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The U.S. Food and Drug Administration (FDA) issued a diabetes guidance in
2008 mandating that all new antidiabetes drugs rule out excess cardiovascular
(CV) risk, defined as an upper bound of the two-sided 95% CI for major adverse CV
events (MACE) of less than 1.80 preapproval and 1.30 postapproval. Over 25 large,
prospective, randomized, controlled clinical trials involving nearly 195,000
subjects thus far have been completed or are ongoing in accordance with this
guidance. The results of seven trials have been presented so fardthree with
dipeptidyl peptidase 4 inhibitors, onewith a sodium–glucose cotransporter 2 (SGLT2)
inhibitor, and threewith glucagon-like peptide 1 receptor agonists (GLP-1 RA).While
all seven trials showednoninferiority in the rateofMACEwith the use of theseagents
compared with placebo, three of them revealed CV benefits. Treatment with empa-
gliflozin (an SGLT2 inhibitor) and treatment with liraglutide (a GLP-1 RA) both signif-
icantly reduced the risk of MACE, mortality from CV causes, and mortality from any
causewhen comparedwithplacebo. Treatmentwith semaglutide, anotherGLP-1RA,
showed a significantly lower rate of MACE but not mortality from CV or any cause
compared with placebo. In all of the trials, the effects of treatment on outcomes
were out of proportion to the small differences in glycemic control levels, suggesting
that the effects observedwere likely unrelated to differences in the glucose-lowering
efficacy. Overall, the results of these trials yield a favorable benefit-risk balance for
these therapies in mitigating CV risk in patients with type 2 diabetes. More research
is needed to elucidate the underlying mechanisms and confirm whether the CV
benefits are a class effect or whether the benefits persist in patients without estab-
lished CV disease or are evident even in patients without diabetes.

Be skeptical, ask questions, demand proof. Demand evidence. Don’t take anything for
granted. But here’s the thing: when you get proof, you need to accept the proof. And we’re
not that good at doing that.

dMichael Specter (1)

Diabetes confers a high risk for CV disease (CVD). Therapies to lower lipids and blood
pressure are proven interventions to reduce the risk of morbidity and mortality from
CVD inpatientswithdiabetes. However, it is not clearwhether CVD is also prevented by
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therapies targeting glycemic control. His-
torically, new therapies for diabetes were
marketed on the basis of well-tolerated
improvements in glycemic control. Pri-
marily in response to the findings of pos-
sible increased CV risk with rosiglitazone
(2), the U.S. Food and Drug Administra-
tion (FDA) issued a diabetes guidance in
2008mandating that all new antidiabetes
drugs rule out excess CV risk, defined as
an upper bound of the two-sided 95% CI
for major adverse CV events (MACE) of
less than 1.80 preapproval and 1.30 post-
approval (3). Over 25 large, prospective,
randomized, controlled clinical trials in-
volving nearly 195,000 subjects thus far
have been completed or are ongoing in
accordance with this guidance. The re-
sults of the first seven trialsdthree with
dipeptidyl peptidase 4 inhibitors (4–6),
three with glucagon-like peptide 1 recep-
tor agonists (GLP-1 RA) (7–9), and one
with a sodium–glucose cotransporter
2 (SGLT2) inhibitor (10)were reported be-
tween 2013 and 2016. All seven trials met
the primary objective to exclude an un-
acceptable level of CV risk as defined in
the FDA guidance. In September 2015,
the BI 10773 (Empagliflozin) Cardiovas-
cular Outcome Event Trial in Type 2 Di-
abetes Mellitus Patients (EMPA-REG
OUTCOME) was the first large, prospec-
tive, randomized, placebo-controlled trial
to report a CV benefit of an antidiabetes
drug (10). Since then, two additional
placebo-controlled trials have reported
favorable outcomes: Liraglutide Effect
and Action in Diabetes: Evaluation of
Cardiovascular Outcome ResultsdA
Long Term Evaluation (LEADER), which
demonstrated cardiovascular benefit with
once-daily treatment with the GLP-1
RA liraglutide (8), and Trial to Evaluate
Cardiovascular and Other Long-term Out-
comesWith Semaglutide in SubjectsWith
Type 2 Diabetes (SUSTAIN-6), which un-
expectedly reported favorable results
with the long-acting GLP-1 RA semaglu-
tide (9). Both empagliflozin and liraglu-
tide, but not semaglutide, are approved
in the U.S. as “an adjunct to diet and
exercise to improve glycemic control in
adults with type 2 diabetes mellitus.”
On2December 2016, the FDAannounced
approval for expanded indication of em-
pagliflozin “to reduce the risk of CV death
in adult patientswith type 2 diabetesmel-
litus and cardiovascular disease” (11),
thereby becoming the first antidiabetes
drug to receive such a claim. A regulatory

decision regarding CV risk reduction claim
for liraglutide has not been made at the
time of this review.

The purpose of this report is to review
the principal CV outcome results of the
three trials that reported favorable out-
comes. As none of the trials were pro-
spectively designed with the expressed
intent of demonstrating a CV benefit of
the new antidiabetes therapy, the focus
of this review is to describe whether the
quality and the quantity of evidence is
sufficient to support a valid inference of
“superiority” of CV risk reduction. In ad-
dition, the key deliberations from the
FDA’s 28 June 2016 Meeting of the Endo-
crinologic and Metabolic Drugs Advisory
Committee (EMDAC) convened to discuss
whether the findings from EMPA-REG
OUTCOME establish that empagliflozin
is effective in reducing CV risk will be
summarized.

TRIAL DESIGN AND
DEMOGRAPHICS

All three trials were designed as safety
studies where the primary objective was
to rule out unacceptable CV risk as man-
dated by the 2008 guidance. These trials
generally specify that noninferiority and
superiority hypotheses will be tested in a
sequential manner in their analysis plans
regardless of what the trial is initially pow-
ered to show. EMPA-REG OUTCOME was
initiated in September 2010 prior to the
approval of empagliflozin in August 2014.
The approval was based on meeting the
preapproval exclusion of 1.8 risk margin
derived from a pooled analysis of phase
2/3 trials (n = 54 MACE) plus interim
analysis of EMPA-REG OUTCOME (n =
142 MACE, 85/3,046 empagliflozin vs.
57/1,513 placebo, hazard ratio [HR] 0.74
[99.98% CI 0.39, 1.39]). The postapproval
exclusion of 1.3 risk margin was not
met in the interim analysis (12). LEADER
was initiated inSeptember 2010 following
the approval of liraglutide in January
2010. The clinical development program
was completed before the FDA guid-
ance was issued in December 2008, but
retrospective analyses of CV events from
the combined phase 2/3 trials versus
active comparators and placebo (n =
39 MACE) showed that liraglutide met
the preapproval, but not the postap-
proval, standard for ruling out unaccept-
able increase in CV risk (HR 0.73 [95% CI
0.38, 1.41]) (13). The FDA therefore
required a separate postapproval study

of CV safety. SUSTAIN-6 was initiated in
February 2013 as a preapproval trial
aimed at enhancing the probability that
regulatory guidancewasmet in the devel-
opment program.

CV safety trials conducted to meet the
FDA guidance generally use an efficient
trial design that enrolls patients with
more advanced atherosclerotic CV risk
or established CVD (“enriched” popula-
tion) to accrue sufficient events in a
timely manner. However, a major limita-
tion of such an approach is that the
safety population is not representative
of patients in ambulatory diabetes care,
thereby raising questions about gener-
alizability. EMPA-REG OUTCOME and
SUSTAIN-6 were event-driven trials re-
quiring at least 691 and 122 primary end
point events to rule out postapproval HR
of 1.3 and preapproval HR of 1.8, respec-
tively. The primary end point was time
from randomization to the first occur-
rence of an adjudication committee–
confirmed 3-point MACEda composite
of CV death, nonfatal myocardial infarc-
tion (MI), or nonfatal stroke (9,10). The
duration of the LEADER trial was driven
by the number of MACE (at least
611 events) and by time (a minimum pe-
riod of 3.5 years) (8). The primary hypoth-
esis of noninferiority was analyzed with
pooled doses of 10 mg and 25 mg empa-
gliflozin (10), 0.6 to 1.8 mg liraglutide
(85% of the total exposure was to 1.8 mg
dose) (8) and pooled doses of 0.5 mg and
1 mg semaglutide (9) versus placebo. A
superiority hypothesis was tested in a
prespecified hierarchy after noninferior-
ity had been initially established in
EMPA-REG OUTCOME (for both primary
outcome and key secondary outcome)
and LEADER (for only primary outcome),
but it was not prespecified in SUSTAIN-6.
The primary resultswere analyzed follow-
ing the intent-to-treat (ITT) principle with
on-treatment (OT) or per-protocol (PP)
analyses reported as sensitivity analyses.

Patients had a long-standing history of
diabetes (mean duration of 12.7 to 13.9
years) with baseline mean HbA1c rang-
ing from 8.1% (65 mmol/mol) to 8.7%
(72 mmol/mol). The prevalence of high
CV risk, including history of established
CVD and heart failure, is summarized in
Table 1. Most study patients were receiv-
ing optimal CV risk management at base-
line, as shown by a high proportion of
patients receiving antihypertensive, lipid-
lowering, and antiplatelet medications

822 CV Risk Reduction by Antidiabetes Drugs Diabetes Care Volume 40, July 2017

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/40/7/821/548899/dc170291.pdf by guest on 26 August 2022



(8–10). Because the trials were designed
to establish “glycemic equipoise” be-
tween the treatment groups (to minimize
the confounding impact of differential
glycemic effects on CV safety), treatment
intensification with other oral hypogly-
cemic agents or insulin was more preva-
lent in the placebo group. Over 97%
completed the study, and vital status
was available in .99% of patients, indi-
cating excellent trial conduct and patient
retention. Treatment discontinuation

rates due to adverse events favored em-
pagliflozin in EMPA-REG OUTCOME (17%
vs. 19% placebo, P, 0.01) and placebo in
LEADER (9.5% vs. 7.3% placebo, P ,
0.001) and were similar across treatment
groups in SUSTAIN-6 (20% overall). How-
ever, there were a limited number of
women (28% to 39%) and nonwhite sub-
jects (15% to 27%) enrolled, raising ques-
tions about generalizability. Differences
in baseline characteristics of the patient
population recruited as well as in trial

design and protocol make it difficult to
compare results from these trials and in-
appropriate to reliably assess relative
benefits of therapies.

CARDIOMETABOLIC OUTCOMES

The impact on cardiometabolic factors is
shown in Table 2. Small but statistically
significant reductions in HbA1c, systolic
blood pressure (SBP), diastolic blood
pressure (DBP), and weight and small in-
creases in LDL and HDL cholesterol were

Table 1—Trial design and demographics

Variable
EMPA-REG OUTCOME

(N = 7,020)
LEADER

(N = 9,340)
SUSTAIN-6
(N = 3,297)

Treatment intervention Empagliflozin 10 and 25 mg vs.
placebo

Liraglutide 0.6–1.8 mg vs.
placebo

Semaglutide 0.5–1.0 mg vs.
placebo

Main inclusion criteria Preexisting CVD $50 years + preexisting CVD, CKD,
HF;$60 years + CVD risk factors

$50 years + preexisting CVD;
$60 years + CVD risk factors

HbA1c inclusion criteria 7.0–10.0 .7.0 .7.0

Mean age (years) 63.1 64.3 64.6

Female 28 36 39

White 72 77.5 83

Black 5 8.3 6.7

Asian 22 10 8.3

North America (U.S.) 20 (17) 30 (27) (34)

Mean BMI (kg/m2) 30.6 32.5 32.8

Mean baseline HbA1c, %
(mmol/mol) 8.1 (65) 8.7 (72) 8.7 (72)

Diabetes duration.10 years 57 Mean 12.8 years Mean 13.9 years

Current cigarette smoker 13 12 55 (smoking history)

History of hypertension 94 90 93

History of CVD 99 81 83

Prior MI/stroke or TIA 47/23 31/16 33/15

Statin use 77 72 73

History of cardiac failure 10 18 24

eGFR,60 mL/min/1.73 m2 26 25 28

Completed study 97 96.8 98

Vital status known 99.2 99.7 99.6

Data are % unless otherwise indicated. eGFR was measured according to CKD-EPI criteria. CKD, chronic kidney disease; HF, heart failure; TIA, transient
ischemic attack.

Table 2—Impact on cardiometabolic factors

End point

EMPA-REG OUTCOME LEADER

SUSTAIN-6

Baseline AD P value Baseline AD P value Baseline

AD P value

0.5 mg 1.0 mg 0.5 mg 1.0 mg

HbA1c, % (mmol/mol) 8.1 (65) 20.3 NR 8.7 (72) 20.4 ,0.001 8.7 (72) 20.66 (212) 21.05 (215) ,0.0001 ,0.0001

SBP, mmHg 135 24.0 NR 136 21.2 ,0.001 135.6 21.3 22.6 NS ,0.001

DBP, mmHg 77 21.0 NR 77 +0.6 0.004 77 20.04 +0.14 NS NS

Weight, kg 86 22.0 NR 92 22.3 ,0.001 92.1 22.9 24.4 ,0.0001 ,0.0001

LDL cholesterol, mg/dL 86 +5.3 NR 89.5 21.6 0.02 82.3 23.3 20.8 ,0.05 NS

HDL cholesterol, mg/dL 44.5 +2.0 NR 45.5 +0.3 0.07 43.7 0 +1.7 NS ,0.001

Heart rate, bpm 71 0.0 NR 72 +3.0 ,0.001 72 +2.0 +2.5 ,0.0001 ,0.0001

AD, absolute difference relative to baseline (– implying lower and + implying higher values with active treatment); NR, not reported; NS, not significant.

care.diabetesjournals.org Kaul 823

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/40/7/821/548899/dc170291.pdf by guest on 26 August 2022

http://care.diabetesjournals.org


observed in EMPA-REG OUTCOME (10).
There were no changes observed in heart
rate. In contrast, treatment with liraglu-
tide was associated with small but sta-
tistically significant increases in DBP and
heart rate while lowering HbA1c, SBP, and
weight significantly (8). Reductions in
HbA1c and weight were greater with
semaglutide compared with the other
two agents, and semaglutide also low-
ered SBP and increased heart rate signif-
icantly but had small effect on DBP and
LDL and HDL cholesterol (9). Overall, the
magnitude of treatment effect on cardio-
metabolic factors was modest and of un-
clear clinical significance.

CV OUTCOMES

The number of primary end point events
were higher than those assumed in the
power calculation in all three trials with
LEADER yielding 1,306 (vs. 611 assumed),
EMPA-REG OUTCOME 772 (vs. 691 as-
sumed), and SUSTAIN-6 254 (vs. 122 as-
sumed) (Table 3). In the placebo arm, the
incidence rates of the 3-point MACE in
SUSTAIN-6 and EMPA-REG OUTCOME
were slightly higher compared with
LEADER (44 and 43.9 vs. 39/1,000 patient-
years); CV death and all-cause deaths inci-
dence rates were higher in EMPA-REG
OUTCOME compared with the other two
trials, indicating a higher risk profile. How-
ever, the total number of 3-point MACE
was highest in LEADER because of the
greater number of patients enrolled and
longer follow-up (3.5 to 5 years, median
3.8 years).
The primary end point results are

summarized in Table 3. The exclusion of
postapproval 1.3 risk margin was met
in EMPA-REG OUTCOME and LEADER,
thereby establishing CV safety for empa-
gliflozin and liraglutide, respectively. In
addition, the prespecified criterion for su-
periority (excluding 1.0 risk margin) was
also met in both trials. In SUSTAIN-6, the
exclusion of preapproval 1.8 risk margin
was met. However, despite the unex-
pected finding of a significant reduction
in risk, it is questionable whether superi-
ority can be reliably inferred because it
was not prespecified in the testing hier-
archy. It is also debatable whether an ex-
clusion of 1.3 risk margin can be inferred,
as the total number of events (n = 254) is
much lower than required per the FDA
guidance (n = 611 events) (3). In EMPA-
REG OUTCOME, the 4-point MACE, a key
secondary outcome that was prespecified

as part of the testing hierarchy, was not
significantly reduced. In contrast, the ex-
panded MACE, one of the secondary out-
comes, was significantly reduced in
LEADER and SUSTAIN-6. However, the ex-
panded MACE was not prespecified in
these two trials as part of the testing hi-
erarchy that controlled the type 1 error,
so the findings would be better viewed as
exploratory or hypothesis generating
rather than confirmatory.

In EMPA-REG OUTCOME, there is het-
erogeneity of treatment effect on the in-
dividual components of the primary end
point with significant reduction observed
in CV death and statistically nonsignifi-
cant reduction in nonfatal MI and in-
crease in nonfatal stroke. In contrast, all
three components of the primary end
point contributed to the reduced risk
with liraglutide, and the HR for CV death
was statistically significant. In SUSTAIN-6,
the reduction in 3-pointMACEwas driven
by a significant reduction in nonfatal
stroke with statistically nonsignificant re-
duction in nonfatal MI and no effect on
CV death. A notable difference from the
EMPA-REG OUTCOME is that silent MIs
were adjudicated in LEADER and SUS-
TAIN-6, yielding a statistically nonsignifi-
cant advantage for liraglutide (absolute
risk difference [ARD] 20.3%, HR 0.86)
and semaglutide (ARD 20.2%, HR 0.57).
Secondary end point of all-cause death
was significantly reduced in EMPA-
REG OUTCOME and LEADER but not in
SUSTAIN-6; hospitalization for heart
failure was reduced only in EMPA-REG
OUTCOME; and hospitalization for un-
stable angina was not reduced in any
trial. Because of the testing hierarchy
used and the lack of control of type 1
error, reduction in heart failure out-
comes in EMPA-REG OUTCOME should
be viewed as hypothesis generating
that requires confirmation in future
studies. In contrast, CV death reduction
was based on a large number of events
(309 in EMPA-REG OUTCOME and
497 in LEADER), was clinically impor-
tant, and was statistically robust, yield-
ing overwhelming evidence of benefit
that does not require confirmation (14).

Sensitivity analyses performed to in-
vestigate the robustness of the results
are summarized in Table 4. Superiority
of CV death but not 3-point MACE
was established across all sensitivity anal-
yses in EMPA REG OUTCOME; four out
of six sensitivity analyses overturned

superiority for 3-point MACE, indicating
fragility of evidence (12). In contrast, all
predefined sensitivity analyses supported
the robustness of the primary analysis in
LEADER and SUSTAIN-6 (8,9).

Consistent treatment effects were
seen across relevant subgroups in EMPA-
REG OUTCOME for CV death, although
there was some heterogeneity with re-
spect to the primary end point for age
and baseline HbA1c (unadjusted P =
0.01) (10). A renal function-treatment in-
teraction (unadjusted P = 0.01) was ob-
served in LEADER but not EMPA-REG
OUTCOME or SUSTAIN-6, i.e., treatment
benefit with regards to primary end
point was only evident in those with
moderate or severe renal impairment
(estimated glomerular filtration rate
[eGFR],60 mL/min) (8). A significant in-
teraction (unadjusted P = 0.04) was also
seen in LEADER for baseline risk of CVD
(HR of 1.20 for those aged$60 years plus
risk factors for CVD vs. HR of 0.83 for
those aged $50 years plus established
CVD/chronic kidney disease) (8). Such
qualitative interactions (i.e., point esti-
mates going in opposite directions) are
unreliable and seldom replicable, as
evidenced by subgroup findings in
SUSTAIN-6 (HR of 1.0 for those with risk
factors for CVD vs. HR of 0.72 for those
with established CVD, interaction P =
0.49). It is important to note that the sig-
nificant interactions reported in the trials
were not adjusted for multiple compari-
sons, thereby inflating the likelihood of
falsepositive results. Conversely, subgroup
analyses lack the statistical power to cap-
ture true positive interactions and are thus
also prone to false negative results.

The delayed separation of the Kaplan-
Meier curves in LEADER (.12 months for
CV death and .18 months for all-cause
deaths and hospitalization for heart fail-
ure) (8) contrasts with the early separa-
tion of curves in EMPA-REG OUTCOME
(,3 months) (10). Another notable find-
ing is that the favorable CV outcome ben-
efit observed in LEADER and SUSTAIN-6
contrasts with the null results seen with
another GLP-1 RA, lixisenatide, in the
Evaluation of Lixisenatide in Acute Coro-
nary Syndrome (ELIXA) trial, which en-
rolled 6,000 patients within 180 days of
acute coronary syndrome (7). Although
the exact reasons are not clear, this
discrepancy might be related to differ-
ences in pharmacokinetic and pharmaco-
dynamic propertiesdlixisenatide is a
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once-daily, short-acting prandial GLP-1 RA
that acts primarily on postprandial glucose
compared with longer-acting liraglutide
and semaglutide that act on both fasting
and postprandial glucose. Another expla-
nation for the contrasting results might
be the trial differencesdLEADER enrolled
lower-risk patients (placebo arm 3-point
MACE incidence rate of 39/1,000 patient-
years vs. 64/1,000 patient-years in ELIXA)
and had longer follow-up (3.8 vs. 2.1
years). Finally, the GLP-1 RA–induced in-
crease in heart rate does not present an
increased CV risk. Previous epidemiologi-
cal studies suggest that elevated heart
rate is independently associated with
increased CV morbidity and mortality,
however, this relationship might be
confounded (15). The exact mechanism
for increased heart rate remains unclear
(either adirect effecton the sinoatrial node
where GLP-1 receptor is known to be ex-
pressed or indirectly via modulation of the
autonomic nervous system). It remains to
be seenwhether a pronounced increase in
heart rate may be associated with adverse
outcomes in vulnerable patients such as
those with advanced heart failure.
The strengthofevidence as assessedby

P value, minimum Bayes factor (14,16),

and number needed to treat (NNT) is
summarized for EMPA-REG OUTCOME
and LEADER in Table 5. The Bayes factor
overcomes a key limitation of the P value
that overestimates the evidence against
the null (14,16). For example, the P value
of 0.038 for 3-point MACE in EMPA-REG
OUTCOME translates into a minimum
Bayes factor of 0.131, which means the
evidence supports the null hypothesis
approximately one-eighth as strongly as
it does the alternative. This reduces the
null probability from 50% pretrial to 10%
posttrial. This does not represent strong
evidence against the null and thus re-
quires independent confirmation in a sub-
sequent trial (14). In contrast, the null
probability for the 3-point MACE in
LEADER is reduced from 50% pretrial to
4% posttrial, indicating moderate to
strong evidence against the null. For all-
cause and CV mortality in EMPA-REG
OUTCOME, the nominal P value of
0.0001 translates into a Bayes factor of
0.0006 (1/1,815) and 0.0004 (1/2,358),
respectively, which reduces the ex-
tremely skeptical prior null probability of
95% to ,0.5% posttrial, indicating very
strong evidence against the null. For all
end points except 3-point MACE, the

evidence is relatively stronger in support
of empagliflozin compared with liraglu-
tide as assessed by the Bayes factor.
This is also consistent with the lower
NNTs in favor of empagliflozin.

MICROVASCULAR OUTCOMES

A secondary outcome of the EMPA-REG
OUTCOME and LEADER trials was a com-
posite renal and retinal microvascular out-
come (Table 6) (8,10). In SUSTAIN-6,
retinopathy and nephropathy outcomes
were assessed separately (9). Treatment
with empagliflozin significantly reduced
the composite microvascular outcome
and the renal outcome (17). Of note,
the latter was neither prespecified nor
adjudicated in EMPA-REG OUTCOME
(12). Composite retinal outcomes have
not been reported so far for this trial,
although the individual component re-
sults are published (17). In the LEADER
trial, the incidence of composite micro-
vascular outcome (both prespecified and
adjudicated) was lower with liraglutide
(8), mainly due to a significantly lower
rate of nephropathy events. As with the
other two treatment interventions, the
renal outcome was also favorably im-
pacted by semaglutide, primarily driven
by a “softer” component such as persis-
tent macroalbuminuria that is of unclear
clinical relevance. The incidence of retinal
outcomewas nonsignificantly higherwith
liraglutide treatment. A significant in-
crease in the incidence of retinal outcome
was also observed with semaglutide in
SUSTAIN-6, with .80% of events occur-
ring in subjects with evidence of preexist-
ing retinopathy at baseline. This finding
raises the question of retinal monitoring
with the use of GLP-1 RA. It is not clear
whether these events can be attributed
to rapid glucose lowering on progression
of diabetic retinopathy as has been pre-
viously described (18). This merits careful
evaluation in future clinical trials and
postmarketing registries.

MECHANISM OF CV RISK
REDUCTION

The exact mechanism underlying CV ben-
efit in any one of these trials is not clear.
To what extent the favorable effects on
cardiometabolic factors such as blood
pressure, body weight, or glycemic con-
trol (a Steno-2–like effect) contribute
to the overall benefit in EMPA-REG
OUTCOME remains unclear. Given the
rapid onset of treatment effect (curves

Table 4—Sensitivity analyses

End point

EMPA-REG OUTCOME LEADER

HR ARD (%) P value HR ARD (%) P value

3-point MACE (FAS) 0.86 21.6 0.04 0.87 21.9 0.01

3-point MACE (PP) 0.86 21.5 0.052 0.86 21.7 0.01

3-point MACE (OT) 0.87 21.0 0.090 0.83 21.6 0.01

3-point MACE (FAS + silent MIs*) 0.91 NR NS

3-point MACE (FAS – nonassessable deaths) 0.90 NR NS

3-point MACE (imputation for missing data) 0.86 NR ,0.05

3-point MACE (+ all-cause deaths**) 0.85 NR ,0.05

CV death (FAS) 0.62 22.2 ,0.001 0.78 21.3 0.007

CV death (OT) 0.59 21.5 0.0002

CV death (FAS – nonassessable deaths) 0.59 21.4 0.0004

CV death (worst-case missing data analysis) 0.75 21.5 0.008 0.83 21.0 0.03

For ARD, – implies treatment benefit. OT includes events in FAS#30 days after last intake of trial
medication. 3-pointMACE includesCVdeath, nonfatalMI, or nonfatal stroke.P values for superiority
are shown. For sensitivity analyses of EMPA-REG OUTCOME results: 124/309 (40%) of CV deaths
were adjudicated as “nonassessable” but presumed to be CV. Multiple imputation method for
missing follow-up was used to assess the impact of missing data on 3-point MACE. Worst-case
missing data analysis for CV death assumes all missing subjects on treatment dead (n = 36) and on
placebo alive (n = 17). Worst-case missing data analysis for CV death were estimated for LEADER
based on unknown vital status in 12 patients on liraglutide and 17 on placebo. FAS, full analysis set
(corresponds to ITT analysis); NR, not reported; NS, not significant (P . 0.05). *Silent MIs were
screened and adjudicated toward 3-point MACE in LEADER but not in EMPA-REG OUTCOME.
Information regarding silentMIs was collected in EMPA-REGOUTCOME based only on ECG criterion
(but not reviewedor adjudicated toverifywhether itwas a silentMI) in 51%patients (3,589of 7,020)
who did not have baseline ECG abnormalities, absence of postbaseline ECG evaluation, or
without intervening ECG changes unrelated to event. **There were 135 additional all-cause deaths
following time to MACE (51 in placebo and 84 in empagliflozin treatment arms).
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separate as early as 2–3 months) and
modest effects on these factors, the im-
pact if any might be small. And it is
unlikely to be mediated by an antiather-
othrombotic effect, given the lack of ef-
fect onMI and stroke. In the Steno-2 trial
of multifactorial intervention, the 53%
reduction in death and MI was observed
at a median follow-up of 7.8 years with
delayed separation of the Kaplan-Meier
curves and associatedwith larger changes
in HbA1c (21.1% vs. 20.3%), SBP (215
vs. 24 mmHg), DBP (25 vs. 21 mmHg),
LDL cholesterol (245 vs. +5.3mg/dL), and
weight (+1.1 vs.22.0 kg) (19). The obser-
vation that hospitalization for heart fail-
ure was reduced by 35% and that half of
the CVmortality advantage was driven by
reduction in worsening heart failure and
sudden cardiac death support a possible
hemodynamic or antiarrhythmic effect,
possibly mediated via modulation of the
renin-angiotensin-aldosterone system
pathway. Inhibition of sodium absorp-
tion in the kidney by an SGLT2 inhibitor

results in natriuresis leading to osmotic
diuresis with attendant reduction in
plasma volume and SBP and amelioration
of renal hyperfiltration, thereby im-
proving renal function (17). This might
suggest a potential role of empagliflozin
influencing the cardiorenal axis inmitigat-
ing CV risk. Of note, patients with history
of heart failure (10% prevalence) experi-
enced similar CV outcome benefits as
those without heart failure in EMPA-
REG OUTCOME (20). Accordingly, the
sponsor has announced plans to conduct
two trials to evaluate empagliflozin in pa-
tients with chronic heart failure and pre-
served ejection fraction (HFpEF) and
heart failure and reduced ejection frac-
tion (HFrEF) both with or without type 2
diabetes (21,22). Others have suggested a
“thrifty substrate” hypothesis wherein
under conditions of mild hyperketo-
nemia (as seen with SGLT2 inhibiton),
b-hydroxybutyrate (“superfuel”) is pref-
erentially utilized by the heart in prefer-
ence to fatty acids, resulting in improved

transduction of VO2 into myocardial
efficiency (23). This, together with in-
creased hematocrit, improves oxygen
delivery, further enhancing myocardial
performance (23). Future studies aimed
at these targets should help clarify the
mechanistic pathways.

The consistent treatment effect on MI
and stroke and delayed separation of
Kaplan-Meier curves seen in the trials of
liraglutide and semaglutide is more sug-
gestive of a potential antiatheroth-
rombotic effect mediated via favorable
impact on cardiometabolic factors. In ad-
dition to glycemic control andweight loss,
GLP-1 RA improve other possible risk fac-
tors including blood pressure, inflamma-
tory markers, insulin sensitivity, and lipid
profile and delay the progression of ath-
erosclerotic disease (24). Animal studies
have indicated that GLP-1 receptor acti-
vation in heart tissue may have benefits
including improved left ventricular (LV)
function and protection from ischemic
reperfusion injury (24). However, three

Table 5—Evaluating strength of evidence of CV outcomes using Bayes factor and NNT

End point Trial

Effect size
P value
(z score) Minimum Bayes factor

Decrease in probability
of null hypothesis, %

Strength of evidenceHR NNT From To no less than

3-point MACE

EMPA-REG OUTCOME 0.86 63 0.038 (2.02) 0.131

95 54

Moderate75 28

50 12

LEADER 0.87 66 0.01 (2.55) 0.038

95 42

Moderate to strong75 10

50 4

All-cause deaths

EMPA-REG OUTCOME 0.68 39 0.0001 (3.94) 0.0006

95 0.49

Very strong75 0.16

50 0.06

LEADER 0.85 98 0.017 (2.39) 0.057

95 52

Moderate to strong75 15

50 5

CV deaths

EMPA-REG OUTCOME 0.62 45 0.0001 (3.87) 0.0004

95 0.38

Very strong75 0.13

50 0.04

LEADER 0.78 104 0.007 (2.71) 0.024

95 31

Strong75 7

50 2

Hospitalization for
heart failure

EMPA-REG OUTCOME 0.65 71 0.0017 (2.93) 0.0137

95 11

Strong75 4

50 1

LEADER 0.87 NE 0.15 (1.42) 0.357

95 87

Weak75 52

50 26

Bayes theorem: posterior odds = prior odds3 evidence (Bayes factor). Bayes factor = probability (data/H0)/probability (data/H1) (likelihood ratio);H0 = null
hypothesis; H1 = alternative hypothesis. Minimum Bayes factor = exp(20.5z2). Odds = probability/(12 probability). Probability = odds/(1 + odds). NNT
to prevent one event over 3 years, calculated as inverse of absolute risk difference based on Kaplan-Meier curve estimates, is only reported for
statistically significant differences. NE, not estimated because of lack of statistically significant difference.
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smaller, placebo-controlled trials have
failed to demonstrate favorable effects
of liraglutide on LV systolic function and
exercise capacity in patients with diabe-
tes and coronary artery disease (25), on
myocardial energetics and posthospitali-
zation clinical stability in patients (with or
without diabetes) with advanced heart fail-
ure and reduced LVejection fraction (26), or
on LV ejection fraction in patients with
chronic heart failure (with or without di-
abetes) and reduced LV ejection fraction
(27). Patients with heart failure and re-
duced LV ejection fraction treated with
liraglutide suffered numerically more se-
rious adverse cardiac events than those
on placebo, including death or hospitali-
zation for heart failure and arrhythmia
(26,27). It is not clear whether the ad-
verse cardiac events are related to the
increase in heart rate with liraglutide.
The imbalance in the new use of insu-

lin with two- to threefold greater use in
the placebo arm of the three trials is

unlikely to contribute to the treatment
effect. While observational studies asso-
ciate insulin use with increased CV risk,
a large-scale, randomized, controlled
trial showed that insulin glargine, as com-
pared with placebo, was not associated
with an increased CV risk (28).

KEY DISCUSSION POINTS AT THE
EMDAC PANEL FOR sNDA
FOR EMPAGLIFLOZIN

On 28 June 2016, the FDA convened an
EMDAC panel to discuss the supplemen-
tal New Drug Application (sNDA) seeking
expanded indication for empagliflozin to
reduce the incidence of CV death in adult
patients with type 2 diabetes and estab-
lished CVD. The panel narrowly voted
12–11 in favor of granting the claim. Al-
though the panel agreed unanimously
that the trial had successfully established
CV safety of empagliflozin, therewere dif-
fering opinions regarding establishment
of cardiovascular benefit. At the crux of

the debate was whether a single trial de-
signed to demonstrate CV “safety” for a
3-point MACE primary end point could
support a label claim of benefit for the
secondary end point of CV death reduc-
tion based on “substantial evidence of
effectiveness,” especially when there is
no regulatory precedence for such an
action in this space.

The FDA reviewers and some panel
members raised issues with the high
number of CV deaths characterized as
“nonassessable” but presumed to be CV
deaths. About 40% of CV deaths (124/
309) and 26.8% of all-cause deaths
(124/463)were categorized as nonassess-
able (12). Typically, nonassessable deaths
make up no more than 10–20% of all
deaths in CV trials (12). Nearly one-third
of the absolute reduction in CV death
(0.8% out of 2.2%) was driven by reduc-
tion in these nonassessable deaths
(10,12). Excluding nonassessable deaths
from the primary analysis overturned

Table 6—Microvascular outcomes

End point

EMPA-REG OUTCOME LEADER SUSTAIN-6

Empagliflozin Placebo Liraglutide Placebo Semaglutide Placebo

Composite microvascular outcome
(renal plus retinal events)

577/4,132
(14%)

424/2,068
(20.5%)

355/4,668
(7.6%)

416/4,672
(8.9%)

NA NA

HR 0.62 (95% CI 0.54, 0.70) HR 0.84 (95% CI 0.73, 0.97) NA

P, 0.001 P = 0.02

New or worsening nephropathy
(composite renal outcome)

525/4,124
(12.7%)

388/2,061
(18.8%)

268/4,668
(5.7%)

337/4,672
(7.2%)

62/1,648
(3.8%)

100/1,649
(6.1%)

HR 0.61 (95% CI 0.53, 0.70) HR 0.78 (95% CI 0.67, 0.92) HR 0.64 (95% CI 0.46, 0.88)

P, 0.0001 P = 0.003 P = 0.005

New-onset persistent
macroalbuminuria

459/4,091
(11.2%)

330/2,033
(16.2%)

161/466
(3.4%)

215/4,672
(4.6%)

44/1,648
(2.7%)

81/1,649
(4.9%)

HR 0.62 (95% CI 0.54, 0.72) HR 0.74 (95% CI 0.60, 0.91) HR 0.54 (95% CI 0.37, 0.77)

P, 0.0001 P = 0.001

Doubling of serum
creatinine

70/4,645
(1.5%)

60/2,323
(2.6%)

87/4,668
(1.9%)

97/4,672
(2.1%)

18/1,648
(1.1%)

14/1,649
(0.8%)

HR 0.56 (95% CI 0.39, 0.79) HR 0.88 (95% CI 0.66, 1.18) HR 1.28 (95% CI 0.64, 2.58)

P = 0.0009 P = 0.48

Renal replacement therapy 13/4,687
(0.3%)

15/2,333
(0.6%)

56/4,668
(1.2%)

64/4,672
(1.4%)

11/1,648
(0.7%)

12/1,649
(0.7%)

HR 0.45 (95% CI 0.21, 0.97) HR 0.87 (95% CI 0.61, 1.24) HR 0.91 (95% CI 0.40, 2.07)

P = 0.041 P = 0.83

Renal death 3/4,687
(0.1%)

0/2,333
(0.0%)

8/4,668
(0.2%)

5/4,672
(0.1%)

NA NA

NA HR 1.59 (95% CI 0.52, 4.87) NA

Retinopathy (composite outcome) NR NR 106/4,668
(2.3%)

29/4,672
(2.0%)

50/1,648
(3.0%)

29/1,649
(1.8%)

NR HR 1.15 (95% CI 0.87, 1.52) HR 1.76 (95% CI 1.11, 2.78)

P = 0.33 P = 0.02

Nephropathy is defined as the new onset of macroalbuminuria (urine albumin-to-creatinine ratio .300 mg/g) or a doubling of the serum
creatinine level and an eGFR of#45 mL per minute per 1.73 m2, the need for continuous renal-replacement therapy, or death from renal disease.
Retinopathy is defined as the need for retinal photocoagulation or treatment with intravitreal agents, vitreous hemorrhage, or the onset of diabetes-
related blindness. Nephropathy was a prespecified exploratory adjudicated outcome in LEADER and SUSTAIN-6 but not in EMPA-REG OUTCOME. NA,
not available; NR, not reported.
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superiority for 3-point MACE from HR
0.86 (95% CI 0.74, 0.99) to 0.90 (0.77,
1.06) (12) (Table 4) but had no substantial
impact on CV death benefit, which re-
mained robust: 0.59 (0.44, 0.79) vs. 0.62
(0.49, 0.77) (12) (Table 4). In a post hoc
analysis, addition of all-cause deaths to
the 3-point MACE (51 additional events
with placebo and 84 additional events
with empagliflozin) preserved the CVben-
efit of empagliflozin, HR 0.85 (95% CI
0.74, 0.97) (12). Some committee mem-
bers argued that even though both CV
and all-cause deaths were prespecified
as secondary end points, there was no
prespecified a-adjustment for these end
points and they were not formally in-
cluded in the statistical hierarchical test-
ing strategy, which included a stepwise
evaluation of noninferiority followed by
superiority of 3-point and 4-point MACE.
Because superiority of the 4-point MACE
was clearly not met (P = 0.079) and the
reliability of superiority of the 3-point
MACE was questionable as it was not es-
tablished in 4/6 sensitivity analyses (12)
(Table 4), all subsequent analyses, includ-
ing deaths, are deemed exploratory
(“hypothesis generating”), requiring con-
firmation in subsequent trials. Others felt
that CV and all-cause death trumped all
end points and that CV and all-cause
death reduction was based on a large
number of events (309 CV and 463 all-
cause deaths), it was clinically important,
statistically robust yielding overwhelming
evidence of benefit (“proof beyond rea-
sonable doubt”) that remained significant
even after adjustments for missing data
assuming the worst-case scenario (Table
4) and multiple comparisons. Further-
more, the reduction in deaths was consis-
tently seenwith both10 and25mgdoses,
which is akin to two separate trials em-
bedded within one trial. Thus, the quality
and the quantity of evidence was suffi-
cient to support the FDA’s “substantial”
evidence criterion of effectiveness based
on a single trial, i.e., a single multicenter
study of excellent design providing highly
reliable and statistically strong evidence
of an important clinical benefit (14). A
similar conclusion was also reached inde-
pendently by the reviewers within the
FDA’s Division of Cardiovascular and Re-
nal Products (12).
Another concern raised was that

“silent MIs”were not adjudicated toward
the primary end point (12). Silent MIs are
common in diabetes, accounting for up to

one-third of all MIs, and they confer in-
creasedmortality risk (29,30). Thus, there
are legitimate arguments for including si-
lent MIs in the overall adjudication ofMIs
in CV outcome trials. However, because
of challenges regarding accurate ascer-
tainment, especially the inability to cap-
ture the precise timing and therefore
reliably estimate time to event, this end
point has not been consistently included
in CV outcome trials. For example, some
trials included silentMIs toward the over-
all adjudication of MIs (8,9,29,31,32), but
other contemporary trials did not (4–7),
thereby raising questions regarding stan-
dardization of end points in CV outcome
trials. In contrast to LEADER, in EMPA-
REG OUTCOME, silent MIs were assessed
(but not adjudicated toward either pri-
mary outcome or MI) based only on elec-
trocardiogram (ECG) criteria in about half
of the patients who did not have baseline
ECG abnormalities, or who had baseline
or postbaseline ECGs available for evalu-
ation, or where intervening ECG changes
were unrelated to event (12). As such,
these results are subject to missing data.
Nonetheless, these events occurred in
15/1,211 (1.2%) in the placebo group
and 38/2,378 (1.6%) in the empagliflozin
group, yielding anHRof 1.28 (95%CI 0.70,
2.33) (12). Counting these “silent MI”
events in an exploratory analysis would
overturn statistical significance for the
3-point MACE: HR 0.91 (95% CI 0.73,
1.13) (12) (Table 4).

Several panelists argued that lack of a
clear mechanistic explanation underlying
CV benefit in EMPA-REG OUTCOME is a
major limitation, calling into question the
validity of the findings. This is a rather
uncharitable criticism, as outcome trials
are not designed to yield mechanistic in-
sights (14). These should be explored in
future investigations.

The increase in the hazard for stroke
with empagliflozin, although not statisti-
cally significant, was also a subject of de-
liberation. In the ITT analysis, the HR for
total stroke is 1.18 (95% CI 0.89, 1.56). In
some subgroups, such as those enrolled
from Europe (representing 41% of the
overall trial cohort), on loop diuretics,
with history of atrial fibrillation, or those
with baseline HbA1c .8.5%, the HR ex-
ceeds 2.0 (12). Disability associated with
stroke was not formally assessed. How-
ever, fatal strokes, a proxy for large dis-
abling strokes, occurred infrequentlyd27
out of 233 total strokes (11.6%)dand the

HR for fatal stroke of 0.72 (95% CI 0.33,
1.55), P = 0.41 (12), is reassuring. On-
treatment analysis that limits assess-
ment to events occurring within 30 days
of last study drug yields an HR of 1.08
(95% CI 0.81, 1.45) (12). No signifi-
cant associations were observed be-
tween stroke and changes in hematocrit
and blood pressure or volume deple-
tion. Thus, the clinical relevance of the
numerical imbalance in stroke is unclear.
While the finding might represent a play
of chance, it remains a potential concern
for this and other products within the
drug class (12) and therefore merits care-
ful assessment in future studies.

Panel members largely agreed that the
reductions in heart failure and adverse
renal outcomes shown in EMPA-REG
OUTCOME were not sufficient (or con-
trolled for type 1 error) to establish con-
clusive benefits and therefore they were
deemed not actionable for regulatory
decision making.

On 2 December 2016, the FDA an-
nounced approval for expanded indica-
tion of empagliflozin “to reduce the risk
of CV death in adult patients with type 2
diabetes mellitus and cardiovascular dis-
ease” (11), making empagliflozin the first
antidiabetes drug to a receive a CV risk
reduction claim. On the basis of the re-
sults of the EMPA-REG OUTCOME and
LEADER trials, the American Diabetes As-
sociation’s Standards of Medical Care in
Diabetesd2017 recommends adding
empagliflozin (or liraglutide) for patients
with established CVD to reduce the risk of
mortality (33). The Canadian Diabetes As-
sociation Clinical Practice Guidelines for
the Prevention and Management of Dia-
betes in Canada had previously endorsed
addition of empagliflozin to antihypergly-
cemic therapy to reduce the risk of CVand
all-cause mortality in people with clinical
CVD in whom glycemic targets are not
met (34). More research is needed to
elucidate the underlying mechanisms
and confirm whether CV benefits are a
class effect or whether the benefits per-
sist in patients without established CVD
or are evident even in patients without
diabetes.

CONCLUSIONS

Overall, the results of the EMPA-REG
OUTCOME and LEADER trials repre-
sent a clinical breakthrough representing
the first two antidiabetes interven-
tions to unequivocally show CV risk

care.diabetesjournals.org Kaul 829

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/40/7/821/548899/dc170291.pdf by guest on 26 August 2022

http://care.diabetesjournals.org


reduction in patients with type 2 diabe-
tes. Although SUSTAIN-6 unexpectedly
yielded a significant reduction in MACE in
the preapproval trial, it is questionable
whether an inference of superiority is reli-
able or credible. The CV benefit is likely un-
related to glucose-lowering efficacy of
these drugs. The mean on-treatment
HbA1c level in both these trials ranged
from 7.6% (60 mmol/mol) and 8.3%
(67 mmol/mol), respectively. In contrast,
previous trials demonstrated that lower-
ing HbA1c levels to less than 7% was not
associated with CV benefits compared
with less intensive glycemic control
(32,35). Questions have also been raised
regarding whether intensive glucose con-
trol in type 2 diabetes yields unequivocal
evidenceof benefit onhardmicrovascular
complications, such as vision loss or renal
failure (35). Thesefindings raise questions
regarding whether targeting glycemic
control should remain the principal regu-
latory criterion for marketing authoriza-
tion for antidiabetes drugs or continue
to be the focus of guideline recommen-
dations, which currently promote individ-
ualized glycemic targets for patients
based on their comorbidities, propensity
for hypoglycemia, and capacity to carry
out the treatment plan (33).
The lack of CV safety signals in all the

seven trials that have published results so
far calls into question the wisdom of a
default approach that assumes all antidia-
betes drugs are suspected of CV harm
unless proven otherwise (36). Perhaps a
more selective and targeted strategy that
is informed by adverse signals observed
during the preclinical phase of drug devel-
opment, plausible mechanisms of risk,
or a known class effect would offer a
more enlightened and resource-sensitive
approach to assessment of CV safety of
antidiabetes drugs (37). While one might
argue that the results of these trials vin-
dicate the 2008 guidance, it is perhaps
time to move beyond the restricted
focus of ruling out unacceptable CV
harm in high-risk patients over short-
term follow-up (a somewhat artificial
scenario mandated by the guidance with
limited generalizability) to designing
pragmatic trials aimed at yielding tangible
long-term benefit in microvascular and
macrovascular outcomes in lower-risk pa-
tientswho aremore representative of the
patients encountered in daily clinical
practice. This will no doubt be a time-
consuming and resource-heavy endeavor,

but it would be worth the investment to
fully understand the impact of treatment
options on all relevant outcomes. Just
because a therapy lowers glucose does
not necessarilymean that it has other clin-
ically beneficial effects.
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tide. No other potential conflicts of interest rele-
vant to this article were reported.
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