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ingering questions related to cardio-

vascular (CV) safety of type 2 di-

abetes treatments resulted in new
U.S. Food and Drug Administration (FDA)
regulations requiring careful assessment
of CV risk. These new requirements will
provide the medical community with
robust data to estimate CV risk associated
with new therapeutic agents. To meet
these requirements, phase 2 and 3 devel-
opment programs will need to be larger
and more comprehensive and will in-
clude high-risk patients. In addition, it
is likely that most (if not all) newly
approved drugs will be required to con-
duct post-approval CV safety outcome
studies. The purpose of this article is to
review the drivers for the new FDA
requirements and how these new require-
ments will affect the development of
novel antidiabetes drugs.

The goals of antidiabetes treatment
are to forestall the metabolic effects of
high glucose levels and to prevent micro-
vascular and macrovascular complica-
tions. Compelling data in type 2 diabetic
patients support the conclusion that im-
proved long-term glycemic control reduces
the risk of microvascular complications
(1,2). Based on several large outcome
studies (e.g., the Diabetes Control Com-
plications Trial and the UK Prospective
Diabetes Study [UKPDS]), glycosylated

hemoglobin (HbA,.) was established
as a surrogate biomarker of glycemic con-
trol and therapeutic goals were set ac-
cordingly (3).

Cardiovascular disease is the leading
cause of death in patients with type 2
diabetes; more than 60% die of CV
disease, and an even greater proportion
have serious CV-related complications.
Diabetes is associated with a two- to
fourfold increase in the risk of coronary
heart disease and death (4). Patients with
type 2 diabetes who have not had a myo-
cardial infarction (MI) have a risk of in-
farction similar to that of nondiabetic
patients who have had a prior MI (5-7).
Pooled data from patients with acute cor-
onary syndrome (ACS) in 11 independent
Thrombolysis in Myocardial Infarction
(TIMD) study group clinical trials from
1997 to 2006 suggest that, despite mod-
ern therapies for ACS, diabetes confers a
significant adverse prognosis, with mor-
tality rates of 7.2—-8% during the first year
after an event (8). Thus, while microvas-
cular complications can lead to significant
morbidity and premature mortality, the
greatest cause of death in people with di-
abetes is by far CV disease (9).

The ability of glucose lowering to
alter CV outcome is not as clear as its
ability to reduce microvascular compli-
cations. The UKPDS (2) demonstrated a
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nonsignificant 16% reduction in CV
complications (combined fatal or nonfa-
tal MI and sudden death) with intensive
glycemic treatment. In an analysis of the
study cohort, a continuous association
was noted such that, for every percentage
point of median HbA,. lowering, there
was a statistically significant 18% reduc-
tion in CV disease events, with no glyce-
mic threshold (9). Long-term follow-up
demonstrated a significant 15% reduc-
tion in CV disease among patients in the
intensive glycemic treatment group (10).
The Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interven-
tions and Complications (DCCT/EDIC)
study, which included 1,441 patients
with type 1 diabetes, demonstrated a sig-
nificant reduction in CV events (57%) in
the intensively treated group after >17
years of follow-up (11).

Based on the proven correlation be-
tween HbA,. and microvascular compli-
cations and lack of clear CV benefits, most
clinical development programs for novel
antidiabetes drugs have focused on glu-
cose lowering. As a consequence, most
patients recruited to confirmatory studies
required for regulatory approval have
had limited duration of diabetes and
few complications. Although these types
of confirmatory studies established the
glucose-lowering properties of novel drugs,
CV safety assessment in the context of the
clinical development of glucose-lowering
agents has been limited.

Cardiovascular safety concerns have
been raised with respect to several anti-
diabetes compounds approved or under
development for the treatment of type 2
diabetes. In July 2008, the FDA’s Endo-
crinologic and Metabolic Drugs Advisory
Committee met to discuss the role of CV
assessment in the premarketing and post-
marketing settings. The FDA determined
that concerns about CV risk should be
more thoroughly addressed during drug
development; their newly issued guide-
lines will result in profound changes in
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the ways new antidiabetes drugs are eval-
uated and brought to market in the future
(12).

GLUCOSE LOWERING AND

CV DISEASE RISK REDUCTION—
The University Group Diabetes Program,
launched in 1960, was an early placebo-
controlled multicenter clinical trial de-
vised to determine which, if any, of the
treatments for type 2 diabetes was effica-
cious in reducing CV risk (13). Patients
treated with tolbutamide, a first-generation
sulfonylurea drug, had a significantly
higher rate of CV death than patients given
placebo or insulin. Resulting concerns
over potential sulfonylurea-related cardio-
toxicity led to additional studies that
both supported and conflicted with this
finding.

One study to examine this question
was the UKPDS (2,14,15). Although glu-
cose lowering, with sulfonylureas or in-
sulin, was associated with a reduction in
the development and/or progression of
retinopathy, nephropathy, and possibly
neuropathy, the improvements in CV
complications were not statistically signif-
icant. In a substudy of 342 overweight
patients, treatment with metformin was
associated with risk reductions for several
CV end points compared with the con-
ventional treatment group as follows: MI
(—39%), any diabetes-related end point
(—32%), diabetes-related death (—42%),
and all-cause mortality (—36%). How-
ever, early addition of metformin therapy
for patients not achieving glycemic targets
with sulfonylurea treatment was associ-
ated with an increased risk of diabetes-
related death compared with continued
sulfonylurea treatment alone (2). Meta-
analysis raised the suspicion that metfor-
min/sulfonylurea combination therapy
may be deleterious to the heart (16).

Several large outcome studies dem-
onstrated no reduction in CV events with
intensive glycemic control (9,17,18). In
addition, the Action to Control Cardio-
vascular Risk in Diabetes (ACCORD)
study terminated its glycemic control
arm when increased mortality was ob-
served among participants randomized
to the intensive glycemic control treat-
ment arm (target HbA;, <6%) (9,19).
In the ACCORD study, 80% of patients
were intensively treated with insulin.
Recently, a retrospective study that in-
cluded tens of thousands of patients
who were followed after starting insulin
treatment (as an add-on to oral mono-
therapy) showed a U-shaped correlation

between HbA; . values and mortality and
CV events. Compared with oral combina-
tion agents, there was a 50% increase in
mortality in insulin-treated patients. This
result suggested the possibility that insu-
lin treatment in certain circumstances
may be deleterious to the heart (20).
However, the interpretation of the study
results is limited, since this was a retro-
spective study; therefore, large prospec-
tive studies examining the correlation
between insulin therapy and CV events
are needed.

Although the primary end point (re-
duction in a composite of all-cause mor-
tality, nonfatal MI [including silent MI],
stroke, ACS, endovascular or surgical in-
tervention in the coronary or leg arteries,
and amputation above the ankle) was not
met in the Prospective Pioglitazone Clinical
Trial in Macrovascular Events (PROactive)
study, pioglitazone treatment did result in
significant risk reduction in major adverse
CV event composite secondary end points
(21). Consistent with the reported side ef-
fect profile for pioglitazone, there was an
increased rate of edema and heart failure
observed in that trial (22).

In 2009, the Rosiglitazone Evaluated
for Cardiovascular Outcomes in Oral
Agent Combination Therapy for Type 2
Diabetes (RECORD) study found that
there was no increase in CV hospitaliza-
tion or death with rosiglitazone added to
metformin or a sulfonylurea, compared
with the combination of metformin and a
sulfonylurea, but the rate of heart failure
leading to hospital admission or death
was significantly increased (23). In
addition, a meta-analysis of rosiglitazone
treatment suggested an increased CV risk
with this therapy (24).

The Bypass Angioplasty Revasculari-
zation Investigation 2 Diabetes (BARI 2D)
trial was designed to test treatment strat-
egies for patients with coronary artery
disease and diabetes (25). Overall, there
was no significant difference in the rates
of death or major CV events between pa-
tients undergoing prompt revasculariza-
tion (either coronary artery bypass
grafting or percutaneous coronary inter-
vention) and patients undergoing medical
therapy or between strategies of insulin
sensitization and insulin provision.

The aim of the Hyperglycemia and Its
Effect After Acute Myocardial Infarction on
Cardiovascular Outcomes in Patients with
Type 2 Diabetes Mellitus (HEART2D)
study was to demonstrate a difference be-
tween two insulin strategies—one targeting
postprandial hyperglycemia and the

other targeting fasting and premeal
hyperglycemia—on time to first CV event
in survivors of acute MI (26). There was no
difference in CV event rates between the
two strategies.

Can CV safety biomarkers predict
CV outcome?

The uncertainly regarding CV safety raises
questions of the reliability of CV bio-
markers as predictors of clinical events.
Several examples suggest that even treat-
ments with positive effects on CV safety
biomarkers may not ultimately lead to
reduced CV risk:

® A significant decrease in common ca-
rotid intima-media thickness progres-
sion in nondiabetic coronary artery
disease patients was observed after
treatment for 48 weeks with rosiglita-
zone (27). However, as discussed, meta-
analysis of the CV events observed in
the clinical studies raised questions as
to the safety of this agent (24).

® Muraglitazar, a dual (a/y) peroxisome
proliferator—activated receptor (PPAR)
activator in the glitazar class that acti-
vates PPAR-a and -y, was shown to
improve hyperglycemia and lipid ab-
normalities (i.e., reduce triglycerides
and increase HDL cholesterol levels)
simultaneously (28). However, meta-
analysis of the CV events observed in
the clinical studies (29) suggested an
increased risk of CV disease, leading
to nonapproval of this investigational
agent.

® Torcetrapib, an inhibitor of choles-
terylester transfer protein (CETP), has
been shown to increase HDL choles-
terol by 60-100% and to lower LDL
cholesterol by up to 20% (30). How-
ever, a large outcome study demon-
strated that torcetrapib therapy resulted
in an increased risk of mortality and
morbidity (30).

® Sibutramine treatment is associated
with a decrease in body weight and
waist circumference as well as re-
duction in fasting blood glucose and
HbA, .. Treatment benefits were seen in
plasma triglycerides and HDL, without
significant variations in serum total or
LDL cholesterol (31). However, results
from the Sibutramine Cardiovascular
Outcomes Trial (SCOUT), which was a
randomized double-blind comparison
of sibutramine versus placebo, in addi-
tion to standard care for weight man-
agement in overweight/obese subjects
who are at increased risk of a CV event,
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suggested risk associated with this agent.
The preliminary results led to taking
sibutramine off the European market.

New regulatory FDA requirements
CV safety concerns have been raised with
several antidiabetes compounds (most
notably with agonists of the PPAR class)
that were approved or under develop-
ment for the treatment of type 2 diabetes
(24,29).

In July 2008, the Endocrinologic and
Metabolic Drugs Advisory Committee of
the FDA met to discuss CV risk with oral
antidiabetes agents and the role of risk
assessment in the premarketing and post-
marketing setting. After considering the
discussion at this meeting, as well as other
available data and information, the FDA
determined that effects on CV risk should
be more thoroughly addressed during
antidiabetes agent development (12).

The resulting FDA guidance docu-
ment identifies several key areas that will
need to be addressed by study sponsors:

1. Anupper bound of the 95% CI for the
risk ratio of important CV events of
<1.3 should be used as a key criterion
for excluding unacceptable CV risk for
new treatments of type 2 diabetes.

2. Study patients must include indivi-
duals with relatively advanced disease,
elderly patients, and patients with
some degree of renal impairment.

3. A minimum of 2 years’ CV safety data
must be provided.

4. All phase 2 and 3 studies should
include a prospective independent
adjudication of CV events. Adjudi-
cated events should include CV mor-
tality, MI, and stroke and can include
hospitalization for ACS, urgent re-
vascularization procedures, and pos-
sibly other end points.

5. To satisty the new statistical guide-
lines, the analysis of CV events may
include a meta-analysis of all placebo-
controlled trials, add-on trials (i.e.,
drug vs. placebo, each added to stan-
dard therapy), and active-controlled
trials, and/or an additional single, large
safety trial may be conducted that alone,
or added to other trials, would be able to
satisty this upper bound before a new
drug application/biologics license ap-
plication (NDA/BLA) is approved.

Consequences of the new guidelines
The new guidelines will result in pro-
found changes to the way that novel
antidiabetes drugs are developed:

1. The most important change is the
need to establish lack of CV toxicity.
The FDA guidelines provide statistical
hurdles for approval. If the pre-
marketing application contains clini-
cal data showing that the upper bound
of the two-sided 95% CI for the esti-
mated increased risk (i.e., risk ratio)
is between 1.3 and 1.8, and the overall
risk-benefit analysis supports approval,
a postmarketing trial generally will be
necessary to definitively demonstrate
that the upper bound of the two-sided
95% CI for the estimated risk ratio is
<1.3. If the premarketing application
contains clinical data showing that the
upper bound of the two-sided 95% CI
for the estimated increased risk (i.e.,
risk ratio) is <<1.3 and the overall risk-
benefit analysis supports approval, a
postmarketing CV trial may not be
necessary (Fig. 1). The implications
of this new stipulation are significant;
to reach the initial approvability bar
of 1.8, a clinical development pro-
gram will need to prospectively tar-
get 100-140 CV events (Fig. 2). To
achieve the more stringent test of <1.3,
a development program will need
~600-700 events. Recently approved
antidiabetes drugs (i.e., saxagliptin,
liraglutide), in contrast, had ~40 major
CV events each, even though >5,000
subjects participated in the devel-
opment program (saxagliptin). Thus,
programs will need to enroll greater
numbers of patients and will need to
shift focus to include more high-risk
CV patients, a fact that will result in far

Superiority
Approvable; no need for
postmarketing study

1

Non-Inferiority

Approvable; need for

Hirshberg and Raz

more complex and expensive develop-
ment plans.

2. Patient selection will also change.
Until recently, many clinical develop-
ment programs concentrated on dem-
onstrating an effect on the surrogate
marker HbA;.. To register and ob-
tain a product label that includes
monotherapy and add-on therapy,
most recruited subjects need have only
limited diabetes duration (a few years),
and most were treated with a single
background antidiabetes medication.
These programs limited or excluded
obviously high-risk and complicated
patients. Such programs were criti-
cized for the limited information they
provided, and their applicability to
larger patient populations was ques-
tioned (32). The new guidelines man-
date a shift in patient selection. To
demonstrate that the drug is safe in
patients with higher CV risk and to
allow for meaningful estimates of CV
risk, phase 2 and 3 programs will need
to include patients at higher CV risk,
i.e., patients with relatively advanced
disease, elderly patients, and patients
with some degree of renal impairment.

3. Whereas prior development programs
collected data on cardiac adverse events,
these events were not independently
adjudicated. Adjudication is a process
by which an independent CV research
group reviews each presumed CV event
and makes a decision whether the
event truly represents a cardiac event.
This process arguably provides a higher
level of confidence in the diagnosis. The

Non-inferiority
Boundary
HR 1.8

Non-inferiority
Boundary
HR 1.3

O

ﬁ\—:\ Upper limit of

95% Cl
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Figure 1—FDA CV safety: CI bars. The FDA guidelines provide statistical hurdles for approval.
Five hypothetical examples of possible hazard ratios and the upper limit of the 95% CI of a de-
velopment plan are shown as well as the regulatory consequences of each outcome.
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Figure 2—Total CV events needed to fall below the FDA target cutoff of 1.8. Assuming a novel
antidiabetes drug is neutral in terms of CV disease, a program should accrue ~120 CV events to
provide adequate power to meet the FDA requirement.

new guidelines require sponsors to es-
tablish an independent CV end point
committee to prospectively adjudicate,
in a blinded fashion, CV events during
all phase 2 and 3 clinical trials. Adju-
dicated events should include CV mor-
tality, MI, and stroke and can include
hospitalization for ACS, urgent revas-
cularization procedures, and possibly
other end points.

4. The FDA’s prior guidelines at the time
of submission of the marketing appli-
cation for products intended for the
treatment of type 2 diabetes required
that phase 2 and 3 trial data be avail-
able for at least 2,500 subjects exposed
to the investigational product, with at
least 1,300-1,500 of these subjects
exposed to the investigational product
for =1 year and at least 300-500 sub-
jects exposed to the investigational
product for =18 months. The new
guidelines require longer controlled
trials (e.g., minimum of 2 years) to
obtain enough events and to provide

data on longer-term CV risk for these
chronically used therapies. This re-
quirement obviously will translate
into much larger and longer phase 3
clinical development programs.

Current antidiabetes CV outcome
studies landscape

Preregistration trials. To provide the
required CV safety data, several pharma-
ceutical companies are now conducting
CV outcome studies as part of their phase
3 development plans (Table 1). Examples
of such studies are included below.

The Canagliflozin Cardiovascular As-
sessment Study (CANVAS) will assess
canagliflozin in the treatment of patients
with type 2 diabetes, with regard to CV
risk for major adverse cardiac events. The
study will evaluate canagliflozin com-
pared with placebo on CV events, includ-
ing CV death, heart attack, and stroke in
patients with type 2 diabetes, whose di-
abetes is not well controlled at the begin-
ning of the study and who have a history

Table 1—Examples of ongoing pre- and postapproval outcome studies

of CV events or are at high risk for CV
events. Patients will receive capsules of
canagliflozin (either 100 or 300 mg) or
matching placebo; the study duration is
estimated to be ~4 years (33).

The EXAMINE study (Examination of

Cardiovascular Outcomes: Alogliptin vs.
Standard of Care in Patients with Type 2
Diabetes Mellitus and Acute Coronary
Syndrome) was designed to evaluate the
CV safety of alogliptin versus placebo in
addition to standard care in subjects
with type 2 diabetes and ACS. The study
plans to enroll 5,400 subjects and last
for ~4.75 years (34).
Postregistration trials. Saxagliptin
(Onglyza) was the first antidiabetes agent
to receive FDA approval after issuance of
the new CV guidelines and thus represents
a good example of the impact of the new
regulations. Saxagliptin was approved by
the FDA in July 2009. One of the post-
marketing requirements was to demon-
strate lack of CV toxicity. The Saxagliptin
Assessment of Vascular Outcomes Re-
corded (SAVOR-TIMI 53) study is thus
the first example of a post-approval com-
mitment under the new guidance (35).
SAVOR is a multicenter randomized
double-blind placebo-controlled phase
4 study that evaluates treatment with
saxagliptin, a dipeptidyl peptidase-4 in-
hibitor, in adult type 2 diabetic patients
with CV risk factors. This 5-year study
will follow ~12,000 patients with type 2
diabetes, who have either a history of
previous CV events or multiple risk factors
for vascular disease, and will include pa-
tients with renal impairment.

Pooled analysis of all eight registra-
tional trials comprising the saxagliptin
clinical program with 4,607 patients
(5,051 patient-years) and multiple com-
parators suggested no increased CV risk
with saxagliptin treatment. In fact, al-
though this systematic overview had in-
herent and important limitations, the data
support a potential reduction in CV
events with saxagliptin (36). Based on
this hypothesis-generating data, the ob-
jectives of the SAVOR-TIMI 53 trial are

Number of to test the hypothesis of whether treat-
Trial name Drug Primary endpoint subjects (years) ~ ment with 2.5 mg or 5 mg saxagliptin
compared with placebo when added to a
EXAMINE  alogliptin MACE 5,400 (5) patient’s current standard care will result
CANVAS canagliflozin - MACE 4,500 (4) in a reduction in the composite end point
T-emerge 8 taspoglutide  CV events 2,000 (2.5) of CV death, nonfatal MI, or nonfatal is-
ALECARDIO  aleglitazar Superiority: MACE 6,000 ACS (4.5)  chemic stroke and exclude unacceptable
TECOS sitagliptin Noninferiority: MACE + unstable angina 14,000 (5) CV toxicity.
SAVOR saxagliptin Superiority: MACE 12,000 (5) A second example of the impact of the
EXSCEL exenatide LAR  Superiority: MACE 12,000 (5.5) new guidelines is liraglutide. The clinical
LEADER liraglutide MACE 9,000 (5) development program for liraglutide, as
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was the case for saxagliptin, was com-
pleted before issuance of the FDA guid-
ance, but analyses of CV events in the
phase 2 and 3 trials of liraglutide showed
that this drug met the standard for ruling
out unacceptably increased CV risk. The
overall rates of CV events in the preap-
proval clinical trials were low, however,
and the more stringent criteria outlined
for postapproval evaluations were not
met; the FDA is therefore requiring a
post-approval study of CV safety (37).

CONCLUSIONS —Lingering ques-
tions related to CV safety of type 2 di-
abetes treatments resulted in new FDA
regulations to carefully assess CV risk.
The new requirements will provide the
medical community with robust data to
estimate CV risk associated with new
therapeutic agents. To meet these require-
ments, phase 2 and 3 clinical trial programs
will be larger and more comprehensive
and will include high-risk patients. In
addition, sponsors of most, if not all,
newly approved drugs will be required
to conduct post-approval CV safety out-
come studies. Several questions remain:

1. Will the time, money, and resources
channeled to address a “theoretical CV
risk” for a new drug limit the assess-
ment of drug-specific issues and ben-
efits?

2. How will the medical community and
health authorities assess the CV risk of
generic drugs that do not have the CV
safety data that will be generated by
novel antidiabetes agents?

3. Potential time, cost, and risk impli-
cations may limit incentives for com-
panies to develop new antidiabetes
therapies. The result may be develop-
ment of fewer antidiabetes drugs and
fewer companies capable of develop-
ing these drugs.
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