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Mechanisms of cardiorenal protection by incretins
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Mechanisms of cardiorenal protection by incretins
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Mechanisms of cardiorenal protection by DPP-4 inhibitors
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Mechanisms of cardiorenal protection by DPP-4 inhibitors
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Cardiovascular outcome trials (CVOTs) with DPP-4 inhibitors

SAVOR-TIMI* EXAMINE?
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Inclusion criteria orior CV event before recryitment o \@v) @ High CV and renal risk
Intervention saxagliptin vs. placebo alogliptin vs. pIacebo’&a \X% éllgt%?\vs pIacebo linagliptin vs. placebo
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- @
Diabetes durat (yearbs) 10 >\\) (::‘\’\6\ (Z‘eg 12 15
History of CVD (%) 78 ‘?QQQ \\(‘\6\6 MY 100 74 90
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2 o) e\

BMI (kg/m?) xD Qo . ?dgi 28.7 30.2 31.3
Hi f HF (%) 2 RRTAIPP 28.0 18.0 26.4
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1. Scirica BM et al. N Engl J Med. 2013;369:1317-1326 3. Green JB et al. N Engl J Med. 2015;373:232-242

2. White WB et al. N Engl J Med. 2013,369:1327-1335 4. Rosenstock J et al. JAMA. 2019;321:69-79



Cardiovascular outcome trials (CVOTs) with DPP-4 inhibitors
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Cardiovascular outcomes with saxagliptin

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Melllt%s\d)@%OR)
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Primary End Point Secondary End Point \\6(\6 &0\\6\
Hazard ratio, 1.00 (95% Cl, 0.89-1.12) 2-yr Kaplan— eXr\a? d

— 149 p.0.001 for noninferiority - Saxagli ;&1‘2@ 2\ Saxagliptin

X 12-| P=0.99 for superiority g_"e_, 12 F’|%® \\
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0 | oad R\l .
I I I I |
0 180 350@0“?‘*0 S Q\ﬁ 900 0 180 360 540 720 900
d@ a 5(5\0 Days
No. at Risk X? No. at Risk
Placebo 8212 GQ e(@? 7267 4855 851 Placebo 8212 7843 7502 6926 4602 813
Saxagliptin 353 \¢ 38 \l 7836 7313 4920 847 Saxagliptin 8280 7880 7539 6963 4660 817
L\\‘ - (\

) aﬁmﬁé\fy en@gbmt composite of CV death, non-fatal
0\ yocardial infarction and non-fatal (ischemic) stroke

Secondary end point: composite of CV, non-fatal myocardial
infarction non-fatal (ischemic) stroke, hospitalization for
unstable angina, coronary revascularization, or heart failure

Scirica BM et al. N Engl J Med. 2013,;369:1317-1326




Cardiovascular outcomes with saxagliptin

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Melllt%gég@OR)

— Thrombolysis in Myocardial Infarction (TIMI) 53 study ﬂ\,a‘o
Saxagliptin Placebo Hazard Ratio 5‘\\»
End Point (N=28280) (N=8212) (95% cu \\6(\ &a@\\\‘
no. (%) . \6
Cardiovascular death, myocardial infarction, or 613 (7.3) 609 (7.2) @@ .89 M' 0.99
stroke: primary efficacy end point 6 \d&
Cardiovascular death, myocardial infarction, 1059 (12.8) 10\3)&@2% 6162 0.94-1.11) 0.66
stroke, hospitalization for unstable angina, (
heart failure, or coronary revascularization: S G 60(\
secondary efficacy end point 6 d\
Death from any cause 6\/\%0 {4?@96 378 (4.2) 1.11 (0.96-1.27) 0.15
Death from cardiovascular causes ?\) e@ 82) 260 (2.9) 1.03 (0.87-1.22) 0.72
Myocardial infarction ??e ) ‘\(\6\ 265 (3.2) 278 (3.4) 0.95 (0.80-1.12) 0.52
Ischemic stroke 066 0(\() 157 (1.9) 141 (1.7) 1.11 (0.88-1.39) 0.38
Hospitalization u(&able 97 (1.2) 31 (1.0) 1.19 (0.89-1.60) 0.24
Hospital B&Qnéoir haard@iu re 289 (3.5) 228 (2.8) 1.27 (1.07-1.51) 0.007
a\zatlé(ﬁr }oronary revascularization 423 (5.2) 459 (5.6) 0.91 (0.80-1.04) 0.18
. 6‘ oui&qﬁr creatinine level, initiation of dialysis, 194 (2.2) 178 (2.0) 1.08 (0.88-1.32) 0.46
\’\'\\l al transplantation, or creatinine >6.0 mg/d|
. Qos (530 pmol/liter)
0\6 Hospitalization for hypoglycemia 53 (0.6) 43 (0.5) 1.22 (0.82-1.83) 0.33

* Event rates and percentages are 2-year Kaplan—Meier estimates.

Scirica BM et al. N Engl J Med. 2013,;369:1317-1326



Cardiovascular outcomes with alogliptin

The Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care (EXAMINQ@Q\%y

e\
2P
6\0 N

W4
Primary end point* Cardiovascular mortality \\6 @Muse mortality

‘\ \ PN Q@
()CJ d\\,@\\v N
100+ 9 Hazard ratio, 0.96 (upper boundary of the 10 24 \ C,\ 100+ 24+ )
c 90 " ene-sided repeated CI, 1.16) £ g 00 Hazard ratio, 0.85 (95% @1 a “ £ [ s Hazard ratio, 088 (95% CI, 0.71- 1.09)
_ ] |
-&_E_ —. B0 Placebo = E = 80 6\) 2 a0
5 70 12 P e 53 70 < N SE 0
s € gl = 8Y o e (O 50 gy .
g d fi o = ] — g 3
B so- / 28 s \ = el b ‘g 50
E -5 0 E= E
= 40 T T T T 1 = 40 A
& 0 6 12 18 24 30 2 g2
£S5 E P 6\/ g Q( 30 25 0
34 g = @ %\ S &£
i ) A Z 20
5 IQ—IJ_,—/;—’—"J"L 104, (\a\e '3 10+ e ————
o kT e e m === DS S
L T T T T 1 6? ‘\%\; T T T T 1 0 — T T T T 1
0 6 12 18 24 0 & 0( 6 12 18 24 30 0 6 12 18 24 30
)<
Months 6\ e Menths Months
No. at Risk d’a G \QD at Risk No. at Risk
Placebao 2679 2209 1891 1375 35 235\‘ 8 A Pacebo 2679 2384 1996 1477 289 174 Placebo 2679 2384 1906 1477 pi8] 124
Alogliptin ol 2316 1800 1304 6\' \g Alogliptin 701 2403 2023 1504 204 10 Alogliptin 70 2401 20323 1504 204 120
f)

(6\)" 4t
\\_\\l (\06

?6 * composite of CV death, non-fatal myocardial infarction and non-fatal (ischemic) stroke

O‘\@Q

White WB et al. N Engl J Med. 2013;369:1327-1335



Cardiovascular outcomes with alogliptin

The Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care (EXAMINEQ@@%y

* P values for testing the superiority of alogliptin to placebo were calculam

T The primary end point was a composite of death from cardiovascul

tal stroke.

nonfat

o or’ Essmn analysis.
ardlal infarction, or nonfa-

0\9"6

Hazard Ratio for X (\6 . \6‘
Placebo Alogliptin Alogliptin Group \a\\a . d\\,a\
End Point (N=2679) (N=2701) (95% Cl) P Value® \:6\ 6\
e @
no. %) U‘

Primary end pointf 316 (11.8) 305 (11.3) 0.96 (<1.16)% 0.32 60 %\'Pt'“ Placebo Hazard ratio pvalue
Components of primary end point Q\\a \ (n 2701) (n=2679) (95%<l)

Death from cardiovascular causes 111 (4.1) 39 (3.3) 0.79 (0.60-1.04) 0.10 Compo “\9 (e 433 (16:0%) 441(165%)  0-98(0-86-112) 0728

Nonfatal myocardial infarction 173 (6.5) 187 (6.9) 1.08 (0.88-1.33) 0.47 e mmta@ﬁ\ 106 (3-9%) 131 (4-9%) 0.80(0-62-1.03) 0.081

Nonfatal stroke 2(1.2) 29 (1.1) 0.91 (0.55-1.50) 0.71 ga on- fa@kl}%cardlal infarction 171 (6:3%) 155 (5-8%) 110 (0-88-137) 0393
Principal secondary end point 359 (13.4) 344 (12.7) 0.95 (=1.14)x% \;\% tal stroke 28 (1-0%) 29 (1-1%) 0-97 ((},53_1.62) 0-898
LT G (£311262 \)6 \ Q‘ Urgent revascularisation due tounstable 43 (1-:6%) 47 (1-8%) 0-90(0-60-137) 0-632

Death from any cause 173 (6.5) 153 (5.7) 0.88 e \) 36 angina

Death from cardiovascular causes| 130 (4.9) 112 (4.1) 1. 10 6 21 I Hospital admission for heart failure 85 (3-1%) 79 (2-9%) 1.07 (079-1-46) 0-657 I

S/se

i The parenthetical value is the upper boundary of the one- md@@eated E(&alpha level of 0.01.
ﬁ The secondary end point was a composite ofdeath f dlovasc E nonfatal myocardial infarction, nonfatal

stroke, or urgent revascularization due to unst ina W|th
€ Included are deaths that occurred as prlm omt e
point event.
\\]0 ‘
a° ¢

urs after hospital admission.
d deaths that occurred after a nonfatal primary end-
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White WB et al. N Engl J Med. 2013;369:1327-1335



Cardiovascular outcomes with sitagliptin
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The Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS) O\Og\
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Green JB et al. N Engl ] Med. 2015,;373:232-242



Cardiovascular outcomes with sitagliptin

<\
AV
Outcome Sitagliptin Placebo (95% CI) (\QPQaIu j )\»
\ b
mo. per 100 po. per 100 \\a\\ 6\\'6
no. (%) PEFSOR-Pr no. %) pErson-yr e
Per-protocol analysis 600\ . \a\\a
Mo. of patients in analysis 7257 7266 a\\a é\ \
Cardiovascular outcome \6 (e 2
Cardiovascular death, nonfatal myo- 695 [0.8) 373 @}&EJ {\\‘%.EE 0.98 (0.88-1.09) <0.001*
cardial infarction, monfatal (o G )
stroke, or hospitalization for 66 6\
unstable angina: primary com- \6 ga
posite outcome 6\, . (G
Cardiovascular death, nonfatal myo- @\}#] 6\8 602 (B.3) 3.28 099 (0.80-1.11) <0001
cardial infarction, or n-:mFatal? . a\e
stroke: secondary com . \(\
outcome 0 O(\g
Moncardiovascular nm@e
Acute p Xé 20 {0.3) 0.10 11 0.3) 0.06 1.80 (0.86-3.76) 0.12
ined c\@er 748 [3.4) 1.30 260 {3.6) 1.40 0.03 (0.78-1.10) 0.18
¢ eg'ancreﬁeg o 9 (0.1) 0.05 10 {0.1) 0.05 0.01 (0.37-2.75) 0.85
\"\\16 Q . é@@lﬂpngh’cemua 144 (2.0) 077 125 (1.7) 0.68 1.13 (0.80-1.44) 0.31
\ A}
. O6 ? " The P value is for the noninferiority of sitagliptin, as compared with placebo, which was calculated by determining whether the upper
O\@Q boundary of the two-sided 95% confidence interval of the hazard ratio exceeded 1.30. All other listed P values are based on the ‘Wald statis-
tic from a Cox model stratified according to region with a test of differences in hazard ratios.
T The analyses of hospitalization for heart failure were adjusted for a history of heart failure at baseline.

Green JB et al. N Engl ] Med. 2015,;373:232-242



Cardiovascular outcomes with sitagliptin

Hazard Ratio 6 o \ 6 * Hazard Ratio
Outcome Sitagliptin Placebo (95% CIj P Valus Outcome Smdnﬁa\\ s d\\.® 95% CI) P Value
no. per 100 ma. per 100 \:6 . per 6\ na. per 1040
na. (%) pErson-yr no. (%) DErSTR-Pr (5\@ e no. (%) PErsTN-Pr

Intention-to-treat analysis Secondary outcome 60 ‘\\.6\\

Mo. of patients in analysis 7132 7339 Cardiovascular dea%\\a E@Q 1.72 366 [5.0) 1.67 1.03 (0.89-1.19) 0.7l
Cardiovascular outcome Hc\spltallza ble e 615 (L&) 0.54 129 [1.8) 0.61 0.80 [0.70-1.15) 0.42

Cardiovascular death, nonfatal myo- 510 (11.4) 4.06 851 [1L.5) 417 0.98 (0.89-1.08) 0.65 anil “

cardial infarction, nonfatal unFataI 100 (4.1) 1.42 3la (4.3) 1.51 0.95 (0.81-1.11) 0.49

stroke, or hospitalization for |nFan:t|D

unstable angina: primary com- ]

posite outcome Q: Fatal N.Fa |stn:\ke 178 [2.4) 0.83 183 (2.5} 0.87 0.97 [079-1.19) 076
Cardiovascular death 311 (4.2) 201 (4.0) \/\6 e Fn:.m any cause 547 (7.5) 2.48 537 (7.3) 245 101 (0.90-1.14) 0.58
Nenfatal myocardial infarction 275 (3.8) 285 (1.9) 6 . ()( ospitalization for heart failuret 228 (3.1) 107 229 (3.1) 1.09 1.00 (0.83-1.20) 0.98
Nonfatal stroke 145 (2.0) 157 (2.1) \ > 6\ Haospitalization for heart failure or 538 (7.3) 2.54 525 (7.2) 2.50 1.02 {0.90-1.15) 0.74

\e cardiovascular deathf
Hospitalization for unstable 108 (1.5) 117 [L.§) . a r & lar out
angina ? \(\ oncardiovascular outcome
Cardicvascular death, nonfatal myo- 745 (10.2) 3.58 T46 [1CI 2 6% 0. ﬁ‘&m 0.54 Acute pancreatitis 3 (03) 0.11 12 (0.2) 0.0% 1.93 {0.96-3.88) 0.07

candial infarction, or nonfatal Charter-defined cancer 268 (3.7) 125 290 [4.0) 137 0.91 (0.77-1.08) 0.27

stroke: secondary composite )

—— Pancreatic cancer 9 (0.1) 0.04 14 (0.7) 0.07 066 (0.25-1.51) 032
Cardiovascular death 313 (4.3) a 6@3 [4. c{‘e( Severe hypoghycemia 160 (2.2) 0.78 143 (L9} 070 1.12 {0.80-1.400) 0.33
Monfatal myocardial infarction 285 (1.9) 6\» X
Monfatal stroke 147 éﬁ@ (2.2)

O ,~oN

\\
O\

O‘\@Q

(\U"

\\

? @ The P value is for the noninferiority of sitagliptin, as compared with placebo, which was calculated by determining whether the upper
boundary of the two-sided 95% confidence interval of the hazard ratio exceeded 1.30. All other listed P values are based on the ‘Wald statis-
tic from a Cox model stratified according to region with a test of differences in hazard ratios.

T The analyses of hospitalization for heart failure were adjusted for a history of heart failure at baseline.

Green JB et al. N Engl ] Med. 2015,;373:232-242




Cardiovascular outcomes with linagliptin

The Cardiovascular and Renal Microvascular Outcome Study With Linagliptin (CARMELINA)€8\@®'

S
—\2°
Time to primary 3-point MACE outcome o\ X
30- RN oV
HR, 1.02; 95% Cl, 0.89-1.17; d\e 0\
. P <001 for noninferiority SOY, ‘\\6\\
% p=74f iori \Co O
= =.74 for superiority 7\ 66
= _ \ R (=
= 6@ 66\ " Placebo
? \)6\»\?’ o@® =
= 10- ?/? \C S\ — —/—"'—‘J
e . ‘(\6 -
ra 6? g\ g
- N o\ 2
G\ . (},e...-* il
3o @&9\0-
6&6 8‘& I 1 I I I 1 1
Qa( e(@\4:: 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Qﬂe ‘03\! Years
‘,{\\16 Q\
o> ?G‘Nﬂ. of patients
()‘\’éQ Placebo 3485 3353 3243 2625 1931 1285 758 251
Linagliptin 3494 3373 3254 2634 1972 1306 778 269

Rosenstock J et al. JAMA. 2019;321:69—-79



Cardiovascular outcomes with linagliptin

The Cardiovascular and Renal Microvascular Outcome Study With Linagliptin (CARMELINA) st@@a

Linagliptin (n = 3494)2

Placebo (n = 3485)?

Incidence
Rate Rate Rate Difference,
per 100 per 100 Linagliptin - Hazard Ratio

Outcomes No. (%) Patient-Years No. (%) Patient-Years Placebo (95% Cl) (95% CI)® P Value
Primary Outcome (3-Point MACE)
Cardiovascular death, nonfatal 434 (12.4) 5.77 420 (12.1) 5.63 0.13 (-0.63 to 0.90) 1.02 (0.89-1.17)  <.0015;.74¢
myocardial infarction,
or nonfatal stroke

Cardiovascular death® 221 (6.3) 225 (6.5) (

Nonfatal myocardial 154 (4.4) 132 (3.8)

infarction® 6\)\,6

Nonfatal stroke® 59 (1.7) 63 (1.8) (‘
Exploratory Cardiovascular and Death Outcomes 6\)
All-cause death 367 (10.5) 4.69 373 (10.7) 4.80 -0.11 (-0.79 to 0. 58) @84 1. liga d§
Cardiovascular death 255 (7.3) 3.26 264 (7.6) 3.40 -0.14 (-0. 71 96 (Cf
Noncardiovascular death 112 (3.2) 1.43 109 (3.1) 1.40 0. 03@ 8-1.33) .89
Fatal myocardial infarction 11 (0.3) 0.14 14 (0.4) 0.18 4 §0.17 to 78 (0.36-1.72) .54
Nonfatal myocardial 156 (4.5) 2.06 135(3.9) 1.80 ?? 27 L— 1.15(0.91-1.45) 23
infarction %@
Fatal or nonfatal myocardial 165 (4.7) 2.18 146 (4. \) GOQS 0.22 to 0.70) 1.12 (0.90-1.40) .30
infarction \ O
Fatal stroke 17 (0.5) 0.22 q fkg%\ 0.01 (-0.13 to 0.16) 1.05 (0.53-2.09) .88
Nonfatal stroke 65 (1.9) 0.85 \'a 3(2.1) \‘ -0.12 (-0.42 to0 0.19) 0.88 (0.63-1.23) A5
Fatal or nonfatal stroke 81(2.3) g 1.16 -0.11 (-0.44 to 0.23) 0.91 (0.67-1.23) .53
4-point MACE (3-point MACE 3(8Q6 20 \‘6(459 (13.2) 6.21 -0.02 (-0.82 to 0.79) 1.00 (0.88-1.13) .96
plus hospitalization for
unstable angina) (\0
Hospitalization for unst%&\,\ e 0.55 48 (1.4) 0.63 -0.09 (-0.33 to 0.16) 0.87 (0.57-1.31) .50
angina
Corona @Qzatmn 160 (4.6) 212 149 (4.3) 1.99 0.13 (-0.33 to 0.59) 1.07 (0.85-1.33) 57
procedu
Hospitalization for heart 209 (6.0) 2.77 226 (6.5) 3.04 -0.27 (-0.82 to 0.28) 0.90 (0.74-1.08) .26

failure

e

he mean observation time and cumulative time in study, respectively, were

2.2 years and 78291 person-years for linagliptin and 2.2 years and 7781.6
patient years for placebo.

P Hazard ratio based on Cox regression analyses in patients treated with at least
1dose of study drug.

© Pvalue for noninferiority.
d pvalue for superiority.

= Events for individual components of composite outcomes were counted only
when they were the first event in the composite.

Rosenstock J et al. JAMA. 2019;321:69—-79




Cardiovascular outcomes with DPP-4 inhibitors

Meta-analysis of CVOTs with DPP-4 inhibitors \oO
e
Major adverse cardiovascular events
Experimental Control Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year
SAVOR-TIMI 53 2013 613 6280 609 8212 28.8% 1.00(0.89,1.12] 2013
EXAMINE 2015 305 27N 36 2679 14.0% 0.9510.81,1.13] 2015
TECOS 2015 839 7332 891 ¥339 38 % 0.99[0.89,1.09] 2015
CARMELINA 2018 434 2494 420 3485 191% 1.04 [0.90,1.19] 3{15
Total (95% C1) 21807 21715 100.0% 0.99 [0.93, 6@0 G(\\\
Total events 2191 2196 6 S (S\
Heterogeneity: Tau®= 0.00; Chi#= 0.60, df= 3 (P = 0.90); F=0% \66 ga lﬂ 2 D{? _1}5 2I
Testfor overall efiect Z=0.21 (P = 0.84) \)6\/ \ Q \Z Favours [Treatment] Favours [Placebo]
. S
Cardiovascular death ? (\@3
Experimental éﬁ@l ‘M \ Odds Ratio Odds Ratio
Study or Subgroup Events Tota(\! ts Toiao eight M-H, Random, 95% Cl Year M-H, Random, 95% CI
SAVOR-TIMI 53 2013 ZEE &@‘ \ém 2 27.2% 1.03[0.86,1.22) 2013 -—
TECOQS 2014 % T33 T339 36.6% 1.041[0.90,1.21] 2019 ——
EXAMINE 2015 \' 1 ‘|1 1 2679 10.6% 0.7r9]0.59,1.08] 2015 =
CARMELINA EEI @Q@ 494 264 3485 256% 09R[0.80,1.158] 2018 b —
To tq@& 21807 21715 100.0%  0.99[0.90,1.08] i
q@ vemﬁ 993 1001
O\t eterogenelty: Tauf= 000, Chi#=3.20, df= 3 (P =0.36), F= 6% lﬂ : 01'? _1!5 2I
Testfor overall effect Z=0.268 (P=0.78) Favours [Treatment] Favours [Placebo]

Alfayez OM et al. Can J Diabetes. 2019,;43,538—-545




Cardiovascular outcomes with DPP-4 inhibitors

Test for overall effect Z=0.25 (P =0.80)

Favours [Treatmenf] Favours [Placebo]

Meta-analysis of CVOTs with DPP-4 inhibitors \og\")
e
. " o\
Myocardial infarction 27 W
Treatment Placebo Odds Ratio @\N@S \0\\
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year Jj\gndom(él
SAVOR-TIMI 53 2013 265 8280 278 8212 30.4% 0.94 [0.80,1.12] 2013 6\6 —
EXAMINE 2015 187 2701 173 2679 19.4% 1.08[0.87,1.33] 2015 &0 o\ o
TECOS 2015 300 7332 316 7339 341% 0.95[0.81,1.11] 2015 a\\@ 5\ —
CARMELINA 2018 156 3494 135 3485 16.1% 116 [0.92, 1.47] \2)9\1@ 3 .
Total (95% Cl) 21807 21715 100.0% 1.00 % c,(\\‘ -
Total events 908 902 6 é
Heterogeneity. Tau®= 0.00; Chi*= 2.85, df= 2 (P = 0.42); F= 0% \ g =EI 5 EI:? 115 25
Testfor overall effect Z=0.05 (P = 0.96) \) \/ %\ Q(e Favours [Treatment] Favours [Placebo]
oV
Experlmental \¥>&ﬁf (\ Odds Ratio Odds Ratio

Study or Subgroup ___ Events ents,\ WEIDHI M-H, Random, 95% Cl Year M-H, Random, 95% CI
SAVOR-TIMI 53 2013 15? @Qan q‘a\" 821 2 34.8% 1.11[0.88,1.39] 2013 T
EXAMINE 2015 x,% 32 2679 7.2% 0.90[0.54,1.48] 2015
TECOS 2015 1? 183 7338 420% 0.97[0.79,1.20] 2015 L
CARMELINA Oe\] 3?94 73 3485 161% 0.81[0.58 1.14] 2018 -
To r{fébt.cb 22107 21715 100.0% 0.98 [0.86, 1.13] e

. QQQQI avents 470 429

N *Heterogeneity Tau®= 0.00; ChiF= 2.34, df= 3 (P = 0.50); F= 0% :EI 5 EIJIT 1 155 25

Alfayez OM et al. Can J Diabetes. 2019,;43,538—-545




Cardiovascular outcomes with DPP-4 inhibitors

Meta-analysis of CVOTs with DPP-4 inhibitors O\og\
ot
Death from any cause (\9 o . 6‘
| W ™
Experimental Control Odds Ratio < atio ‘\d\

Study or Subgroup Events Tofal Events Total Weight M-H, Random, 95% Cl Year . Qﬂandu % Cl

SAVOR-TIMI 53 2013 420 8280 378 8212 278% 1.11[0.96,1.28] 2013 %OO“’ X2

TECOS 2015 547 7332 537 7333 351% 1.02[0.90,1.16] 2015 \\6 '\d\

EXAMINE 2015 153 2701 173 2679 12.4% 0.87 [0.69, 1.09] ‘é 7\ .

CARMELINA 2018 367 3494 373 3485 248% 0.98 [0.84, 1 14 @S& 6(3 —a—

e o™

Total (95% CI) 21807 21715 100.0% 1.{1@.@. - n]d\ i

Total events 1487 1461 66 2

Heterogeneity: Tau?= 0.00; Chi*= 3.48, df= 3 (P=0.32); F= 14% \,\ (eg : : . : |

Test for overall effect: Z= 0.32 (P = 0.75) \)6 A\ 0.5 0. 1.6 z

: : § e? \e % Favours [Treatment] Fawvours [Flacebo]
“(\O
Hospitalization for heart failure @?? (\g\(\
ExpenmentaQ\E %ﬂtr Odds Ratio Odds Ratio

Study or Subgroup Events ,% ?EIE-'\O al Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

SAVOR-TIMI 53 2013 ,@@0 zan\\e‘ﬁ'ﬁ 8212 34.4% 1.27 [1.06,1.51] 2013 ——

TECOS 2015 6 (O 229 7339 33.3% 1.00[0.83,1.20] 2015 —_—

CARMELINA 2&{@Q i@(@mga 226 3485 32.4% 0.92[0.76,1.11] 2018 -

Total Q < (\0 19106 10036 100.0% 1.05 [0.87, 1.28] e

ents @ © 726 633

ageterugenew Taw*=0.02;, Chi*=6.46, df= 2 (P=0.04), F=69% :D . D:? ; 155 21

Test for overall effect 2= IZI £3(P=0L. ED]

Favours [Treatment] Favours [Placebo)

Alfayez OM et al. Can J Diabetes. 2019,;43,538—-545




Risk of heart failure with saxagliptin

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes MeIIit&g&%'OR)

— Thrombolysis in Myocardial Infarction (TIMI) 53 study

S
59%

\\g \\'5"\‘
==Saxagliptin ~=Placebo HR 1.27 . . \\a\\a 6\ 6\\'0
(1.07-1.51) E
4% P=0.007 e X @
° ::j"/;/_’ 5 °o
9 HR 1.46 %
® e HR 1.80 (1.15-1.88) e
g = (1.29-2.55)  P=0.002 /"—_J_ E
> P=0.001 T 4
& Y/ Saxagliptin
E 2% 2.8 /o \e?‘,@; worse
e d Q
E 1.1% oV 9(
§ < oV \e P s
5 1% 1.3% [ a =
g 2 . 3]
s 0.6% 6?? {\g\(\ ; lower 95% CI Saxagliptin
3 0% S O 8 better
L 0% 6\ . O(\ T -0.5- v
0 180 360 d 540 (%\ 720 2 | T 1 T T I T T T T ]
|
Dwom d&%ation 1 62 116 173 251 314 397 482 550 610 697 1043
Placebo 8212 8036 6( R% 7389 4959
o (6 Days since randomization
Saxagliptin 8280 8064 (QQ 78{13 7375 4978
Ly Iﬂ ‘;\‘C)e

Scirica BM et al. Circulation.

2014,;130:1579-1588



Risk of heart failure with saxagliptin

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Melllt%gég@OR)

— Thrombolysis in Myocardial Infarction (TIMI) 53 study

0\0‘36
\Y

mSaxagliptin = Placebo ARD 2.1%
- \ 6 HR 1.31
o - ARD 1.7% ° (1.04-1.66)
) HR 1.22 O\e . \\6 =002
° (0.86-1.73) - 60 . \\ 11.0%
S 207 Froz B N %\d
o ARD 1.5% o h
5 HR 1.23 5 W G S (4 8.9%
i (0.94-1.59) ] 3 . e( p for interaction=0.46
= 15% - ARD 1.5% | From "g) - (\\‘
- HR1.36 ' ARD 1.4% Ss C ARD 0.2%
o k ; 1.7% HR 1.35 o :
K (1.07-1.71) | . A0 1D HR 0.94
S 10% | ARDO0.3% P=001 i ARD 0.6% 023 P=0.02 é ARD 0.7% (0.57-1.55)
= HR 1.16 i HR1.30 ARD 0.3% ARD 0% HR 1.82 P=0.52
N (089-1.51)  6.8% ¢ (1.03-1.65) HR 1.15 HR 1.04 (0.86-4.09)
= P2t a% | P003 (0.81-1.63) (0.04-26.30) P=0.12 2.2%
= : - /o 2.0%
= 5% - ; P=0.98
@ 2.1% P 2.3% 1.1%
2 o 2% ; .1-7% 0.1%  0.1%
0% + : : . :
eGFR > eGFR=<60 | No Prior i 0 Ri 1 Risk Factor 2 Risk Q1 Q2 Q3 Q4
%} )
60ml/min mimin  :Heart Failure re e@ rs Factors (5-64) (65 - 141) (142- 332) (333 -46,627)
N=3076 3076 3076 3073
#of excess HHF  N=11637 4855 é 10,418 5,188 886 A Quartiles of NT-proBNP (pg/mi)
events/ Q 1 7 8 HHF events/ 0 4 1 10
1000 pt-year \‘G 1000 pt-year
1A Q .r\C)e

O‘\@Q

0‘5\wv?3‘ )

Scirica BM et al. Circulation. 2014;130:1579-1588




Risk of heart failure with alogliptin

The Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care (EXAMINEQ@@%y

=

O‘\@Q

an

All patients History of heart failure at baseline No history of heart failure i\b@l\?
Alogliptin (n=2701) Placebo (n=2679) Alogliptin (n=771)  Placebo (n=762)  Alogliptin (n= 1930)(-\P@(e¥)) (w{ﬁgl\"
Primary MACE endpoint \ a\\ 6\\. o
Composite 305 (11-3%) 316 (11-8%) 123 (16-0%) 131 (17-2%) ‘1 %) 5(97%)
Cardiovascular death 89 (3:3%) 111 (4-1%) 43 (5-6%) 59 (7-7%) 600 4@&*@\\ 52 (2:7%)
Non-fatal myocardial infarction 187 (6-9%) 173 (6-5%) 69 (8-9%) 66 % \1 107 (5-6%)
Non-fatal stroke 29 (1-1%) 32 (1-2%) 11 (1-4%) \a @0 8%{6 18 (0-9%) 26 (1-4%)
Hazard ratio (95% ClI) 0-96 (<1-16)f 0- 94@@ )é) 0-97 (079-1-19)
pvalue 0-315 0-772
Pinemction fOF treatment and history 8@6
of heart failure 6
Secondary MACE endpoint 0 6\
Composite 344 (12- 7@?@ 359 @)e 127 (16:5%) 141 (18-5%) 217 (11:2%) 18 (11-4%)
Cardiovascular death O( 1%) 42 (5-4%) 59 (7-7%) 45 (2:3%) 52 (2-7%)
Non-fatal myocardial |nfarct|0|6\\)5 (6 8&“@ 169 (6:3%) 69 (8-9%) 65 (8-5%) 116 (6-0%) 104 (5-4%)
Non-fatal stroke 32 (1:2%) 11 (1-4%) 6 (0-8%) 18 (0-9%) 26 (1-4%)
Urgent revasculg%n dU\%\‘QB (1-6%) 47 (1-8%) 5 (0-6%) 11 (1-4%) 38 (2-0%) 36 (1-9%)
unstabl
}@ﬁ@f io &'@Nﬂ@ 0-95 (<1-14)t 0-89 (0.70-114) 0-98 (0-81-1-18)
5pvalu 0-258 0-358 0-832
w? fortreatment and history 0581
of heart failure
MACE=major adverse cardiovascular endpoint. *Before or after index acute coronary syndrome event. TUpper bound of the one-sided 95% Cl, 0=0-01.

Zannad F et al. Lancet 2015;385:2067-2076



Risk of heart failure with alogliptin

25—+ HR 0-90 (95% CI 0-70-1-17) . 0\
—— Placebo 120 events (157%) 6\ ‘\
— Alogliptin 107 events (13-9%) m— .
- AL S
T RNCENC
g < Y
qa B 15 All patients @}f hea %\baselme No history of heart failure at baseline
a g Alogliptin (n=2701) Pla:%) \ Iog Placebo Alogliptin Placebo (n=1917)
S %, WA (-762)  (n-1930)
4(2; *_E Cardiovascular death and hospital 201 (7- 4) 6\\ 201 (7 56 blO? (13-9) 120(15-7) 94 (4-9) 81(4-2)
T § : admission for heart failure
Hazard ratio (95% Cl) Q\)Sz 11 0-90 (0-70-1-17) 1.14 (0-85-1-54)
pvalue 0- 8§ 60 0-446 0337
0
Number at risk I I I I I Prrcerscson TOT treat story a 0221
Placebo 762 635 504 356 193 60 of heart Il\:f g
Alogliptin 771 6 22 200 0
ogliptin 77 43 5 w4 5 § th* ‘ 112 (4-1) 130 (4-9) 55 (7-1) 69 (9-1) 57 (3-0) 61(32)
Q; azard ratlow C 0-85 (0-66-1-10) 0-77 (0-54-1-09) 0-92 (0-64-132)
25 HR 114 (95% €1 0-85-1.54) 1
— Placebo 81 events (4-2%) ? ? PV (\ 0-212 0141 0-643
L — Alegliptin 94 events (4-9%) 66 Oﬁ)\ for treatment and history 0-508
I ® 204 \0 \e of heart failure
qa S a 6 6‘\0(‘ Hospital admission for heart failure 106 (3-9) 89(33) 63 (8-2) 65 (8-5) 43 (2-2) 24(13)
> 5 154 \'a d \‘e( Hazard ratio (95% CI) 1.19 (0-90-1.58) 100 (0-71-1:42) 176 (1-07-2-90)
G~
O £ 6 \6 pvalue 0220 0996 0026
= =
wnv o 104 Q Piversaion TOT treatment and history 0-068
£ l% Q‘e OG\‘G of heart failure
E \ .
§ < 6\'\ ( *Analysis includes all cardiovascular deaths, including those that followed heart failure that were not counted in the analysis of the composite endpoint.
‘Vc
44 T T T T I
0 0 6 12 18 24 30
Number at risk Months
Placebo 1917 712 1442 1067 662 253
Alogliptin 1930 1709 1446 1085 658 254

Zannad F et al. Lancet 2015;385:2067-2076



Risk of heart failure with alogliptin

The Examination of Cardiovascular Outcomes with Alogliptin versus Standard of Care (EXAMINQ@Q\%y

0"
25- 6\0\
T 20 13-4 o3 \\'
3 175 \ 6(\ \\6
Z = 154 7\ N
F= f - \
ey
g% 107 75 0\‘3 N
: o |0V W2
o 54 K d\"
& 21 21 18 23 \\0 SN
0 e I s B s N h O D
Alogliptin -~ Placebo | Alogliptin ~ Placebo | Alogli OWCebo éﬂ:gptm Placebo |
(n=656)  (n=652)  (n=661)  (n=650) (n=684)  (n=623)
Q1:9-0300pg/mL  Q2:>30-0-75- me Q3:>7 &ggij Q4:>173-8-38797 pg/mL
HR 1.025 155 HR 0-901
(95% C1 0-480-2-188) X = 698 % C10-764-1747)  (95% Cl 0700-1-160)
p=0-948 \(‘,g)i, 0559(\( p=0-495 p=0-420

v
25 ??‘G . \(\6-\“ pLog
< P O %
£ 204 0% (@) £ 204
m L
: OV L o® :
S 157 dta %\O 132 £ 157
£ el E
2 10+ ’\6 \‘ 95 5 104 33 8.5
g 5 S e\ 41 40 S 5- 38 27
o . 14 \ 14 . \!f = 11 11 . 0-
= 0 — Q = 0&\ | ‘ 0 | = | - T [ 1 T
Alogllptl “\gbo jpti Placebo | Alogliptin " Placebo | Alogliptin ' Placebo | Alogliptin = Placebo | Alogliptin = Placebo | Alogliptin ~ Placebo | Alogliptin ~ Placebo |
n?'. (n 652) We661)  (n=650)  (n=628) (n=676)  (n=684)  (n=623) (n=656)  (n=652)  (n=661) (n=650) (n=628) (n=676)  (n=684)  (n=623)
\a 9-0-30-0pg/mL  Q2:>30:0-75-8pg/mL  Q3:>75-8-173-8pg/mL Q4:>173-8-3879.7 pg/mL Q1:9-0-300pg/mL  Q2:>30-0-75-8pg/mL  Q3:>75-8-173-8 pg/mL Q4:>173-8-38797 pg/mL
HR 0-856 HR 0-989 HR1-034 HR 0721 HR 0-964 HR0-514 HR1361 HR 1-150
(95%C10-306-2-398)  (95% C10-387-2-528) (95% Cl1 0-603-1.775) (95% CI 0-521-0-997) (95% C10-346-2685)  (95%C10-135-1.963) (95% C10-738-2-50G)  (95%C1 0-802-1-648)
p=0767 p=0-982 p=0-903 p=0-048 p=0-944 p=0-330 p=0-323 p=0-447

Zannad F et al. Lancet 2015;385:2067-2076



The Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS)

Risk of heart failure with sitagliptin

.
ol . \N . )
o 4 i1 12 (:;E\ 42 45
@l eTrlaI mud\ 6
No. at risk 6
Sitagliptin 7332 7178 ?024 6755 4707 3501 2165 1320
Placebo 7339 7190 4579 3425 2117 1307

] Composite of hospitalization for heart failure or cardiovascular death

104

g4

% of Patients With an Event

@

°, (E;‘b .
600\‘ . \\'a\\e [
S\

(%3

Compasite of hospitalization for heart failure or all-cause death

% 10.0 a\§2> <§;Eak <:E>
%% 7.54 ‘<:EE>

;_ >0 Q(GQa'éqdé)@
® 25 é&i? 6 (\0

Time in the Trial, mo

O\@Q 0 H B 1 18 21

No. at risk
Sitagliptin 7332 7178 7025 6895 6755 6593
Placebo 7339 7191 7006 6885 6686 6519

T
30

4707
4581

T T 1
36 42 48

3502 2165 1320
3425 2117 1307

First hospitalization for heart failure

5,_
Sitagliptin
@ Placebo
o 4
=4
]
=
I
5
= 3
=
=
E
=z 24
=
a
-
k=]
S 14
il
0 g

T T T T T T !
4 8 12 18 24 30 36 42 48
Time in the Trial, mo

No. at risk
Sitagliptin 7332 7185 7036 6917 6780 6615 4728 3515 2175 1324
Placebo 7339 7204 7025 6903 6712 6549 4599 3443 2131 1315

McGuire DK et al. JAMA Cardiol. 2016;1:126—-135




Risk of heart failure with sitagliptin

The Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS)

No./Total No. (%) . '3\06
Sitagliptin Placebo ‘\0\
Variable (n=7332) (n=7339) HR (95% CI) P Value a 6 \\
Overall Intent-to-Treat Population \\60 . &0\\6'
First hospitalization for heart failure 228 (3.1) 229 (3.1) 1.00 (0.83-1. 19} ‘ \\@ '\6\
(unadjusted) @)6
Adjusted for region and prior heart failure  NA NA 1.00 e) \Q@ 2
at baseline d\,a
Multivariable adjusted?® NA NA \\&(O 836 $\ .82
Composite of hospitalization for heart failure 538 (7.3) 525 \ 1 %(@0 1.14) .81
or cardiovascular death (unadjusted) e
Adjusted for region and prior heart failure e gﬁ 1 02 (0.90-1.15) g4
at baseline 6
Composite of hospitalization for heart failure 8@,@ g@ (9. 3) 1.00 (0.90-1.11) .93
or all-cause death (unadjusted) \, Q e
Total hospltallzatmn for heart fai @é& é %\ 1.00 (0.80-1.25) >.99
(first plus recurrent) (unadj a
Patients with 2 evelﬁ \g\(\ 37 44 NA NA
Patients ana O 25 NA NA
Deat r afte sp |tal|zat|0n for
heaé%ﬂre (un é
(d ardl 51/228 (22.4) 53/229 (23.1) NA NA
eQa oﬂ(leause death 68/228 (29.8) 66/229 (28.8) NA NA
6 Q‘ ‘\oe\lsmaset of Patients With Prior Heart Failure at Baseline
'\’\'\\l 6( ( First hospitalization for heart failure 97/1303 (7.4) 94/1340 (7.0) 1.03 (0.77-1.36) .86
06 ? (unadjusted)
0‘\6 Cardiovascular death (unadjusted) 120/1303 (9.2) 133/1340(9.9) 0.91(0.71-1.17) .46
Composite of hospitalization for heart failure 183/1303 (14.0) 19171340 (14.3) 0.96 (0.79-1.18) g1
or cardiovascular death (unadjusted)
All-cause death 166/1303 (12.7) 182/1340 (13.6) 0.92 (0.75-1.14) .46

McGuire DK et al. JAMA Cardiol. 2016;1:126—-135




Risk of heart failure with DPP-4 inhibitors

O‘\@Q

Scirica BM et al. Circulation. 2014,;130:1579-1588

Peto odds ratio plot
DPP4i Placebo OR (95%Cl)
EXAMINE 106 89 1.19 (0.89-1.58)
X
SAVOR-TIMI 53 289 228 1.27 (’I\§ \? .
| Q o\
| \\%
| \(\6
Combined 395 317 @ 6163 07-1.44)
(‘5\0
(eg@ ratio (95 (L@d& ce interval)
ARNLo N e
oV @

First hospitalization for heart failure 6\ v, X
02 e \
\6 X@s\@a\mrs
HR (95% 63 \! \.3 P4i | Placebo P Valu
SAVOR-TIMI 53 6\@‘7" % - .007
EXAMINE Q0. \’i. N S 24
TECOS \ 1 @ %4 1.20) —l— >.99
s;wo s?(ei 14 (0.97-1.34) —-— .10
@INE plu : i .
aP 1%\ 1 2
D HR
>0
Composite of hospitalization for heart failure or cardiovascular death
Favors : Fa\.-'nrs
HR (95% Cl) DPP4i Placebu P Valu
SAVOR-TIMI 53 1.14(1.00-1.30) :—I— .05
EXAMINE 1.00 (0.82-1.22) —i— >.99
TECOS 1.02(0.90-1.14) - .81
SAVOR-TIMI 53 plus 1.06 (0.98-1.15) - .18
EXAMINE plus TECOS , ,
(P=.36,12=1.29) 0 1 2
HR

McGuire DK et al. JAMA Cardiol. 2016;1:126—-135



Risk of heart failure with DPP-4 inhibitors vs comparators

Meta-analysis of Randomized Clinical Trials with DPP-4 inhibitors

o

DPP-4 inhibitors  All comparators Risk ratio Risk ratio 6‘0"
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI ,\\0
Charbonnel et al. 2006 1 464 0 237 0.2% 1.54 [0.06, 37.55] 2006 - 2 " 6\
Nauck et al. 2009 1 420 0 104 0.2% 0.75[0.03, 18.24] 2008 - \.0\\
Ferrannini et al. 2009 2 1396 2 1393 0.5% 1.00 [0.14, 7.07] 2009 ﬂc@; d\
DeFronzo et al. 2009 3 564 2 179 0.6% 0.48 [0.08, 2.83] 2009 %‘
Rosenstock (1) 2009 1 306 0 95 0.2% 0.94 [0.04, 22.84] 2009 46\6—’;g5“§
Pratley et al. (2) 2009 1 401 0 99  0.2% 0.75 [0.03, 18.18] 2009 Q%Qﬁ@‘—
Pratley et al. (1) 2009 3 396 0 97 0.2% 1.73 [0.09, 33.18] 2009@\\ 0\ M -
Jadzinsky et al. 2009 1 978 3 328 0.4% 0.11[0.01,1 o
Williams-Herman 2010 1 551 0 540 0.2% 2.94[0.12 &\)2010‘ 6(
Seck et al. 2010 2 588 1 584 0.3% 1.99 .89] %@
Vilsboll et al. 2010 0 322 2 319 0.2% % % 01,4 6) 10 ¢ -
Goke et al. 2010 1 428 1 430 0.3% 66 0 [0. !g .01] 2010
Hollander et al. 2011 0 381 1 184 3.94] 2011 * -
Nowicki et al. 2011 0 85 2 % 5\@ 0[0.01,4.10] 2011 *
Pfutzner et al. 2011 1 978 2 e 0.17 [0.02, 1.84] 2011
Bosi et al. 2011 2 404 ‘@ﬁ 1.98 [0.18, 21.70] 2011
Haak et al. 2012 2 428 Q&i}\g 2% 4.24 [0.20, 88.08] 2012
Kawamori et al. 2012 1 & %\G 0.2% 1.53 [0.06, 37.30] 2012 -
Barnett et al. (2) 2012 é@ 4 6 OJ 151 0.2% 2.49[0.12, 51.58] 2012 -
McMurray et al. 2013 q ( 22 125 6.9% 1.02[0.60,1.73] 2013 -
White et al. 2013 79 2679 21.3% 1.07 [0.79, 1.44] 2013 -
NCT00509262 Q g@ 211 6 212 0.2% 0.08 [0.00, 1.36] 2013 ¢
NCT007223 g‘e eﬂ 922 0 693 0.2% 3.76 [0.18, 78.18] 2013
Scm%ﬁa 13 (\0 289 8280 228 8212 66.2% 1.26 [1.06, 1.49] 2013
)@%ﬁl (95% Qe 21,955 17,998 100.0% 1.16 [1.01, 1.33]
t Total events 424 3562
Heterogeneity: Tau? = 0.00; Chi? = 19.02, df = 23 (P = 0.70); 12 = 0% I I . I !
0.01 0.1 1 10 100

Test for overall effect: Z =

2.08 (P =0.04)

Favors DPP-4 inhibitors

Favors comparators

Wu S et al. Cardiovasc Ther. 2014,;32:147-158




Risk of heart failure with DPP-4 inhibitors vs sulphonyureas (+ metformin)

Retrospective study from the Korean National Health Insurance Service-Health Screening Cohort (\Ig\{djg\ﬂEALS)

S
1 Hazard ratio 23,674 patients W|th 9\0
o o At3yrs 1.47 (95% CI, 1.07-2.04), p=0.0186 type 2 dlabet ‘5\6 6\\'

10

At 5 yrs 1.34 (95% CI, 1.001-1.81), p= 0.0495

o w M
: PG
§ ] DPP-4 inhibitor + Metformin Study Total Histaryf bhseline 6\U No history of baseline HF
. t
f-é © s Sulfonylurea + Metformin orfcomes SU+MET DPP4i+MET  P-val déml ET \\a@ P-value SU+MET DPP4i+MET  P-value
2w (n=4674) (n=9348) C) n—ﬂ{\a n=2824) (n=4262)  (n=8524)
[ A )
% HHF 6\\0 \U
_g' N. of events 1\2 e 6 44 73 26 58
= Cumulative 1.70 {1 30= Z@» 0 &q@( 11.08 (8.00- 1340 (1053- 0.73(047- 1.09 (0.81-147)
© incidence at 15.26) 16.97) 1.15)
3 years
@, 1.00 6\1 39 {1 02-190) 00369 1.00 1.29(086-1.95) 02250 1.00 1.61(097-267) 00634
0 1 2 36 18 60 ( Qlative @(@ 5 301) 330 (246-4.44) 1996 (14.24— 1944 (12.38- 121(0.77- 168 (1.15-2.45)
Time to event (months \\) inc 27.58) 29.79) 1.91)
Number at risk ( ) ? \Q éx%
DPP4-i + Met 9,368 5.366 3.362 1.941 823 ?%} . 05% CI at 1.00 126 (095-167) 01132 100 1.12(0.77-1.64) 05574 1.00 1.51(096-239) 00765
Sul + Met 4,684 3,537 2,579 1,624 793 ? %6 . \(‘ 5 years®
e a9
~\ )~ A
) ——
Study outcomes oya (%\U History of baseline CVD Mo history of baseline CVD
QKQU +Mm DPP4i+ MET P-value SU4MET (n=2025) DPP4i+MET P-value  SU+MET DPP4i+MET P-value
f.f'teﬁ (n=9368) (n=4050) (n=2659) (n=5318)
HHF 2 Q\ oe\]v
N. Gfever\{\'\\‘ (\ G5 128 56 103 a 25
@%é Inl:ldenQa% years [%}t 1.63(123-217) 226(185-274) 3134 (2 48-4.48) 398 (3.20-4.93) 028 (0.12-0.68) 095 (0.62-147)
\%ﬁ’.’-}% Iy at 3 years® 1.00 1.47 (1.07-2.04) 00186 1.00 1.30 (0.92-1.84) 01425 1.00 332(128-862) 00139
Curnulative incidence at 5 years [%}t' 2090(2.16-389) 443 (255-766) 529 (3.87-721) 863 (474-1543) 094 (0.44-1.99) 095 (062-147)
HR (95% CI) at 5 years 1.00 1.34(1.00-1.81) 0495 1.00 1.26 (0.91-1.74) 01717 1.00 1.91{093-393) 00777

Kim KJ et al. Cardiovasc Diabetol. 2019;18:28



Risk of heart failure with DPP-4 inhibitors vs sulphonyureas or thiazolidinediones

'S\~
1.00 6\0\6\0
| St p . ) &
_ 2T R
0.80 R \a\\ . d\\'a
E PN @
2 0.60- 60(;\e _ \,@\\6
8 \\a éx\
' & 0.40- \6 (o)
127,555 patients = 6\)
with type 2 diabetes 0.20 es; s
——- Sulphonylureas
000 L AW (@D e TZD
; S i : 2
6 (\a\e Survival time | years)
egt risk ‘}Sg\
\él DPRi® 13067 10325 7424 5101 2136 667
>\ Ipho 13155 13007 11367 9338 7536 4342 2276
da (%\ TZD 13155 13024 11615 9826 8490 4863 1707
() 3@
DV \2
Varw'o‘ “ 6(6 N Before propensity matching After propensity matching
\‘“a (\Oe H-R---(-gu.-s-)--é-l-) -------------------------- ﬁl.v.a.lltllé ﬁﬁ--(-g--s-’-}--cu-l-)---------------------------P;--v-a-l-t-lé
. \ .............................................................................................................................................................................
06\ ‘ell%se -lowering medications
O\@Q Sulphonylureas (reference) 1.000 1.000
Glitazones 0.926 (0.807-1.063) 0277 0777 (0.635-0.950) 0.014
DPP-4 inhibitors 0.751 (0.630-0.895) 0.001 0.642 (0.510-0.808) <0.001

Fadini GP et al. Eur Heart J. 2015;36:2454—-2462



Risk of heart failure with DPP-4 inhibitors vs GLP-1 receptor agonists

Retrospective cohort study of patients with type 2 diabetes newly initiated on DPP-4 inhibitors or g\b{b@?g'onists

- o0C
Cohort HR (95% CI) . 0\'3
\ .
Overall (primary analysis) L 2! 0.86 (0.83-0.90) (\a \\6 ‘\\.
. 6 .
Baseline HF . \\Q\\ ‘\6\\-6
Absent - 0.85(0.82-089) .| XO 6@6
Present > 0.90 (0.7 M \
=l MR
Baseline CVD @\\ &\
: Absent - X84 (0,
.321,606 pa‘Flents Prosent o 86\) 0 800 56)
with type 2 diabetes e oY cC
Individual drugs 6 2 o\
Saxagliptin @ 0.74 (0.69-0.84)
Sitagliptin 6\, .\ Gg 0.92 (0.89-0.95)
?@ 3 5, \ONG75 1 15 2
e e g
\\:>% o 0( PP-4 inhibitor better  GLP-1 agonist better
O
a2 G »(‘5\0 Hazard Ratio (95% Cl)
Y, SaaliN
St ﬁatim{@flétﬁéations Person-years Mo. of HF events  Crudeincidence  Adjusted HR of HF (95% Cl)
(e \‘G (per 1000 person-
\] 6 Q f‘\oe years)
5\\\ ? @&na\ry diagnosis  DPP-4inhibitors 77,070 3107 40 0.84 (0.80, 0.89)
'\QQ only GLP-1 agonists 70,706 3424 48 Reference
0 Extend follow-up ~ DPP-4inhibitors 94,201 5714 61 0.89 (0.85,0.92)
1045 days GLP-1 agonists 89,315 6008 68 Reference
Cl confidence interval, DPP-4 dipeptidyl peptidase-4, GLP-1 glucagon-like peptide-1, HF heart failure, HR hazard ratio

Dawwas GK et al. Cardiovasc Diabetol. 2018;17:102



Serious hypoglycemic events and cardiovascular risk

The Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS) O\og\")‘
.0
: 0\9\0
2O W
\“"
Previous SHEs increase the subsequent risk of CV events Previous CV events\mc\k@é g\ @@bsequent risk of SHEs
0% S \\9@

Event HR (5% Cl) P value Prece @\\ 6 6HR (95% Cl) P value
4-point MACE —i— 1.55(1.06, 2.28) 0.025 @gatal %@(\e‘w%r hUA —— 248 (1.65,3.75) | <0.001
3-point MACE —— 1.68 (1.14, 2.48) 0.009 c‘e (}

\Q.D g@lo atal CV event —a— 2.86(1.85,441) | <0.001
All-cause death —— 1,83 (1.22, 2.75) @\« { Q(
Cardiovascular death . 172(102, 2.8 004 \3% Nonfatal M — 302(1.83,4.9) | <0.001
MI (fatal + nonfatal) — % o“Q’ 48 Hospitalization for UA — 1.35(0.50,3.65) 0,555
Hospitalization for UA : 32 (U%QG%? 0.757 Nonfatal stroke — 277(1.36,563) 0005
Stroke (faal + nonfatal) ﬁ‘@ aﬂﬁ( 90, 4.00) 00% Hospitalization for HF —=—  368(213,6.36)  <0.001
Hospitalization for HF %@(6 170,52, 2.62) 0.709 | | ! | | |

N 025 05 1 2 4 8
\\ Hazard ratio
0\6Q 6 d?zard ratio

Standl E, Diabetes Care 2018

Standl E et al. Diabetes Care. 2018,41:596—603



Renal outcomes with sitagliptin

20
\: g R
| | . NN\ 2
T g %OO . 6\ 'a\\e
E (o 2 e\
> 8- S \
c oo,
E N 6@ © 6\ ©
J | —tT \Q‘%\wGQL Estimated overall
g 0 \)6 . Q\ S : :
~ %\ Sitagliptin mean difference: -1.34
4 R \Z ml/min/1.73m2 (95%Cl
m >
(9 60 W @? S \g(\ -1.76,-0.91), p<0.001
0
2% 80
2 O e
6(6 6\\6 T T T T T T T
(@Q \]G( 0 4 8 12 | ?4 36 48
R \laQ ('\QG# of Patiers: Study visit (months)
6\\\ ?e( Sitagliptin 7254 3984 3722 5135 5,209 3,068 1,248
()'\’5 Placebo 7274 4005 3674 5053 5,108 2,957 1213

Cornel JH et al. Diabetes Care. 2016;39:2304-2310



Renal outcomes with sitagliptin

UACR (mgl/g)

- O
A‘

Sitagliptin
Placebo

o\
Jf o = : P\
= } *@\\@\\ R\
; T o R

40 - : - T\
i PAN S\
: : \a ¢ : S 6 1
30 - O ™ z
Q S d\ SV :
oY , e

\/\6 (jega : Estimated overall
20 G e\ \%) : mean difference:
| @\e o -0.18 mg/g (95%Cl -
10 N ) 0.35, -0.02), p<0.031

: Sitagliptin

T l I I "
G(G\ 24 36 48

Study Visit (Months)
Number of Patients:
1943 687 664 1,171 1,054 562 276
730 640 1,129 1,008 580 273

Cornel JH et al. Diabetes Care. 2016;39:2304-2310



Renal outcomes with saxagliptin

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitg@&l@/‘OR)

— Thrombolysis in Myocardial Infarction (TIMI) 53 study 0\6\06\
- - . OF X
Worsening microalbuminuria Improving mlcroa@gﬁ%;{g\\ﬁ'
- t 2 2 W O
218 ¥ =187 e
£ + 142 € 14 S
E 14 124 13.3 E @6
s 12 e 24
5 10 - \2 %@%@ :
= %\Q; 8 |
g S
2 2 2 2
o 2
2 Q@S 5 0
\N'g < Year 2 End of Year 1 Year 2 End of
06\ ?e treatment treatment

Worsening, or improvement are defined as a shift from baseline ACR category
(<3.4, 23.4 to £33.9, or >33.9 mg/mmol). 'P<0.001 vs placebo; *P = 0.0058 vs placebo.

Scirica BM et al. N Engl J Med. 2013,;369:1317-1326



Renal outcomes with saxagliptin

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Melhtg@@g\\/OR)

— Thrombolysis in Myocardial Infarction (TIMI) 53 study 0\6\06
A\
A\ \\6“
\CARR
Shift from baseline category S | @5}6\ = \
(< 3.4, 2 3.4 to < 33.9, or > 33.9 mg/mmol) - axagg"g{?@ D \a\é
Ao o
20 - Global P< 083\ eﬂﬁ? HbA, 0.30%

d\‘

16% o ©

15

2
7 10

9(696 qu‘e Worsened Improved
é@\\‘a o O End of Treatment
O‘\QQO Trgtment difference in the number and proportion of patients with albumin/creatinine ratios that worsened, did

not change, or improved is defined as a shift from baseline category (<3.4, 23.4 to <33.9, or >33.9 mg/mmol).
"P<0.001 vs placebo; *P = 0.0058 vs placebo.

Scirica BM et al. N Engl J Med. 2013,;369:1317-1326



Renal outcomes with saxagliptin

The Trial Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitg@&l@/‘OR)
— Thrombolysis in Myocardial Infarction (TIMI) 53 study \,a‘oe\
a“\;\O A\
o ‘ _ AP\
Shift in ACR categories- baseline to the end of\gré?\\ .?;\d\’\'a
. . . '\e . 6
saxagliptin vs. placebo 0" \\a\\

3@ @\\ 02 S\ mSAXA O Placebo
6 a 35.9%

% improved

39.2%

32.0%

0-15 30-100 100-300 300+

‘g N
6\0‘3‘ O % worsened mSAXA 0 Placebo
a ' 31.5%
29.5% .
24.5 WQb \6\‘6 22 5% 25.1%
S “rs |
XN° N <
05\ ? S 0-15 30-100 100-300 300+
O‘\@Q ACR categories

P-value is based on a two tailed normal distribution approximation test for the proportions.

Mosenzon O et al. Diabetes Care. 2017,;40:69-76



Renal outcomes with saxagliptin

30<eGFR<50
(N=1,637)
N c eGFR>50
(N=11,133)
6?/ 2
\)6\’\?/‘\ Q(GQ
9\"?’? Nl =
ANON eGFR<30
05?, o o -245.2, p=0.086 Nosh)
(2 N 30<eGFR<50 ~
(6\'6 S \6\‘6‘ {Nil,BEB}
(GQa \]G‘e eGFR>50
" \QQ (\06 -19.3, p=0.033 (129.709)
S o
()'\@QO -300 -250 -200 -150 -100 -50 0
Difference in mean change in ACR between SAXA and Placebo

Mosenzon O et al. Diabetes Care. 2017,;40:69-76



Renal outcomes with linaglip

tin

The Cardiovascular and Renal Microvascular Outcome Study With Linagliptin (CARMELINA)€8\@®'

S
s <p°
Time to secondary kidney outcome 66\ 6“\\,
\'\6(\ \.@\\
30- v WO
HR, 1.04; 95% Cl, 0.89-1.22; ‘:300\6 G
3 P=.06 A\ SO
E (4 S
= 20+ 086\) {\\‘e( Jd
- AN
= \FAIN\
= @6 2 Placebo * ite of:
= \> Gg — Composite of:
A \)6 ‘\ \ )"_F-_ ¢ sustained ESRD
E 10 ? ? a\e% ,--"'_"'r * renal death
= o « sustained eGFR decli
& \ &66? O(\g\(\ '_,.---—""’_—'_'-; :rosr: l:?aeseﬁne 24(;; "
A\ SNSPR
636 e(_%\o —
6\'6 \am T 1 - I I 1 I I 1
3( (6 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
e N©
(‘\06 Years
X No. of patients
Placebo 3485 3213 2995 2298 1608 1005 496 103
Linagliptin 3494 3227 3018 2345 1675 1040 518 109

Rosenstock J et al. JAMA. 2019;321:69-79



Renal outcomes with linagliptin

Linagliptin (n = 3494)

Placebo (n = 3485)

icrovascular end point: composite of:
ESRD

* renal death

* sustained eGFR decline from
baseline >50%

* albuminuria progression

* retinal photocoagulation

* anti-vascular endothelial growth
factor injection therapy

* vitreous hemorrhage

* diabetes-related blindness

Ocular end point: composite of:

* retinal photocoagulation

* anti—vascular endothelial growth
factor injection therapy

* vitreous hemorrhage
¢ diabetes-related blindness

Incidence
Rate Rate Rate Difference,
per 100 per 100 Linagliptin - Hazard Ratio \% p

Outcomes No. (%) Patient-Years No. (%) Patient-Years  Placebo (95% Cl) (95% CI)P r, (\O alue @\& o
Secondary Kidney Composite Outcome \\'
Sustained ESRD, death due to 327 (9.4) 4.89 306 (8.8) 4.66 0.22 (-0.52 to D. 9?] (&] 89- ézza 62
kidney failure, or sustained \)
decrease of 240% in eGFR 86
from baseline e @) . 60(\

ESRD® 63 (1.8) 64 (1.8) 6 a 6\

Death due to 1(0.03) 1(0.03) 6

renal failure® 6\/\ g

Sustained decrease of 240% 263 (7.5) 241 (6. 9} ?\) %\

in eGFR® B\\<
Exploratory Kidney and Microvascular Outcomes % \%\\\V
Sustained ESRD, death due to 230 (6.6) 33 03 0(3 -0.03 (-0.65 to 0.60) 0.98 (0.82-1.18) .87
kidney failure, or sustained \
decrease of 250% in eGFR a \O
from baseline a d \‘ (
Death due to renal failure %@X \@ 154 (4.4) 2.04 -0.26 (-0.70 to 0.18) 0.87 (0.69-1.10) 24
or sustained ESRD 6
Albuminuria progressmn Q(‘C"?m @\1}0 21.36 810 (38.5) 24.54 -3.18 (-5.44 t0o -0.92)  0.86 (0.78-0.95)  .003
Cnmposne micE (&36 3) 2214 843 (39.6) 25.42 -3.28 (-5.59t0 -0.97) 0.86 (0.78-0.95) .003
end point’ c,\ G(

@\fcular end polﬁtg 36 (1.0) 0.47 49 (1.4) 0.65 -0.18 (-0.41 to 0.01) 0.73 (0.47-1.12) 15

V

Rosenstock J et al. JAMA. 2019;321:69-79



Renal outcomes with DPP-4 inhibitors

Meta-analysis of Randomized Clinical Trials with DPP-4 inhibitors

. b@
oW
NGRS
Trt, Con, %
> \'\@‘\
Study Tt Con Weeks  Mean(SD)  Mean (SD) ES (95% Q1) \\3\3{6 \’\0
Yoon 2017 Gemigliptin Placebo 12 wks -2.1(486) -01(4.1) %ecl\g 0. a\\%
Groop 2017 Linagliptin Placebo 24 Wks -2.4(26.7) -5.0 (26.3) 6\‘% 263 (- %\Q 1.44
Green 2015 Sitagliptin Placebo 208 wks -4.0(18.4) -2 W Q( 1.79, 0.61) 2478
.
Masenzon 2017 Saxaghptin Placebo @ G‘N -0.13 (-0.59, 0.33) 26.87
|
Roden 2013 (b) Sitagliptin Placebo 24 @ @6) [@\16 -.I' -1.74 (-4.87, 1.39) 400
I
Takihata 2013 Sitagliptin PlauutazoG\/\% {@g -31(102) -.I k- -2.50 (-5.92, 0.92) 343
|
MNakamura 2014 Sitagliptin ?@ 12 v%\ QE (9.7) -21(7.7) —.? e -250 (-7.23, 223) 189
I
Zografou 2015 Metformin+ uwe ’“"3"“‘”"(\6\ 2wks  0.4(26) 29(115) —4— 250(1129,629) 057
|
MNomoto 2017 Oﬁlxglozm 12 wks 3.0(18.3) 13(19.8) _1'.— 1.70(-12 20, 1560) 023
|
DeFronzo 2015 6\ Linaglipten O(\e Empaglificzin 52 wks -1.7 (12.4) 05(123) -‘I -2.21 (-4.80, 0.38) 551
|
Lﬁin Qa q@% Empadlificzin 52 wks -0.5(10.9) 06 (122) 4I- -1.10 (-3.46, 1.27) 639
AC A2 '
Q}( Rodsn(?@(a Sitagliptin Empadlifl ozin 24 wks -1.8(12.6) 10(11.8) | -273(-5.04, 0.43) 6.66
|
Q(QQ GQ nthaner 2013 Sitagliptin Canagliflozin 52 wks -4.5(14.6) -47 (11.6) y 0.20(-2.24, 264) 6.07
.
‘\\"\“6 ( (\0 Overall (l-squared = 40.5%, P=0.064) 111 (-1.78, -0.44) 100.00
|
S < |
. I
O\@Q NOTE: Weights are from random effects analysis |
1
| | |
. . . 2 -15.6 0 15.6
Changes in eGFR from baseline (mL/min/1.73 M?)  raouroropp-s aniiors

Bae JH et al. Endocrinol Metab. 2019;34:80-92
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Renal outcomes with DPP-4 inhibitors

Meta-analysis of Randomized Clinical Trials with DPP-4 inhibitors

T, Con, % T, Con, %
Study Trt Ci Events/Total Events/Total RR (95% Cl) Weight Study Trt Con Events/Total Events/Total RR (95% CI) V“a
Mosenzon 2017 Saxagliptin Placebo 555 /3743 617 /3641 - 0.88 (0.79,0.97) 95.77 Mosenzon 2017 Saxagliptin  Placebo 217 /5304 280 /5146 ‘ 6 0. 75}[1 .63, @
T
: O
:
Lewin 2015 Linagliptin  Empaglifiozin 10 /111 161215 —+—— 1.21(0.57,258) 1.85 Lewin 2015 Linagliptin  Empaglificzin 2 127 37 4404) 094
]
! \
!
DeFronzo 2015 Linagliptin  Empaglifiozin 12 /09 21/208 —Le—— 120(0.62,2.34) 238 DeFronzo 2015 Linagliptin Empag\\@ 21 4 125: — 1.05(0.19,5.65) 1.89
: o S
Overall (l-squared = 0.0%, p = 0.471) ‘ 0.89 (0.80. 0.98) 100.00 Overall (- suuaﬁ\)p 363) \‘e( 1 0.77 (0.61.0.97) 100.00
: (\ :
!
NOTE: Weights are from random effects analysis 1 6 [OTE: Weights 36\ effects analysis
) 1
T * T T ! T
. . . .388 1 2.58 0227 1 44
Microalbuminuria + Favours DPP-& inbiitors  Favours DPP-4 nhibiors

6\’\‘G Q @@goalbummurla

EE % ™, Con, %
Study T \0vanhmﬂa\ Ev: G RR (95% CI) Weight Study Trt Con Events/Total ~ Events/Total RR (95% Cl) Weight
\OO
o) el ;
(@ 017 suxuqlN@eoo 62212095 48211997 - 123(111,136) 9537 Green 2015 Sitagliptin ~ Placebo 100 /7332 1117339 — 090(0.69,1.18) 5828
S | |
Dqu@ Linagliptin ~ Empagificzin & /24 19188 —_— 074(034,161) 161 Mosenzon 2017 ~ Saxagliptin  Placebo  51/8280 5516212 —%—  082(063,134) 2008
i
S | |
1
O Lewin 2015 Linagliptin Empagiifiozin s/18 1944 —-vl— 1.16 (0.65, 2.05) 3.02 ‘White 2013 Alogliptin Placebo 24 /2701 222679 —f—‘—; 1.08 (0.61, 1.92) 1284
|
i |
()
Overall (squared = 0.0%, p = 0.439) 1.22 (1.10. 1.35) 100.00 Overall (I-squared = 0.0%, p = 0.853) | 0.93(0.76,1.14)  100.00
|
i Y
| |
| I
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis
T T T T
. . . 337 1 297 52 1 1.92
Albuminuria regression o . ESRD IR

0P

Bae JH et al. Endocrinol Metab. 2019;34:80-92
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Treatment with DPP-4 inhibitors in CKD

Meta-analysis of studies with DPP-4 inhibitors in patients with type 2 diabetes with moderate to %q@;@fgCKD
G
O\

- O\
Change in HbA, Adverse ever@O W

\‘Q(\

DPP-4| Control Mean Difference Mean Difference DPP-4l Control R'S" RB@ Risk Ratio
Study or Subgroup  Mean _ SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI Study or Subgroup _ Events Total Events To i7 M-H, Random, 95% CI
2.1.1 Versus Placebo, 12-24 weeks 1.1.1 Versus Placebo
Barnett -0.7 064 41 -0.05 063 20 78% -065[-099,-0.31] Kothny-MRI 1EI3 6\ 89 \\a 9(0.88,1.11] —
Groop -0.56 1.08 68 -0.03 08 25 6.8% -053[097,-0.09] Kothny-SRI 0.97 [0.86,1.10) .
Laakso -053 147 113 -011 121 120 82% -0.42[-0.73,-0.11] McGill DC \% 1.02[0.93,1.12) -
Lukashevich-MRI -0.7 125 157 -0.24 113 128 85% -046[0.74,-018] I McGill DVDR \ IJ% 8 6 5% 0.92([0.79,1.07) .
Lukashevich-SRI -09 221 122 -0.34 151 95 62% -0.56[-1.06,-0.06] Nowicki a 4.3% 1.07 [0.89,1.29) —_—
McGill DC -0.71 1.22 66 0.01 1.26 62 69% -0.72[1.15,-0.29 Subtotal \ % 3?1 48.4% 0.99 [0.94, 1.05] L 2
McGill DVDR -066 083 50 0.01 087 45 78% -067[1.01,-0.33) Total 312
NowickhSRI 095 087 1o 05 086 23 5% -045¢106019 HeSnery %’cf“ . 95,df=4 (= 0.74;P= 0%
Subtotal (95% Cl) 680 560 64.8% -0.55[-0.68,-0.43] <> ﬂa eTes foro? 022(P=083)
Heterogeneity: Tau‘=. 0.00; Chi*= 2,67, df= 8 (P = 0.95);I*= 0% 66 %rs s Sulfonylurea
Test for overall effect: Z=8.77 (P < 0.00001) »\ ‘( 52 65 22 26 15% 0.95[0.77,1.16) _—
2.1.2 Versus Sulfonylureas, 52.54 weeks 6 . Q erreira AJKD 53 64 52 65 5.4% 1.04[0.88,1.22) —:—
Chan 07 107 51  -08 097 2% 6.3% 0.10 [-0.38, 0.58] %\ Ferreira DC 143 210 153 212 9.4% 0.94 [0.83,1.07) ——

: Laakso 103 113 118 122 334% 0.94 [0.88,1.01] ——
FerreiraDC -08 089 135 -0.6 081 142 91% -0.20[-0.41,0.01] Subtotal (95% CI 452 425 51.6% 0.95 [0.90. 1.00 P
Subtotal (95% CI) 186 167 154% -0.13[-0.38,0.12] ? . (\a ubtotal (85% C1) 5 95 [0.90, 1.00]

. - ‘ - = - L2 Total events 351 345
iurpuctbin, il Tl e E ? -'\g\ Heterogeneity: Tau?= 0.00; Ch*=1.14, df= 3 (P = 0.77); = 0%
Test for overall effect: Z=1.03 (P = 0.30) \ Test for overal‘l offact Z'— 1l81 = U U?I) NN
2.1.3 Sitagliptin vs Other incretin-based therapies, 24-26 weeks 0
Kothny DIA 056 102 B2 -054 1068 78 7.7% 33. — Total (95% CI) 880 796 100.0% 0.97 [0.94, 1.01] *
Leiter-MRI -0.37 1.33 98 -0.88 1 93 ? 9% [0 18,08 Total events 710 657
Leiter-SRI -065 1.24 15 -1.08 091 43[ 0.32,1 ¢( Heterogeneity: Tau®= 0.00; Chi*= 4.30, df=8 (P = 0.83); F= 0% =U 5 U=? 1 115
Subtotal (95% CI) 176 ;3‘ B Test for overall effect Z=1.45 (P = 0.15) ' Favors DPP<4l Favors control
Heterogeneity. Tau®= 0.07, Chi*= 4.92, df= 2 (P 0.0 Test for subaroup differences: Chi*=1.22, df=1 (P=027),F=17.9%
Test for overall effect Z=1.42 (P=0.16)
Total (95% CI) Q ﬁ@ﬁmﬁ 0.32[0.52,-0.12] -
Heterogeneity: Tau*= U1U C 3 (P = 0; F=75% -1 -U}S S [I’S 1
Testfor overall effect 7= 02) QS Favors DPP-41 Favors control
Test for subaroup diff i*= 22, 1@ < 0.0001). F=90.9%

O‘\'?)\'

Singh-Franco D et al. SAGE Open Med. 2016,4:2050312116659090




Treatment with DPP-4 inhibitors in ESRD

Retrospective study reviewed in patients with type 2 diabetes on renal replacement ther%wg\a
AY\G

. O~
Hemodialysis 6\0\
Sitagliptin (n=31) Vildagliptin (n=37) S‘; @ﬂ:qg.@e@ﬂ

Parameter Baseline 12 weeks P Baseline 12 weeks P ﬁ}s\ c;\ 9" weeks P

FPG, mg/dL 175.6475.1 143.24+59.8 0.021 169.3+77.4 198.24+78.5 0.464 O\Q}G aws/ 136.3+50.7 0.304

A FPG —324 4727 —11.14+90.3 6 0.261

HbAlc, % 7.38+1.50 6.98+1.31 0.220 7.36+1.84 7.04+1. 42 6\\@340 > % 099 +1.40 6.874+1.25 0.621

A HbAlc —0.40 +1.65 —0.31+1.82 —0.12+1.54 0.773

TC, mg/dL 146.54 30.6 14064+ 36.4 0.411 161.4+62.8 6@ %(\\‘%105 145.24+51.4 145.34+38.9 0.987

ATC —5.9+38.0 —16.4+ 59% S 01+43.7 0.300

Data are presented as mean+ standard deviation. Paired ftest (white box) and 1-w ra]..r sh % perfnrrned

A =change between the level of baseline and the level of 12 weeks for the K}%&fﬂ FF‘Q lasrna glucose, HbA1c = glycated hemoglobin, TC=total cholesterol.

Peritoneal dialysis N 6\6
Sitagliptin (q\_ﬁe (@ Vildagliptin (n=35) Linagliptin (n=37)

Parameter Baseline \ &L@QEKS \0(\V Baseline 12 weeks P Baseline 12 weeks P

FPG, mag/dL 169.6 + 55}@ 46 8&]-@% 0.235 180.6 +/79.3 194.3+53. 7 0.040 163.0+65.0 1441 +65.4 0.003

A FPG @E‘@% —26.3+71.5 —189+359 0.861

HbAlc, % E'\]e( 5 89+0.99 <0.001 7.07+1.48 6.61+1.25 0.011 7.20+1.38 7.16+1.39 0.852

1 Hbﬂa c\l Q —0.46+0.98 —0.044+1.22 0.001

? 128.9 165.0 £ 48.6 0.459 137.6 £ 36.3 145.1 £51.3 0.280 171.7 £62.1 158.0+41.3 0.103
. ,59 9.51 40.7 7.5+39.8 —13.7+491 0.097
OV
Data are presented as mean +standard deviation. Paired 1 test (white box) and 1-way ANOVA (gray shades) were performed.
A =change between the level of baseline and the level of 12 weeks for the given parameter, FPG=fasting plasma glucose, HbAlc=glycated hemoglobin, TC=total cholesterol.

Park SH et al. Medicine. 2016,95:32(e4543)




Treatment with DPP-4 inhibitors in ESRD

Nationwide observational study in patients with type 2 diabetes on renal replacement thirgg%\a'

=&
\J
DPP-4 inhibitor user DPP-4 inhibitor non-user \0
No. of events Person-Years Incidence rate” No. of events Person-Years Incidence rate (\G:I % Q{ﬂq 5% CI) P
All-cause mortality 629 6228 100.99 1110 450 246.60 \\a WSE 0.47) =0.,001
MACEs 298 5980 49,83 201 4335 \g@ E 76 (0.65-0.90) 0.001
Myocardial infarction 167 6094 27.40 155 4416 OO %\6\6 0.81 (0.65-1.01) 0.059
Ischemic stroke 1459 6103 24.41 143 4419 \6 0.77 (0.61-0.97) 0.024
Heart failure 110 5087 1837 72 4343@\ 6 1.14 (0.85-1.54) 0.389
Hypoglycemia 200 5991 33.39 163 Al %(6 37. ZB 0.95 (0.77-1.17) 0.617
o~ \N
: HR {950/{0 CI] Plnk‘ructinn 6 e O d\ 60‘
Gender : 6
Male <% ' 0.45 (0.39-0.51) 0.351 \ \6 g@
Female <+ i 0.42 (0.36-0.48) \)6\/ ‘\ Q(e
Age ]
20-65 years $ ! 0.39 (0.34-0.45) @f}? \e S
> 65 years 4 : 0.45 (0.39-0.52 ?? . '\(\2\
Dialysis modality i g (\g
Hemaodialysis & ' W%q ) 0.@
Peritoneal dialysis —‘.— : 6 .4?-0_960(\6
Heart failure : d’a
Yes * ; a L\‘@S-@ 49) 0.905
No & *\. \ 043 (0.37-0.50)
Myocardial infarction a( : (6
Yes *@Q NS 034 (0.27-0.44) 0.046
No Q ° el 0.45 (0.40-0.50)
Cerebrovascular dise Q\'\\la ( (\0 E
Yes a\ ? Q- - 0.42 (0.36-0.48) 0.793
Q e | 043 (037-0.50)
AR i
Yes - i 042 (0.33-0.54) 0933
No + E 0.43 (0.39-0.48)
0.0 0.5 1.0 1.:5

Favor User Favor Non-user Chan SY et al. Int J Cardiol. 2016,;218:170-175




Therapeutic algorithm for adults with type 2 diabetes and impaired GFR

Joint position statement of the Italian Diabetes Society and the Italian Society of Nephro{%gy@a'
e\ Z
0e°

eGFR

(ml/min/1.73m?) 90 85 80 /75 70 65 60 55 50 45 40 35 -0 2% 20 15 10 5
a0 e

DPP4 inhibitors i 6\)\??\\\‘\;(365‘v

Sitagliptin . \?,5 f:ga 6\6\:5(51/ mdgo/sde;y) (25\1/ mdg‘}ZZw

Vildagliptin o ??/:\;:a\e 23 (50¢ mdgo/'c&:y)

Saxagliptin @ (5\\3:2\0(\6 © (2.;]/ rf;’fiay) -

Linagliptin f\@o@(’a{‘z‘e\a\‘

Ao tiRges 125 majéon 625 mitdon

oV

Pugliese G et al. Nutr Metab Cardiovasc Dis. 2019; 29:1127-1150
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Therapeutic algorithm for adults with type 2 diabetes
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GLUCOSE-LOWERING MEDICATION IN TYPE 2 DIABETES: OVERALL APPROACH

FIRST-LINE THERAPY IS METFORMIN AND CIIHPIIEIIEIISWE LIFESTYLE (INCLUDING WEIGHT MANAGEMENT AND PHYSICAL ACTIVITY)

Y

IF HbA, ABOVE TARGET PROCEED AS BELOW
NO

ESTABLISHED ASCVD OR CKD
AT PHENM BT HF OR CKD PREDOMINATES
- -
PREFERABLY
SGLTZ with evidence of reducing
SELTZ) with HF and/or CKD progression in
GLP-1RA proven CVD CVOTs if eGFR adequate’
with praven benefit’, OR
CVD benefit’ if eGFR IF SGLT2i nol tolerated or
adequate’ contraindicated or if ¢GFR less
than adequate® add GLP-1 RA
with praven CVD benefit’
i w,
b 4 *

If HbA, above target

¥

If further intensification is required or « Mvoid T of HE
patient is now unable to tolerate %ﬁ i
GLP-1 RA andior SGLTZ, choose ‘9 5 T

o

agents demonstrating CV safety: ’.: er adding the [

+ Consider adding the othef La \-' L E‘l"?_:m"“ ] -
{GLP-1 RA or SGLT2i) wi in the selting
o henef.:m \‘ toAn GLP mm

asal insulin

+ DPP, -

B9 \ol

\G‘

. Proven CVD benefil mezns it has label indication of reducing CVD events. For GLP-1 RA strongest

avidence for liraglutide » semaglulide = exenatide exlended release, For SBLTZ evidence
modestly stronger for empagliflozin = canaglifiezin.

Be aware that SGLTZi vary by region and individual agent with reqard to indicated level of eGFR
for initiation and continued use

Both empagliflozin and canaglifiozin have shown reduction in HF and reduction in CKD
progression in CVOTs

Degludec or UT0D glargine have demonstrated CVD safaly

PN
WITHOUT ESTABLISHED ASCVD OR \e
l ‘5350 \\’5\

DPP-di

T0 AVDID
CLINICAL INERTIA
REASSESS ANP
MODIFY TRE A1 EV((
Riar' AMY
(i L MaATHS)

good erﬂcamj SGLT2E U 1"

for weight loss®

¥ ¥

If HbA,, above target ] If HbA, above target

v ¥

‘L ‘\
@G L% ELP&; RA
i

GLP-1 RA with
OPP-i ST good efficacy " Su¢
OR for weight loss®
TiD
It !IM«1= above target If th" above larget ] [ It HHH' above target

Continue with addition of other agents 2s outlined above

¥

( If HbA,, above target

¥

Consider the addition of SU* OR basal insulin:

+ Choose later generation SU with lower risk of hypoglycaemia
+ Consider basal insulin with lower risk of hypaglycazmia’

. Low dose may be better lolerated though less well studied for CVD effects
Choase later generalion SU with lower risk of hypoglycaemia
Deqluder.. glarqlne UE[IU = glargine U100 | detemir = NPH insulin
=1 > lutide > exenatide > lixi
. Ifno specmc comorbidities (i.e. no established CVD, low risk of hypoglycazmia and lower
priority ta avoid weight gain or no weight-related comorbidities)
10. Consider country- and region-specific cost of drugs. In same countries T2Ds relatively more
expensive and DPP-4i relalively cheaper

R 2 2 2 2 ¥

If triple therapy required or SGLTZi * Insulin therapy basal insulin with
andlor GLP-1 RA not tolerated or lowest acquisition cost
contraindicated use regimen with OR

lowest risk of weight gain + Consider DPP-4i OR SGLTZi with

PREFERABLY lowest acquisition cost'”

DPP-&i (if not on GLP-1 RA)
based on weight neulrality

¥

|f DPP-&i not tolerated or
contraindicated or patient already on
GLP-1 R4, cautious addition of:

+ SU* + TZD° - Basalinsulin

Davies MJ et al. Diabetologia. 2018;61:2461-2498




Cardiovascular safety

(T risk for heart failure
with saxagliptin)

Conclusions

DPP-4
inhibitors

No hypoglycemia
Weight neutral
Safe risk profile

Renal safety
(L albuminuria,
whole eGFR range)
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