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Context: Controversy regarding the effects of rosiglita-
zone therapy on myocardial infarction (MI) and cardio-
vascular (CV) mortality persists 3 years after a meta-
analysis initially raised concerns about the use of this drug.

Objective: To systematically review the effects of rosi-
glitazone therapy on MI and mortality (CV and all-cause).

Data Sources: We searched MEDLINE, the Web site
of the Food and Drug Administration, and the
GlaxoSmithKline clinical trials registry for trials pub-
lished through February 2010.

Study Selection: The study included all randomized
controlled trials of rosiglitazone at least 24 weeks in du-
ration that reported CV adverse events.

Data Extraction: Odds ratios (ORs) for MI and mortal-
ity were estimated using a fixed-effects meta-analysis of 56
trials, which included 35 531 patients: 19 509 who received
rosiglitazone and 16 022 who received control therapy.

Results: Rosiglitazone therapy significantly increased the
risk of MI (OR, 1.28; 95% confidence interval [CI], 1.02-
1.63; P=.04) but not CV mortality (OR, 1.03; 95% CI,
0.78-1.36; P=.86). Exclusion of the RECORD (Rosiglita-
zone Evaluated for Cardiac Outcomes and Regulation of
Glycemia in Diabetes) trial yielded similar results but with
more elevated estimates of the OR for MI (OR, 1.39; 95%
CI, 1.02-1.89; P=.04) and CV mortality (OR, 1.46; 95%
CI, 0.92-2.33; P=.11). An alternative analysis pooling
trials according to allocation ratios allowed inclusion of
studies with no events, yielding similar results for MI
(OR, 1.28;95% CI, 1.01-1.62; P=.04) and CV mortality
(OR 0.99;95% CI, 0.75-1.32; P=.96).

Conclusions: Eleven years after the introduction of rosi-
glitazone, the totality of randomized clinical trials con-
tinue to demonstrate increased risk for MI although not
for CV or all-cause mortality. The current findings sug-
gest an unfavorable benefit to risk ratio for rosiglitazone.
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ONTROVERSY REGARDING
the cardiovascular safety of
the diabetes drug rosiglita-
zone arose in 2007 after
the publication of a meta-

comes and Regulation of Glycemia in
Diabetes]).* That study was limited by low
event rates, which resulted in insufficient
statistical power to confirm or refute evi-
dence of an increased risk for ischemic myo-
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analysis that demonstrated a significantly
elevated risk for myocardial infarction (MI)
and a borderline significant increased risk
for cardiovascular (CV) mortality.! The de-
bate over the CV safety of rosiglitazone
therapy has continued during the past 3
years, recently receiving renewed atten-
tion after the release of a report from the
US Senate Committee on Finance that pro-
vided additional details about internal
analyses conducted by the maker of rosi-
glitazone, GlaxoSmithKline (GSK), and the
US Food and Drug Administration (FDA).>?
No large, definitive CV outcomes trials have
been conducted with rosiglitazone, al-
though an open-label, noninferiority trial
reported results in 2009 (RECORD [Rosi-
glitazone Evaluated for Cardiac Out-

cardial events.*®

Rosiglitazone was initially approved in
1999 to treat hyperglycemia in patients with
type 2 diabetes mellitus. The standards for
approval of diabetes drugs during that era
required only demonstration of the reduc-
tion of hemoglobin A, levels in trials of
moderate duration (typically 24-52 weeks)
in the absence of any apparent safety con-
cerns. Controversy emerged soon after the
drug’s introduction, when reports first sug-
gested that the use of rosiglitazone and a
related drug, pioglitazone, could precipi-
tate congestive heart failure in susceptible
individuals.” Then, in 2003, the Uppsala
Drug Monitoring Group of World Health
Organization alerted GSK about an un-
usually large number of spontaneous re-
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ports associating rosiglitazone
use with congestive heart failure and
ischemic myocardial events.?
GlaxoSmithKline subsequently con-
ducted 2 internal patient-level meta-
analyses of CV risk (the first com-
pleted in 2005 and the second in
2006), which were eventually pub-
lished in 2008.'° Both analyses
showed a significantly elevated risk
for ischemic myocardial events.
These analyses were supplied to the
FDA and posted on the company’s
clinical trial registry, but neither GSK
nor the FDA made any public state-
ment about the findings.

Asa consequence of a court settle-
ment in 2004 with the State of New
York, GSK was required to post clini-
cal trial results on a public Web site."
Using this data source, we per-
formed a study-level meta-analysis
that demonstrated a statistically sig-
nificant 43% increase in the risk for
MI and a borderline significant 64%
increase in the risk for CV mortal-
ity.! Subsequently, meta-analyses by
other authors were published, some
of which confirmed these findings,
while others reported inconclusive re-
sults.!*! The most comprehensive
patient-level analysis was con-
ducted by the FDA and confirmed an
odds ratio (OR) of 1.38 for myocar-
dial ischemic events (95% confi-
denceinterval [CI], 1.1-1.8; P=.02).

An FDA Advisory Committee in
2007 concluded that the use of rosi-
glitazone increased the risk of MI but
did not recommend removing the
drug from the market."” Subse-
quently, a consensus algorithm pub-
lished by the American Diabetes
Association and the European Asso-
ciation for the Study of Diabetes
unanimously recommended against
the use of rosiglitazone, but the drug
continues to be marketed, with an-
nual sales exceeding $1 billion in
2009.'° In the absence of definitive
trials, a comprehensive meta-anal-
ysis remains the most appropriate
means to evaluate the overall CV
safety of rosiglitazone. Our objec-
tive was to update the 2007 meta-
analysis that initiated the concerns
about rosiglitazone therapy, using
similar methods to the original study
but also using alternative analyses to
enable inclusion of trials with no CV
events.

B vemovs I

ANALYZED STUDIES

The studies included in the meta-
analysis are listed in Table 1. The pre-
specified criteria for inclusion of trials
required that studies have a random-
ized comparator group, a similar dura-
tion of treatment in all study groups, and
more than 24 weeks of drug exposure.
To identify potential studies for inclu-
sion in the meta-analysis, we initially
screened the clinical trials registry es-
tablished by the manufacturer of rosi-
glitazone, GSK.?® Because this registry
was mandated by a legal settlement,'! we
assumed this registry to be complete but
further searched for missing trials via
MEDLINE and the FDA Web site. We
screened 202 clinical trials for inclu-
sion in the meta-analysis, excluding 146
for reasons summarized in Figure 1.
The remaining 56 trials met all of the pre-
specified criteria for inclusion. Fifteen
of the 56 trials did not report any MlIs,
and 30 of the trials did not report any
CV mortality. The trials without events
were not included in the primary pre-
specified analysis but were included in
an alternative analysis.

The 56 trials included in the meta-
analysis randomized 35531 patients:
19509 assigned to receive rosiglita-
zone and 16 022 assigned to compara-
tor groups. Three groups of trials were
identified. In 1999, GSK submitted 1
group of 5 studies to the FDA for pre-
sentation to the Advisory Committee,
which recommended approval of rosi-
glitazone use.'® In these 5 trials, 1967 pa-
tients were randomly assigned to re-
ceive rosiglitazone and 793 patients
received comparator drugs or placebo.
A second group of 48 trials were pri-
marily identified from the GSK clinical
trials registry. In these 48 trials, 11 231
patients were randomly assigned to re-
ceive rosiglitazone and 7473 received
comparator drugs or placebo. The third
group of trials included 3 larger pro-
spective randomized trials that were pub-
lished in major medical journals.*'$'° In
these 3 trials, 6311 patients were ran-
domly assigned to receive rosiglitazone
and 7756 patients received comparator
drugs. Four of the 5 registration trials
and all 3 large trials were published, but
most (35 of 48) trials identified via the
GSK registry remain unpublished.

DATA EXTRACTION

For the 5 studies included in the origi-
nal submission for FDA approval, study-
level data were extracted from publicly
available briefing documents that were

downloaded from the FDA Web site.”!
Data from these same trials were also re-
ported in a summary fashion on the
Clinical Trial Registry Web site main-
tained by GSK.* For the 4 registration
trials that were published in peer-re-
viewed medical journals, we obtained ad-
verse event data from data tables in the
manuscripts.”>* These 3 sources (FDA
documents, GSK Web site, and publi-
cations) were cross-checked for consis-
tency. In cases of disagreement be-
tween published and unpublished data,
data derived from the manufacturer’s
Web site were used. For the 3 larger out-
come trials, study-level data were ex-
tracted from data tables contained in the
published manuscripts.*'**° For the re-
maining group of 48 trials that were
available primarily on the GSK clinical
trials registry, data on reported adverse
outcomes were extracted from the study
summaries included in the posted indi-
vidual trial reports.

In cases in which several treatment
groups received rosiglitazone within a
single trial, the rosiglitazone-exposed
groups were pooled together for analy-
sis. For each study, the control group was
defined as patients receiving any drug
regimen other than rosiglitazone, in-
cluding placebo. With the exception of
the DREAM (Diabetes Reduction As-
sessment With Ramipril and Rosiglita-
zone Medication)'® and RECORD trials,
the included studies did not centrally ad-
judicate either MI or mortality. We re-
viewed data summaries provided in the
FDA review documents, the GSK clinical-
trial registry Web site, and published trial
results and then abstracted data from the
adverse event tabulations for MI and
mortality (CV and all-cause). Because we
did not have access to individual pa-
tient data, time-to-event analyses for ad-
verse events could not be performed,
which precluded the calculation of haz-
ard ratios (HRs). Because only sum-
mary data tables were available, it was
not possible to determine whether the
same patient had both an MI and CV
mortality, which precluded calculation
of outcomes based on the composite of
Ml or CV death. Accordingly, the 3 out-
comes (MI, CV death, and all-cause mor-
tality) are reported separately.

STATISTICAL ANALYSES

Because most of the included trials had
few events, we prespecified the use of the
Peto method to calculate ORs and 95%
Cls.??® This approach excludes trials
with no adverse events, since an OR can-
not be calculated for such studies. To ac-
count for trials with no events, we also
determined ORs and 95% CI's using an
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Table 1. Rosiglitazone Clinical Trials Included in the Meta-analysis

Rosiglitazone Therapy

Control Therapy

No. of T ] T ]

Clinical Trial No. Phase Weeks Agent No. Agent No.
Trials Included in Original Registration Package
49653/011 8 24 Rosiglitazone 357 Placebo 176
49653/020 3 52 Rosiglitazone 391 Glyburide 207
49653/024 8 26 Rosiglitazone 774 Placebo 185
49653/093 & 26 Rosiglitazone + metformin 213 Metformin 109
49653/094 3 26 Rosiglitazone and metformin 232 Metformin 116
Subtotal 1967 793
Additional Phase 2, 3, and 4 Efficacy Trials
100684 4 52 Rosiglitazone and glyburide 43 Glyburide 47
49653/143 4 24 Rosiglitazone and glyburide 121 Glyburide 124
49653/211 4 52 Rosiglitazone and usual care 110 Usual care 114
49653/284 4 24 Rosiglitazone and metformin 382 Metformin 384
712753/008 4 48 Rosiglitazone and metformin 284 Metformin 135
AVM100264 4 52 Rosiglitazone and metformin 294 Metformin and sulfonylurea 302
BRL 49653C/185 4 32 Rosiglitazone + metformin 563 Usual care +metformin 142
BRL 49653/334 4 52 Rosiglitazone 278 Placebo 279
BRL 49653/347 4 24 Rosiglitazone and insulin 418 Insulin 212
49653/015 3 24 Rosiglitazone and sulfonylurea 395 Sulfonylurea 198
49653/079 8 26 Rosiglitazone £ glyburide 203 Glyburide 106
49653/080 3 156 Rosiglitazone 104 Glyburide 99
49653/082 3 26 Rosiglitazone and insulin 212 Insulin 107
49653/085 3 26 Rosiglitazone and insulin 138 Insulin 139
49653/095 8 26 Rosiglitazone and insulin 196 Insulin 96
49653/097 & 156 Rosiglitazone 122 Glyburide 120
49653/125 3 26 Rosiglitazone and sulfonylurea 175 Sulfonylurea 173
49653/127 8 26 Rosiglitazone and glyburide 56 Glyburide 58
49653/128 3 28 Rosiglitazone 39 Placebo 38
49653/134 3 28 Rosiglitazone 561 Placebo 276
49653/135 3 104 Rosiglitazone and glypizide 116 Glypizide 111
49653/136 8 26 Rosiglitazone 148 Placebo 143
49653/145 3 26 Rosiglitazone and gliclazide 231 Gliclazide 242
49653/147 3 26 Rosiglitazone and sufonylurea 89 Sulfonylurea 88
49653/162 8 26 Rosiglitazone and glyburide 168 Glyburide 172
49653/234 & 26 Rosiglitazone and glimepiride 116 Glimepiride 61
49653/330 3 52 Rosiglitazone 1172 Placebo 377
49653/331 8 52 Rosiglitazone 706 Placebo 325
49653/137 3 32 Rosiglitazone and metformin 204 Glyburide and metformin 185
SB-712753/002 3 24 Rosiglitazone and metformin 288 Metformin 280
SB-712753/003 3 32 Rosiglitazone and metformin 254 Metformin 272
SB-712753/007 8 32 Rosiglitazone + metformin 314 Metformin 154
SB-712753/009 3 24 Rosiglitazone, metformin, and insulin 162 Insulin 160
49653/132 2 24 Rosiglitazone and sulfonylurea 442 Sulfonylurea 112
AVA100193 2 24 Rosiglitazone 394 Placebo 124
AVD100521 (APPROACH trial'") 3 78 Rosiglitazone 331 Glipizide 337
AVD102209 3 26 Rosiglitazone and insulin 132 Insulin 131
AVD104742 & 28 Rosiglitazone 160 Pioglitazone or placebo 213
ARA102198 2 26 Rosiglitazone 49 Placebo 49
AVA105640 & 24 Rosiglitazone 331 Placebo or donepezil 250
49653/044 3 26 Rosiglitazone and metformin 101 Metformin 51
49653/096 8 26 Rosiglitazone and glyburide 232 Glyburide 115
49653/109 & 26 Rosiglitazone 52 Glipizide 25
49653/282 4 24 Rosiglitazone and metformin 70 Glyburide and metformin 75
49653/325 8 24 Rosiglitazone and glimepiride 196 Glimepiride 195
49653/351 3 52 Rosiglitazone 28 Placebo 29
49653/369 4 26 Rosiglitazone 25 Glibenclamide 24
49653/452 2 24 Rosiglitazone 26 Placebo 25
Subtotal 11231 7473
Published Large Prospective Randomized Trials

DREAM trial'® 3 156 Rosiglitazone 2635  Placebo 2634
ADOPT'® 3 208 Rosiglitazone 1456 Metformin or glyburide 2895
RECORD trial* 3 260 Rosiglitazone 2220 Metformin plus sulfonylurea 2227
Total 19509 16 022

Abbreviations: ADOPT, A Diabetes Outcome Progression Trial; APPROACH, Assessment on the Prevention of Progression by Rosiglitazone on Atherosclerosis in
Type 2 Diabetes Patients With Cardiovascular History; DREAM, Diabetes Reduction Assessment With Ramipril and Rosiglitazone Medication; RECORD,

Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of Glycemia in Diabetes.
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FDA documents, or MEDLINE search

202 Trials identified via the GSK Web site,

146 Trials excluded

73 Short-term phase 1 trials
25 Trials with <24 weeks’ duration
20 Trials with no control group

22 Open-label, extension studies or non-RCTs
6 Other*

a randomized comparator, and similar

comparator drug(s)

56 Clinical trials with >24 weeks’ duration,

duration of treatment for rosiglitazone and

Figure 1. Flow diagram showing the numbers of studies included and excluded from the analysis and the
reasons for exclusion. FDA indicates Food and Drug Administration; GSK, GlaxoSmithKline; and RCT,
randomized controlled trial. *Includes pediatric studies, terminated early, or summary analysis.

alternative method in which smaller
studies were grouped by randomiza-
tion ratios and larger trials were consid-
ered individually. This alternative analy-
sis used the Mantel-Haenszel method to
calculate ORs and 95% Cls.?” With this
approach, all 56 trials meeting inclu-
sion criteria were included in the alter-
native analysis. All reported P values are
2-sided. Statistical heterogeneity across
the 56 trials was tested using the Coch-
ran Q statistic. P >.10 was considered
evidence of a lack of heterogeneity. This
analysis revealed no heterogeneity, al-
lowing use of a fixed-effects model. Ad-
ditional analyses classified by trial du-
ration (shorter or longer than 1 year) and
type of comparator drug (insulin, met-
formin, sulfonylurea, or placebo) were
assessed using the Peto method in a simi-
lar fashion to the overall analyses. The
number needed to harm (NNH) was es-
timated based on the annualized rate of
MI that was observed in the ACCORD
(Action to Control Cardiovascular Risk
in Diabetes) trial,” normalizing this rate
to the 5-year duration typically used in
NNH calculations. Data were analyzed
with Comprehensive Meta-analysis soft-
ware (Version 2.2; Biostat, Englewood,
New Jersey).

BT

BASELINE CHARACTERISTICS

The dosages of study drugs, base-
line demographic characteristics,
study periods, and hemoglobin A,
levels are listed in Table 2. The
mean age of patients was approxi-
mately 57 years; 55% were male; and
more than 80% were white. The
mean hemoglobin A, level at base-
line averaged 8.2%. Dosages of rosi-

glitazone varied from 2 to 8 mg/d,
with most studies titrating patients
to 8 mg/d during the course of the
study. Although nearly all trials en-
rolled patients with type 2 diabetes
mellitus, a few studies included pa-
tients treated for investigational in-
dications, including psoriasis, Alz-
heimer disease, rheumatoid arthritis,
or multiple sclerosis. A single study,
the DREAM trial, was designed as a
diabetes prevention study to assess
whether rosiglitazone therapy could
prevent the new onset of type 2 dia-
betes in high-risk individuals.

PRIMARY OUTCOMES

The individual trials contributing to
the meta-analysis and the numbers
of MIs and CV deaths are listed in
Table 3. For M1, the Cochran Q sta-
tistic, including the RECORD trial,
was 30.3 (P=.87; 1>)=0%). Exclud-
ing the RECORD trial, the Q statis-
tic for MI was 29.7 (P=.86; I’=0%.
For CV mortality, including the
RECORD Trial, the Q statistic was
16.2 (P=.91;1°=0%). Excluding the
RECORD Trial, the Q statistic was
12.8 (P=.97; ’=0%).

Table 4 shows the results of the
primary prespecified analyses, and
Figure 2 lists the results in sub-
groups classified by trial duration or
comparator drug. For the 41 trials
with at least 1 MI, the Peto OR for
rosiglitazone relative to comparator
drugs was 1.28 (95% ClI, 1.02-1.63;
P=.04). Excluding the RECORD trial
from the analysis yielded similar re-
sults, but with a higher OR (OR, 1.39;

95% CI, 1.02-1.89; P=.04). The re-
sults were similar in subgroups that
were classified by trial duration. For
trials of less than 12 months’ dura-
tion, the OR for MI was 1.76 (95%
CI, 0.93-3.33). For trials that were
longer than 12 months, the OR for
Ml was 1.22 (95% CI,0.95-1.57). All
subgroups that were classified by
comparator drug(s) show elevated es-
timates for the OR for MI, ranging
from 1.26 to 3.49, but with wide con-
fidence intervals (Figure 2).

For the 26 trials with at least 1
event, the Peto OR for CV mortality
for rosiglitazone relative to com-
parator drugs was 1.03 (95% CI,
0.78-1.36; P=.86) (Table 4). How-
ever, excluding the RECORD trial
had a large effect on the results. For
the 25 trials with atleast 1 CV death,
excluding the RECORD trial, the OR
was 1.46 (95% CI, 0.92-2.33; P=.11).
For trials with a duration of less than
12 months, the estimated OR was
2.32(95% CI,0.93-5.78). For trials
with a duration of longer than 12
months, the OR was 0.94 (95% CI,
0.70-1.27) (Figure 2). All sub-
groups that were classified by com-
parator drug(s) show elevated esti-
mates for the OR for CV mortality,
ranging from 1.13 to 2.02, but with
wide confidence intervals (Figure 2).

ALTERNATIVE ANALYSES

To permit inclusion of studies with
no CV events, an alternative analy-
sis was performed in which smaller
studies were pooled by randomiza-
tion ratios. The pooling of smaller
studies allows inclusion of all 56 trials
meeting the prespecified inclusion
criteria, regardless of the presence or
absence of adverse events. Figure 3
shows Mantel-Haenszel ORs for the
pooled smaller studies classified by
randomization ratio, with the 3 larger
trials considered individually. The re-
sults of this alternative analysis are
very similar to the primary results
obtained using the Peto method. For
MI, the OR was 1.28 (95% CI, 1.01-
1.62), including the RECORD trial,
and 1.38 (95% CI, 1.01-1.87), ex-
cluding the RECORD trial. For CV
mortality, the OR, including the
RECORD trial, was 0.99 (95% CI,
0.75-1.32), and the OR was 1.36
(95% CI, 0.84-2.21), excluding the
RECORD trial.
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Table 2. Dosages, Baseline Demographic Characteristics, Study Periods, and Hemoglobin A,; (HbA,) Levels

%

Clinical Age, Baseline HbA,,
Trial No. Study Dosage Population Study Period y Sex Race? Level
100684 Rsg/Gly 4-8 mg Korean patients with type 2 DM Dec 2003-Jul 2005 552 535 100 (A) NA
Gly 5-15mg 545 45.6 100 (A)
49653/143 Rsg/Gly 8 mg Type 2 DM poorly controlled Jul 2005-Jan 2003 52 453  44:56 (B:H) 9.2
Gly Per usual with Gly 53 48.3  38:62 (B:H) 94
49653/211 Rsg 4mg Type 2 DM with CHF Jul 2001-Nov 2003 643 843 99 7.7
Plc NA 639 79.0 99 7.8
49653/284 Rsg/Met 4-8 mg/1 g Type 2 DM Jun 2001-Feb 2003 555 51.1 72 8.1
Met 1-2¢9 556 51.0 71 7.9
712753/008 Rsg/Met 8mg/g Type 2 DM poorly controlled Jun 2003-Dec 2005  54.6 63.2 70 Baseline not
Rsg/Met 4mg/2g with Met 56.0 65.2 78 reported
Met 249 56.9 534 69
AVM100264 Rsg/Met 4-8 mg/2 g Overweight type 2 DM poorly Jul 2004-Jan 2006 585 52.7 94 8.0
Met/Su 2 g/titrated controlled with Met 593 525 95 8.0
BRL49653C/185  Rsg/Elm/Met 4 mg/1.5¢ Type 2 DM May 2000-May 2002  58.0 65.2 76 7.5
Rsg/EIm 4 mg 59.0 60.2 78 74
Met/Elm 15¢ 60.0 56.4 78 7.5
Elm NA 57.0 609 83 74
BRL 49653/334  Rsg 4-8 mg Type 2 DM or Ins resistance Mar 2002-Nov 2004  67.7 44.8 99 6.3
Plc NA syndrome 673 477 100 6.3
BRL 49653/347  Rsg/Ins 4 mg Type 2 DM poorly controlled Nov 2002-Apr 2004  52.6  48.1 57 9.0
Rsg/Ins 2-4 mg with Ins 52.7 60.0 57 8.9
Ins/Plc Per usual 538 46.2 57 9.1
49653/011 Rsg 8mg Type 2 DM Sep 1996-Sep 1997  60.7 66.9 73 8.8
Rsg 4mg 596 64.5 75 9.0
Plc NA 588 65.8 74 9.0
49653/015 Rsg/Su 4mg Type 2 DM Aug 1996-Mar 1998  60.6 53.2 98 9.2
Rsg/Su 2 mg 61.0 62.8 86 9.2
Su NA 619 573 97 9.2
49653/020 Rsg 8mg Type 2 DM Oct 1996-May 1998  60.9 57.6 97 8.2
Rsg 4mg 604 68.2 99 8.1
Gly Titrated 601 704 99 8.2
49653/024 Rsg 4 mg/d Type 2 DM Jan 1997-Feb 1998 575 58.6 76 8.9
Rsg 2mg BD 56.8 59.1 78 8.9
Rsg 8 mg/d 589 65.7 80 8.9
Rsg 4mgBD 56.5 59.9 71 9.0
Plc NA 57.7 68.8 79 8.9
49653/079 Rsg 4mg Type 2 DM poorly controlled Apr1997-Mar 1998  59.1  63.6 70 9.1
Rsg/Gly 4 mg/20 mg with maximum dose of Gly 57.7 69.4 70 9.2
Gly 20 mg 585 66.7 69 9.3
49653/080 Rsg 8mg Type 2 DM Nov 1996-May 2000  55.1  75.0 78 8.9
Gly 2.5-5mg 56.1 701 76 94
49653/082 Rsg/Ins 8 mg Type 2 DM poorly controlled Jul 1997-Aug 1998 57.7 543 71 9.0
Rsg/Ins 4mg with Ins 571 56.6 72 9.1
Ins Per usual 55.6 55.8 68 8.9
49653/085 Rsg/Ins 4-8 mg Type 2 DM May 2000-Jun 2001  61.3 54.0 99 Baseline not
Ins Per usual 615 46.8 100 reported
49653/093 Rsg/Met 8 mg/2.5¢9 Type 2 DM poorly controlled Jun 1997-Apr 1998 57.8 60.0 58 8.7
Rsg 8 mg with Met 58.8 53.7 59 8.7
Met 250 595 67.0 60 8.8
49653/094 Rsg/Met 8mg/2.5¢ Type 2 DM poorly controlled Apr1997-Mar 1998 583 68.2 77 8.9
Rsg/Met 4 mg/2. 59 with Met 575 621 80 8.9
Met 25¢ 588 743 81 8.6
49653/095 Rsg/Ins 8 mg Type 2 DM poorly controlled Aug 1997-Dec 1998 574 58.9 73 9.1
Rsg/Ins 4mg with Ins 57.8 63.9 68 8.8
Ins Per usual 589 453 73 9.1
49653/097 Rsg 8 mg Type 2 DM Aug 1997- Jan 2001  55.8 721 74 8.9
Gly Titrated 56.0 70.8 84 8.8
49653/125 Rsg/Su 4mg Type 2 DM May 1999-Aug 2000 54.6 457 56 (A) 9.1
Su Per usual 573 424 59 (A) 8.9
49653/127 Rsg/Gly 8 mg/<20 mg Type 2 DM poorly controlled Jan 1999-Dec 1999 60.0 51.0 75 9.1
Gly <20 mg with Gly 594 66.0 75 8.9
49653/128 Rsg/Su 4mg Type 2 DM on concurrent SU May 1999-Jun 2000 58.3 51.3 100 (A) 9.6
Su Per usual 57.7 421 100 (A) 9.9
49653/134 Rsg/Gly/Met 8 mg Type 2 DM on Gly and Met Mar 1999-Aug 2000 555 62.0 71 8.7
Rsg/Gly/Met 4 mg 55.6 58.0 68 8.6
Gly/Met Per usual 55.8 61.0 71 8.7
49653/135 Rsg/Glip 4-8 mg/20-40 mg  Elderly type 2 DM May 1999-Oct 2002  68.7 74.1 90 7.6
Glip 20-40 mg 682 71.2 91 3
49653/136 Rsg/Su/Ins 4-8 mg Type 2 DM with chronic renal Jul 1999-Jun 2001 649 60.7 97 8.2
Su/Ins Per usual failure on SU and/or Ins 66.3 60.8 98 8.3
49653/145 Rsg/Su 8mg Type 2 DM Oct 1999-Nov 2000  61.1 57.3 97 85
Su Per usual 619 62.7 98 8.6
49653/147 Rsg/Su 8mg Type 2 DM in Indo-Asian Jul 1999-Aug 2000 543 202 100 (A) 9.2
Su Per usual patients 541 253 100 (A) 9.1
49653/162 Rsg/Gly 8 mg Type 2 DM Nov 2000- Apr2002  60.0 55.1 97 7.9
Gly Maximum 15 mg 599 61.8 96 8.0
(continued)
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Table 2. Dosages, Baseline Demographic Characteristics, Study Periods, and Hemoglobin A,; (HbA,) Levels (continued)

%

Clinical Age, Baseline HbA,,
Trial No. Study Dosage Population Study Period y Sex Race? Level
49653/234 Rsg/Glim 8mg Type 2 DM Jan 2001-Feb 2002 629 440 100 8.1
Rsg/Glim 4 mg 60.5 57.0 100 8.2
Glim Titrated 65.0 60.0 100 7.9
49653/330 Rsg 8mg Chronic psoriasis Jan 2003-Oct 2004 443 650 92 NA
Rsg 4mg 448  66.0 91 NA
Rsg 2 mg 450 63.0 90 NA
Plc NA 445 630 93 NA
49653/331 Rsg 4mg Chronic psoriasis Jan 2003-0ct 2004 449 641 88 NA
Rsg 2 mg 452 620 90 NA
Plc NA 464 583 93 NA
49653/137 Rsg/Met =2mg/=1g Type 2 DM Apr 2000-Mar 2004  60.0 634 78 Baseline not
Gly/Met =5mg/=1g¢g 58.8 689 76 reported
SB-712753/002  Rsg/Met 4-8 mg/2-3 g Type 2 DM poorly controlled Jul 2003-Jun 2004 581 583 97 7.4
Met 2-3¢g 576 56.8 98 7.5
SB-712753/003  Rsg/Met 4-8 mg/1-3 ¢ Mild type 2 DM Jun 2003-Dec 2004 589 547 98 7.2
Met 1-3¢g 59.0 555 99 7.2
SB-712753/007  Rsg/Met 2-8 mg/0.5-2 g Drug-naive type 2 DM Oct 2003-Dec 2004  50.1 574 54 8.9
Rsg 4-8 mg 515 56.5 58 8.8
Met 0.5-2¢ 506 585 59 8.8
SB-712753/009  Rsg/Met/Ins 8mg/2g Type 2 DM on Ins Oct 2003-Nov 2004 572 518 98 8.7
Ins Per usual 56.9 531 99 8.8
49653/132 Rsg/Su 4 mg/usual Type 2 DM in China Apr 1999-Feb 2000 589 476 100 (A) 9.9
Rsg/Su 8 mg/usual 59.0 414 100 (A) 9.7
Su Per usual 588 457 100 (A) 9.6
AVA100193 Rsg 2mg Mild to moderate Alzheimer Jan 2004-May 2005  71.0 441 100 Baseline not
Rsg 4 mg disease 70.0 438 100 reported
Rsg 8 mg 71.0 341 100
Plc NA 720 369 100
DREAM trial'e? Rsg 4-8 mg Impaired glucose tolerance or Jul 2001-Aug 2003 546 417 66 104.5
Plc NA fasting glucose 548 399 66 104.5
ADOPT" Rsg 4mg Recently diagnosed Type 2 DM Apr 2000-Jun 2002 56.3 557 87 74
Met 500 mg 579 594 89 74
Gly 2.5 mg 564 58.0 89 7.4
AVD100521 Rsg 4mg Type 2 DM and CVD Jan 2005- Aug 2008 61.8 704 69 71
Glip 5mg 60.2 656 64 7.2
AVD102209 Rsg/Ins 4 mg Type 2 DM poorly controlled Sep 2005-Nov 2006  56.8 61 100 (A) 9.6
Ins/Plc Per usual with Ins 559 66 100 (A) 9.6
AVD104742 Rsg 4-8mg Type 2 DM poorly controlled Dec 2005-May 2007 55 100 100 (A) 8.9
Pio 15-45mg with diet 56 99 100 (A) 8.8
Plc NA 54 88 100 (A) 9.0
ARA102198 Rsg 8 mg Rheumatoid arthritis Nov 2004-Dec 2006 ~ 56.8 6 100 NA
Plc NA 56.2 4 100 NA
AVA105640 Rsg 2mg Mild to moderate Alzheimer Feb 2007-Sep 2008  73.3 36 67 NA
Rsg 8 mg disease 732 35 72 NA
Donepezil 10 mg 729 37 75 NA
Plc NA 727 40 77 NA
49653/044 Rsg/Met 2mg/2.5¢ Type 2 DM poorly controlled Mar 1998-Dec 1999 529 417 42 9.7
Rsg/Met 4mg/2.5¢ with Met 553 234 45 9.3
Plc NA 548 456 43 9.6
49653/096 Rsg/Gly 2 mg/=10 mg Type 2 DM poorly controlled Apr1997-Mar 1998  59.3 85 74 9.3
Rsg/Gly 4 mg/=10 mg with Gly 60.2 93 80 9.1
Gly/Plc =10mg 60.3 90 78 8.9
49653/109 Rsg 2mg Type 2 DM Jan 1999-Apr 2002 527 518 82 (B) 7.9
Rsg 4mg 539 52 92 (B) 8.2
Glip 2.5-10mg 543 48 93 (B) 7.8
49653/282 Rsg 4-8 mg Type 2 DM Jun 2001-Nov 2003  60.7 56.5 80 7.6
Gly 2.5-5mg 596 638 79 7.6
49653/325 Glim/Rsg 2 mg/4 mg Type 2 DM poorly controlled Mar 2003-Jun 2004 539 547 68.5 8.2
Glim 4mg with non-TZD 53 58.6 65.2 8.0
49653/351 Rsg 4-8 mg Type 2 DM with vascular Feb 2003-May 2005 622 75 63 NA
Plc NA disease or hypertension 656 79 62 NA
49653/369 Rsg 4-8 mg Type 2 DM Jan 2003-0ct 2003 516 52 100 6.7
Glib 2.5-10 mg 536 542 100 7.0
49653/452 Rsg 8 mg Multiple sclerosis Apr 2003-Nov 2004 41 12 76 NA
Plc NA 43 21 88 NA
RECORD trial* Rsg/Met or Su  4-8 mg/per usual  Type 2 DM Apr2001-Dec 2008 584 514 99 7.8
Met and Su Per usual 585 517 99 8.0
Weighted Adjusted Means
Rosiglitazone 56.7 552 85.4 8.2
Control 574 544 74.0 8.3

Abbreviations: A, Asian; ADOPT, A Diabetes Outcome Progression Trial; B, Black; BD, twice daily; CHF, congestive heart failure; CVD, cardiovascular disease; DM,

diabetes mellitus; DREAM, Diabetes Reduction Assessment With Ramipril and Rosiglitazone Medication; EIm, enhanced lifestyle management; Glib, glibencamide; Glim,
glimepride; Glip, glipizide; Gly, glyburide; H, Hispanic; Ins, insulin; Met, metformin; NA, not applicable; Pio, pioglitazone; Plc, placebo; RECORD, Rosiglitazone Evaluated
for Cardiac Outcomes and Regulation of Glycemia in Diabetes; Rsg, rosiglitazone; Su, sulfonylurea; TZD, thiazolidinedione.

2All values other than A, B, and H refer to the percentage of whites in the study population.

bHemoglobin A;. NA; fasting blood glucose shown.
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Table 3. Myocardial Infarction (MI) and Cardiovascular (CV) Death in Rosiglitazone Trials

Rosiglitazone Comparators
GSK Trial No. INu. of Patients Mi cv DealhI INlJ. of Patients Mmi cv DealhI
Trials Included in Original Registration Package
49653/011 357 2 1 176 0 0
49653/020 391 2 0 207 1 0
49653/024 774 1 0 185 1 0
49653/093 213 0 0 109 1 0
49653/094 232 1 1 116 0 0
Additional Phase 2, 3, and 4 Efficacy Trials
100684 43 0 0 47 1 0
49653/143 121 1 0 124 0 0
49653/211 110 5 5 114 2 4
49653/284 382 1 0 384 0 0
712753/008 284 1 0 135 0 0
AVM100264 294 0 2 302 1 1
BRL 49653C/185 563 2 0 142 0 0
BRL 49653/334 278 2 0 279 1 1
BRL 49653/347 418 2 0 212 0 0
49653/015 395 2 2 198 1 0
49653/079 203 1 1 106 1 1
49653/080 104 1 0 99 2 0
49653/082 212 2 1 107 0 0
49653/085 138 3 1 139 1 0
49653/095 196 0 1 96 0 0
49653/097 122 0 0 120 1 0
49653/125 175 0 0 173 1 0
49653/127 56 1 0 58 0 0
49653/128 39 1 0 38 0 0
49653/134 561 0 1 276 2 0
49653/135 116 2 2 111 3 1
49653/136 148 1 2 143 0 0
49653/145 231 1 1 242 0 0
49653/147 89 1 0 88 0 0
49653/162 168 1 1 172 0 0
49653/234 116 0 0 61 0 0
49653/330 1172 1 1 377 0 0
49653/331 706 0 1 325 0 0
49653/137 204 1 0 185 2 1
SB-712753/002 288 1 1 280 0 0
SB-712753/003 254 1 0 272 0 0
SB-712753/007 314 1 0 154 0 0
SB-712753/009 162 0 0 160 0 0
49653/132 442 1 1 112 0 0
AVA100193 394 1 1 124 0 0
AVD102209 132 0 0 131 0 1
AVD104742 160 0 0 213 0 0
AVD100521 (APPROACH trial') 331 8 4 337 7 3
AVA105640 331 1 0 250 1 1
ARA102198 49 0 0 49 0 0
49653/044 101 0 0 51 0 0
49653/096 232 0 0 115 0 0
49653/109 52 0 0 25 0 0
49653/325 196 0 0 195 0 0
49653/282 70 0 0 75 0 0
49653/351 28 0 0 29 0 0
49653/369 25 0 0 24 0 0
49653/452 26 0 0 24 0 0
Published Large Prospective Randomized Trials
DREAM trial™® 2635 15 12 2634 9 10
ADOPT™ 1456 27 2 2895 41 5
RECORD trial* 2220 64 60 2227 56 7

Abbreviations: ADOPT, A Diabetes Outcome Progression Trial; APPROACH, Assessment on the Prevention of Progression by Rosiglitazone on Atherosclerosis in
Type 2 Diabetes Patients With Cardiovascular History; DREAM, Diabetes Reduction Assessment With Ramipril and Rosiglitazone Medication; RECORD,
Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of Glycemia in Diabetes.

EXPLORATORY ANALYSES (Peto method) yielded similar excluding the RECORD trial. For
results: the OR was 0.98 (95% ClI, NNH calculations, the background

Substituting all-cause mortality for 0.82-1.17), including the RECORD rate for MI based on the ACCORD
CV death in the primary analysis trial, and 1.16 (95% CI 0.89-1.52), trial was 1.38% per year, or 6.9%
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and Cardiovascular Mortality

Table 4. Primary Analysis of Risk for Myocardial Infarction

No. of

Method Studies Group

Rosiglitazone

Peto OR
(95% ClI)

Control

Group P Value

Risk for Myocardial Infarction?

Including RECORD trial* 41 159/17 258 136/14449  1.28 (1.02-1.63) .04

Excluding RECORD trial 40 95/15038 80/12222  1.39 (1.02-1.89) .04
Risk for Cardiovascular Mortality?

Including RECORD trial 26 105/13672 100/12175 1.03 (0.78-1.36) .86

Excluding RECORD trial 25 45/11 452 29/9949 1.46 (0.92-2.33) 1

Abbreviations: Cl, confidence interval; OR, odds ratio; RECORD, Rosiglitazone Evaluated for Cardiac

Outcomes and Regulation of Glycemia in Diabetes.

2Including RECORD trial: @ statistic, 30.3; P=.87; 1?=0%, Excluding RECORD ftrial: Q statistic, 29.7;

P=.86; 1°’=0%.
PIncluding RECORD trial: @ statistic, 16.2; P=.91; 1°=0%. Excluding RECORD trial: Q statistic, 12.8;
P=.97; 1°=0%.
Risk for Myocardial Infarction
Subgroups by Trial Duration
Durati No. of Patients Weight, | Peto OR |
uration (Rosiglitazone/Control) | %* | (95% Cl) |
Trials <1y in 176 3
duration (n=27) 7702/4565 387 1(093-3.33) I
Trials >1y in 1.22 i
duration (n=14) 9556/9884 613 | (0.96-1.57) it
Subgroups by Comparator :
Insulin (n=3) 768/458 45 | o 59)
Metformin (n=11) 4484/1838 234 (0_714_223_03) +
Sulfonylurea (n=16) 4443/3635 29.9 (0_812'_216_94) +
Placebo (n=11) 6799/45%6 22 | oghr8s) -
Risk for Cardiovascular Mortality 04 10 10
Subgroups by Trial Duration
c " No. of Patients Weight, | OR |
omparator (Rosiglitazone/Control) | %* | (95% Cl) ;
Trials <1y in 232 3
duration (n=17) 4632/2853 290 1093578 T
Trials >1 y in 0.94 "
duration (n=9) 9040/9322 70 | (0.70-1.27) -
Subgroups by Comparatort 1
Insulin (n=3) 678/473 5.0 (0_25;%_20) : >
Metformin (n=5) 2474/2337 210 | 314'_13371) S
Sulfonylurea (n=8) 3342/2719 26.5 (0.613'?\'547) 4:'7
Placebo (n=9) 6414/4419 475 (0_716'?24_73) — -
04 K 10

Figure 2. Risk for myocardial infarction and cardiovascular mortality in trials classified by study duration
and comparator drug. Cl indicates confidence interval; and OR, odds ratio. *Calculated by proportion of
the total sample included in the meta-analysis. fThe RECORD (Rosiglitazone Evaluated for Cardiac
Outcomes and Regulation of Glycemia in Diabetes) trial* was not included in the analysis of the
comparator subgroup because of the combination treatment assignment, and ADOPT (A Diabetes
Outcome Progression Trial)'® was included separately for both the metformin (n=1454) and the
sulfonylurea (n=1441) subgroups, according to randomized assignment.

over the 5-year period typically
used in NNH estimates. Applying
the odds of increased risk for MI
with rosiglitazone from the current
study, the NNH is estimated to be

1 additional MI per 52 patients
(assuming OR=1.28 after inclusion
of the RECORD trial) or 1 addi-
tional MI per 37 patients, (assum-
ing OR=1.39 after exclusion of the

RECORD trial) treated with rosi-
glitazone for 5 years.

i coeT I

The CV safety of rosiglitazone
therapy has remained controversial
after the publication of initial re-
ports that suggested that the use of
rosiglitazone increases the risk for
MI and other ischemic myocardial
events.'*? Despite 11 years on the
market, rosiglitazone has not been
studied in any definitive random-
ized controlled CV outcomes trials.
Accordingly, a meta-analysis of
existing clinical trials represents the
most robust available approach to
determining the CV safety of this
drug. The current study analyzed
MI and CV mortality for 56 ran-
domized trials involving 35531
patients. Using a study-level meta-
analysis, the OR for MI was sig-
nificantly increased but without
evidence of an increase in CV or
all-cause mortality. An alternative
analysis that included trials with no
CV events found a similar hazard
(Figure 3). Subgroups classified by
study duration and comparator
drug also showed elevated OR esti-
mates (Figure 2). These findings
are consistent with prior meta-
analyses conducted by GSK, the
FDA, and most independent in-
vestigators demonstrating an in-
creased risk of MI in patients treated
with rosiglitazone."'*'*2 The FDA
has announced that it will conduct
an advisory committee meeting in
July 2010 to consider whether to
remove rosiglitazone from the
market.

The public health implications of
these results are considerable. There
are more than 23 million persons
with diabetes in the United States
alone and nearly 300 million world-
wide.’®’! Cardiovascular disease is
the leading cause of death in pa-
tients with type 2 diabetes, repre-
senting approximately 68% of all
causes of mortality.’® The esti-
mated 28% to 39% increase in the
risk for MI observed for rosiglita-
zone use in the current analysis and
the NNH of 52 or 37 (with and with-
out the RECORD trial) represent a
significant potential health bur-
den. The magnitude of the ob-
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Risk for Myocardial Infarction
Randomization Ratio No. of Patients Weight, ORT
(No. of Studies) (Rosiglitazone/Control) %* (95% Cl)
111 (31) 4870/4857 274 (0.814?23.44) - —
21 (17) 4983/2469 210 [ 414'_13601) —
312) 1566/501 58 (0_013?393_4) < : >
413) 1779/439 6.2 (0.7%_9385) .
DREAM trial 2635/2634 14.8 (0.714?; 8) ——
ADOPT 1456/2895 122 | oz 5) e
RECORD trial 2220/2227 125 (0_;0_115_66) —-—
Overall 19500/16022 100 (1_(;1'_218_62) -
Overall (without 1.38 i
RECORD trial) 17289/13795 87.5 | (1.02-1.87) 3‘
Risk for Cardiovascular Mortality 0.1 1.0 10
Randomization Ratio No. of Patients Weight, ORt
(No. of Studies) (Rosiglitazone/Control) %* (95% ClI)
11(31) 4870/4857 274 (0_712'f‘26_96) —
21 (17) 4983/2469 21.0 (0.53;‘3‘;27) R S
31 1566/501 58 | 00| < : >
413) 1779/439 6.2 (0.0%_7148.2) < >
DREAM trial 2635/2634 148 (0.512'_22978) —
ADOPT 1456/2895 12.2 (0_1%5?_10) -
. 0.84 3
RECORD trial 2220/2227 125 | (0.60-20) .
0.99 1
Overall 19500/16022 100 | 0751 32) <>
Overall (without 1.36 3
RECORD trial) 17289/13795 875 | (0.84-2.21) -
01 10 10

Figure 3. Alternative analysis of risk for myocardial infarction and cardiovascular mortality, including
studies with no events. ADOPT indicates A Diabetes Outcome Progression Trial'%; Cl, confidence interval;
DREAM, Diabetes Reduction Assessment With Ramipril and Rosiglitazone Medication®; OR, odds ratio;
and RECORD, Rosiglitazone Evaluated for Cardiac Outcomes and Regulation of Glycemia in Diabetes.*
*Calculated by proportion of the total sample included in the meta-analysis. fMantel-Haenszel method.

served effect is larger than might be
anticipated in a safety analysis using
intent-to-treat (ITT) methods. In ITT
efficacy studies, discontinuation of
therapy or crossovers between treat-
ment groups bias the study toward
the null hypothesis, thereby favor-
ing the control treatment. How-
ever, in safety studies, similar flaws
in study conduct bias the investiga-
tion toward a relative risk of 1.0, pro-
viding the potential for a false dec-
laration of safety. Accordingly, using
standardized ITT methods, it is sta-
tistically much more difficult to con-
clude that a therapy is unsafe than
to demonstrate efficacy. Because we
did not have access to patient-level
data, we were unable to perform a
useful alternative analysis that is

commonly used in drug-safety stud-
ies, a “per protocol” approach that
includes events that occurred “on-
treatment” or within 30 days after
discontinuation of treatment.

We elected to present analyses
with and without the RECORD trial.
Several of the concerns about the
RECORD trial have been reported
elsewhere.”® The study was an open-
label, randomized noninferiority trial
that compared rosiglitazone with
metformin or sulfonlyurea. The pri-
mary efficacy parameter was uncon-
ventional, CV hospitalization or
death. The study postulated an
annual event rate of 11% but ob-
served an event rate of only 2.6%, a
large mismatch that substantially
reduced statistical power. The MI

rate for the control group in the
RECORD trial was 0.52% per year
compared with 1.38% for a similar
population in the ACCORD trial,
raising the concern that MIs may
have been incompletely ascer-
tained. By the end of the trial, 40%
of patients randomized to rosiglita-
zone therapy were no longer taking
the drug. Nonadherence to random-
ized therapy represents an impor-
tant issue in a safety trial because,
as noted above, dropouts and cross-
overs bias the result toward the null
hypothesis. Finally, the company
compromised data integrity by pub-
lishing an unplanned interim analy-
sis®® and appears to have had access
to ongoing study data at a time when
the trial should have remained
blinded.*®"

The limitations of our meta-
analysis are notable. We had access
to study-level data that were di-
closed as a result of a court settle-
ment and subsequently posted on a
company Web site. The unavailabil-
ity of patient-level data precluded a
more statistically powerful analysis
using time-to-event methods. How-
ever, it should be noted that the
original 2007 meta-analysis was sub-
sequently replicated by the FDA
using time-to-event data, resulting
anearly identical relative risk. There
are important strengths to the study.
The number of patients and studies
included in the analysis is substan-
tially larger than was available for
our original meta-analysis, which
was completed in 2007. Further-
more, because disclosure of all clini-
cal trials by the maker of rosiglita-
zone was mandated by a court order,
the common problem of publica-
tion bias did not confound our analy-
ses. The original 2007 analysis was
criticized by some authors because
it did not include clinical trials in
which there were no events." There-
fore, in the current effort, we pro-
vided an alternative approach that
includes all 56 trials, regardless of
whether there were adverse events.
With both methods, the OR was
nearly identical.

A related issue involves the ques-
tion of whether use of the other mar-
keted thiazolidinedione, pioglita-
zone, carries similar risks. A large
CV outcomes trial with pioglita-
zone, the PROACTIVE (Prospec-
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tive Pioglitazone Clinical Trial in
Macrovascular Events) trial, which
was published in 2005, did not show
statistically significant benefits.* It
showed a trend toward reduction in
the primary efficacy parameter, a
broad composite of CV events (HR,
0.90; 95% CI, 0.80-1.02; P=.10).
However, a prespecified secondary
end point of death, MI, and stroke
showed a benefit (HR, 0.84;95% CI,
0.72-0.98; P=.03). A patient-level
meta-analysis of CV outcomes with
pioglitazone analyzed 19 trials, with
a total enrollment of 16390 pa-
tients, and showed a statistically sig-
nificant benefit on the composite of
death, MI, and stroke (OR, 0.82;95%
CI,0.72-0.94; P=.005). These find-
ings effectively rule out a CV haz-
ard for pioglitazone use and sug-
gest the possibility of a CV benefit.
However, it must be noted that the
use of both rosiglitazone and piogl-
itazone has been associated with an
increased risk of congestive heart
failure.

The potential mechanism(s) for
CV harm from rosiglitazone use (and
the differences from pioglitazone
use) remains to be elucidated, but
there are several reasonable hypoth-
eses. Rosiglitazone therapy in-
creased low-density lipoprotein cho-
lesterol (LDL-C) levels as much as
23% in trials, leading to approval.”!
Current FDA guidelines consider a
drug that lowers LDL-C levels by at
least 15% “approvable” for pre-
sumed CV benefits. Although the
FDA has not established a level of
increase in LDL-C that is presumed
to cause harm, a drug that in-
creases LDL-C levels would reason-
ably be expected to increase CV ad-
verse events. Interestingly, the lipid
effects of the 2 marketed thiazoli-
dinediones, pioglitazone and rosi-
glitazone, are markedly different.**
In a comparative efficacy trial, rosi-
glitazone therapy produced greater
increases in LDL-C levels and raised
triglyceride levels, while pioglita-
zone therapy reduced triglyceride
levels. Pioglitazone therapy also pro-
duced significantly greater in-
creases in high-density lipoprotein
cholesterol compared with rosiglita-
zone therapy. Thiazolidinediones are
nuclear receptor agonists that modu-
late expression of a large number of
genes. There are major differences

in the pattern of gene modulation for
pioglitazone vs rosiglitazone.” Rosi-
glitazone activates a gene associ-
ated with production of matrix me-
talloproteinase 3, an enzyme linked
to plaque rupture.*

There are also implications of
these findings on the traditional ap-
proach used by regulatory authori-
ties to approve drugs that are used
to treat diabetes. Historically, evi-
dence of a glucose-lowering effect,
with no evidence for obvious safety
issues, was sufficient for approval.
In the wake of the rosiglitazone con-
troversy, the FDA has mandated that
sponsors of all new diabetes drugs
perform CV outcomes studies suf-
ficient to rule out an HR with an up-
per 95% CI of 1.8 before approval
and 1.3 after approval.*” Had such
requirements been in place at the
time rosiglitazone was developed, it
seems likely that the drug would
never have been approved.

The results of the current meta-
analysis suggest an unfavorable ben-
efit to risk ratio for rosiglitazone use.
The implications of this finding war-
rant further discussion. Even amod-
estincrease in the risk of MI in a dia-
betic population would have serious
consequences. Reviewers within the
FDA Office of Surveillance and Epi-
demiology calculated the number of
major CV events potentially attrib-
utable to rosiglitazone therapy from
1999 to 2006, reporting a range from
41000 to 205 000.* More recently,
using lower estimates of the rate of
drug use after the 2007 contro-
versy, FDA reviewers have calcu-
lated the number of excess MIs (6000
annually) potentially attributable to
rosiglitazone use relative to treat-
ment with the alternative thiazoli-
dinedione, pioglitazone.® Although
hyperglycemia has been associated
with an increased risk of microvas-
cular adverse events, there are now
12 classes of drugs that are ap-
proved to lower blood glucose lev-
els, including insulin. Because no
unique benefits of rosiglitazone use
have been identified, administration
of this agent solely to lower blood glu-
cose levels is difficult to justify.
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