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IMPORTANCE No therapy directed against diabetes has been shown to unequivocally reduce
the excess risk of cardiovascular complications. Aleglitazar is a dual agonist of peroxisome
proliferator-activated receptors with insulin-sensitizing and glucose-lowering actions and
favorable effects on lipid profiles.

OBJECTIVE To determine whether the addition of aleglitazar to standard medical therapy
reduces cardiovascular morbidity and mortality among patients with type 2 diabetes mellitus
and a recent acute coronary syndrome (ACS).

DESIGN, SETTING, AND PARTICIPANTS AleCardio was a phase 3, multicenter, randomized,
double-blind, placebo-controlled trial conducted in 720 hospitals in 26 countries throughout
North America, Latin America, Europe, and Asia-Pacific regions. The enrollment of 7226
patients hospitalized for ACS (myocardial infarction or unstable angina) with type 2 diabetes
occurred between February 2010 and May 2012; treatment was planned to continue until
patients were followed-up for at least 2.5 years and 950 primary end point events were
positively adjudicated.

INTERVENTIONS Randomized in a 1:1 ratio to receive aleglitazar 150 pg or placebo daily.

MAIN OUTCOMES AND MEASURES The primary efficacy end point was time to cardiovascular
death, nonfatal myocardial infarction, or nonfatal stroke. Principal safety end points were
hospitalization due to heart failure and changes in renal function.

RESULTS The trial was terminated on July 2, 2013, after a median follow-up of 104 weeks,
upon recommendation of the data and safety monitoring board due to futility for efficacy at
an unplanned interim analysis and increased rates of safety end points. A total of 3.1% of
patients were lost to follow-up and 3.2% of patients withdrew consent. The primary end
point occurred in 344 patients (9.5%) in the aleglitazar group and 360 patients (10.0%) in
the placebo group (hazard ratio, 0.96 [95% Cl, 0.83-1.11]; P = .57). Rates of serious adverse
events, including heart failure (3.4% for aleglitazar vs 2.8% for placebo, P = .14),
gastrointestinal hemorrhages (2.4% for aleglitazar vs 1.7% for placebo, P = .03), and renal
dysfunction (7.4% for aleglitazar vs 2.7% for placebo, P < .001) were increased.

CONCLUSIONS AND RELEVANCE Among patients with type 2 diabetes and recent ACS, use of
aleglitazar did not reduce the risk of cardiovascular outcomes. These findings do not support

the use of aleglitazar in this setting with a goal of reducing cardiovascular risk.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCTO1042769
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ardiovascular disease remains the dominant cause of

mortality among patients with type 2 diabetes.! Diabe-

tesimparts an increased prevalence and severity of ath-
erosclerosis and greater risk of cardiovascular events.?3 Man-
agement of traditional atherosclerotic risk factors are effective
inreducing the cardiovascular disease risk in people with and
without diabetes, but do not neutralize the excess risk asso-
ciated with diabetes.>#> No pharmacological therapy specifi-
cally directed against diabetes nor strategy for rigorous con-
trol of glucose levels has been shown to unequivocally reduce
the rate of macrovascular events in this population.®”

Peroxisome proliferator-activated receptors (PPARS) regu-
late genes involved in lipid and energy metabolism.%° Ago-
nists of the PPAR-a and PPAR-y subtypes are currently ap-
proved for management of dyslipidemia and type 2 diabetes.
Fibrate agonists of PPAR-a exert favorable effects on lipid pro-
files, increasing production of apolipoproteins Al and AIl and
levels of high-density lipoprotein cholesterol (HDL-C) and de-
creasing levels of serum triglycerides. Thiazolidinediones, ago-
nists of PPAR-y, reduce hyperglycemia through enhanced fatty
acid uptake by adipose tissue and improved p-cell function and
insulin sensitivity. As both dyslipidemia and insulin resis-
tance are associated with atherosclerosis in patients with
diabetes, dual PPAR agonists (PPAR-a/y) hold the potential to
combine favorable actions on lipoproteins with insulin-
sensitizing and glucose-lowering effects.

Aleglitazar is a potent dual PPAR agonist with balanced af-
finity for the PPAR-a and PPAR-y subtypes.'° In phase 2 trials,
aleglitazar significantly reduced glycated hemoglobin levels,
triglycerides, and low-density lipoprotein cholesterol (LDL-C)
and increased HDL-C.'"'* Dose-related fluid retention and
weight gain and reversible increases in serum creatinine were
also observed."'* We conducted this trial to test the hypoth-
esis that aleglitazar added to standard therapy would reduce
the risk of cardiovascular mortality and morbidity among pa-
tients with diabetes mellitus and recent acute coronary syn-
drome (ACS).

Methods

Study Design and Organization

This study was a randomized, double-blind, placebo-
controlled, multicenter, superiority trial. The design has pre-
viously been published.# The appropriate national and insti-
tutional regulatory and ethical boards approved the protocol,
and all patients provided written informed consent. An
executive steering committee, consisting of academic mem-
bers and 2 nonvoting representatives from the sponsoring
company (Roche), designed the trial and were responsible for
its conduct and for the presentation and publication of
results. The trial was managed by an international partner-
ship of 5 academic research organizations that, together with
the sponsor, coordinated the academic leadership and pro-
vided site and data management. A data and safety monitor-
ing board (DSMB), consisting of independent physicians and
statisticians with access to unblinded data, monitored the
safety of the study.
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Study Population

Patients were eligible for enrollment if they were hospital-
ized for ACS with either established (managed by diet or
medication) or newly diagnosed type 2 diabetes. Acute
coronary syndrome included myocardial infarction, with or
without ST segment elevation on the electrocardiogram, or
biomarker-negative unstable angina. Exclusion criteria
included symptomatic heart failure, hospitalization with
heart failure within the previous 12 months, severe periph-
eral edema, chronic kidney disease (estimated glomerular
filtration rate of <45 mL/min/1.73 m?), or fasting triglyceride
level greater than 400 mg/dL (eAppendix 2 in the Supple-
ment shows details regarding inclusion and exclusion
criteria). Patients could be randomized at hospital discharge
following the qualifying ACS event or after a screening
period of no longer than 12 weeks to allow stabilization of
their clinical condition, completion of planned revascular-
ization procedures, and achievement of steady-state renal
function.

Study Drug and Treatments

Patients were assigned in a double-blind fashion and a 1:1 ra-
tio using a permuted block randomization without stratifica-
tion through an interactive telephone and web system to re-
ceive aleglitazar, 150 pg daily, or matching placebo, in addition
to contemporary and guideline-based care for ACS, diabetes,
and coronary heart disease risk factors. Concomitant use of sys-
temic corticosteroids for longer than 2 weeks, thiazolidin-
ediones, or fibrates was not permitted. Patients returned for
outpatient visitsat 1, 3, 6, 9, and 12 months following random-
ization, followed by alternating visits and phone contact ev-
ery third month thereafter.

End Points

The primary efficacy end point was the time to first occur-
rence of any component of the composite of cardiovascular
mortality, nonfatal myocardial infarction, or nonfatal stroke.
Secondary end points were the primary composite with the ad-
dition of hospitalization for biomarker-negative unstable an-
gina; a composite of all-cause mortality, myocardial infarc-
tion, or stroke; and unplanned coronary revascularization
(definitions in eAppendix 2 in the Supplement). Exploratory
efficacy end points included measures of glycemic control (in-
cluding the proportion of patients achieving glycated hemo-
globin of less than 7.0% or a new need for permanent insulin
during the trial) and lipid levels. Key safety end points were
hospitalization due to heart failure and a composite renal end
point of the development of end-stage renal disease, dou-
bling of serum creatinine, or greater than 50% increase in cre-
atinine leading to study drug discontinuation. Adverse events
of particular interest for PPAR or antihyperglycemic medica-
tions were recorded, including fluid retention leading to pe-
ripheral edema or congestive heart failure, bone fractures, hy-
poglycemia, or malignancies. A clinical events committee,
blinded to treatment assignment, adjudicated all suspected
myocardial infarction, stroke, hospitalization for unstable an-
gina, and hospitalization for heart failure end points as well
as causes of death.
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Statistical Analysis

The primary efficacy analysis was based on the intention-to-
treat population, with the test of the null hypothesis based on
the estimate (and standard deviation) for the treatment ef-
fect in a Cox proportional hazards model stratified by ACS in-
dex event (myocardial infarction vs unstable angina) and pres-
ence or absence of reperfusion therapy during the index event.
Patients who were lost to follow-up or withdrew consent were
censored at the time that they were last known to be event free.
The study was designed as a superiority trial, with an ex-
pected risk reduction of 20% for the primary composite end
point. It was intended that the trial would continue until ac-
crual of 950 adjudicated events, providing an 80% power for
a2-sided a of .01 or less (a significance threshold intended for
regulatory approval) in a log-rank test. Initial assumptions of
placebo group event rates were a 10% risk in the first year, with
a 4% annual event rate thereafter. Sample size to achieve the
specified number of primary end points was determined to be
6000 patients over at least 2.5 years of follow-up. Because the
observed primary end point event rate was lower than ex-
pected during the initial phase of the trial, the sample size was
recalculated in ablinded manner and increased to at least 7000
patients.

A single interim analysis for efficacy or futility was to have
occurred at the accrual of 80% of the expected composite end
point events (approximately 760 of the required 950 adjudi-
cated events). A recommendation to terminate the trial for ef-
ficacy would have required a P value less than .001 in the pri-
mary efficacy analysis, with consistency in both mortality and
morbidity findings and no increase in all-cause mortality. Fu-
tility analysis was to be performed by calculation of condi-
tional power, an estimate of the probability that the study
would show a statistically significant effect on the primary end
point given the results to date and assumptions regarding out-
come through the end of the study. A recommendation to stop
the trial for futility would have required a conditional power
below 10%, under the observed efficacy trend at the time of
interim analysis, at the 2-sided a level less than .05. Statisti-
cal analyses were performed using SAS (SAS Institute Inc), ver-
sion 9.2.

. |
Results

Patients

A total of 7226 patients were enrolled from 720 sites in 26 coun-
tries between February 2010 and May 2012. Baseline charac-
teristics are presented in Table 1. The qualifying event was bio-
marker-positive myocardial infarction in 76% of patients, with
a median time from ACS hospitalization to randomization of
28 days. Among the 90% of enrolled patients in whom the di-
agnosis of diabetes had been established prior to the index hos-
pitalization, the mean time between diagnosis and study en-
try was 8.6 years.

Inresponse toits identification of a higher incidence of spe-
cificadverse events in the aleglitazar group, the independent
DSMB directed that an unplanned interim analysis of futility
for the primary end point be performed for its eighth planned
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safety review. That interim analysis included 522 adjudicated
primary end point events (55% of those projected): 262 pri-
mary end point events in the aleglitazar group and 260 events
in the placebo group (hazard ratio [HR] for aleglitazar, 1.01[95%
CI, 0.85-1.19]; P = .95). The futility analysis, using the meth-
odology that would have been applied at the planned interim
analysis of 760 end point events, indicated less than 1% con-
ditional power to demonstrate superiority to a P value less
than .05if the trial were carried to completion. Based on these
findings, the DSMB recommended termination of the trial for
futility. The executive steering committee and sponsor ac-
cepted this recommendation, and the trial was terminated on
July 2, 2013. By completion of patient follow-up and finaliza-
tion of the trial database on December 17, 2013, 704 primary
end point events (74% of those projected) had been posi-
tively adjudicated.

Patient assignment and follow-up are detailed in Figure 1.
The median follow-up period was 104 weeks (interquartile
range [IQR], 82-129). More patients in the aleglitazar group than
the placebo group discontinued study drug prematurely (29.3%
for aleglitazar vs 25.3% for placebo). Median time on the study
drug was 89 weeks (IQR, 67-117 weeks) in the aleglitazar group.
Atotal of 3.1% of patients were lost to follow-up and 3.2% with-
drew consent.

Cardiovascular Efficacy End Points

The primary end point event of cardiovascular death, nonfa-
tal myocardial infarction, or nonfatal stroke occurred in 344
patients (9.5%) in the aleglitazar group and 360 patients (10.0%)
in the placebo group (HR for aleglitazar, 0.96 [95% CI, 0.83-
1.11]; P = .57) (Figure 2A and Table 2). Aleglitazar had no de-
tectable effect on the rates of any individual component of the
primary end point or on the secondary composite end points,
although there were significant reductions in hospitaliza-
tions for unstable angina and in unplanned revasculariza-
tions (Table 2). There was no evidence that effects of treat-
ment differed among subgroups (eFigure 1in the Supplement).

Glycemic Control and Lipoproteins
Exploratory end points relating to glycemic control and lipo-
protein effects were assessed. Glycated hemoglobin was sig-
nificantly lower among patients assigned to aleglitazar than
to placebo (Figure 3A). The mean change from baseline was
-0.99% in the aleglitazar group and -0.36% in the placebo
group; least squares difference, -0.60% (95% CI, —0.65% to
-0.55%, P < .001) at month 3. More patients in the aleglitazar
group than the placebo group achieved a glycated hemoglo-
binlevel of less than 7% by the end of the treatment period (86%
for aleglitazar vs 71% for placebo, P < .001) and fewer patients
required institution of permanent insulin therapy (18.4% for
aleglitazar vs 20.6% for placebo, P = .02).

Changes in lipoprotein levels are shown in Figure 3B-3D.
At 3 months, HDL-C levels increased from baseline by 26.9%
in the aleglitazar group and 8.4% in the placebo group; least
squares difference, 18.6% (95% CI, 17.4% to 19.7%, P < .001).
Triglyceride levels decreased by 23.9% in the aleglitazar group
and increased by 10.9% in the placebo group; least squares dif-
ference, -34.9% (95% CI, -37.3% to —32.5%, P < .001). The LDL-C
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Table 1. Baseline Characteristics and Treatment of the Patients in the Aleglitazar Group Compared With the

Placebo Group

Aleglitazar Group Placebo Group
(n =3616) (n =3610)
Characteristics
Age, y
>75 296 (8.2) 285 (7.9)
Mean (SD) 61 (10) 61 (10)
Men 2641 (73.1) 2619 (72.5)
Race/Ethnicity
White 2427 (67.2) 2391 (66.3)
Asian 942 (26.1) 942 (26.1)
Geographic region
Europe 1285 (35.6) 1266 (35.1)
North America 1015 (28.1) 993 (27.5)
Asia/Pacific 980 (27.1) 990 (27.4)
Latin America 331 (9.2) 358 (9.9)
Weight
Median (IQR) 80.6 (70.0-93.6) 81.0 (70.0-94.1)
Mean (SD) 82.9 (18.9) 83.3(19.1)

BMI, median (IQR)
Diabetes mellitus
Newly diagnosed
Diagnosis to randomization, mean (SD), y
Glycated hemoglobin, %
Median (IQR)
Mean (SD)
Fasting plasma glucose, median (IQR), mg/dL
eGFR?
290
60-<90
45-<60
<45
Clinical values, mean (SD), mg/dL
Serum creatinine
HDL cholesterol
LDL cholesterol
Serum triglycerides

N-terminal pro-brain natriuretic peptide,
median (IQR), pmol/L

Index acute coronary syndrome event
ST segment elevation myocardial infarction
Non-ST segment elevation myocardial infarction
Unstable angina

Percutaneous coronary intervention during index
hospitalization

Coronary bypass surgery during index
hospitalization

Medical history
Myocardial infarction
Stroke
Coronary artery surgery
Percutaneous coronary intervention
Angina pectoris
Congestive heart failure

28.6 (25.6-32.1)

361 (10.1)
8.6 (7.5)

7.5 (6.6-8.8)
7.8 (1.7)
136 (113-171)

907 (25.6)
1929 (54.4)

555 (15.6)

158 (4.5)

0.98 (0.27)
42 (11)
79 (31)
152 (90)
383 (147-967)

1410 (39.0)
1313 (36.3)

891 (24.6)
2633 (72.8)

167 (4.6)

818 (22.6)
193 (5.3)
267 (7.4)
688 (19.0)
835 (23.1)
374 (10.3)

28.7 (25.7-32.5)

385 (10.7)
8.6 (7.8)

7.5 (6.6-8.7)
7.8 (1.6)
133 (112-171)

932 (26.3)
1952 (55.0)

517 (14.6)

149 (4.2)

0.97 (0.27)

42 (11)

80 (31)
154 (101)
378 (138-913)

1425 (39.5)
1330 (36.8)

855 (23.7)
2595 (71.9)

220 (6.1)

831 (23.0)
204 (5.7)
256 (7.1)
678 (18.8)
826 (22.9)
385 (10.7)

JAMA Published online March 30, 2014

(continued)

jama.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://jama,jamanetwork.com/ by a JMLA Saitama Medical University User on 04/06/2014



Aleglitazar and Cardiovascular Outcomes After ACS in T2D Patients

Original Investigation Research

Table 1. Baseline Characteristics and Treatment of the Patients in the Aleglitazar Group Compared With the

Placebo Group (continued)

No. (%)
Aleglitazar Group Placebo Group Abbreviations: BMI, body mass index
(n = 3616) (n = 3610) (calculated as weight in kilograms
Antihyperglycemic medications 3049 (84.3) 3002 (83.2) divided by height in meters squared);
Biguanides 2414 (66.8) 2379 (65.9) eGFR, est|mated glomerularflltratmn
rate; IQR, interquartile range; HDL,
Sulfonylureas 1250 (34.6) 1222 (33.9) high-density lipoprotein; LDL,
Insulin 1035 (28.6) 1066 (29.5) low-density lipoprotein.
Cardiovascular medications Sl conversions: To convert HDL and
L LDL to millimoles per liter, multiply by
A 3457 (95.6 3439 (95.3
spirin ( ) ( ) 0.0259; triglycerides to millimoles
Adenosine diphosphate inhibitors 3214 (88.9) 3153 (87.3) per liter, multiply by 0.0113;
Statins 3332(92.1) 3357 (93.0) creatinine to micromoles per liter,
B-Blockers 3021 (83.5) 3022 (83.7) multiply by 88.4.
R —
Renin-angiotensin system blockers 2988 (82.6) 2963 (82.1) Estimated glomerular filtration rate

was calculated as mL/min/1.73 m2.

Figure 1. CONSORT Diagram

8364 Patients entered screening period

—>| 1138 Excluded (not enrolled, ineligible)

(" 7226 Randomized :

3616 Randomized to receive aleglitazar
3586 Received aleglitazar as randomized
30 Did not receive aleglitazar

3610 Randomized to receive placebo
3587 Received placebo as randomized
22 Did not receive placebo
1 Received aleglitazar

|

!

1060 Discontinued study drug
316 Had an adverse event
308 Refused treatment
167 Had abnormal kidney function
90 Met cardiovascular end point
84 Administrative
64 Lost to follow-up (no other reason)
27 Other

913 Discontinued study drug
240 Had an adverse event
329 Refused treatment
62 Had abnormal kidney function
94 Met cardiovascular end point
82 Administrative
79 Lost to follow-up (no other reason)

31 Other
v

|

105 Lost to follow-up
120 Withdrew consent

119 Lost to follow-up
108 Withdrew consent

|

!

‘ 3616 Included in the primary analysis ‘ ‘

3610 Included in the primary analysis

Data were not collected regarding
specific reasons for ineligibility.

levelsincreased more in the aleglitazar group (12.9%) than the
placebo group (9.4%); least squares difference, 3.7% (95% CI,
1.7% to 5.5%, P < .001), although apolipoprotein B levels de-
creased by 2.7% in the aleglitazar group and increased by 4.6%
in the placebo group; least squares difference, —7.3% (95% CI,
-8.6t0-6.1, P < .001).

Safety End Points

Safety end points are also summarized in Table 2. Hospital-
ization for heart failure occurred in 3.4% of patients random-
ized to aleglitazar compared with 2.8% of patients in the pla-
cebo group (HR, 1.22 [95% CI, 0.94-1.59]; P = .14; Figure 2B).
A serious adverse event of heart failure was reported in 4.7%
of patients in the aleglitazar group and 3.8% of patients in the
placebo group (HR, 1.24 [95% CI, 0.99-1.66], P = .06). The mean
change in body weight from baseline to end of study was greater
among patients in the aleglitazar treatment group (4.6 kg for

jama.com

aleglitazar vs 0.9 kg for placebo, P < .001; Figure 4A), and more
patients receiving aleglitazar developed peripheral edema
(14.0% for aleglitazar vs 6.6% for placebo, P < .001). Of the 112
cardiovascular deaths in the aleglitazar group, 16 were classi-
fied as due to heart failure; of the 98 cardiovascular deaths in
the placebo group, 7 were due to heart failure (Table 2).
Gastrointestinal hemorrhage occurred significantly more
frequently and bone fracture numerically more frequently
among patients in the aleglitazar group (Table 2 and eFigures
2 and 3 in the Supplement). Changes from baseline in serum
creatinine are shown in Figure 4B; by month 24, mean serum
creatinine had increased by 0.11 mg/dL in the aleglitazar group
and by 0.01 mg/dL in the placebo group; least squares differ-
ence, 0.10 mg/dL (95% CI, -0.08 to 0.1 mg/dL; P < .001). There
were no differences in creatinine levels between groups by 4
weeks after discontinuation of study drug. The composite re-
nal end point occurred more frequently among patients ran-
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Figure 2. Kaplan-Meier Estimates of Time to First Occurrence of Primary Efficacy End Point and Hospitalization for Heart Failure
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Y-axis in blue indicates range from 0% to 10%. The primary efficacy end point was time to cardiovascular death, nonfatal myocardial infarction, or nonfatal stroke.

Table 2. Efficacy and Safety End Points of the Aleglitazar Group Compared With the Placebo Group

E6

No. (%)

Aleglitazar Group Placebo Group Hazard Ratio
End Point (n=3616) (n=3610) (95% ClI) P Value
Efficacy measures
Cardiovascular death, nonfatal 344 (9.5) 360 (10.0) 0.96 (0.83-1.11) .57
myocardial infarction, or nonfatal
stroke: primary efficacy end point
Cardiovascular death, nonfatal 441 (12.2) 488 (13.5) 0.90 (0.79-1.02) 11
myocardial infarction, nonfatal
stroke, or hospitalization for
unstable angina
Death from any cause, nonfatal 373 (10.3) 392 (10.9) 0.95 (0.83-1.10) il
myocardial infarction, or nonfatal
stroke
Death from any cause® 148 (4.1) 138 (3.8) 1.08 (0.85-1.36) .54
Death from cardiovascular cause 112 (3.1) 98 (2.7) 1.15 (0.87-1.50) .32
Nonfatal myocardial infarction 212 (5.9) 239 (6.6) 0.89 (0.74-1.07) 22
Nonfatal stroke 49 (1.4) 50 (1.4) 0.98 (0.66-1.45) .92
Hospitalization for unstable angina 118 (3.3) 155 (4.3) 0.75 (0.59-0.96) .02
Unplanned coronary 397 (11.0) 498 (13.8) 0.79 (0.69-0.90) <.001
revascularization
Safety measures
Hospitalization for heart failure 122 (3.4) 100 (2.8) 1.22 (0.94-1.59) 14 a One additional death in the
Gastrointestinal hemorrhage 85 (2.4) 60 (1.7) 1.44 (1.03-2.00) .03 aleglitazar group was not
Bone fracture 83 (2.3) 64 (1.8) 1.30 (0.94-1.80) 11 adjudicated and was not included in

this time-to-event analysis.

domized to aleglitazar (7.4% for aleglitazar vs 2.7% for pla-
cebo; HR, 2.85 [95% CI, 2.25 to 3.60]; P < .001). Significantly
more patients in the aleglitazar group reported at least 1 hy-
poglycemic event (17% for aleglitazar vs 11% for placebo; HR,
1.60 [95% CI, 1.41 to 1.82]; P < .001). There were no differ-
ences in rates of malignancy.

|
Discussion

Our trial set out to determine whether treatment with the dual
PPAR agonist aleglitazar, when added to standard of care for
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patients with type 2 diabetes mellitus, would reduce the risk
of recurrent cardiovascular events following a recent ACS. Al-
though aleglitazar reduced glycated hemoglobin and im-
proved serum HDL-C and triglyceride levels, it did not signifi-
cantly decrease the incidence of cardiovascular death,
myocardial infarction, or stroke. Aleglitazar increased the risks
of heart failure, renal dysfunction, bone fractures, gastroin-
testinal hemorrhage, and hypoglycemia.

Despite the favorable metabolic effects of PPAR activa-
tors, evidence to date has been inconclusive as to whether
either PPAR-a or PPAR-y agonists favorably modify cardio-
vascular outcomes. Pioglitazone decreased the incidence of
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Figure 3. Mean Change in Glycated Hemoglobin, High- and Low-Density Lipoprotein Cholesterol, and Triglyceride Levels From Baseline

Through 36 Months
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cardiac ischemic events in high-risk patients with diabetes
mellitus in a large randomized trial,™ a finding corroborated
by a meta-analysis'® and by imaging studies showing
reduced progression of atherosclerosis in the carotid'”
and coronary'® vascular beds. In contrast, although early
trials showed reductions in cardiovascular events with
gemfibrozil,'?-2° there were no clinical benefits of fenofi-
brate administered concomitantly with statin therapy in
more contemporary studies.?>>* Challenges associated with
these drugs include reversible increases in serum creatinine
related to PPAR-a activation?? and fluid retention, heart
failure,?#:25 and bone fractures with PPAR-y agonists.2%:27
Prior attempts to develop dual PPAR-activating drugs have
been unsuccessful. The investigational agent, muraglitazar,
was associated with an apparent excess of adverse cardiac
ischemic events in an aggregate analysis of small phase 2
and phase 3 trials,?® whereas development of another dual
agonist, tesaglitazar, was terminated due to renal toxicity.?®

jama.com

No dual PPAR activator has previously been evaluated in a
large-scale cardiovascular outcomes trial.

There are several potential explanations for why alegli-
tazar did not reduce cardiovascular mortality and morbidity
in our trial. First, the magnitude of changes in HDL-C and
triglyceride levels achieved with aleglitazar may not have
been sufficient to impart additional cardiovascular
benefit when administered concurrently with statin treat-
ment. It is relevant in this regard that pioglitazone reduced
cardiac end points during a prior trial in which only 43% of
patients received statins and the mean baseline LDL-C level
was 112 mg/dL,'> whereas statins were used in 92% of
patients and the mean baseline LDL-C level was 79 mg/dL in
our trial. Alternatively, HDL-C and triglycerides may not
determine the risk of recurrent events among patients
with established cardiovascular disease, despite the epide-
miological associations observed in initially healthy
cohorts.3°34 The lack of clinical benefit seen with other
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Figure 4. Mean Change in Weight and Creatinine Levels From Baseline Over Time
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who received at least 1dose of study drug and according to drug actually

received. B, Follow-up values were obtained 4 weeks after end of treatment. To
convert creatinine to micromoles per liter, multiply by 88.4. Error bars indicate
95% Cls.

agents, such as dalcetrapib,3® niacin,3®37 or fibrates,?"?? in
recent trials provides support for this argument. Moreover,
given the pronounced reduction in glycated hemoglobin
with aleglitazar, presumably marking an insulin-sensitizing
effect of the drug, the results of our trial call into question a
causal relationship of insulin resistance to cardiovascular
risk among patients with established cardiovascular
disease.

Second, some therapies may be unable to exert a cardio-
protective effect in patients with extensive atherosclerosis
and long-standing diabetes or may require a very long dura-
tion of exposure to achieve such effects. All patients in our
trial had cardiovascular disease, and 90% had established
diabetes for an average of 8 years before enrollment. In the
United Kingdom Prospective Diabetes Study,3® a trial that
notably enrolled only patients with newly diagnosed diabe-
tes and without apparent heart disease, a “legacy effect”
was observed in which benefit of strict glycemic control
with respect to cardiovascular outcomes emerged only
after more than 10 years. Nevertheless, patients with ACS
and type 2 diabetes are among those at highest risk for
recurrent cardiovascular events and therefore have the
greatest unfulfilled need for additional therapies. Although
very early ischemic events after ACS may be primarily
thrombotic, and thus not modifiable by metabolic thera-
pies, short-term events (within the first year) occur with
high frequency and may be modifiable by lipid or metabolic
interventions.3%-4° Our trial was designed to exclude very
early recurrent events, by randomizing patients after a sta-
bilization screening period of up to 12 weeks, but to include
the period of greatly increased risk in the months following
an ACS event.

Third, favorable lipid and metabolic effects of aleglita-
zar may have been negated by adverse effects of the drug,
including heart failure, reduced renal function, hypoglyce-

E8 JAMA Published online March 30, 2014

mia, and increased LDL-C, resulting in no net cardiovascular
benefit. Heart failure is an established risk of PPAR-y activa-
tors and thought to be due to fluid retention.?#2> The mag-
nitude of increased risk for heart failure associated with
aleglitazar in this trial (HR, 1.22) was similar to that attrib-
uted to pioglitazone in a meta-analysis (HR, 1.41)'® and to
that observed with an unrelated diabetes agent, saxagliptin,
in a recent large-scale trial (HR, 1.27).#* Increased serum cre-
atinine is a known effect of PPAR-a activators®® and was
associated with aleglitazar in this trial. Two dedicated renal
safety studies had previously shown that increased serum
creatinine with aleglitazar is due to decreased glomerular
filtration rate, with reversibility upon drug discontinuation
demonstrated in those and this current trial.'>** Although
thiazolidinedione or aleglitazar monotherapy has not been
associated with hypoglycemia, these agents increase the
propensity for hypoglycemia when used in conjunction
with insulin or sulfonylureas. Hypoglycemia resulting in
sympathetic nervous activation has been proposed as a rea-
son why intensive glycemic control strategies have not con-
sistently produced cardiovascular benefit in several prior
large trials,*>** and the increased incidence with aleglitazar
in the current study may have attenuated any benefits.
Although LDL-C increased with aleglitazar, apolipoprotein B
levels were lower with aleglitazar, suggesting a shift from
small dense LDL-C to large LDL-C particles with less athero-
genic potential. The possibility that other, unmeasured
adverse consequences of PPAR activation contributed to the
neutrality of the primary results cannot be excluded, given
the multiplicity of genes regulated by PPAR transcription
factors.’o44

The increase in gastrointestinal bleeding seen in
patients randomized to aleglitazar was an unexpected find-
ing and has not been observed in prior studies of PPAR ago-
nists. The mechanism is unknown, as safety and clinical
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studies showed no gastrointestinal toxicity or hemostatic
abnormalities with aleglitazar, and there are no known

Original Investigation Research

Conclusions

pharmacodynamic interactions with aspirin or thienopyri-

dines. Bone fractures have been associated by epidemio-
logical studies with long-term use of rosiglitazone and pio-
glitazone, with hazard ratios ranging as high as 2.6,26-27-4°
commensurate with the increased risk reported with alegli-

tazar in this trial.
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