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Cardiovascular safety trials of incretin-based
drugs: What do they mean?

Incretin-based dipeptidyl peptidase-4
inhibitors and glucagon-like peptide-1
receptor agonists are newer choices
of antidiabetic medications that are
now most widely used worldwide.
Preclinical study results suggest that
the two drugs potentially exert bene-
fits to prevent onsets and/or progres-
sions of diabetes-related
complications, such as myocardial
infarctions and strokes. Outcomes of
five clinical trials to evaluate the car-
diovascular (CV) safety of dipeptidyl
peptidase-4 inhibitors and glucagon-
like peptide-1 receptor agonist have
been recently reported. The heart fail-
ure findings of the Saxagliptin Assess-
ment of Vascular Outcomes Recorded
in Patients with Diabetes Mellitus-
Thrombolysis in Myocardial Infarction
53 (SAVOR-TIMI53) are unexpected
and very concerning; results of the
Examination of Cardiovascular Out-
comes with Alogliptin vs Standard of
Care (EXAMINE), the Trial Evaluating
Cardiovascular Outcomes with Sita-
gliptin (TECOS) and the Evaluation of
Lixisenatide in Acute Coronary Syn-
drome (ELIXA) encourage neutral CV
safety profiles of incretin-based drugs
in individuals with type 2 diabetes
and established CV diseases or multi-
ple CV risks. Furthermore, the Liraglu-
tide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome
Results (LEADER) results show the
benefits of liraglutide in preventing
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CV events in a similar study popula-
tion. Despite the many preclinical
studies showing the beneficial effects
of incretin-related drugs, most CV
safety trials of incretin-based drugs,
except for LEADER, did not show ben-
efits for CV events. It is important to
recognize that CV safety trials were
carried out to meet the US Food and
Drug Administration guidance to
assess CV safety of all new antidia-
betic drugs; they were not designed
to assess their benefits for CV events.
Therefore, the long-term potential
benefit, as well as even the safety, of
incretin-based drugs for certain CV
outcomes has not been definitively
established, and requires evaluation in
more specific and more relevant trials.
If the need for CV safety trials would
be determined based on an individual
drug’s safety data during its earlier
development as well as its mechanism
of action, resources could be saved
for carrying out such clinical trials.

Chronic hyperglycemia, in collaboration
with hypertension and dyslipidemia, can
cause diabetes-associated microvascular
complications (e.g., neuropathy, nephropa-
thy and retinopathy) and macrovascular
complications (e.g, myocardial infarc-
tions, strokes and peripheral arterial dis-
eases) in individuals with diabetes. Lines
of evidence show that amelioration of
glycemia with appropriate controls of
bodyweight, blood pressures, and lipid
levels prevents onset and/or progression
of such complications. To date, several
glucose-lowering  drugs have  been
developed to normalize glycemia in indi-
viduals with type 2 diabetes. Among
such drugs, incretin-based dipeptidyl

peptidase-4 inhibitors (DPP-4is) and glu-
cagon-like peptide-1 receptor agonists
(GLP-1RAs) are newer choices of such
antidiabetic medications. The two drugs
are now most widely used worldwide, in
part because they have low risks of hypo-
glycemia and bodyweight gain despite
their ability to ameliorate glycemia
through enhancement of insulin secre-
tion, unlike sulfonylureas and glinides'.
DPP-4is improve glycemic control in
individuals with type 2 diabetes by pre-
venting degradation of the two incretins,
glucagon-like peptide-1 (GLP-1) and glu-
cose-dependent insulinotropic polypep-
tide. GLP-1RAs does so by binding to
the GLP-1 receptor and activating GLP-1
receptor signaling. GLP-1 and glucose-
dependent insulinotropic polypeptide are
secreted from the intestine on ingestion
of various nutrients and enhance insulin
secretion from pancreatic B-cells glucose-
dependently. Preclinical studies in animal
models have shown diverse biological
functions of both incretins in addition to
their glucose-dependent insulinotropic
action®. Thus, it has been expected that
the incretin-related drugs potentially
exert benefits to prevent onsets and/or
progressions of diabetes-related complica-
tions, such as myocardial infarctions
(MI) and strokes. However, the effects of
incretin-based drugs on diabetes-related
complications need to be examined in
clinical trials with adequately powered,
prospective, controlled relevant end-
points. For these reasons, outcomes of
five clinical trials to evaluate the cardio-
vascular (CV) safety of individual incre-
tin-based drugs have gained much
attention.

Three trials, the Saxagliptin Assess-
ment of Vascular Outcomes Recorded in
Patients with Diabetes Mellitus-Throm-
bolysis in Myocardial Infarction 53
(SAVOR-TIMI53), the Examination of
Cardiovascular Outcomes with Alogliptin
vs Standard of Care (EXAMINE) and
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the Trial Evaluating Cardiovascular Out-
comes with Sitagliptin (TECOS), assessed
CV safety of the DPP-4is saxagliptin, alo-
gliptin and sitagliptin in individuals with
type 2 diabetes at risk for CV events,
respectively. SAVOR-TIMI53 was carried
out globally using a total of 16,492
patients with a history of CV disease (ap-
proximately 80% of the study population)
or with multiple CV risks (approximately
20%) (Table 1)>. The median observation
period was 2.1 years; glycated hemoglo-
bin (HbAlc) changes from baseline were
just 0.3% greater in those receiving saxa-
gliptin compared with a placebo. The
primary composite end-point of CV
death, non-fatal MI and non-fatal
ischemic stroke occurred in patients
receiving saxagliptin similarly to those
receiving a placebo (hazard ratio [HR]
1.00, 95% confidence interval [CI] 0.89—
1.12, P =10.99). EXAMINE was carried
out globally using a total of 5,380
patients, all of whom had acute coronary
syndrome®. The median observation per-
iod was 1.6 years; HbAlc changes from
baseline were 0.4% greater in those
receiving alogliptin. The primary com-
posite end-point of CV death, non-fatal
MI and non-fatal stroke occurred in
patients receiving alogliptin similarly to
those receiving a placebo (HR 0.96,
upper 99% CI: <1.16, P = 0.32). TECOS
was carried out globally using a total of
14,671 patients with a history of CV dis-
ease (approximately 75%), ischemic
stroke  (approximately 25%) and/or
peripheral artery diseases (approximately
20%)°. The median observation period
was 3.0 years; HbAlc changes from base-
line were 0.3% greater in those receiving
sitagliptin. The primary composite end-
point of CV death, non-fatal MI, non-
fatal stroke and hospitalization for unsta-
ble angina was 0.98 (95% CI: 0.89-1.08,
P = 0.65). These results can be taken to
show that DPP-4is have neutral CV
safety profiles in individuals with type 2
diabetes and high risks for CV events,
particularly MI, stroke and CV death.
Unexpectedly, saxagliptin use was associ-
ated with a significant increase in hospi-
talization for heart failure compared with
a placebo (HR 1.27, 95% CI: 1.07-1.51,

P =0.007). EXAMINE and TECOS did
not find significant associations of heart
failure with use of alogliptin and sitaglip-
tin, suggesting that the effects of saxaglip-
tin on heart failure might be a drug
effect rather than a class effect. Rigorous
post-hoc analyses on SAVOR-TIMI53
failed to identify obvious causal mecha-
nisms for heart failure with saxagliptin;
further investigations are warranted to
evaluate changes in cardiac function in
individuals with type 2 diabetes receiving
saxagliptin.

Two clinical trials, the Evaluation of
Lixisenatide in Acute Coronary Syn-
drome (ELIXA) and the Liraglutide
Effect and Action in Diabetes: Evaluation
of Cardiovascular Outcome Results
(LEADER), assessed the CV safety of the
GLP-1RAs lixisenatide and liraglutide in
individuals with type 2 diabetes at risk
for CV events, respectively. ELIXA was
carried out globally using a total of 6,068
patients with a recent experience of acute
coronary syndrome (Table 1)°. The med-
ian observation period was 2.1 years;
HbAlc changes from baseline were
approximately 0.3% greater in those
receiving lixisenatide compared with a
placebo. The primary composite end-
point of CV death, non-fatal MI, non-
fatal stroke and hospitalization for unsta-
ble angina occurred in patients receiving
lixisenatide similarly to those receiving
placebo (HR 1.02, 95% CIL: 0.89-1.17,
P =0.81). LEDER was carried out glob-
ally using a total of 9,340 patients with
high risks for CV events’. The median
observation period was 3.8 years; HbAlc
changes from baseline were approxi-
mately 0.4% greater in those receiving
liraglutide compared with a placebo. The
primary composite end-point of CV
death, non-fatal MI and non-fatal stroke
occurred in significantly fewer patients
receiving liraglutide (HR 0.87, 95% CI:
0.78-0.97, P < 0.001 for non-inferiority
and P = 0.01 for superiority). Although
the differing outcomes of ELIXA and
LEADER are still unexplained, differences
in baseline characteristics of the enrolled
patients, such as HbAlc (LEADER
~8.7%/ELIXA ~7.7%) and body mass
index (LEADER =~32/ELIXA  ~30),
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might have implications in accord with
differences in the mode of action (ie.,
short-acting vs long-acting)®. Further
investigations are required to understand
the factors responsible for the differing
outcomes of ELIXA and LEADER. Nev-
ertheless, it is important to consider that
hospitalization for heart failure was not
affected by lixisenatide use (HR 0.96,
95% CIL. 0.75-1.23, P=10.75) or by
liraglutide use (HR 0.87, 95% CI: 0.73—
1.05, P = 0.14).

The heart failure findings of SAVOR-
TIMI53 are unexpected and very con-
cerning; the results of EXAMINE,
TECOS and ELIXA encourage neutral
CV safety profiles of incretin-based drugs
in individuals with type 2 diabetes and
established CV diseases or multiple CV
risks. Furthermore, LEADER results
show benefits of liraglutide for preventing
CV events in a similar study population.
Because of the existence of the many
preclinical studies showing the beneficial
effects of incretins and incretin-related
drugs, obvious questions arise as to why
most CV safety trials of incretin-based
drugs, except for liraglutide, did not show
benefits for CV events. In this regard, it
is important to recognize that CV safety
trials were carried out to meet the US
Food and Drug Administration guidance
implemented in 2008 to assess the CV
safety of all new antidiabetic drugs; they
were not designed to assess their benefits
for CV events. CV safety trials require a
large study population in multiple coun-
tries to obtain CV events sufficient for
statistical analysis. Monitoring such large
study populations globally requires sub-
stantial costs and efforts; thus encourag-
ing enrollment of patients with
established CV diseases who are likely to
experience a CV event within a limited
time-period. These patients are already
taking aspirin, statin and angiotensin-
converting enzyme inhibitors/angiotensin
II receptor blockers along with multiple
antidiabetic drugs (Table 1); the results
obtained should be evaluated taking these
patient characteristics into consideration.
Therefore, the long-term potential bene-
fit, as well as even the safety, of incretin-
based drugs for certain CV outcomes has

© 2016 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

273

J Diabetes Investig Vol. 8 No. 3 May 2017



>
(-4
< ©
- £
z &
w
s 2
[
=3
o
o S

brary.wiley.com/journal/jdi

Ine

://onlii

http:

vi/d/Lee d
899d/9%89 d
Sy d/9¢er A
§0S d/90s A
0/, d/852. d

€9 F9CE 4/€9 F Sce d
SLF /8491 F/80
'8 F6¢CL d/08F8¢CL A
908 d/1'z8 d

S// d/5LLd

079 d/5%9 d

CLFVYYI 4/CLF PO A

¥10 = d (SOL=€£0) /80 9H

(|eyej-uou

10 [e1e)) 910 = d
(Q0'1—1£0) 980 YH

(|e1ej-uou

10 [e1e)) Oy00 = d
(00'1—€£0) 980 YH

/000 =d
(€60-990) 8/0 4H

Aouadns 1oy

100 = 4 Awouajui-uou

10} 1000 > d
(t60-8£0) £80 YH

eed/eee d
¥'/6d/9/6 A
06¢ d/cee d
gee doce a
Y59 d/c/9d
85 F C0¢e d
/95 F10ed
€L+92d
/ELFLLA
€8 F1¥6d
/(8 F 60
00L d/00L d
Y9/ divvl A
1'69 d/969 d
96 +909 d
/L6 F 665 d
S/0=d
(€T1=5/0) 960 YH
m_mumuTCOC ple} _mu—mb
750 =4
(85'1-6/0) Tl'L YH
A_umuTCOC ple} _mu—mb
1L0=d
(€C1=/80) €0l YH
80 =d
(€C1-8/0) 860 YH

Aouadns 1oy

180 =d

AJousjul-uou 1o}

1000 > d
(/1'1-680) ¢O'L YH

eulbue

3|geisun

008 d/862 d
¥8/ d/98. 4
6¢cd/secd
0y d/9sk d
8 d/018d
LS F0¢ed
/96 F¢0e d
S0+ <CLd
/SOF LA
I8 +91lld
/I8 F 911 d
S¥/ d/9¢ A
89 d/9/9 A
S0/ d4/60L d
08 +559d
/6L F¥59d
860 =d
(0T1-€80) 00'L YH
QE&.COC 1O
[18)) 9/0 = d
6L1-6£0) £60 YH
A_E&.COC 1O
[e18)) 610 = d
(L1'1=180) S60 YH
1[0 =d
61'1-680) €0l YH

Aouadns
10} S90 = d
(80'1-680) 860
YH Aol u-uou
10} 1000 > 4
(60'1-880) 860 dH
euibue a|geisun
10} uoiez|eydsoy

€06 d/906 d
806 4/906 d
€0¢e d/vec a
9 d/69¥ d
¥'/9 4/059 d
(€89-961) /8T d
/655-/S1) £8c A

'L F08d/l'L F080
(€187 €/ d
/8€1-90) L' a

00Ld/00L d
§¢Ld/8eL a
089 d/£/9 d

019 4/0'19d
/590 =d
Or1-6,0) L01 YH
(|e1ej-uou)
l1/0=d
(05'1-550) 160 YH
(|e1ej-uou)
/Y0 =d
(€€'1-880) 80'L YH
0o =d
(#0'1-090) 6£0 YH
Auouadns
10} 7€0 =d
Aouajul-uou
10 1000 > d
©1'| D paresdal
P3PIS-2U0 Y}
JO Alepunoq
1addn) 960 YH

¥8/ d/€8. A
0S/ d/5s2 d
Cly 491y d
00 4/50% d
69 d/6'69 d

[SFCLEASSF LLEQ

vLF08dH1L +080
©91-€9) €01

d/(L91-¢S) €01 a

8L d/¥8L d

L'S.d/v'ss a

€/9 d/999 d

98 ¥099 d/S8 F 1's9 A

£000 = d (L51=£0'1) £TL YH

Iwayds))

860 =d (6€'1-880) LL'L YH

750 = d (C1'1-080) 560 YH

/0 =d (T1—/80) €01 YH

Apouadns 10} 660 = d

AJousjul-uou 1o}

1000 > d 660 = d
(Cl'1=680) 00'L YH

€0 2/€0 |
SLO/LL
0201
0201
0201

SSF8LLO/NS F LT

L FSOLOWST F60L 1

pasoube|p AMaN

18 /18 1
6'19 2/909 |

98 F ¥'€5 /98 F CeS |
aN

50 =d
(151-180) LL'L YH

(500 =d
(00'1=1£0) ¥80 YH

aN

600 =d
(660-6£0) 880 YH

11(%) uneis
140) undsy
(90) uinsul

(96) B2INJAUOYNS
(96) UILIONSN

Jng

(%) LvaH
s(51eak) sareqelp

Jo uoneing

(%) °sessip AO

(96) auym “Apluya

(%) 2lPw X35

+(s1eah) Sby

4H 10}
uonezijeydsoH

Mons

I
asned A

wiol yeaQ

10} uonezieydsoy pue ax0.s M0AIS [ere)-uou
oS [erej-uou pue pue 2340Ns [e1ejuou [e1ej-uou pue ||\ OANS DIUUBYDS| [ele)-Uou sjulod-pus
[\ [BIBJ-UOU ‘Y1esp AD  IIN [BIe)-UOU ‘Yiesp AD I [e1ej-Uou ‘Yiesp AD [E1RJ-UOU “U1esp AD pue ||A [BIRj-UOU ‘Yiesp AD pajeaI-sataqelp Auy  ulod-pus Alewd
8¢ 1T 0¢ 9l 1T 00l (s1eak) dn mojio4
/9% d/899% A YEO'Ed/re0e d 6€€L d/cegL a 6/9C d/10LT A C1T'8 4/087'8 A 8EL'L D/6TLT | u
d3dvAl X4 SOAL ININYXA ESINILL-HOAYS €esdain

sbrup paseq-unaioul Jo Sjel [ediulp Alafes Jejndseaolpied pue Apnig sa1agelq aADadsold Wopbury pajun JO SONSsUSIDRIEYD SUlRSeq PUB SSUIODINO Paidsfss Jo Alewiwng | | ajqel

© 2016 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

J Diabetes Investig Vol. 8 No. 3 May 2017

274



http://onlinelibrary.wiley.com/journal/jdi

D 56.7/P540
D 318/P 318

LEADER
D 51.7/P 503

D 836/P853
D 84.9/P 850

ELIXA

D 634/P 637
D 201/P 211
D 582/P 581

TECOS

D 81.7/P 822
D 81.5/P 825

EXAMINE

SAVOR-TIMI53
D 616/P 616
D 282/P 276
D 536/P 549

UKPDS33
[12/C12

"Median. *Mean + standard deviation except for median in the Examination of Cardiovascular Outcomes with Alogliptin vs Standard of Care (EXAMINE). $Mean + standard deviation
except for median with range in the Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus-Thrombolysis in Myocardial Infarction 53 (SAVOR-TIMI53)

and EXAMINE. "Mean = standard deviation except for median with range in the Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS). Use of antiplatelet agent (%) instead

of aspirin in the Evaluation of Lixisenatide in Acute Coronary Syndrome (ELIXA) and Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results (LEADER).
HUse of lipid-lowering drugs, instead of statin in the United Kingdom Prospective Diabetes Study (UKPDS). ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin Il-receptor

blockers; BMI, body mass index; C, conventional therapy; CV, cardiovascular; D, drug of interest; HbATc, glycated hemoglobin; HF, heart failure; HR, hazard ratio; |, intensive therapy; ND,

Table 1 (Continued)
[B-Blocker (%)
not determined; P, placebo.

ARB (%)
ACEl (%)

not been definitively established and
requires evaluation of individuals without
CV diseases, similar to what was done in
the United Kingdom Prospective Dia-
betes Study (UKPDS)’, making full use
of appropriate surrogate markers (e.g.,
intima-media thickness on the carotid
ultrasonography). In this respect, the
question remains whether the US Food
and Drug Administration guidance for
assessing CV safety through large CV
safety trials of every new antidiabetes
drug is appropriate. If the need for CV
safety trials would be determined based
on an individual drug’s safety data dur-
ing its earlier development as well as its
mechanism of action, resources could be
saved for carrying out more specific and
more relevant trials (e.g, prevention of
onset and/or progression of diabetes-
related micro- and macrovascular com-
plications) or trials to find effective thera-
peutics for reducing CV death and
improving long-term healthy survival.

ACKNOWLEDGMENTS

D Yabe and Y Seino contributed to intel-
lectual discussions and writing the manu-
script. D Yabe and Y Seino are the
guarantors of this work.

DISCLOSURE

D Yabe received consulting and/or
speaker fees from MSD KK. and Novo
Nordisk Pharma Ltd. D Yabe received
clinical ~commissioned/joint  research
grants from Nippon Boehringer Ingel-
heim Co. Ltd, Eli Lilly and Company,
Taisho Toyama Pharmaceutical Co. Ltd.
and MSD KK, Takeda Pharmaceutical
Company Limited, Ono Pharmaceutical
Co. Ltd,, Novo Nordisk Pharma Inc. and
Arklay Co. Ltd. Y Seino received consult-
ing and/or speaker fees from Eli Lilly
Japan KK, Sanofi KKK, Novo Nordisk
Pharma Inc., Glaxo-Smith-Kline, Taisho
Pharmaceutical Co. Ltd., Taisho Toyama
Pharmaceutical Co. Ltd., Astellas Pharma
Inc., BD, Nippon Boehringer Ingelheim
Co. Ltd., Johnson & Johnson and Takeda
Pharmaceutical Company Limited. Y
Seino received clinical commissioned/
joint research grants from Taisho
Toyama Pharmaceutical Co. Ltd., Nippon

COMMENTARY
CV safety of incretin-based drugs

Boehringer Ingelheim Co. Ltd., Eli Lilly
and MSD KK.

Daisuke Yabe">*, Yutaka Seino"*
"Yutaka Seino Distinguished Center for
Diabetes Research, Kansai Electric Power
Medical Research Institute, Kobe,
Department of Diabetes, Endocrinology
and Nutrition, Kyoto University Graduate
School of Medicine, Kyoto, *Division of
Molecular and Metabolic Medicine, Kobe
University Graduate School of Medicine,
Kobe, and *Center for Diabetes,
Endocrinology and Metabolism, Kansai
Electric Power Hospital, Osaka, Japan

REFERENCES

1. Seino Y, Kuwata H, Yabe D. Incretin-
based drugs for type 2 diabetes:
focus on East Asian perspectives. J
Diabetes Investig 2016; 7(Suppl 1): 102—
100.

2. Seino Y, Yabe D. Glucose-dependent
insulinotropic polypeptide and
glucagon-like peptide-1: incretin
actions beyond the pancreas. J Diabet
Investig 2013; 4: 108-130.

3. Scirica BM, Bhatt DL, Braunwald E,
et al. Saxagliptin and cardiovascular
outcomes in patients with type 2
diabetes mellitus. N Engl J Med 2013,
369: 1317-1326.

4. White WB, Cannon CP, Heller SR, et al.
Alogliptin after acute coronary
syndrome in patients with type 2
diabetes. N Engl J Med 2013; 369:
1327-1335.

5. Green JB, Bethel MA, Armstrong PW,
et al. Effect of sitagliptin on
cardiovascular outcomes in type 2
diabetes. N Engl J Med 2015; 373: 232—
242,

6. Pfeffer MA, Claggett B, Diaz R, et al.
Lixisenatide in patients with type 2
diabetes and acute coronary
syndrome. N Engl J Med 2015; 373:
2247-2257.

7. Marso SP, Daniels GH, Brown-Frandsen
K, et al. Liraglutide and cardiovascular
outcomes in type 2 diabetes. N Engl J
Med 2016; 375: 311-322.

8. Yabe D, Seino Y. Defining the role of
GLP-1 receptor agonists for
individualized treatment of type 2

© 2016 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

275

J Diabetes Investig Vol. 8 No. 3 May 2017



COMMENTARY

Yabe and Seino http://onlinelibrary.wiley.com/journal/jdi

diabetes. Expert Rev Endocrinol Metab insulin compared with conventional (UKPDS) Group. Lancet 1998; 352: 837—
2014; 9: 659-670. treatment and risk of complications in 853.

9. UK Prospective Diabetes Study patients with type 2 diabetes (UKPDS
(UKPDS) Group. Intensive blood- 33). UK Prospective Diabetes Study Doi: 10.1111/jdi.12576

glucose control with sulphonylureas or

276 J Diabetes Investig Vol. 8 No. 3 May 2017 © 2016 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd



