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The U.S. Food and Drug
Administration (FDA) regulates the
marketing of drugs in the United
States. The FDA staff faces sub-
stantial challenges in evaluating
preclinical and clinical trial data for
a proposed new drug and deciding
whether the resultant benefit-risk
assessment supports marketing
approval. Any approval decision
will be associated with uncertainty
regarding the drug’s true risks and
benefits because of the inherent
limits of testing in pre-approval
development programs, the sample
sizes included in clinical trials, and
the structured environment of clini-
cal trials versus patterns of use in
general clinical practice. Indeed, the
only way to completely avoid the
occurrence of unanticipated risks
after drug approval would be to stop
approving new drugs. How the FDA
deals with this uncertainty in benefit-
risk assessment will profoundly
affect treatment options for people
with diabetes and for the health care
professionals who care for them.
The challenges facing the FDA
in the field of diabetes have been all
too well illustrated in recent years.
After many years of treating patients
with a relatively limited pharmaco-
logical armamentarium, the past 20
years have witnessed the discovery
of new drug targets and the develop-
ment of new therapeutic options for
people with diabetes. However, the
risks of rapid advances have also
become apparent. The introduction
of thiazolidinediones was greeted
with excitement because of their
potential to change treatment para-
digms. The subsequent withdrawal
of troglitazone because of hepato-
toxicity concerns made clear the
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potential hazards of early adoption
of new drugs.' In 2007, analyses sug-
gesting that rosiglitazone increased
cardiovascular event rates in people
with type 2 diabetes? caused concern
among both patients and physi-
cians. Subsequent publications and
regulatory reviews motivated by the
rosiglitazone analyses fundamentally
changed the landscape for diabetes
drug development.

Cardiovascular events, including
myocardial infarctions (MIs) and
stroke, are major causes of mortality
and morbidity in patients with dia-
betes. Thus, the risk that a therapy
directed at improving glycemic
control might increase the rate of
these events is a legitimate concern.
Traditional clinical development
programs designed to establish the
efficacy of a drug in lowering blood
glucose concentrations are too small
to definitively assess cardiovascular
risk. Although these trials may not
observe any risk, this is not the same
as scientifically excluding an unac-
ceptable increase in cardiovascular
risk. The latter, more important,
conclusion requires trials of sufficient
size to accrue a sufficient number of
cardiovascular events to statistically
assess whether the associated risk is
less than a predefined threshold.>-
This was not done before the FDA’s
approval of rosiglitazone. Given
the availability of alternative treat-
ments for treating type 2 diabetes, it
was suggested that this represented
a structural failure in the drug
approval process.® In response, the
FDA issued a formal guidance docu-
ment in 2008 suggesting that explicit
assessment of cardiovascular safety
should be done as part of the devel-
opment of all new drugs for type 2
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diabetes regardless of their mecha-
nism of action or preclinical and
clinical evidence suggesting a pos-
sible increased cardiovascular risk.”
The FDA guidance established an
upper limit of 1.3 for the relative risk
of cardiovascular events, although

a drug could be approved if the
established relative risk at the time of
approval was < 1.8 and the spon-

sor committed to a post-approval
study to test the more stringent 1.3
threshold.

In recent years, this FDA car-
diovascular risk guidance has been
applied to the assessment of dipepti-
dyl peptidase-4 (DPP-4) inhibitors,
glucagon-like peptide-1 recep-
tor agonists, and sodium glucose
co-transporter 2 inhibitors. For
example, the post-approval safety
study of saxagliptin has recently
been published.® This placebo-
controlled, randomized trial included
16,492 patients followed for a
median of 2.1 years and demon-
strated a hazard ratio of 1.0 (95% CI
0.89-1.12) for the primary compos-
ite cardiovascular event endpoint. Of
note, saxagliptin’s development was
associated with no preclinical or clin-
ical signals of adverse cardiovascular
effects, cardiovascular biomarkers
were not adversely affected, and
the mechanism of DPP-4 inhibitors
would not have been predicted to
have cardiovascular effects.

The philosophy behind the FDA
cardiovascular guidance has been
extended to insulin analogs. The
FDA’s final decision on the approval
of insulin degludec has been delayed
pending the results from a cardio-
vascular safety study.” The design
and execution of such large, blinded,
comparator-controlled cardiovas-
cular safety studies in patients with
diabetes are extremely challenging,
and this is especially true for a new
insulin. The trial design must allow
for optimal management of glycemic
control, including titration of drugs
and addition of new therapies, while
maintaining blinding. This neces-
sitates careful selection of treatment
targets and comparator therapies in
patients at high cardiovascular risk.
Furthermore, comprehensive long-
term follow-up is required to allow
for interpretation of study outcomes.

In June 2013, the FDA
Endocrinologic and Metabolic
Drugs Advisory Committee met to
reconsider the cardiovascular safety
of rosiglitazone.!®!" The commit-
tee reviewed data presented by the
FDA and others suggesting that the
best estimate for the relative risk for
cardiovascular events associated with
rosiglitazone was < 1.3 and consis-
tent with the FDA guidance. Thus,
the signal that triggered the recent
concerns about cardiovascular safety
was not confirmed.

The FDA’s response to the 2007
analyses suggesting increased
cardiovascular risk associated with
rosiglitazone was rational given the
available information, but it was
not without costs. Most directly, the
publicity and label changes disrupted
the care of millions of people with
diabetes who decided to change
therapies, resulting in unknown
clinical and financial costs. Societal
resources were diverted to deal with
the litigation,'? as well as the politi-
cal and regulatory fallout from the
analysis. The 2008 guidance on
cardiovascular safety has delayed
the development and increased the
costs for new diabetes treatments.
Furthermore, the focus on cardio-
vascular safety may have diverted
attention from other safety consider-
ations associated with specific drugs.
For example, a study designed to
better understand the risk of pancre-
atitis in patients being treated with
incretin-based therapies would have
different design features from one
addressing potential cardiovascular
risk and may yield more clinically
relevant information. Looking for-
ward, it is appropriate to ask whether
there have been lessons from the
recent experience in diabetes drug
development that should be learned
and whether the guidance itself
requires refinement.

The FDA does not regulate the
practice of medicine. However,
how medicine is practiced may
influence FDA decision-making.
Ideally, the FDA could ensure that
drug labeling provides prescrib-
ers with the available data and
allows physicians and patients to
decide on the use of the drug on a
case-by-case basis. However, it is
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far from clear that physicians are
able to critically evaluate the data
to optimize decision-making. The
rapid, wide-scale use of drugs such
as rofecoxib and rosiglitazone soon
after their introduction, despite
unclear advantages compared to
existing therapies in most patients
and uncertainty regarding their long-
term safety, may legitimately give
regulators pause when considering
a new drug whose safety profile is
incompletely established.

Thus, the availability of alterna-
tive therapies might raise the bar
with respect to the required pre-
approval safety data required for a
new drug even if definitive safety
data are lacking on the options that
are already approved. This may
have been the case for antidiabetes
drugs; the FDA cited the “range of
therapies” for type 2 diabetes in its
cardiovascular safety guidance.’
Nonetheless, until physicians are
able to critically review clinical trial
data and then appropriately change
their prescribing practices, use of a
variety of mechanisms by the FDA to
affect prescribing practices may be
considered necessary. For example,
if the FDA simply approved labeling
that made no comment with respect
to cardiovascular risk but simply
included clinical trial data that are
insufficient to exclude a doubling
or tripling of MI risk, it is unlikely
that physicians or patients would
recognize this uncertainty in risk.
This increases the importance of
the FDA’s judgment in its regula-
tory decision-making. Although the
advisory committee process should
be a valuable asset in formulating
the required benefit-risk assessment,
it is not clear whether this process is
working optimally.!>1#

The safety principles enumer-
ated in the FDA’s 2008 guidance
may influence drug development in
other fields relevant to diabetes. The
FDA Endocrinologic and Metabolic
Drugs Advisory Committee has
recommended requiring pre-approval
cardiovascular outcome trials for
all new obesity drugs, regardless of
their mechanism of action or bio-
marker responses.!* The FDA has not
officially adopted this recommenda-
tion, and perhaps the experience



with diabetes drugs suggests caution
in the blanket implementation of
this recommendation.

The net impact of this safety
dynamic has likely been to decrease
the therapeutic options for patients
and physicians, increase costs for
manufacturers of new diabetes treat-
ments, and divert research capital
away from diabetes and toward
other therapeutic areas. Physicians,
manufacturers, and regulators have
all contributed to this environment,
the net effect of which on public
health is unclear. The experience of
the past 10 years suggests that the
effects may not have been uniformly
positive, and renewed discussions
should focus on how to better target
pre- and post-approval definitive
safety requirements.

Consideration of factors such
as the biological plausibility for
a drug’s adverse effects, the clini-
cal benefits associated with a new
drug, and the totality of preclinical
and clinical data (including positive
vs. negative effects on cardiovascu-
lar biomarkers) should be used to
inform regulatory decision-making
rather than a one-size-fits-all policy
for requiring safety studies. The
one-size-fits-all approach to cardio-
vascular safety study requirements is
unlikely to yield optimal allocation
of resources or the most relevant
data sets. Recalibration of the 2008
cardiovascular safety guidance to
consider a broader array of poten-
tially important safety considerations
and to focus required pre- and post-
approval formal safety assessments
based on “probable cause” related
to a drug’s mechanism of action
or available data may reinvigorate
diabetes drug development and con-
tribute to improved public health.
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