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Interpretation of cardiovascular outcome trials results of new antidiabetic agents by Gwanpyo Koh*?, Hyounjung Chin®
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Jeju National University Hospital, Jeju; °Department of Internal Medicine, Jeju Medical Center, Jeju, Republic of Korea)

Abstract The incidence of diabetes is continuously increasing worldwide,
resulting in a considerable socioeconomic burden. Glycemic control using
traditional diabetes medications prevents microvascular complications; however,
there is no objective evidence that it prevents macrovascular complications. In the
21st century, concerns have arisen that strict glycemic control and the diabetes
drug rosiglitazone might increase mortality. This led the United States Food and
Drug Administration to establish guidelines that require that cardiovascular
outcome trials (CVOTs) with 3-point major adverse cardiovascular events (3-P
MACE) as the primary endpoints be performed for new diabetes drugs. Since then,
20 CVOTs have been reported. Dipeptidyl peptidase 4 inhibitors do not increase
the incidence of cardiovascular disease; however, saxagliptin increases the risk of
heart failure. Sodium-glucose cotransporter inhibitors (SGLT2is) and glucagon-
like peptide 1 receptor agonists (GLP-1RAs) not only have proven cardiovascular
safety but also have shown results beyond expectations by reducing the incidence
of cardiovascular diseases. Additionally, SGLT2is have been reported to markedly
prevent heart failure and kidney disease. The reduction in 3-P MACE by GLP-1RAs
was observed only with long-acting agents; long-acting GLP-1RAs also markedly
reduced renal endpoints. However, no preventive effect against heart failure
was observed with GLP-1RAs. The preventive effects of both drug types against
cardiovascular and kidney diseases appear to be independent of glycemic control.
In conclusion, based on CVOT results, it is necessary to actively prescribe SGLT2is
and GLP-1RAs to prevent cardiovascular disease in patients with diabetes,
regardless of glycemic control.

Key words: Clinical trial, Sodium-glucose transporter 2 inhibitors, Glucagon-like
peptide-1 receptor agonists, Heart failure, Kidney diseases

62 Copyright © Jeju National University Institute for Medical Science

Received: May 28, 2024
Revised: July 2, 2024
Accepted: July 4, 2024

Correspondence to

Hyounjung Chin

Department of Internal Medicine, Jeju
Medical Center, 10 Sancheondannam-gil, Jeju
63243, Republic of Korea

Tel: 82-64-720-2167

Fax: 82-64-724-2103

E-mail: chinhyounjung@gmail.com




k=
=l
A
A
ol
ox

M E
G2 A AAZCRE A% F7leta glon 202149 71E &
4427} 59 o] |l 2045991 A9 89 WA S Ao
R oAFetaL ek whebA] ofof] mhE o]&h-&(morbidity) 2 A
283 BAA, ARSA Rk ko 2 & A& Fold St ]l
ok GO Q% v A& At AU REST o
stz S otk yo] 4 &

= S el
A 118G JhAdete] GRS S detee Alee QA
B Qlo] gtk 19934 1832 tjato 2 3 DCCT Aol
A o3 Qled RE P FEEMLE T%E FAT o] of
F 1-23] FojFE} v @8ES TAol KofolA st
o}’ o]o] 19989 2Pt FAE Ao Z g UKPDS o]l
A OFE FojioflA BEH A gL v EHFHS WAl &
oI5l £kt ¥ & 2F 9 289 Aol DCCT A77F E@
G4 2}o)7} 2% o UKPDS ATt 2] galad s
FgH(median)°] 7.0%A T HEH X ZEL 79%F 0.9%2] x}Ol
£ Btk Z1Eu EHESS F AtolA folgt A9 B
o]x] B3l9it}. T4 4 0 & UKPDS Aol A= of - 7+ th 20l
HEAEH %J Al 274 2Ry o] tolofl thigt P-valueZt 0.0522
Ao AFS 595\1:}_54 T

1% Z7}= AZAM 14%

1T HL"0 1

Cardiovascular outcome trials

olX
R
1o
re
r o
ottt
oS
)
iitad

Sy webd] ATREL G ENAE
o] o] ZAaA7IE ASAM 59 o

H ZaAE 5 A A0 R AYztsto] HA
AMAE 6.5-6.0% °J5tE AN 2N o
i3}2]+= ACCORD, ADVANCE, VADT Y44
2Lt o] Al 7FA] At REoA {05t 4]
EFLER] ¢kok 93]8 ACCORD 7ol
37kt 44 éw} 4%-1}5404 tH(Table 1).®

c
~
~
)

e

w5

ok ©
o
4

o md
[
1o
~
S
T

o
Jo
1o

ot

ek
ofl
BN
)
Ll
5

o

>
F>

il

ek
ol
olN
o
2,

T

X
hul
32
i)

fr e mo i
o
e Oolt
w2 S
ol
fol
a
—-—4
S Ll

i)
ﬁ
[\S)
o
£
of
10

.1

fo
oE—'

Poh o xopeh oo omRl b ek
S~
-
ol

thiazolidinedione (TZD) A¥ 91”1]-4 74‘*‘3] sl %l‘ﬂh‘ﬂ]
20079 Nissen’2 2] TZD AL ros1g11tazone°] A4
A P AFLE S ST HEr £4] 23S EHsto] ARF
O g U2 S 4ot o] MlE 242 €9 S BAo R
rosiglitazoned Foi3t 42719] A¢E ATLES tAlo =z 519
t}. o]22H 23 T AEHASHE A} X E(primary endpoint)

2 b= thot 529 8y AR RECORD A& &5t
rosiglitazone th& GRotHTh AETAN-Z F7HA7IA] Y=
the A7t B EY O FA rosiglitazone ofw] APgofIA]
A9 Ej&H AH olFA By oFAo] tigt QFEA o]t
A71= A} 20089 )= Food and Drug Administration (FDA)

£ B G oHAE 5912 W e Thedt e A1E
2 BE3L HAW Y dolgE Azl et ALS A

Table 1. Comparison of three large clinical trials for preventing cardiovascular disease through intensive glycemic control

Trial ACCORD’ ADVANCE’ VADT®
Number of patients 10,251 11,140 1,791

Age (years)* 62 66 60

BMI (kg/m’)* 32 28 31
Duration of diabetes (years)* 10 8 11.5
History of CVD (%) 35 32 40
HbA ¢ gols (%)’ <6.0 vs. 7.0-7.9 <6.5 vs. Based on local guidelines <6.0 (action if >6.5) vs. planned separation of 1.5
Baseline HbAlc (%) 8.3 7.5 9.4
Achieved HbAlc (%)™ 6.4vs.7.5 6.5vs.7.3 6.9 vs. 8.4
Duration of follow-up (years)" 35 5 5.6

CV events' 0.90 (0.78-1.04) 0.94 (0.84-1.06) 0.88 (0.74-1.05)

All-cause mortality® 1.22 (1.01-1.46)1

0.93 (0.83-1.06)

1.07 (0.80-1.42)

BMI: body mass index, CVD: cardiovascular diseases, CV, cardiovascular.

*Mean value.

"Intensive glycemic control vs. standard glycemic control.
‘Median value.

Hazard ratio (95% confidence interval).

NStatistically significant results.
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1. DPP4i CVOT
A 274 DPP4iE AlE CVOTE saxagliptin® SAVOR-
TIMI 53," alogliptin®] EXAMINE," sitagliptin®] TECOS,"
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linagliptin® CARMELINA®®} CAROLINA®Z % 57jo]c}. o]
CVOT9] ti&-2 fioF tjx Atol# CAROLINA 19k HE
Q4R glimepiride®} B3}k BE CVOTOA A2
3-P MACE 2482 loF23} 23t AHo]7h §i9ial CAROLINA
AL AL linagliptin® glimepiridew @} §-9J3t 2}o)7} ¢l
oA o5 ofA|9] HEH S dFEATL T 4= Qe 1

11 3-P MACE®] 95% 41%] F+7H(confidence interval, CD)9]
At (upper margin)o] 25 1.3 t|9to. & ul= FDACA] A
13 71&" = ghEskglh Saxagliptin 2443} 34 A1) A
EX(post-hoc analysis)ollA= HEREE A E AlALS}
A B ou A8HHsS YA A RE st CVOTY
SAVOR-TIMI 53 @7-ollMe ofaat A WAgo] vl
ot 295 Hr} St o)A} A H(secondary endpoint)?l 4]
BAo g olst YU(hospitalization for heart failure, HHF)
2 95]8 saxagliptindollA FotA S7tot= 2THE B
H(Table 3). EXAMINE oA = HHF9| ¥ & (hazard
ratio, HR)®+ 95% CI7F 212+ 1.19, 0.90-1.58% F7tot= A%
S B o HHFY] % 3155 (total number)7} obd A4 @4y
(first occurence)22 AXFNE W& JE =7 1.07, 95% CI7F
0.79-1.462 2 ZAagttha 549tk Linaglipting AYAAE
(preclinical data)2} #EF &40l A Tl e 244 Ai7h =] Q]
O1F CARMELINA @ollA= ik 9 417]%5 #3}e] Apo]7}
AL Sulfonylurea (SU) AAE QAR AaHAee ¢
drotrhs 927 19101 CAROLINA A7-o)l A thi&Ql sU
A glimepiride”} linagliptin@} H]w35}o] 3-P MACE &4
o] o7} giit

>~

i o

b

Table 2. 2008 United States Food and Drug Administration guidelines on how to evaluate the cardiovascular risk of newer antidiabetic agents for

the treatment of type 2 diabetes

1. Phase 2 and 3 trials that include patients at higher risk for CV events, are of sufficient size and duration to enable enough CV events to allow for

a meaningful evaluation of CV risk, and are designed to facilitate late meta-analysis; the CV events should include CV mortality, M1, and stroke

and can also include hospitalization for ACS, urgent revascularization procedures, and other end points such as HF hospitalization

2. Independent adjudication of CV events

3. Meta-analysis of the phase 2 and 3 trials to be conducted at the end of the research program, following a protocol developed in advance that

prespecifies the end points to be assessed and the statistical methods to be employed

4. Analysis of premarketing data comparing the CV events occurring with the agent to those occurring with the control group and demonstrating

that the upper limit of a two-sided 95% CI of the estimated risk ratio is ,1.8; if this cannot be done through the meta-analysis described above, it

should be accomplished in a separate, large CV safety trial

5. For agents whose 95% CI upper limit falls between 1.3 and 1.8 in premarketing analysis, completion of a postmarketing trial or continuation of

a premarketing trial after approval may be needed to conclusively show that the upper limit of the two-sided 95% Cl is, 1.3 with a “reassuring”

point estimate of overall CV risk

CV: cardiovascular, MI: myocardial infarction, ACS: acute coronary syndrome, HF: heart failure, CI: confidence interval.

64 nttps://medscijejunu.ackr/



k=
=l
A
A
ol
ox

AestH CVOTE &5l DPP4ie] A8 eFd/do] AS= U
e AR B0 A BEEUE saxagliptin®] A€W ES &
He ASHA Lo 6] AR SR OH HEr EA0
A BFY linagliptin®] % & 3% CVOTA = &9ls
A QSkeh 17|a wpAL] 2ot g SU AlAl= Agudshe
o] gt & JIABAE FESH= ©l Qo] A A, |
B 24, B dFEo= CVOTS B2 it 5249 ti 2
(large-sized, randomized controlled trial)o] Bt} =2 A+

2 AFIITHE Ao] A AZEHAFT & 5 Sk

2. SGLT2i CVOT

SGLT2iZ 7M1 A @3 CVOTE AS7HA 6719 A Aaprt
R EQICE?? o] 2 canagliflozing ©]83F CVOTE 271914
AT FEE7t 2 2390 RS e R g CANVAS
Aol vhy FEHL A= 28T FAE Ao F
CREDENCE @7toleh*** 2|31 o] WEE SCORED A
T= o SGLT2i CVOTS 2] SGLT29} SGLT1o] Hgt o]
% 9AAQ sotagliflozin® 2 435 QA Folt}® oS 67)
9] CVOT EFollAl da} A H#Q1 3-P MACEZ} YoFte] Hlsl 5
ZFER] kAL 95% CI9] AFSHd(upper margin)® ©5 1.3 T]
dtoQlt}. @3]8 empagliflozin®] EMPA-REG OUTCOME,*
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canagliflozin® CANVAS*9} CREDENCE,? sotagliflozin
9] SCORED? o4& 3-P MACE7Z} 9ioFto] Hlsh -2Jsk
Al a5kt SGLT2i9] CVOT ZIES FAZCE AHEY
atherosclerotic CV diseases (ASCVD)2] A #2l 3-P MACE=
6719] CVOT & 4700l A F-2lskAl ZHastdch» % 12yt 3-P
MACE®Q] 78 2391 nonfatal MI®} nonfatal stroke &
CVOTOlA] -o]gt ®at7h Qgich.»#4?#% SCORED trialoflAl
9k M1}t strokeo] -2l5kA 7HASFAAIRE SCOREDS] primary
endpoint= MACE®] total numberZ primary endpoint7}
MACE®] first occurrence?! t+& CVOTEH 214 H|ist= A
& Feo|tk” 83 tEHQ SGLT2i CVOTY! EMPA-REG
OUTCOME®IA] A7t ZZ3}of] wh& 3-P MACEY CV death '
o] Aol YA 2719 HolAl= A E 4 AUtk o= &
W4 5Hatherosclerosis)g AAISH= statins?] YA HEE &
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Table 3. The characteristics of cardiovascular outcome trials conducted with dipeptidyl peptidase 4 inhibitors and the hazard ratios and 95% con-

fidence intervals for cardiovascular and renal outcomes

Agent Saxagliptin Alogliptin Sitagliptin Linagliptin

Trial SAVOR-TIMI 53" EXAMINE" TECOS" CARMELINA" CAROLINA"
Number of patients 16,492 5,380 14,671 6,979 6,042

F/U (years) 2.1 1.5 3.0 22 6.3
Events 1,222 621 1,491 854 718

Prior CVD (%) 78.6 100.0 74.0 57.0 42

eGFR 72.6 71.2 74.9 54.6 76.5 vs. 77.0*
3-PMACE 1.00 (0.89-1.12) 0.96 (<1.16)' 0.99 (0.89-1.10) 1.02 (0.89-1.17) 0.98 (0.84-1.14)
HHF 1.27 (1.07-1.51)* 1.19 (0.90-1.58) 1.00 (0.83-1.20) 0.90 (0.74-1.08) 1.21 (0.92-1.59)
All-cause mortality 1.11 (0.96-1.27) 0.88 (0.71-1.09) 1.01 (0.90-1.14) 0.98 (0.84-1.13) 0.91 (0.78-1.06)
Renal outcome’ 1.08 (0.88-1.32) NA NA 0.98 (0.82-1.18) NA

F/U: follow-up, CVD: cardiovascular diseases, eGFR: estimated glomerular filtration rate, 3-P MACE: 3-point major adverse cardiovascular

outcomes, HHF: hospitalization for heart failure, NA: not available.

*Linagliptin vs. glimepiride groups.

"The parenthetical value is the upper boundary of the one-sided repeated confidence interval, at an alpha level of 0.01.

*Statistically significant results.

The definition varies according to the trial. For SAVOR-TIMI 53, doubling of creatinine level, initiation of dialysis, renal transplantation, or
creatinine >6.0 mg/dL (530 umol/L), for CARMELINA, sustained ESRD, death due to kidney failure, or sustained decrease of >50% in eGFR from

baseline.
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HF} 3248 ol 83h= SGLT2i9) AF &xtetar & 4= Qirk

3. GLP-1RA CVOT

GLP-1RA AAE 0|85 CVOTE AS7H 97h7F L=
t}. 9719} GLP-1RA CVOT E5Fo]A 3-P MACE7} 9]2Fto]| H]
3 S7koHA] ehgton @5]e 243 GLP-1RA AlA(liraglutide,
semaglutide, albigutide, dulaglutide, efpeglenatide)E ©|
83t 57§9] CVOTolA+= 3-P MACE #4Jo] f-2stA 74t
o}3%3¢ &84 GLP-1RA AlA(lixisenatide, exenatide)S o]-&
St CVOTOl A= 3-P MACE7} 3-9]51A] ZhAshA] oFgpe).?9758
2HH PIONEER 6 9+ X459 GLP-1RAR! semaglutide 7
FAE FoAFEEE 3-P MACEZ} §-9skA ZHashA] ¢kt
th. PIONEER 6 A= HE AT P5shes Ae H22
2 YAl CVOTE YA 717te] 15.971d= GLP-1RA
CVOT & 7H¢ #3teH & A9 f¥=+ 051, 95% Cle
0.31-0.84% F-oJ5tA Z4stAet” webA PIONEER 6 AT
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Table 4. The characteristics of cardiovascular outcome trials conducted with sodium-glucose cotransporter inhibitors and the hazard ratios and

95% confidence intervals for cardiovascular and renal outcomes

Agent Empagliflozin Canagliflozin Dapaglifiozin Ertugliflozin Sotagliflozin

Trial EMPA-REG CANVAS* CREDENCE” DECLARE-TIMI  VERTIS-CV? SCORED*
OUTCOME” 587

Number of patients 7,020 10,142 4,401 17,160 8,246 19,188

F/U (years) 3.1 2.4 2.6 42 3.0 1.3

Events 772 1,011 486 1,559 939 701

Prior CVD (%) >99 65.6 50.4 40.6 100 44.5

eGFR (mL/min/1.73 m®) 74.0 76.0 56.0 85.0 76 NA

3-P MACE* 0.86 (0.74-0.99)"  0.86 (0.75-0.97)"  0.80 (0.67-0.95)"  0.93 (0.84-1.03)  0.97 (0.85-1.11)  0.84 (0.72-0.99)"

Non-fatal MI 0.87(0.70-1.09)  0.90 (0.71-1.15) NA 1.01 (0.84-121)  1.00(0.76-1.32)  0.68 (0.52-0.89)"

Non-fatal stroke 1.24 (0.92-1.67)  0.85 (0.69-1.05) NA 0.89(0.77-1.01)  1.00 (0.86-1.27)  0.66 (0.48-0.91)"

CV death
HHF

0.62 (0.49-0.77)"
0.65 (0.50-0.85)"

0.87 (0.72—1.06)
0.67 (0.52-0.87)"

0.78 (0.61-1.00)
0.61 (0.47-0.80)"

0.98 (0.82-1.17)
0.73 (0.61-0.88)"

0.92 (0.77-1.11)
0.70 (0.54-0.90)"

0.90 (0.73-1.12)
0.67 (0.55-0.82)"

Renal composite outcome’  0.54 (0.40-0.75)"  0.60 (0.47-0.77)"

0.70 (0.59-0.82)"

0.53(0.43-0.66)"  0.81 (0.64-1.03)  0.71 (0.46-1.08)

F/U: follow-up, CVD: cardiovascular diseases, eGFR: estimated glomerular filtration rate, NA: not available, 3-P MACE: 3-point major adverse

cardiovascular outcomes, MI: myocardial infarction, CV: cardiovascular, HHF: hospitalization for heart failure, ESRD: end-stage renal failure.

*3-P MACE means a composite of death from CV causes, nonfatal M1, or nonfatal stroke.

"Statistically significant results.

“The definition varies according to the trial. EMPA-REG OUTCOME, CANVAS, and DECLARE-TIMI 58, >40% decrease in eGFR to <60 mL/
min/1.73 m’, ESRD, or death from renal cause; CREDENCE, doubling of serum creatinine level, end-stage kidney disease, renal death or CV death;
VERTIS-CV, doubling of serum creatinine level, end-stage kidney disease, renal death; SCORED, >50% decrease in the eGFR from baseline for >30
days, long-term dialysis, renal transplantation, or sustained eGFR of <15 mL/min/1.73 m’ for >30 days.
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