis of combined cardiovascular event data

from the APPROVe, ViP and VICTOR Trials) stated that “[a]dditional diagnostic steps based on
residuals and HR [hazard ratio] will be performed to examine model fitting if the previously described
analyses [e.g., the Logarithm of Time Test] indicate issues that warrant further assessment.”
Protocol 203 Statistical Data Analysis Plan, MRK-AAB0083231, at 56.
*1 " Another Merck statistician, Dr. Hongwei Wang, assisted Ng with one of the calculations she used.
See. e.g., 1/6/05 email from H. Wang to J. Bolognese and J. Ng, MRK-AF00283723. Although
Dr. Quan was the unblinded statistician for the APPROVe Trial, Dr. Ng received this assignment
because Dr. Quan was fully occupied with other duties.

772 1/3/05 email from M. Selwyn to J. van Adelsberg et al., MRK-AFK0198025.
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According to Dr. Ng, she began her assignment by holding discussions with other
Merck statisticians, including Mr. Bolognese, Dr. Selwyn, and Dr. Quan, in order to
narrow down the potential models and variables to those most likely to be appropriate for

her task.*”

Thereafter, Dr. Ng and Dr. Beilei Xu, an MRL computer programmer,

modeled the APPROVe Trial data using SAS statistical data analysis computer software.
Among others, Dr. Ng tested a variety of iterations of the Cox proportional

hazards model discussed above, including the model used to perform the Linear Time

Test*”*

that Dr. Quan had used in preparing the September 2004 report to the APPROVe
Trial External Safety Monitoring Board and the abbreviated Clinical Study Report for the
APPROVe Trial. Dr. Ng also tested the model used to perform the Logarithm of Time
Test. Although the Logarithm of Time Test was specified in the Statistical Data Analysis
Plan for Protocol 203 as “[t]he primary method for testing the proportional hazards

27 Dr. Ng did not refer to any data analysis plan in connection with her

assumption,
work and did not understand her work to have any relationship to the drafting of the
APPROVe article.

Dr. Ng analyzed the data generated by the SAS software for each model to

determine which models “fit” the data well and which did not. To do so, she focused on

> 1In addition to these discussions, the Company solicited input from Dr. Scott Zeger , a member of

Merck’s Board of Scientific Advisors. *11/ 10/04 email from J. Bolognese to S. Zeger , MRK-
AGO0072511. According to Dr. Zeger , he requested that the plots show the 95% confidence
intervals surrounding the estimated values.

7% 1/27/05 memorandum from J. Ng and H. Wang to R. Bain et al., MRK-AOY 0023523, at 524.

7> Protocol 203 Statistical Data Analysis Plan, MRK-AAB0083231, at 55.
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the “fit statistics” described above. Although each model also generated a proportionality
p-value, as well as approximately 10 other pages of output, Dr. Ng did not recall
reviewing any p-values reported by the software and did not regard them as relevant to
her work.

C. Results of the modeling.

Dr. Ng summarized the results of her analyses in a memorandum dated
January 27, 2005 to Dr. Bain, Dr. Scott Zeger*, Dr. James Neaton*, Mr. Bolognese,
Dr. Quan, and Dr. Selwyn (the “Ng Memorandum™). The Ng Memorandum included
numerous analyses, including diagnostic tests and an assessment of the fit of various
parametric models, semi-parametric models (such as the Cox proportional hazards

27 n addition, the Ng Memorandum attached several

model) and non-parametric models.
diagnostic plots and several plots that showed application of the models to the APPROVe
Trial data.*”’

Dr. Ng concluded that a version of the Cox proportional hazards model using a

single covariate of treatment*time fit the data better than the Linear Time Test, the

7% 1/27/05 memorandum from J. Ng and H. Wang to R. Bain et al., MRK-AOY 0023523, at 23-26.
Semi-parametric models, like the Cox proportional hazards model, do not assume any particular form
of probability distribution for survival times. Collett* D. Modelling Survival Data in Medical
Research. London, UK: Chapman & Hall; 1994, at 54.

"7 1/27/05 memorandum from J. Ng and H. Wang to R. Bain et al., MRK-AOY0023523, at 28-54. In
addition, the Ng Memorandum also included analyses of the data from Merck’s Alzheimer’s Disease
Trials (discussed in Appendix Q). These analyses were included for comparison purposes. 1/27/05
memorandum from J. Ng and H. Wang to R. Bain et al., MRK-AOY0023523, at 26-27, 56-72.
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Logarithm of Time Test or any other semi-parametric model she tested.””®

Figure 7
below shows the hazard ratio plot resulting from that model for the confirmed thrombotic
events endpoint in the APPROVe Trial.

Figure 7

Estimated Relative Risk With 95% Confidence Interval for Confirmed Thrombotic Events in APPROVe
Trial — Cox Proportional Hazards Model With Treatment Time As the Factor®””

FPlacebo

o)

Fst Relative Risk: Vioxx ve.

A T UEE O L 5 R

i

o

% 1/27/05 memorandum from J. Ng and H. Wang to R. Bain et al., MRK-AOY 0023523, at 25. As

described above, the model used in the Linear Time Test included terms for treatment and
treatment*time, and the model used in the Logarithm of Time Test included terms for treatment and
treatment*log(time). The best-fitting model in Dr. Ng’s analysis differed from both of these models
because it did not contain a term for treatment (also known as the “main effect”). This model had
only one term — the same interaction term from the model used in the Linear Time Test
(treatment*time).

7% 1/27/05 memorandum from J. Ng and H. Wang to R. Bain et al., MRK-AOY 0023523, at 37.
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The solid line in Figure 7 represents the relative risk of experiencing a thrombotic event
associated with Vioxx relative to placebo at each point in time shown on the horizontal
axis. The two curved dotted lines represent the upper and lower bounds of the 95%
confidence interval for the relative risk.** Although the Ng Memorandum did not state a
conclusion with respect to the relative fit of the models used for the Linear Time Test and
the Logarithm of Time Test, the fit statistics included in the memorandum indicated that
the model used in the Linear Time Test, though not the best fit overall, fit the data better
than did the model used in the Logarithm of Time Test.”*!

Although Dr. Quan participated in the modeling discussions with Dr. Ng and
apparently received a copy of the Ng Memorandum, his decision about which model to
use to test the proportionality of hazards assumption in the course of preparing the
APPROVe Trial abbreviated Clinical Study Report and working on the APPROVe article
was not influenced by Dr. Ng’s independent work. Dr. Ng and Dr. Quan both stated that
they did not discuss Dr. Ng’s fit analyses or conclusions during the course of her work.
Thus, any p-values included in the output from any of the models Dr. Ng fit to the data —
p-values that were not included in her memorandum?** — would not have been available

to those drafting either document. Finally, the language in the APPROVe manuscript

%9 The two straight horizontal dotted lines merely indicate the points along the vertical axis where the

risk of Vioxx is equal to that of placebo (at 1) and twice that of placebo (at 2).

1 1/27/05 memorandum from J. Ng and H. Wang to R. Bain et al., MRK- AOY0023523, at 25.

82 Indeed, the only p-values referenced in the Ng Memorandum were calculated based on preliminary
data by Dr. Quan before Dr. Ng began her work. According to Mr. Bolognese, the purpose of Dr.

Ng’s work was not to confirm those results.
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identifying the method used to test the proportional hazards assumption did not appear
until after Dr. Ng circulated her memorandum. Neither Dr. Quan nor Mr. Bolognese,
both recipients of the Ng Memorandum who played a role in drafting the APPROVe
manuscript, considered the Ng Memorandum’s conclusions as relevant to the drafting of
the APPROVe article.

d. Reactions of Merck consultants.

The Company solicited reactions to a near-final draft of the Ng Memorandum
from two of its external consultants. On January 15, 2005, Dr. Selwyn forwarded a
version of the memorandum to Dr. James Neaton , a member of the APPROVe External
Safety Monitoring Board, and Dr. Scott Zeger , Chairman of the Biostatistics Department
at the Johns Hopkins Bloomberg School of Public Health and a member of Merck’s

Board of Scientific Advisors.?®

Dr. Selwyn’s email explained that the analyses might be
presented at the FDA Advisory Committee Meeting in response to potential questions.”**
On January 31, 2005, Dr. Zeger provided his comments on the Ng Memorandum
by email soon thereafter,”® stating that “the work [was] thorough and should be highly
regarded within the company.” He also stated:
1. Most importantly, these data comprising 70 events over

3 years will NEVER ESTABLISH THE “TRUE FORM” of
the relative risk model. . . .

5 1/15/05 email from M. Selwyn to S. Zeger and J. Neaton, MRK-AF00285777-78.
4 1/15/05 email from M. Selwyn to S. Zeger and J. Neaton, MRK-AFQ0285777-78.

5 1/31/05 email from S. Zeger  to J. Bolognese and J. Neaton , MRK-AGO0069292.
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2. There is reasonably compelling evidence that the relative
risk is not constant across all time.

3. The many different parametric, semi-parametric and
non-parametric estimates of the relative risk are useful in
the background but are too numerous to bring clarity if
presented outside of a statistical meeting.

* * *

5. Avoid attempting to conclude that the data prove there is
no elevated risk until 18 months. The confidence intervals
can not [sic] rule out 1.5-2.0 as early as 6 months.**°

According to Dr. Zeger , the data from the APPROVe Trial could not prove that there
was no elevated risk associated with Vioxx during the first 18 months of use, but they did
suggest that a change occurred at that time. Dr. Zeger suggested that the Company limit
any presentation of the models in the memorandum to two or three different models. He
suggested the plot based on the model used in the Linear Time Test as well as the
changepoint model that broke the data at 18 months.*®’

Dr. Neaton™ also provided comments on Dr. Ng’s Memorandum. He stated that

» 288 and suggested that Dr. Selwyn and Mr.

he thought the analyses were “interesting
Bolognese consider pooling the APPROVe Trial data with data from other Vioxx studies:

Given the small [numbers], I would pool the results from
Approve and the Alzheimers [sic] studies. Would also

6 1/31/05 email from S. Zeger to J. Bolognese and J. Neaton , MRK-AGO0069292.
7 1/31/05 email from S. Zeger to J. Bolognese and J. Neaton , MRK-AGO0069292.

% 1/29/05 email from J. Neaton™ to M. Selwyn, MRK-AFO0285777. Dr. Neaton™ also stated that he
preferred, due to their “simplicity,” (i) the so-called “changepoint” models, which used different
equations before and after selected points in time; and (ii) the version of the Cox proportional hazards
model with covariates for treatment and treatment*time. 1/29/05 email from J. Neaton™ to M. Selwyn,
MRK-AF00285777.
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consider adding other trials. In those models, I would treat
study as a stratifying variable in the Cox model, i.e., pool
over trials to obtain the estimates for the treatment and
treatment time parameters. If the point is more to assess
whether the other trials are consistent with Approve, you
might assess that directly with an interaction term for
Approve versus other studies.**

Dr. Neaton’s  suggestion that MRL pool the data from multiple trials identified two
different possible benefits of doing so. First, it would increase the amount of data
available for analysis, and, therefore, increase the reliability of the estimates produced by
the statistical model. Second, it would permit MRL scientists to test whether the
APPROVe Trial was qualitatively different from the other Vioxx trials in which there
was no statically significant increased risk on Vioxx as compared to placebo. Testing
this proposition would involve including in the Cox proportional hazards model “an
interaction term for Approve versus other studies” with treatment. It does not appear that
Merck performed the pooled analyses that Dr. Neaton™ suggested in connection with its
modeling effort.

It does not appear that any of the Ng Memorandum’s analyses were presented at
the subsequent FDA Advisory Committee Meeting for which they had been conducted.

6. May 2006 Discovery of the Error
in the APPROVe Article and Clinical Study Report.

a. Introduction.

On May 22, 2006, MRL scientists discovered that the article about the

cardiovascular data from the APPROVe Trial and the abbreviated Clinical Study Report

9 1/29/05 email from J. Neaton™ to M. Selwyn, MRK-AF00285777.

Appendix R
- 126 -



Report of John S. Martin, Jr. to the Special Committee September 5, 2006
of the Board of Directors of Merck & Co., Inc. Debevoise & Plimpton LLP
Concerning the Conduct of Senior Management

in the Development and Marketing of Vioxx

for the APPROVe Trial contained an error: although the documents stated that the test of
proportionality of hazards was performed using the Logarithm of Time Test, the reported
p-value of 0.01 was in fact derived from the Linear Time Test, and the Logarithm of
Time Test yielded a p-value of 0.07. This Section discusses: (i) how the error was
discovered; (i) the Company’s preliminary investigation into how the error occurred and
whether the error should change the Company’s conclusions about the APPROVe Trial,
and (iii) the Company’s May 30, 2006 press release announcing the error.

b. Discovery of the error.

As discussed in Section C of this Appendix, in May 2006, MRL conducted
analyses involving recently collected data on the incidence of thrombotic events among
patients from the APPROVe Trial occurring more than 14 days after they had
discontinued treatment. On May 11, 2006, MRL submitted to the FDA preliminary
results of these analyses, and, for the remainder of the month, MRL statisticians,
including Mr. Thomas Cook, finalized and checked the accuracy of these results.

To check the analyses that had been performed, Mr. Cook wrote his own
programs for analyzing the data, ran his programs on the data, and compared his results
to the preliminary results that had been obtained in early May 2006. When Mr. Cook
performed the test of the proportionality of hazards on the combined on- and off-drug

data from the APPROVe Trial, he noticed that the result he obtained differed from the
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one that had been obtained in the course of the preliminary analysis.*® This led

Mr. Cook to the discovery that the program he had written and the program that had been
used for the preliminary analysis used different methods for testing the proportionality of
hazards: while Mr. Cook’s program used the Logarithm of Time Test, the program that
his MRL colleagues had used for the preliminary May 11, 2006 analysis used the Linear
Time Test.””!

Because MRL had used the same computer program to test the proportionality of
hazards on the APPROVe base study data (i.e., the APPROVe Trial data that were
published in the APPROVe article and submitted on June 6, 2005 to the FDA), Mr. Cook
sought to determine whether the abbreviated Clinical Study Report and the APPROVe
article similarly reported the result of the Linear Time Test. To do so, Mr. Cook asked
Dr. Beilei Xu, an MRL programmer, to perform both the Linear Time Test and the

2 For the confirmed

Logarithm of Time Test on the APPROVe base study data.
thrombotic endpoint, the Linear Time Test yielded p=0.01 (the result that was reported in

the abbreviated Clinical Study Report and the APPROVe article), whereas the Logarithm

#0 " See 5/24/06 email from T. Cook to R. Bain et al., MRK-ARQ0005023 (stating that, on May 22, 2006,
all the hazard plots in the summary of results from the APPROVe extension were changed to use the
Logarithm of Time Test for proportionality).

#15/22/06 (11:20 a.m.) email from T. Cook to N. Braunstein, MRK-ATU0331770 (“Following our
discussion this morning about the proportional hazards plots, I checked the program and discovered
that a non-standard test [i.c., the Linear Time Test]| results were included in the hazard plots. They
have been rerun with the standard test [i.e., the Logarithm of Time Test]. I will update the summary
report and send it to you later today.”).

#25/25/06 memorandum from J. Bolognese and T. Cook to R. Bain et al., MRK-S0420112192.
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of Time Test yielded p=0.07.*> Mr. Cook therefore concluded that the abbreviated
Clinical Study Report and the article contained an error.

Subsequently, MRL statisticians determined that the results reported in
Dr. Quan’s September 13, 2004 report to the APPROVe External Safety Monitoring
Board, like the abbreviated Clinical Study Report and the APPROVe article, reported
results of the Linear Time Test, not the Logarithm of Time Test.””* Tables 14 and 15
below, respectively, summarize the results of both tests for the confirmed thrombotic and
APTC event endpoint and the results of the Linear Time Test for the APTC event
endpoint.”” (It appears that the Logarithm of Time Test has not been conducted on the

APTC event endpoint.)

#35/25/06 memorandum from J. Bolognese and T. Cook to R. Bain et al., MRK-S0420112192.

¥4 «“APPROVe: Assessment,” MRK-AFO0300154, at 54-55 (attached to 6/26/06 letter from P. Kim, “An
Open Letter from Merck,” MRK-AFO00300152).

#35/25/06 memorandum from J. Bolognese and T. Cook to R. Bain et al., MRK-S0420112192 (referring
to the p=0.014 and p=0.071 results for the final APPROVe Trial data); Draft letter to the editor,
MRK-AQUO0000031, at 32 (referring to the p=0.048 result for the preliminary APPROVe Trial data)
(attached to 6/8/06 email from J. Bolognese to T. Reiss, MRK-AQU0000030); 9/13/04 Pre-Meeting
Report from H. Quan to APPROVe ESMB, MRK-AGO0029517, at 537 (referring to the p=0.0056
result for the preliminary APPROVe Trial data).
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Table 14

APPROVe Trial — Proportionality P-Values
for Confirmed Thrombotic Events in the APPROVe Trial

near Time Test earithm of Time Test
Preliminary Data p=0.0056 p=0.048
Final Data p=0.014 p=0.071
Table 15

APPROVe Trial — Proportionality P-Values
for APTC events in the APPROVe Trial*®

near Time Test garithm of Time Tes
Preliminary Data p=0.0235 Unknown
Final Data p=0.119 Unknown
C. Investigation of error and its impact on Merck’s conclusions

concerning the APPROVe Trial cardiovascular data.

Upon learning of the error on May 22, 2006, Mr. Cook notified Mr. Bolognese

and Dr. Braunstein, who in turn notified Dr. Kim, Dr. Honig, Dr. Gertz, Dr. Reiss,

¢ 9/13/04 Pre Meeting Report from H. Quan to APPROVe ESMB, MRK-AG00029517, at 537

(referring to the p=0.0235 result for the preliminary APPROVe Trial data); 3/15/05 APPROVe Trial
abbreviated Clinical Study Report, Cardiovascular Safety Report, MRK-18940100962, at 0994
(referring to the p=0.119 result for the final APPROVe Trial data).
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Dr. Bain, Ms. Lahner, and Dr. Huang.**’ Messrs. Clark and Frazier were notified on
May 22, 2006 as well,””® and the error was disclosed to the full Board of Directors and
discussed at the Board’s regularly scheduled May 23, 2006 meeting. The Board of
Directors decided that the error should be disclosed publicly as soon as the Company had
all the relevant facts. Dr. Bain, Dr. Reiss and Mr. Bolognese also notified the external
authors of the article at the regularly scheduled May 25, 2006 meeting of the APPROVe
Administrative Committee (discussed in more detail in Section D of this Appendix).*”

After learning about the error, MRL scientists, including Dr. Reiss, Dr. Huang,
Mr. Bolognese, and Mr. Cook, investigated: (i) how the error occurred, and (ii) what
effect the discovery of the error had on the Company’s conclusions about the APPROVe
Trial.

MRL scientists began by contacting Dr. Quan, the statistician who had performed
the tests and prepared the abbreviated Clinical Study Report for the APPROVe Trial.
(Dr. Quan had left Merck in 2005, and, in May 2006, was working for another
pharmaceutical company). Upon being informed of the error, Dr. Quan stated that he

believed that he had used the Logarithm of Time Test and that the APPROVe article and

the abbreviated Clinical Study Report had described the test accurately. It was therefore

#75/22/06 (7:13 p.m.) email from N. Braunstein to P. Kim et al.. MRK-AF00309953 (“URGENT
meeting tonight 9PM”; “Please listen to MVX [i.c., voicemail] for details.”).

8 5/23/06 (12:12 a.m.) email from J. Lahner to N. Braunstein et al., MRK-AF00309953 (“Please call
in. Ken Frazier will be joining.”).

*% " Minutes of 5/25/06 APPROVe Administrative Committee meeting, MRK-ASP0000001.
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unclear how the error occurred. As discussed in Section B.3.d of this Appendix,
subsequently, however, Dr. Quan recalled the circumstances that likely led to the error.
In a June 8, 2006 email to the APPROVe article co-authors (sent a week after the
Company issued a press release announcing the error, which is discussed below),

Dr. Quan stated that he recalled that the software program that MRL statisticians had
written for testing the proportionality of hazards originally used the Logarithm of Time
Test but that, after testing the program in the summer of 2004, he determined that the
Linear Time Test fit the APPROVe Trial data better — i.e., was more likely to detect a
change in the hazard ratio if there was one — than the Logarithm of Time Test.
Specifically, Dr. Quan wrote:

As I could recall, the log (time) was used originally when
we prepared the program. But when we tested the program
for preparing package for ESMB, I found the linear time
fitted the data better and gave result that was more
consistent with the results from other analyses [i.e., the
Kaplan-Meier plot and six-month interval analyses, Figures
1 and 2 and Tables 2 and 3 above]. The use of linear time
is also appropriate. Thus, I switched to linear time in order
not to hide any thing from ESMB. Unfortunately, since I
could not modify the APPROVe DAP and didn’t document
this in some document, I forgot all about this when I rushed
through the final analysis. Thus, in my mind, I always
thought we used log(time).”

% 6/8/06 email from H. Quan to J. Bolognese et al., MRK-ARQ0007271. Dr. Quan also stated that,
when he first ran the Logarithm of Time Test, he obtained a p-value that was greater than 0.05, which
was higher than he had expected it to be based on the other analyses he had conducted, most notably
the Kaplan-Meier plots, which seemed so clearly to indicate a change in the hazard ratio.
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MRL scientists also reviewed the January 27, 2005 Ng Memorandum.””' As
described more fully in Section B.5 of this Appendix, the modeling described in the Ng
Memorandum was an effort to estimate the relative risk of Vioxx versus placebo at each
point in time during the course of the APPROVe Trial. In the memorandum, Dr. Ng
concluded based on preliminary data that the Cox proportional hazards model including a
single term for the interaction of time and treatment (which is distinct from the Linear

1.3%2 The fit statistics

Time Test) was the most representative of the data from the tria
reflected in the body of the Ng Memorandum indicated that the Linear Time Test fit data
better than the Logarithm of Time Test.*”’

Mr. Cook repeated the modeling work performed by Dr. Ng in late 2004 on the
August 2004 data, applying the same models to the final (December 2004) dataset.”™*

Mr. Cook’s analyses confirmed that the Cox model using covariates for treatment and the

interaction of treatment and time (i.e., the Linear Time Test) fit the data better than the

Cox model using covariates for treatment and the interaction of treatment and the

logarithm of time (i.e., the Logarithm of Time Test).>*

1 5/23/06 email from J. Bolognese to T. Cook and R. Bain et al., MRK-ARQ0004234 (attaching chart
of fit statistics from Ng Memorandum).

2 1/27/05 memorandum from J. Ng and H. Wang to R. Bain et al., MRK-AOY 0023523, at 25.
% 1/27/05 memorandum from J. Ng and H. Wang to R. Bain et al., MRK-AOY 0023523, at 25.
% 5/24/06 email from T. Cook to J. Bolognese et al., MRK-ARQ0004233.

3% 5/24/06 email from T. Cook to J. Bolognese et al., MRK-ARQ0004233.
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Mr. Cook also concluded that, based on the final (December 2004) data, the best
fitting model was not the Cox proportional hazards model including a single term for the
interaction of time and treatment (i.e., the model that Dr. Ng had identified as the best

fitting model), but rather a changepoint model “that breaks the data at 17 months,”** i.e.

models the first 17 months using one equation and the remainder of the trial using
another.

Mr. Cook also calculated the p-value for a similar changepoint model breaking
the data at 18 months. The p-value was lower than 0.05 (p=0.016), leading Mr. Cook to
conclude, as had the APPROVe article and the abbreviated Clinical Study Report, that
“the hazard rate ratio in the first 18 months is significantly different than the hazard rate
ratio after 18 months.”*"’

Additionally, at Dr. Huang’s request,”*® Mr. Bolognese prepared a memorandum,
dated May 25, 2006, regarding the effect, if any, of the error on the Company’s
conclusion that, in the APPROVe Trial, the relative risk for confirmed thrombotic events
on Vioxx versus placebo changed over time. Mr. Bolognese’s memorandum, prepared

with input from Mr. Cook,*” concluded that, notwithstanding the error, the existing data

“support[ed] an overall conclusion of non-proportionality of treatment hazards over time

% 5/24/06 email from T. Cook to J. Bolognese et al., MRK-ARQ0004233.
7 5/24/06 email from T. Cook to J. Bolognese et al., MRK-ARQ0004233.

% 5/24/06 email from J. Bolognese to T. Cook et al., MRK-ARQ0004415 (“Phil [Huang] asked me to
draft [the memorandum].”).

3% 5/24/06 email from T. Cook to J. Bolognese, MRK-ARQ0004415 (“Nice memo. I suggested a
qualification to the first conclusion.”).
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in the APPROVe [abbreviated Clinical Study Report confirmed thrombotic event]
dataset.”*"’

In the memorandum, Mr. Bolognese noted that the use of the Linear Time Test
(the test that produced the p=0.01 result reported in the APPROVe article and the
abbreviated Clinical Study Report) to assess proportionality of hazards was “appropriate”
because (i) “[t]here was no Statistical Analysis Plan (SAP) for the confirmed thrombotic
CV data from APPROVe alone”; and (ii) “[a]lthough the SAP for Protocol 203 specified
that the primary assessment of proportional hazards would be [the Logarithm of Time
Test], a detailed assessment of relationship of hazard ratio with time” — [i.e., the analyses
memorialized in the January 27, 2005 Ng Memorandum discussed in Section B.5 of this
Appendix] — “revealed a better fit of the [data with] a model including linear time in

»311

comparison to one including [logarithm of time].

d. May 30, 2006 press release.

On May 30, 2006, Merck issued a press release entitled “Merck Corrects
Description of a Statistical Method Used in APPROVe Study: Study Results
Unchanged.”'* The press release stated that: (i) Merck was correcting the APPROVe
article’s description of the method used to test the proportionality of hazards from the

Logarithm of Time Test to the Linear Time Test; (ii) the p=0.01 result reported in the

19 5/25/06 memorandum from J. Bolognese and T. Cook to R. Bain et al., MRK-S0420112192.
11 5/25/06 memorandum from J. Bolognese and T. Cook to R. Bain et al., MRK-S0420112192.

12 5/30/06 Merck press release, “Merck Corrects Description of a Statistical Method Used in APPROVe
Study: Study Results Unchanged,” MRK-ARQO0006011.
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article was obtained using the Linear Time Test; and (iii) recent tests had shown that the
result of the Logarithm of Time Test on final data for the confirmed thrombotic event
endpoint yielded a p-value of 0.07.*"

The press release also stated that the correction did not change the results of the
APPROVe Trial, “in which an increased relative risk for confirmed thrombotic
cardiovascular events for VIOXX compared to placebo was observed beginning after

18 months of continuous daily treatment.”*

The press release stated that although the
Logarithm of Time Test was “specified” in the Statistical Data Analysis Plan for
Protocol 203 as the “primary method” for testing the proportional hazards assumption,
that data analysis plan called for use of “numerous statistical and graphical methods . . .
to assess whether the relative risk of VIOXX compared to placebo was constant over

time 5315

The press release further stated that Merck’s use of these additional methods
established that the relative risk of confirmed thrombotic events changed over time.*'°

Finally, the press release stated that “[t]he results of diagnostic steps specified in the data

analysis plan [Le., the Statistical Data Analysis Plan for Protocol 203] indicate[d] that the

3

=

> 5/30/06 Merck press release, “Merck Corrects Description of a Statistical Method Used in APPROVe
Study: Study Results Unchanged,” MRK-ARQO0006011, at 11.

11 5/30/06 Merck press release, “Merck Corrects Description of a Statistical Method Used in APPROVe
Study: Study Results Unchanged,” MRK-ARQO0006011, at 11.

13 5/30/06 Merck press release, “Merck Corrects Description of a Statistical Method Used in APPROVe
Study: Study Results Unchanged,” MRK-ARQO006011, at 11. The press release also attached an
excerpt from the Statistical Data Analysis Plan for Protocol 203 where the Logarithm of Time Test
was specified. Id. at 14.

318 5/30/06 Merck press release, “Merck Corrects Description of a Statistical Method Used in APPROVe
Study: Study Results Unchanged,” MRK-ARQO0006011, at 11-12.
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[Linear Time Test] is an appropriate method to assess changes in relative risk over

5317

time. The press release is reproduced in full below:

317 5/30/06 Merck press release, “Merck Corrects Description of a Statistical Method Used in APPROVe
Study: Study Results Unchanged,” MRK-ARQO0006011, at 11.

The press release also stated that Merck “intend[ed] to retain an independent statistical expert to
review data and analyses from the APPROVe study.” In early June 2005, Drs. Baron™ and Konstam™
initiated discussions with Dr. David DeMets, the chairman of the Department of Biostatistics and
Medical Informatics at the University of Wisconsin, regarding the possibility of his performing that
role. 6/7/06 email from J. Baron™ to D. DeMets’, MRK-AFS0038812. Dr. DeMets” expressed
interest in working on this project and suggested that the project would entail: (i) “reproducing the
NEIJM article”; (ii) “following the Approve Statistical Analysis Plan”; and (iii) “doing the analysis the
way [Dr. DeMets | might do it.” Id.
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Press Release

Media Contacts: Kent Jarreli Investor Cantact; Graeme Bell
{202) 230-1833 (508) 423-5185

Casey Stavropoulos
{908) 423-5125

Merck Corrects Description of a Statistical Method Used in APPROVe Study
Study Results Unchanged

WHITEHOUSE STATION, N.J., May 30, 2008 — Merck & Co., Inc. is correcting its prior
description of one of the statistical methods used to analyze certain data in the APPROVe study
published in 2005, and has notified the study authors, the New England Journal of Medicine
{NEJM) and regulatory authorities. Merck recently discovered the need for this correction while
reviewing the preliminary analyses of the off-drug extension data for the APPROVe study.
Merck believes that this correction does not change the results of the APPROVe study, in which
an increased relative risk for confirmed thrombotic cardiovascular events for VIOXX compared
to placebo was ohserved beginning after 18 months of continuous daily treatment. This
correction is unrelated to the recently announced preliminary analysis of the off-drug extension
of the APPROVe study.

The VIOXX cardiovascular data analysis plan called for numercus statistical and
graphical methods to be used 1o assess whether the relative risk of VIOXX compared 1o
placebo was constant over time or if it changed over time (see attached). The use of the
variable, logarithm of time, was an glement in the primary method specified. The reference to
logarithm of time in the description of methods published in the NEJM and submitted to
regulatory agencies was in error. The reported resull (p-value = 0.01} came from a statistical
model using linear time, not logarithm of time. Recent tests show that the result using logarithm
of time has a p-value =0.07. The results of diagnostic steps specified in the data analysis plan
indicate that the linear test is an appropriate method to assess changes in relative risk over
time.

As specified in the analysis plan, Merck used additional analytical and graphical
methods to evaluate whether the relative risk changed over time. These methods inciuded a

- more -~
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(R

Kaplan-Meier plot that showed similar curves for placebo and VIOXX during the first 18 months,
which then began io separate at approximately 18 moenths, Relative risks were also calculated
over successive six-month intervals in the study. Over the 36-month period of the study, the
relative risk was lowest in the first three sets of six-month intervals and highest in the iast three
sets of six-month intervals, again demonstrating changing relative risk over time. The results of
the linear time analysis, the Kaplan-Meier plot, and the interval relative risks together confirm
that the relative risk changes over time.

The linear time and logarithm of time analyses only test whether relative risk changes
over time, they do not test the overall magnitude of relative risk. The overall magnitude of the
relative risks and their associated p-values were described correctly.

Merck believes that today’s correction does not change the resulis of the APPROVe
study. Nonetheless, Merck intends to retain an independent statistical expert to review data
and analysas from the APPROVe study. The study's authors advised Merck that they intend to
submit a correction to the NEJM.

About the APPROVe Study

APPROVe (Adenomatous Polyp Prevention on VIOXX) was a multi-center, randomized,
placebo-controlled, double-blind study designed to evaluate the efficacy of 156 weeks (three
years) of treatment with VIOXX 25 mg in preventing recurrence of colorectal polyps in patients
with a history of colorectal adenomas. There was no Statistical Analysis Plan (SAP) for the
cardiovascular data from APFHOVe alone. Merck planned to combine the cardicvascular data
from APPROVe with data from two other placebo-controlied studies, VICTOR and ViP. Given
the decision to stop the study early, the APPROVe data were analyzed separately.

About Merck

Mearck & Co., Inc. is a global research-driven pharmaceutical company dedicated 1o
putting patients first. Established in 1891, Merck currently discovers, develops, manufactures
and markets vaccines and medicines to address unmet medical needs. The Company devotes
extensive efforts to increase access to medicines through far-reaching programs that not only
donate Merck medicines but help deliver them to the people who need them. Merck also
publishes unbiased health information as a not-for-profit service. For more information, visit

www merck.com.

- more -
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Forward-Looking Statement

This press release (inciuding the altachment) contains “forward-looking statements™ as
that term is defined in the Private Securities Litigation Reform Act of 1995. These statements
are based on management's current expectations and involve risks and uncerainties, which
may cause results to differ materially from those set forth in the statements. The forward-
leoking statements may inciude statements regarding product development. product potential or
financial performance. No forward-looking statement can be guaranteed, and actual results
may differ materially from those projected. Merck undertakes no obligation to publicly update
any forward-looking statement, whether as a result of new information, future events, or
otherwise. Forward-tooking statements in this press release shouid be evaluated together with
the many uncertainties that affect Merck’s business, particularly those mentioned in the
cautionary statements in ltem 1 of Merck’'s Form 10-K for the year ended Dec. 31, 2005, and in

its periodic reports on Form 10-Q and Form 8-K, which the Company incorporates by reference.

# # #
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Excerpted from the MK-0966 CV Qutcomes Data Analysis Plan for
Protocol 203 Combining APPROVe, ViP, and VICTOR
(Jan. 9, 2004)

Check of Model Assumptions

Analytical and graphical methods will be employed (o verily the proportional hazards
assumption. The primary method for testing the proportional hazards assumption will be by
mcluding the factor treatment*log(time) in the model; nonsignilicance (p>0.050) of this Tactor is
not inconsistent with proportionality, Le., constancy of treatment effect over tume. The semi-
parametric nature of the proportional hazards model does not require other distributional
assumptions.

Farther, the log HR will be plotted over time by stratifving time into iatervals containing
approximalely the same number ol evenls within each interval. The log HR within cach
successive G-month time interval with confidence limits will also be caleulated and plotted. Such
plots will provide an indication of any time effect on the HR.

Additionzl diagnostic steps based on residuals and HR will be performed to examine mode]
fitting if the previously described analyses indicate issues that warrant further assessment. For
instance, assessment of the log HR over time may alse be made using Schoenfeld's partial
residuals F10] with respect 10 each covariate in the lited model. Visual and test diagnostics of
scaled Schoenfeld residuals [11: 12; 13] may be used here to study the PH assumption for the
model covariates. Schoenfeld residuals are defined at event times and compute the difference
between the observed covariate (reatment group indicatory and its conditional expectation from
the fitted Cox PH model. I the PH assumption holds for a covariate in the Cox model, these
scaled residuals when plotied over (ime should be randomly distributed o either side of “zero”
fine and should not have any discernible trend/pattern over time. Constancy of relative treatment
ellect over time may also be assessed lor each covariate (discrete or continaous) by using the zph
test [13]. A zph test of treatment effect (based on log-iransformation) is essentially the same as
testing the significance of adding treatment*log(time) as a time-dependent covariate ([13], pp.
144). Thus, a nonsignificant zph test may also be used to validate proportionality assumption for
associated covariate.

Lt the nonproportionality is large and real, various approaches may be explored to investigate the
causcs ol nonproportionality: stratification ol covariaies, partition of the time axis {14; 15; 16],
adding & time-dependent covariate, or using a different model. Some of these approaches are
discussed with illustrations in the book by Therneaun and Grambsch [13] (Sections 6.5 and
Chapter 7). The choice ol a non-proportional hazard model, such as a piecewise exponential
model, that will be a good fit to the data may be assessed from some of the above diagnostic
measures.

- INOTE -
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e. Additional communications.

On May 30, 2006, in connection with the issuance of the press release, Dr. Kim,
Mr. Frazier, and Dr. Bain held a teleconference for pharmaceutical analysts and
journalists regarding the APPROVe Trial and the announcement of the error.*'® On the
same day, Dr. Robert Silverman, MRL’s regulatory liaison with the FDA, notified the
FDA about the correction,’"” and Mr. Bolognese and Dr. Oxenius notified the New

England Journal of Medicine about the need for a correction to the published article.**’

Communications between and among authors of the article and editors of the New

England Journal of Medicine about the correction are discussed in Section D of this

Appendix.

C. Collection and Analysis of APPROVe Off-Drug Data.

1. Introduction.

The APPROVe Trial Protocol specified, as was standard in Merck trials, that data

would be collected on serious adverse events, including cardiovascular events, that

18 5/30/06 Merck media advisory: Conference Call and Audio Web Cast, MRK-AFS0040985;
APPROVe Media Call Speaker Notes, MRK-AFS0040987-88.

319 5/30/06 letter from P. Huang to B. Rappaport’, MRK-S0420112190 (“[A] telephone conversation
between Dr. Robert Silverman of MRL, and Lisa Malandro of FDA . . . occurred on . . .
May 30, 2006, in which notification was provided that MRL was correcting its prior description of
one of the statistical methods used to analyze certain data in the APPROVe study published in 2005.
MRL recently discovered the need for this correction while reviewing the preliminary analysis of the
off-drug extension data for the APPROVe study. MRL believes that this correction does not change
the results of the APPROVe study, which found an increased relative risk for confirmed thrombotic
cardiovascular events for VIOXX™ compared to placebo beginning after 18 months of treatment.”).

20 5/30/06 letter from J. Bolgonese and B. Oxenius to the editor of the New England Journal of

Medicine, MRK-AQUO0000001.
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