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ABSTRACT

In 2008, the United States Food and Drug Administration issued guidance which mandated
long-term cardiovascular outcome trials (CVOTs) to assess the safety of new antidiabetic drugs
for type 2 diabetes. Since 2008, three CVOTs that have studied dipeptidyl peptidase-4 (DPP-4)
inhibitors and four CVOTs of a glucagon-like peptide-1 (GLP-1) receptor agonist (GLP-1RA)
have been reported. Each of the completed CVOTs showed the noninferiority of respective
drugs to placebo for primary CV composite endpoint. Among them, liraglutide and semaglu-
tide showed a reduction of major adverse cardiovascular events. However, the mechanisms
for the observed cardiovascular differences between DPP-4 inhibitors and GLP-IRA, and
across individual GLP-1RA are not clearly understood. Therefore, this review will summarize
the CVOTs of the DPP-4 inhibitors and GLP-1RA, interpretation of cardioprotective results of
incretin-based therapy and the possible mechanism of action.

Keywords: Cardiovascular outcome trials; Diabetes mellitus, Type 2; Dipeptidyl-peptidase IV
inhibitors; Glucagon-like peptide-1 receptor agonist
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1990\ o] % W2 P A7} SA|H WA g 2™ of] thgh &3} o] @] of &= QF A o] EHOP
AZo] Z Q3| At 18 E 2 2007 o] Nissen BFAlol] ]3] thiazolidinediones A1 E 2] =

OFA|| 5 rosiglitazone ©| 2= A 7F A 2 M 22 Al F B g S7HA X o HEREA °l
K5 o]F 320090l U]=-2] Food and Drug Administration (FDA)- rosiglitazone = ol 2
SAZON, 13 et RE MR G oA AP TR SIS AZ o} Bt
21 5tk A I 5 E A1 H dipeptidyl peptidase-4 (DPP-4) 2 A AL} glucagon-like peptide-
(GLP1) =X 2H8-A 9] 1 =3 E (incretin) 2FA| 2}t sodium glucose cotransport-2 (SGLT2) A A
A9) A BB AT et o2 A4 Q- So] A YElo] 2 AR At So| HiEs| T Yrt.

DPP-4 AAA= A Z7FA] 37He] AL = Saxagliptin Assessment of Vascular Outcomes Re-
corded in Patients with Diabetes Mellitus-Thrombolysis in Myocardial Infarction 53 (SAVOR-TIMI
53),* Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care (EXAM-
INE),’ Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS)® 717} B¥F & Qa1
GLP1 8- A 2F-8-A| = 47§ 2] AT =, Evaluation of Lixisenatide in Acute Coronary Syndrome
(ELIXA),” the Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome
Results (LEADER),® Evaluate Cardiovascular and Other Long-term Outcomes with Semaglutide
in Subjects with Type 2 Diabetes (SUSTAIN-6),’ Exenatide Study of Cardiovascular Event Lower-
ing study (EXSCEL)"* A7+ Z3}7} = {th(Fig.1). o] 752 Sl A2 A|7 2] o=
© iy Fxpol A A PUAHE o AO7|A 9 AT oA o] BHEI AT, liragluride
L semaglutide= 2512 A FHL S AR o] FA = th(Fig. 2). o1 &= 74
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Fig. 1. Completed and ongoing CVOTs of DPP-4 inhibitors and GLP-1RAs. Solid line means completed clinical trials. Dotted line means ongoing clinical trials.
CVOT; cardiovascular outcome trial, DPP-4; dipeptidyl peptidase-4, GLP-TRA; glucagon-like peptide-1 receptor agonist, 3-P; 3-point, 4-P; 4-point, MACE; major
adverse cardiovascular event.
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Composite MACE

Saxagliptin |—.—| HR 1.00 (0.89-1.12)
Alogliptin I—H : HR 0.96 (0.89-1.08)
Sitagliptin I—i—l HR 0.99 (0.89-1.10)

Lixisenatide |—I—| HR 1.02 (0.89-1.17)

Liraglutide | HR 0.87 (0.78-0.97)

Semaglutide Hl— ‘ HR 0.74 (0.58-0.95)
Exenatide wk |—.—|: HR 0.91 (0.83-1.00)
1 I 1

3I 1 1 1
0 02 04 06 08 10 12 14 16 18 20

Fig. 2. HR (95% CI) for the MACEs versus placebo/comparator treatment from CVOTs using DPP-4 inhibitors and
GLP-1RA.

HR; hazard ratio, Cl; confidence interval, MACE; major adverse cardiovascular event, CV; cardiovascular, CVOT;
cardiovascular outcome trial, DPP-4; dipeptidyl peptidase-4, GLP-1RA; glucagon-like peptide-1 receptor agonist.
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1. DPP-4 2AR|H|e|] Heh ZHoj| cit =t
Do+ SIS QI ohge] ©%0 2 3ol A A2 i A eHAolck. 2l
Aot A7 HEtH| 2] Q1&d 2H| 5 FXUokE 28] e RollH e 222 S
25t | A7) KA Lol A Lk 2.+= gastric inhibitory peptide (GIP)2} A~72] L-A|E oA Lt
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A =W AFE-o] 7FsSt DPP-4 A Aol = sitagliprin, vildagliptin, saxagliptin, linagliptin,
gemigliptin, alogliptin, teneligliptin, anagliptin, evogliptin®] 1 .2.™, 20| A= omarigliptin
o] Ah-& Fo] L, dutogliptin> H2H 34 A Folth. kA 2 &84 ;L2 DPp-4 4
A =, W27] 9 ehatel 2ol 90 EHEA AL 0.5%-0.6% HE A4, B

Q¥ A oL} 3| % 279} 2 R akgo) g, 7HATHo| L A S Sl A ALgo]
7h5 ool .
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Table 1. Completed CVOTs of DPP-4 inhibitors
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2. DPP-4 2{N|x[e| MedatE st cst 2 4H At

DPP-4 AA|A| F-0l| A] &2 saxagliptin (SAVOR-TIMI 53), alogliptin (EXAMINE), sitagliptin (TE-

C0s)2] A @A ghol thoh th 2 AT A7} B 1= 913 (Table 1), linagliptin A7 2
£ 2T E g oA o|rt,

SAVOR-TIMI 53 A= Ay ghe] o] 9l= Gt TAFE tld 2 2 saxagliptin®] 4

e o /g & Lot 1t XY Ato|h. YAt H 3= 9] 2F tiH] saxagliptin®] major

adverse cardiovascular event (MACE) 2HAjof] tigh B]| A5/ (o) Y e (EThHE LotR

22} 5FA Tt 1 A3 MACE Aol 91o] A= saxagliptin 501 A] 9] 2F thH] A & -2 ghoj)
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Trial SAVOR-TIMI 53 EXAMINE TECOS
Intervention Saxagliptin/placebo Alogliptin/placebo Sitagliptin/placebo
No. of patients 16,492 5,380 14,724

Main inclusion criteria Type 2 diabetes ACS within 15-90 days Preexisting CVD

>50 years + established CVD or
>55 years (male) or 260 years (female)

Age (yr)

BMI (kg/m?)
Duration of DM (yr)
Start-reported year
Median FU (yr)
Statin use (%)
AIC/AIC change (%)
Primary outcome

CV death

Mi

Stroke

HF hospitalization

Unstable angina hospitalization
All-cause mortality

+ CVD risk factors

65.1 61.0 65.4
311 28.7 30.2
10.3 7.1 1.6
5/2010-5/2013 10/2009-6/2013 12/2008-6/2015
2.1 1.5 3.0
78 91 80
8.0/-0.3 8.0/-0.3 7.2/-0.3
3-point MACE 3-point MACE 4-point MACE
1.00 (0.89-1.12) 0.96 (0.89-1.08) 0.99 (0.89-1.10)
1.03 (0.87-1.22) 0.85 (0.66-1.10) 1.03 (0.89-1.19)
0.95 (0.80-1.12) 1.08 (0.88-1.33) 0.95 (0.81-1.11)
1.11 (0.88-1.39) 0.91 (0.55-1.50) 0.97 (0.79-1.19)
1.97 (1.07-1.51) 1.19 (0.90-1.58) 1.00 (0.83-1.20)
1.19 (0.89-1.60) 0.90 (0.60-1.37) 0.90 (0.70-1.16)
1.11 (0.96-1.27) 0.88 (0.71-1.09) 1.01(0.90-1.14)

This table was modified from Cefalu et al.”

CVOT; cardiovascular outcome trial, DPP-4; dipeptidyl peptidase-4, SAVOR-TIMI 53; Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with
Diabetes Mellitus-Thrombolysis in Myocardial Infarction 53, EXAMINE; Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care, TECOS;
Trial Evaluating Cardiovascular Outcomes with Sitagliptin, CVD; cardiovascular disease, ACS; acute coronary syndrome, BMI; body mass index, DM; diabetes
mellitus, FU; follow up, MACE; major adverse cardiovascular event, CV; cardiovascular, MI; myocardial infarct, HF; heart failure.
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7o} THE & MACER B2 4273, ul X1 w73, A A o) Al g o) oo
?— 3 19, Aol thet €& sitagliptin

A 7FA] AT o] lol| %= DPP-4 AA|AH| FOllA] sitagliptin, saxagliptin, linagliptin, vildagliptin,
alogliptin®] phase II-1II A7 A5 Hota AFIAZLO] QFHA-& Lot E 1A} pooled
analysis A5 2 A2 A @y ghol sl /-9 5t Al 7] = a7 HAlE Qo). e
U ol2fet At 52 A EE Bzt o Aol A ashe] dg g AP A ERE B
A3k 7o) ofl7] wyol, Al @eATe] A H7} tha R estA) bk S Sk, et
A g yrdgho] gl v w2 A4S Gl i AkEo] ZEHE 1Al 7|1to] ZHt7] wiwol, A
= AT A H = 23 A] 982 Abgtoll A 2.5]2 Dpp-4 A | A7 A F ek i ghoj
2 4 AL = = S A o tiet F7HA Q1 A7k 2 2 st

DPP-4 A A} A 27 Q] &0l 9loA savor Aol F7HE Ao ths A= o 13|
3|4 oj] oj-g0] 9l o T} oFx| e} &-a] o] oFA|Tte] Eo]% o & BX] EXAMINE, TECOS
7HA] o] BASE Ao A= B A 9] 9] 8-0] Z7)5HA] &t7] w20l class effectZ QF
Asicha stz of] 5k =a2ko] of x| = o W3] Hol Q). 5}A|HF SAVOR T A} ol A] Al B
Aol 3t 7R S §F At B s AR AL8-2 1) o] Mo AR A o] 9l AL 2) A
T AlZF A1 - 9] N-terminal pro B-type natriuretic peptide (NT-proBNP)” =2 AFE, a8ars)
estimated glomerular filtration rate (eGFR)©| 60 mL/min °]5}R1 7-9-ollA Z7}317] wf-&oll,
AR 0] QI B} A7) 0] MaHE Bajol Al 4% ol sl Fe)skele Fpa] A
7h7klof Slck.

3. DPP-4 AHHIo| MYZA L SN
DPP-4 QA A Fof & AFTA - JAAR &, Y, ol A EEF 2 7idE &9 1y
Q1 §37} Itk TSk DPP-4 § A= transmembrane peptidase = soluble form S &2 &2l 5}

H Ato]| BT} E] = o] N-Zhd B9 of| A position22] proline/alanine 2H7] Q1 dipeptides

£ A2 42 Tt w2t Dpp-4 A A|A| Fof & ollof| S7HE GLP12] Al E A ol o
g 242l &0 2 GLp4o] Aolut, U] Al Bl thA Ao 1= GLP 4>-&A| ol
75 =i T o

7]

3tsto] Aol foze 271 oAt e 9 A2 5d 220 FEIAM, FFZA2o
o5}, o]= DpPp-4 &4 2] 7|2 F-ol| A Table 22} -] peptide YY, neuropeptide Y (NPY),

stromal cell-derived factor 1 (SDF-1), monocyte chemoattractant protein-1 (MCP-1) 5-°| S7}%]
o] AAo] 4= /\ZE:] 27]. e=pu al—xl— a1l 3} =of| |5k zmz-]o] 222 3= 7o 72 A=}

(Table 2).1415

GLP-1 £+ EM|ZHE2H|

1. GLP-1 =8X[ZExH|e] e X HAr=Foj| 2het 287
©.2] 20| GLP1 -2 DPP-4 & A0l o] 8l w2 A ol &) 7| w)Zol| Gt x| EA| = AE517] 9
Stof Dpp-4°]] 23l 2 25 = A] o4 Al ¥hE7| 721 GLp4 =& A 2184 7F /HE | 1Tt o] oA

+ GLP19| =& ol| 2185t DPp-4 AA A Hot H Y =2 52| GLp1 83 A=2 &
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Table 2. List of DPP-4 substrate with potential CV effects

DPP-4 substrate

GLP-1

GLP-2

GIP
Substrate P
Peptide YY
NPY

SDF-1a, SDF-1B
MIG/CXCL9
IP-10/CXCL10
I-TAC/CXCLT
BNP

Characteristics Mechanism of cardioprotection
Enteropolypeptide Glucose lowering, insulin sensitizer, cardiomyocyte protection
Enteropolypeptide ?
Enteropolypeptide Glucose lowering, insulin sensitizer
Neuro-transmitter/-modulator NO-mediated vasodilatation
Enteropeptide; NPY inhibition, anorexogenic Inhibition of NPY action on the heart
Cholinergic and adrenergic fibres Positive inotropic/chronotropic action in the heart
Stimulates chemotaxis, progenitor cell mobilization and homing  Stimulates EPC recruitment from BM to the site of heart damage
Inflammatory chemokine Sustained chronic local inflammation and leukocyte recruitment
Inflammatory chemokine Sustained chronic local inflammation and leukocyte recruitment
Inflammatory chemokine Sustained chronic local inflammation and leukocyte recruitment
Ventricular neuropeptide Decreases in systemic vascular resistance and central venous

pressure, increases natriuresis and reduce SBP

This table was modified from Luconi et al.”®
DPP-4; dipeptidyl peptidase-4, CV; cardiovascular, GLP; glucagon-like peptide, GIP; gastric inhibitory peptide, NO; nitric oxide, NPY; neuropeptide Y, SDF-1;
stromal cell-derived factor 1, EPC; endothelial progenitor cell, BM; basement membrane, MIG; monokine induced by gamma, IP-10; inducible protein 10, CXCL;
chemokine (C-X-C motif) ligand, I-TAC; inducible T-cell alpha chemoattractant, BNP; brain natriuretic peptide, SBP; systolic blood pressure.
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s Qe Hul S7tet 227 2u] oA 482 Fo Y ZJamI} Ut £ 52
5 55 GLp4 48 A A8 = 3] e o] F A& ZRI5HI Al E AFALE o] A3
o] 22 Aol A B2 A2 0] B8HE 2715Hs g o] B gl glrh.s 1 oo A8 o] &
3}, Do) 94 5 A3HE Bol 24 ulE XA A8 5o YIS BRI AFS AL
A7 282 Sk @YstaThe oF 19%-1.5%9) YRBNLE FAATIH, 24, TE,
Matol 2o 28k7] 4 Rahgo] 3iet.

o] oA = AA] 2744 AD & W=t $7FA]+= Gila monstergh= =0 O] Hol| A &3t
exendin-4= 7|HFO 2 St oFA| 2 Aol GLP12] ofH| Ak} 539% A = 5 USHH exenatide,
lixisenatide7} ] 7] of] &3t} T2 BH71A] = AFhe] GLP13} ofr] ke 4to] 979 7+ 5 A 5
AFEe] GLP1S 7RFO 2 SF OFA| 2 liraglutide, semaglutide, dulaglutide, albiglutide”} o 7] ]|
&5}, B3t GLPA -8 A 28 A & AHE ATl mhetA] £ 8/ v A S o 2 B Reh=t &
T4 GLP1 - EA B A = B v & S AAIst AT 18 GE HHAI 7= Bl e
™ exenatide, lixisenatide7} & 7]of] &5t} | &40 2 Qe BH| S/ Y Z 271 BH] A
282 5ol 35 g2 WA 7= &7 94251 liraglutide, semaglutide, dulaglutide,
albiglutideZ} 43}, =3 GLP1 4~ 8A|2H8-A= @ 14 ol Qo= A5 A, AE A
el 22| AE|E (low-density lipoprotein cholesterol, ©]3} LDL-C), S/d A% ALl -2 o]
BAAEZ N, o A a2 Lt (Table 3).

Table 3. Comparison of metabolic and CV parameters between DPP-4 inhibitors and GLP-1RAs

Parameter DPP-4 inhibitors GLP-1RAs
Glucose metabolism HbAIC ¥ HbAIC vV

Lipid metabolism TG ¥, HDLC M, LDLC ¥ TG ¥, HDLC M, LDLC ¥
Blood pressure reduction +/- ++

Heart rate increase - +

Weight reduction + o+
Decrease of CV events Neutral Yes

HF +/- -

This table was modified from Bistola et al.”
CV; cardiovascular, DPP-4; dipeptidyl peptidase-4, GLP-1RA; glucagon-like peptide-1 receptor agonist, TG;
triglyceride, HDLC; high-density lipoprotein cholesterol, LDLC; low-density lipoprotein cholesterol, HF; heart failure.
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Table 4. Completed CVOTs of GLP-1RA

2. GLP-1 $+2M[ZEH|e| AlgatRstof ch?t 72 arH At

GLP1 484|284 F-oll A @AY lixisenitide (ELIXA), liraglutide (LEADER), semaglutide (SUS-
TAIN-6), exenatide 1 =41 % (EXSCEL)Z 47H2] A2 o] thsh tf -2 /A A a7t
X 1% 2] 31 (Table 4), dulaglutide2} albiglutide - A = 2T B a1E o % o]},

LEADER %11 ool 4E8#deg k7 A dd e =7t 52 A2d I
R FAboll A liraglutide 7= A EHAFYGE, HIX B2 HZAM, BIAFA A HEF<
At ZEE o] 13% A5 a7l = BRE dFsHlen, 53] o] &= A
H A3k ;«}m 59§05t AN A ERTEs 18| liraglutide X 271 G M A
8l 5718 0e FoASHA a7 Aol vlsl Eebolu B9 A4 A=t flektiy] 2
A ks Aol A ﬁ%lé‘@fﬂ Ade 2L WE 3 71o45HA] dgte AL R o,
DEY, 1Y L2 WA ADRAE P /AA o] ol HhE 7)Aol & A=
F4dd.

SUSTAIN-6 17 A EHLR] 9do] 2 Tl TAE g1
G E, B2 A A A2

semaglutide”} 9] 2FthH] A o=, U &h GRS R U
HE 9 oFhH] 26% 32| 5HA] ZHA Al ZTh LEADER A0l A= H] X g 2] Al 27 Al o] Lt 1] %]
7 & ZZ 0] A B ok Al 3R $o) AFYE-2 8-9]51A] ZFAA| Z Bl HhH o)) SUSTAIN-6

Trial ELIXA LEADER SUSTAIN-6 EXSCEL
Intervention Lixisenatide/placebo Liraglutide/placebo Semaglutide/placebo Exenatide QW/placebo
No. of patient 6,068 9,340 3,297 14,752
Main inclusion criteria Type 2 diabetes and Type 2 diabetes and preexisting Type 2 diabetes and Type 2 diabetes with or

an acute coronary event CVD, kidney disease, or HF at  preexisting CVD, HF, or CKD at without preexisting CVD

within 180 days >50 years of age or >1 CV risk >50 years of age or >1 CV risk
before screening factor at 260 years factor at 60 years
Age (yr) 60.3 64.3 64.6 62.0
BMI (kg/m?) 30.2 32.5 32.8 31.8
Duration of DM (yr) 9.3 12.8 13.9 12.0
Start/reported year 2010/2015 2010/2016 2013/2016 2010/2017
Median FU (yr) 2.1 3.8 2.1 3.2
Statin use (%) 93 72 73 74
AIC/AIC change (%) 7.7/-0.3 8.7/-0.4 8.7/-0.7 or -1.0 8.0/-0.53
Primary outcome 4-point MACE 3-point MACE 3-point MACE 3-point MACE
1.02 (0.89-1.17) 0.87 (0.78-0.97) 0.74 (0.58-0.95) 0.91(0.83-1.00)

CV death 0.98 (0.78-1.22) 0.78 (0.66-0.93) 0.98 (0.65-1.48) 0.88 (0.76-1.02)
M 1.03 (0.87-1.22) 0.86 (0.73-1.00) 0.74 (0.51-1.08) 0.97 (0.85-1.10)
Stroke 112 (0.79-1.58) 0.86 (0.71-1.06) 0.61(0.38-0.99) 0.85 (0.70-1.03)
HF hospitalization 0.96 (0.75-1.23) 0.87 (0.73-1.05) 1.1 (0.77-1.61) 0.94 (0.78-1.13)
Unstable angina hospitalization 1.1 (0.47-2.62) 0.98 (0.76-1.26) 0.82 (0.47-1.44) 1.05 (0.94-1.18)
All-cause mortality 0.94 (0.78-1.13) 0.85 (0.74-0.97) 1.05 (0.74-1.50) 0.86 (0.77-0.97)

This table was modified from Cefalu et al.”

ELIXA; Evaluation of Lixisenatide in Acute Coronary Syndrome, LEADER; the Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome

Results, SUSTAIN-6; Evaluate Cardiovascular

and Other Long-term Outcomes with Semaglutide in Subjects with Type 2 Diabetes, EXSCEL; Exenatide Study of

Cardiovascular Event Lowering study, CVOT; cardiovascular outcome trial, GLP-1RA; glucagon-like peptide-1 receptor agonist, CVD; cardiovascular disease, HF;
heart failure, CV; cardiovascular, CKD; chronic kidney disease, BMI; body mass index, DM; diabetes mellitus, FU; follow up, MACE; major adverse cardiovascular

event, MI; myocardial infarct.
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