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Balancing risks and benefits




Evaluating the benefits...
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DPP-4 inhibitors and MACE

-
g o,
Drug Alogliptin Saxagliptin Sitagliptin Ioigi&%%ptin
8O
Completion 2013 2013 2015 o0 AN 2018
b\,\a\\ 6'\6\
Subjects, n 5,380 16,492 60(1\%%\%%@3\\6 6,980
N 527
Srd i, e 1.5 21 o0® & 30 2.2
G \ 2
\ © o\
DD, years 7.3 \P&\O\’} e 11.6 14.7
© S
P\
HbAlc, % 8.%\5<\\\\;\g\<\9 8.0 7.2 7.9
CF™. (@
3o %\O
> 79 74 90
0(0\‘6\6@

2
MACE dfug Vs e\‘11.30/0 vs 11.8% 7.4% vs 7.4% 11.4% vs 11.6% 12.4% vs 12.1%
placrbo 0.95 1.00 0.99 1.04
HR (95%CI) (0.81-1.13) (0.90-1.12) (0.89-1.09) (0.90-1.19)
Meta-analysis 10.0% vs 10.1%; 0.99 (0.93-1.06)

Alfayez OM et al., Canadian Journal of Diabetes, 43: 538-545, 2019



DPP-4 inhibitors and HF

- EXAMINE SAVOR/TIMI TECOS CARMELINA

e
Alogliptin Saxagliptin Sitagliptin Lié)\@h%\tin
' ‘\0‘0‘
2013 2013 2015 & 232018
e
5,380 16,492 001&{@3\1&\6@6 6,980
S é\ \
15 21 2 @230 2.2
NN
066 3 50(\
73 \\\O\ei\cﬁsegad 1.6 14.7
AP\ 0
8.0 6«\\45?’\(\@\6 8.0 7.2 7.9
QA2 o of
328 oo™ 13 8 27
2 el
(o e\‘a\l
hHF drug vs e\\e§>.l% vs 2.9% 3.5% vs 2.8% 3.1% vs 3.1% 6.0% vs 6.5%
placebo 1.19 1.27 1.00 0.92
HR (95%CI) (0.90-1.58) (1.06-1.51) (0.83-1.20) (0.76-1.11)

§ %0394 105 057-1.

Alfayez OM et al., Canadian Journal of Diabetes, 43: 538-545, 2019



Summary of CVOTs with DPP4 inhibitors
| savoRToNIS' | BXAMINE' | TECOS' | CARMELINA® | CAROLINA®

. .. (ol ..
Intervention . Alogliptin/ Linagliptin/
Saxagliptin/ placebo Sllaele Sitagliptin/ placebo Linagliptin/ pls 6@3 . glimepiride
.. . i i
Main inclusion History of or  ACS within 15-90 \‘@@“Sk qO =2 2specified
CRILEALS multiple risk factors days before CVD O\G 'a \}}) fra ona .rfs
for CVD candomisation 6 “AAlbuminuria, actors or manifest
NG %\ prior CVD) CVD
No. of patients 16,492 5380 6\)\@ 6%{\16‘ 8300 6042
Primary outcome 3P-MACE 3P- MACE‘(\\ G mmCE 4P-MACE 4P-MACE
Median follow-up 2.1 years P\%\?&ﬁs e\ Q‘ 3.0 years 2.2 years 0.3 years
<
Mean age 05 years "\$ AN %rs 05 years 006 years 64 years
y \© ¢ y y y
e ©
Diabetes duration 10.3 @@Q & \0(\ 7.2 years 11.6 years 15 years 0.3 years
S
HbA,, 696(6\ 860‘%5\l 8.0% 7.2% 8.0% 7.2%
\\
2 ok N HR 0.96
Main R 5\\\ el \ HR 1.00 (upper boundary of HR 0.98 HR 1.02 HR 0.98
ain %@Q (95% CI 0.89-1.12) the one-sided (95% CI, 0.89-1.08)  (95% CI 0.89-1.17) | (95% CI 0.84-1.14)
repeated CI, 1.16)
*Ongoing.

1. Scirica et al. N Engl ] Med 2013;369:1317-26. 2. White et al. N Engl ] Med 2013;369:1327-35. 3. Green et al. N Engl ] Med 2015;
DOI: 10.1056/NEJMo0al1501352. 4. Marx et al. Diabetes Vasc Dis Res 2015;12:164—74. 5. NCT01897532. 6. Scirica et al. Am Heart ] 2011;162:818-25.¢6. 7. Data on
file (BI trial no. 1218.22 trial protocol). 8. NCT01243424.



Sulphonylurea compared to DPP-4 inhibitots:

mortality and cardiovascular morbidity

Non-fatal CV events

CV mortality

Ao
study %. sy \0\0‘0
(3] RR(95%C) Weight D 0\,&‘9&6‘) Piakpd
d\ A\
Mogensen(2014) . 0.70(0.57,0.85) 23.33 i (\ \ \ 0
Margan(2014) ::r 0.74(0.58,0.93) 16.71 Mogensen(2014) - \\i \ ‘a \d\ 0.65(0.54,0.80) 2545
Seong(2015) — 0.67(0.56,0.78) 33.92 Morgan(2014) . e\a : a 0.73(0.58,0.93) e
Ou(2015) e 0.67(0.54,0.82) 21.34 Oo\ L \Q)\\
Gallwit - 0.41(0.18.0.96) 123 0u(2015) \ 6 \ 0.63(0.55,0.72) 54.21
Gitt i i 0.38(0.16,0.90) 1.25 MD{QD]\)a 0\ ( 0.53(0.29,0.97) 2.70
MD(2015) @ 0,74(0.38,1.43) 212 (\\13 O
: e 0 O\rarﬂ‘q%ad-o 0%,p=0.666) : 0.65(0.59,0.72) 100
Overall(l-squared=0.0%,p=0.699) 0.68(0.62,0.75) f‘% (\6
025 1 2 %\P\$U 6\ Q‘e 025 1 2
DPP-1V inhibitor ~ Sulfonylurea \$P\ (\6\6 DPP-1V inhibitor ~ Sulfonylurea
Fatal CV events ?\\6 Q\ All-cause mortality
study 2 @) %
ID ) o e(%\ RR(QE%CI) Weight e %
6 \] ) RR(95%CI)  Weight
Seong(2015 GQ—GQQ 0.93(0.62.1.41 34.32
ng(2015) Q( ] | ) :
Ou(2013) \\\\l‘a —('@“ 078(0.57.1.06)  £0.19 Mogensen(2014) = 057(0.40,080) 9697
Galwit Q('\% 2 ol M 100(0.204.93) 226 o
e X H Vi H
i 0\3 ot e e Gallwit(2012) = | 1.00(0.14,7.07)  3.03
< i
Overall{l-squared=0.0%,p=0.918) | 0.84(0.66,1.06) 100.00 Overall(l-squared=0.0%,p=0.580) i 0.58(0.41,0.82) 100.00
0.25 1 2 025 1 2
DPP-1V inhibitor  Sulfonylurea DPP-1V inhibitor  Sulfonylurea

Wang F. Medicine 2017; 96:36



Sulphonylurea compared to DPP-4 inhibitors:
mortality and cardiovascular morbidity

‘\a‘
\O\OQ»
52,760 patients; 77% started metformin + SU and 23% metformin + DPP—\ N2
N
b\\?>\\ O
15- Fatal and nonfatal CVD 15+ G\e\ ) 'a\ use mortality
—— MET+SU S0 qé\%u
e MET + DPP-di c 0\\15 - - OMET + DPP-4i
£, Adusted HR (95% ClI): 1.17 (1.01—1.37) 6‘5\9 .. \‘e,&justed HR (95% CI): 1.25 (1.02—1.54)
E_é 10 R oe ﬂ'@._ﬂ,%@\
g~ R \ S %\"
_2 = I b O\a g@m =
@ E o=t & . ‘e % E
2° 57 - %\P‘ A ® L Lo
3 T &P‘ . 0\3 g [T b
[ - -~ \6,‘\ {\g\(\ a3 T
0 _.-r_--"'l' | CIQ‘ (\\e‘ 0 I I 0 o -
0 1 2 da{‘ 5\9 5 6 0 1 2 3 4 5 6
_ Time froe&@-nd—lmq rapy (years) Time from second-line therapy (years)
n at risk GQQ 6\6 n at risk
MET + SU, 40,736 19, 93&%‘6‘ 4781 2312 1116 442 WET + SU, 40,736 10,605 9656 4954 2407 1172 447
795 338 128 24 MET + DPP-4i, 12,024 4767 1924 817 345 132 27

MET + DPP-4i, 12,024 | &2
i %4\\\\1

(e}

0\99

oo™

Eriksson JW. Diabetes Res Clin Pract 2016;117:39-47



Mortality Risk among Sulfonylureas

0%
e,\O\OQ»\
Relatn@ﬂ\sﬁ( (95%
\\gﬁ%{gﬁerval)
Chlorpropamide 0—90—&5\\?\%4 0-98-1-86)
i S ©

Tolbutamide —056&?;0(\\\6 1-13 (0-90-1-42)
Glibenclamide (reference group) W e(e 20 Reference
Glipizide g‘r%\ji;\i 0-98 (0-80-1-19)

. o 6’(\ \g\(\
Glimepiride —,— 0-83 (0-68-1-00)

. 8@~ 0"
Gliclazide —,a‘é%z— 0-65 (0-53-0-79)

(\(GQ |?‘e
W T GG , ;
. 2° 0° gQaS 1-0 2:0
O <+— —>

Lower risk than for reference group Higher risk than for reference group

Data are pooled relative risks and 95% credible intervals calculated by network meta-analysis of direct and indirect evidence from 18 studies.

Simpson SH et al Lancet Diabetes Endoctinol 2015;3:43-51



Intensive blood glucose control with gliclazide
and vascular outcomes

The ADVANCE study e\o\og\
U\
IPACkaY
@\ é\d\‘a\\
- 3@
TGN
Gliclazide better | Standard b,g{\tms 6%\ Relative risk p
oed\)\aso<\\‘e(e
Mi(.:ro and Macr(?vascular events ; i\)x\ 8‘ eg@ o 10% 0.013
(Primary end-point) P‘%\P\ - o\ ®
\6"\$ (‘\g\(\a :
Macrovascular events* Q?\‘ o0° O > -6% 0.32
R
. A \@\‘
Cardiovas culai) {g@?fj]ét& —-+ -12% 0.12
é\‘\\‘a < 0cC
. 690 QG | |
(0) 0.5 1.0 2.0

* Non-fatal stroke, Non-fatal IM, CV mortality

The ADVANCE Collaborative Group. N Engl | Med 2008; 358: 2560-2572




Pioglitazone and secondary prevention of CV
events in patients with type 2 diabetes

o . a‘
- The PROactive Study - )
S
. 0‘\0\0
~x 2N
- - 2\
Primary endpoint™* S emm[am@%fg w@?‘
(e
25 257 \6\\
B oy e - ma E%T emf““]
“ 60\ (\\‘e

£ . 0

2 ] \(\\ ‘26\15—

H HR=0-90 {95% (1 0-80- :@O Gg@

E p=0-095 \P AR\

2 10 % C>\ 2 10

g \%’( 0(\Q\(\ 2 Eﬁ:unn?: (95% 010.72-0.98)

. O(\e
o \?’| A T 1 o T T T T T 1
0 (0 1 \l 30 6 0 6 12 18 24 30 3%

Mumbers at risk e ime ﬁ%ﬁ@hm's‘a“m ""':""""5' Numbers at sk Time from mndomisation (months)
Pioglitazone \\2 2302 2718 2146 248 Finglitazone 2536 14B7 1435 1381 1336 396
Placebo 5\ 56 e( ( 13 2317 2215 2122 345 Placebo 2566 2504 2442 2371 2315 390

\0"
*Death from any cause, non-fatal myocardial infarction (including
silent myocardial infarction), stroke, acute coronary syndrome, leg
amputation, coronary revascularisation, or revascularisation of the

leg.

**Death from any cause, non-fatal myocardial infarction (excluding
silent myocardial infarction), or stroke.

Dormandy JA. Lancet 2005; 366: 1279-89




GLP-1 Ras and MACE

T [ [ mem | e | me o [ o

Drug tested Lixisentide Liraglutide Semaglutide Exgl\z;; de Albiglutide Dula@\@
O
Dose 20 ng/day 1.8 mg/day 0.5-1 mg/wk 2 mg/wk 30- 50m§ ’Q& @‘§§1 /wk
DSOS
00U A
N 6068 9340 3297 14752 \\‘3 @\é 9901
P
Women 31% 36% 39% 66‘8)9 o 0(\ 31% 46%
\a\ 6 d\
Age 00 years 064 years ‘XSQ@ (@92 years 64 years 06 years
%\
BMI 30 Kg/m? 33 Kg/ m?> \&P‘S 32 Kg/m? 32 Kg/m? 32 Kg/m?
S (\g\
HbAlc 7.7% 66@ /o 0(\e 8.7% 8.0% 8.7% 7.3%
\4
Prior CVD 1000/@6(6 \‘3\11% 59% 73% 100% 31%
\|G
Follow-up 6\’\\\‘% 1 (kgs 3.8 years 2.1 years 3.2 years 1.6 years 5.4 years
?©
MACE\?%gg L0 0.87 0.74 001 0.78 0.58
vs placebo ' (0.78-0.97) (0.58-0.95) ' (0.68-0.90) _ .
HR (95%C) (0.89-1.17) (0.83-1.00) (0-79-0-99)
Meta- 0.88 (0.82-0.94)
analysis

Kiristensen SL.. Lancet Diabetes Endocrinol 2019

Semaglutide

14 mg/day
(oral)

3183
32%

066 years
32 Kg/m?
8.2%
85%

1.3 years

0.79
(0.57-1.11)



SGLT-2 inhibitors and MACE

©
Empagliflozin Canagliflozin Dapaglitlozin d\()'@?n\agliﬂozin

N
. (\‘3‘ . 6\\6’
2015 2017 2061‘&6\\6@5\6\\ 2019
06\6\‘ . 0\'\‘3
7.020 10,142 6\\@5 1575\1%}) 4.401
3.1 242" y & 4.2 2.6
- AP 9 11.0 15.8
Wh e
S o
RO o 8.2 8.3 8.3
@9 o0
20 \aNfO 65.6 40.6 50.5
e\‘e‘e
VIO ORI 37.4% vs 43.9%  26.9% vs 31.5%  22.6% vs 24.2%  38.7% vs 48.7%
placebo 0.86 0.86 0.93 0.80
HR (95%CI) (0.74-0.99) (0.75-0.97) (0.84-1.03) (0.67-0.95)
Meta-analysis* 0.89 (0.83-0.96)
* Excluding CREDENCE

Bell D et al. Diabetes Obes Metab, 21: 1277-1290, 2019, updated



SGLT-2 inhibitors and Heart failure

- EMPA-REG CANVAS DECLARE

0%
Empagliflozin Canagliflozin Dapagliflozin 6\0‘@‘§F\;@gliﬂozin
e
2015 2017 2’(\),;8.‘3‘ @6\ 2019
co0?. "ba\\a
7,020 10142 o ;575‘5% 4,401
3.1 28" 5<% 4.2 2.6
\\\O\(\ o
= AP 9 11.0 15.8
<\ P o
S o OO 8.2 8.3 8.3
NG ao®
(O ¥ 14.4 10 14.8
e\‘e‘e
hHF drug ve 9.4% vs 14.5% 5.5% vs 8.7% 6.2% vs 8.5% 15.7% vs 25.3%
placebo 0.65 0.67 0.73 0.61
HR (95%CI) (0.50-0.85) (0.52-0.87) (0.61-0.88) (0.47-0.80)
Meta-analysis* 0.69 (0.61-0.79)
* Excluding CREDENCE

Bell D et al. Diabetes Obes Metab, 21: 1277-1290, 2019, updated



Use of SGLT2-i, GLP1-RA, and DPP4-i and
all cause mortality in patients with type 2 diabetes

2306 trials randomizing 176,310 participants: CV mortality, 56 trials \0@\6'
e©
0
Absolute RD g}\ \KM'TE

Treatment Comparator (95% Crl), % HR (95% Crl) Curnparatnr
DPP-4 inhibitor 0.0(-0.3t0 0.4) 1.00(0.91to 1.11) \6 \\3
GLP-1 agonist vs Control -0.5(-0.8t0-0.1) 0.85(0.77 to 0. 9:50 \
SGLT-2 inhibitor -0.8(-1.1t0-0.3) D 79(0.69 m\\% — g
Control 0.0 (-0.3t0 0.3) %@»ﬁt&f\\@ B
GLP-1 agonist vs DPP-4 inhibitor -0.5(-0.8t0-0.1) (\]\iﬁn 0.98) _._
SGLT-2 inhibitor -0.7(-1.1to -Qg@ .66 t0 0.94) S —
Control 0.5 (D 18N'9) o 5\\’1 17 (1.06 to 1.30) S
DPP-4 inhibitor  vs GLP-1 agonist % t%é \ 1.18 (1.02 to 1.36) _._
SGLT-2 inhibitor ?\ 2 (,,Coﬂ 0.3) 0.93(0.78 t0 1.10) i
Control @‘(‘ﬁ 3t01.3) 1.27 (1.10to 1.46) S

SRR &= i
DPP-4 inhibitor vsSG k‘ﬁ\%h\bétsie 0.8(0.2to 1.5) 1.27 (1.07 t0 1.51) _  m
GLP-1 agonist Q(GQ 6(3 0.2(-0.3t00.8) 1.08 (0.91to 1.29) S P

\\ ‘r:q\ No. With Total No. — ’

TreatmoR~ ©©Trials  Events(%) of Patients 0.5 1.0 2.0
Control 50 1833 (3.6) 50869 HR (95% Crl)
DPP-4 inhibitor 27 763 (3.1) 24519
GLP-1 agonist 15 704 (3.0) 23554
SGLT-2 inhibitor 19 468 (2.5) 18407

Zheng SL.. JAMA 2018, 319: 1580-1591



Use of SGLT2-i, GLP1-RA, and DPP4-i and
myocardial infarction in patients with type 2 diabetes

2306 trials randomizing 176,310 participants: all myocardial infarction, 97 tx;xl&bg\a

0%
(}\
Absolute RD @or
Treatment Comparator (95% Crl), % HR (95% Crl) \\’ﬁé egﬁ\ Cumparatnr
DPP-4 inhibitor -0.2 (-0.5t0 0.0) 0.94 (0.88 to 1. 01) \6\6 \a\\a w
GLP-1 agonist vs Control -0.2(-0.5t00.1) 0.94(0.87 tu 56 i

SGLT-2 inhibitor

-0.6 (-0.9to -0.1)

0.86 (0. ?é@%\ﬂ%(e —

Control 0.1(0.0t00.3) 1.06, tg@ﬂ i
GLP-1 agonist vs DPP-4 inhibitor  0.0(-0.2t0 0.2) \(\\1%0 Obﬁ\tu 1.11) —-—
SGLT-2 inhibitor -0.2 (-0.4 to Qwo  ,9P10.80 to 1.04) ———
Control u 3( \g&p& E')a\e 5706 (0.98 to 1.15) im—
DPP-4 inhibitor  vs GLP-1 agonist 1.00(0.90t0 1.12) —a—
SGLT-2 inhibitor Q 3 Q\@?.. 0 D 2} 0.92(0.80 to 1.05) —-—-—
Control \1 (ﬁh"{n 1t00.8) 1.16 (1.04 to 1.30) .
DPP-4 inhibitor s S(élé h@itar 0.3(-0.1t0 0.6) 1.10(0.96 to 1.25) ——I—
GLP-1 agonist ,aQ( 6\13 0.2(-0.1to 0.6) 1.09(0.95 to 1.25) —'—I—

05\\\ ol OF No. with Total No. — .
Treatny Trials Events (%) of Patients 0.5 1.0 2.0
Control 87 2133 (4.0) 53099 HR (95% Crl)
DPP-4 inhibitor 50 616 (2.2) 27462
GLP-1 agonist 30 1140 (4.3) 26400
SGLT-2 inhibitor 32 505 (2.5) 15958

Zheng SL.. JAMA 2018, 319: 1580-1591



Use of SGLT2-i, GLP1-RA, and DPP4-i and
heart failure in patients with type 2 diabetes

2306 trials randomizing 176,310 participants: heart failure, 58 trials \Og\
O
Absolute RD
Treatment Comparator (95% Crl), % HR (95% Crl) \Bﬁéf %;(()\ ?rﬁ::zratur
DPP-4 inhibitor 0.4 (0.0 t0 0.8) 1.13(1.00t0 1.28) % \’\6 @6
GLP-1 agonist vs Control -0.2 (-0.5t0 0.1) 0.93 (0.84 to 1. II%))O(;\e 6\6\\
SGLT-2 inhibitor -1.1(-1.3t0 -0.8) 0.62 (0. 54t Qs\
Control -0.3 (-0.5t0 0.0) \?9 _._
[GLP-l agonist  vs DPP-4 inhibitor -0.4 (-0.7 to -0.1) % Dq,ﬁafl = ]
SGLT-2 inhibitor -1.1 (-1.3 to -0. $}~\(\ 55\61 t0 0.67) —a—
Control 0 2 ( -0.1 <\ (08 (0.98 t0 1.18) ) In
DPP-4 inhibitor  vs GLP-1 agonist éb\e 1.22(1.05t0 1.42) +
SGLT-2 inhibitor l 206 0.67 (0.57 to 0.80) i
Control (@6 to1.4) 1.60 (1.39 t0 1.84) g
DPP-4 inhibitor  vs SGLT- |9t e‘f‘f 3(0.8102.0) 1.81(1.50t0 2.18) Lo
GLP-1 agonist (GQQ (8\ 0.8(0.4t01.3) 1.48(1.25t0 1.76) e
\q‘aﬁn @S No. With Total No. ——— =TTy . .
Trre.'antmglgo‘5 © Gials Events (%) of Patients 0.3 1.0 3.0
Contrdl 55 1370(2.8) 48362 HR (95% Cr1)
DPP-4 inhibitor 24 544 (2.4) 22327
GLP-1 agonist 21 638 (2.7) 23363
SGLT-2 inhibitor 19 266 (1.7) 15989

Zheng SL.. JAMA 2018, 319: 1580-1591



Basal Insulin and Cardiovascular outcomes

. a‘
)
: ‘06\
\0\0 «
. s\
ORIGIN Ttial DEVQEmSiydy®
R \\6\\ SO
. . @ue\a, \\%
Myocardial Infarction, Stroke, or Death from Cardiovascular Causes Primary Comp%@ tc%{@
(Coprimary Outcome) 100 AN\ 2 S _
0.5- 0‘ e(e Hazar(_:l ratl_o, _0.91 (95% Cl, 0.78-1.06),
" | Adjusted hazard ratio, 1.02 (0.94-1.11) 6&)& oA noninferiority confirmed _
O gan OV 127 P<0.001 Glargine
P=0.63 by log-rank test \e\\ 50 8N 0 g
g %4 &O @Q@o- i ud
o \P‘ '\Q 5 8 Degludec
= 03 P‘% G 61
g ° SNTG®T E wl o
& ool Q?\\ e O > 40 2-
£ ’ ~OM3ulin glargine =
] 66 \O = 0
= K2 e(% e 2 304 l T | | | | T T | |
;!_ 014 a(@ N ~ S 90 0 3 6 9 12 15 18 21 24 27 30
' (GQ “Standard care 0
N > 7
0'6:?" 9( (‘\0' ! ' ' ' ! 0 | | T | | | | | | |
2P % 2 3 4 > 6 7 o 3 6 9 12 15 18 21 24 27 30

Years of Follow-up Months to First Event

The ORIGIN Trial Investigators. N Engl | Med 2012;367(4):319-28; Marso SP. N Engl | Med 2017;377(8):723-732



Cumulative propartion of all cause mortality

Insulin compared to DPP-4 inhibitors:
mortality and cardiovascular morbidity

o
0 0 6\0\
27,767 metformin-treated patients, 55.7% started insulin and 44.3% a DPD 40
\ A\
S e
NG
B\
0% ___ Insulin HR (95% CI): 1.69 (1.45-1.96) 20 % — Insuli Oo\e\' . \'a\\ov HR (95% CI); 1.39 (1.21-1.61)
~—— DPP-4i [{3.5% é\d\
\ 2
15 % — o ] S
10 % —
5% —
0% —
T T T T T
2 3 4 5 6
) Time from second-line initiation (years)
Nk risk e\‘ N at risk
Insulin: 8278 \ﬁ‘a 2967 2032 134z 837 Insulin: 9278 5470 3476 2347 1491 021 475
i S O6 ? e‘ b6 Celd Ll e 28 DPP-4. 9278 5701 281 1926 1061 527 211

¥

Nystrém T. Diabetes Res Clin Pract 2017;123:199-208



Cardiovascular safety of glucose-lowering
agents as add-on to Metformin

\O*
\O\OQ»
20 422 patients included in the study, 43% started on second-line treatment with su rea (SU),
21% basal insulin, 12% thiazolidinedione (TZD), 11% meglitinide, 10% dipeptid éu%gﬁ\ (DPP-4)

inhibitor, 1% glucagon-like peptide-1 (GLP-1) receptor agomst g@\ @&}Q} ose
\6

All-cause mortality ,(>\\’<)6 8 Svascular disease
8 4 (\\16
0.15 o (ga o)
S
0.10 &30 J,_/_r/_l
0.05 0.05
0 0
o 1 2 3 4 5 ] 7 1] 1 2 3 ] 5 [
Time from index date (years) Time from index date (years)
= Acarboie — Baidl injulin —— DPP-4 inhibitor —— GLP-1 analogus
— Meglitinide Selphonylurea Thiazolidinedione

Ekstrom N. Diabetes Obes Metab 2016;18(10):990-8



Association of second-line antidiabetic drugs
with Cardiovascular events

Retrospective cohort study among 132 737 insured adults with type 2 diabetes \%]é@\s?arted
therapy with a second-line antidiabetic drugs after taking either m%t\fak%l

\\6\ a“ \d\\
.D\. 1\
Composite Cardiovascular Outcome® Individual Cardiovascular Outcomes, HR (% \\"a\‘

ADM Class No. of Events (%) HR (95% CI) Congestive Heart Failure Skn;g‘kﬁ\\ S 6 Ischemic Heart Disease Peripheral Artery Disease

DPP-4 inhibitors 543 (1.9) 1 [Reference] 1 [Reference] d\ﬂ‘k’efg(?ﬁ N 1 [Reference] 1 [Reference]

GLP-_ltreceptor 104 (0.9) 0.78 (0.63-0.96) 0.65 (0. 42 1 6 0 @ES%O 44-0.97) 0.91(0.67-1.24) 0.90(0.42-1.95)

agonists

SGLT-2 inhibitors 34(0.6) 0.81(0.57-1.53) ?\m Q 0.56(0.26-1.12) 1.18 (0.74-1.87) 1.11(0.33-3.65)

TZDs 132 (1.8) 0.92 (0.76-1. 11) %@}Q .36) 0.73(0.51-1.05) 0.95(0.71-1.28) 1.67 (0.94-2.97)

Basal insulin 721 (4.4) 2.03 (1.81- 9\%; 90-2.87) 1.77 (1.44-2.19) 1.92 (1.59-2.32) 2.92(1.96-4.35)

SFUs 1946 (3.1) 1. 3’(\%@ 49b(\ 1 47 (1.23-1.75) 1.28 (1.08-1.52) 1.35(1.16-1.57) 1.65(1.16-2.36)
Abbreviations: ADM, antidiabetic med@(@‘%P%d@pﬂdyl peptidase 4; GLP-, including prior cardiovascular events, as well as prior use of metformin and
glucagon-like peptide 1; HR, haza@ nylureas or meglitinides; SGLT-2, cardiovascular medications included in Table 1. Models also adjusted for prescriber and
sodium-glucose cotranqu@( olidinediones. health plan variables included in eTable 3 in the Supplement.

2 All Cox propor Q@ﬁ\ gﬁdgls adjusted for patient baseline sociodemographic b Composite cardiovascular outcome included hospitalization for congestive heart
charact oglobi A,c cardiovascular risk factors, diabetes complications failure, stroke, ischemic heart disease, or peripheral artery disease.

JAMA Netw Open. 2018;1(8):e186125



SGLT-2 inhibitors and composite renal outcomes

- EMPA-REG CANVAS DECLARE CREDENCE

20
Empagliflozin Canagliflozin Dapaglitlozin d\O@aq@gliﬂozin

Drug

- S\

207, W2
606\6‘6\\0\\6

7,020 10,142 NG ‘6@7?160 4,401

2
QO (e
Study, years 3.1 éc’e '\‘50( 4.2 2.6
V> Y o gad
. o
AW a0

N
¢GFR<60,% (gt 20.1 7.4 58.9
5 O e\]e‘
28.7/11.0 22.6/7.6 23.9/6.9 /100
CRO drug vs 1.7% vs 3.1% ---% vs ---% 4.3%0 vs 5.6% 43.2% vs 61.2%
placebo 0.54 0.60 0.76 0.60

HR (95%CI) (0.40-0.75) (0.47-0.77) (0.67-0.87) (0.47-0.77)



GLP-1 Ras and composite kidney outcome

- ELIXA LEADER SUSTAIN-6 EXSCEL HARMONY

Drug tested

Dose

N
Women
Age
BMI
HbAlc
eGFR

Follow-up

Meta-
analysis

(including macroalbuminuria)
O\o@\a'

PIONER-6

. PGS
Lixisentide Liraglutide Semaglutide EX((?;I\?; de Albl%l{uthé@\\ @@i}é utide Semaglutide
55 9\'6\ e 14 mg/day
20 pg/day 1.8 mg/day 0.5-1 mg/wk 2 mg/wlé\‘a 0- %)ﬁa% 1.5 mg/wk (ora)
\16
2,9 0
6068 9340 3297 4@2‘56 9463 9901 3183
31% 36% Qﬁ&\o ‘eg 38% 31% 46% 32%
00 years 64 C};ea{%'(\$ (\@\ ars 062 years 64 years 006 years 066 years
30 Kg/m? @‘Kées}\o(\ 31 Kg/m? 32 Kg/m? 32 Kg/m? 32 Kg/m? 32 Kg/m?
(@
Qw‘a \‘6(3\68.7% 8.7% 8.0% 8.7% 7.3% 8.2%
N[ é\oe
? eV 80 80 77 79 75 74
2.1 years 3.8 years 2.1 years 3.2 years 1.6 years 5.4 years 1.3 years

0-83 (0-78-0-89)

Kiristensen SL.. Lancet Diabetes Endocrinol 2019



Effects of DPP-4 Inhibitors
on Renal Outcomes

‘

0‘6" 6\ b‘
O\a NOTE; w@; from random effects analysis

388 258 %\r\ \e 6\ \’ P “

+— Favours DPP-4 |nh|blt$ — Favours DPP-4 inhibitors

Study ™ Con Events/Total Events/Total (:@\ Weight Study Trt Con Events/Total ~ Events/Total RR {95% CI) Weight

NOTE: Weights are from random effects analysis

Study Trt Con Events/Total Events/Total RR (95% Cl} Weight Study Trt Con Events/Total Events/Total RR (85% CI) Q\a
Microalbuminutia Macroalbuminuria \Oe\
: | \§ )
Mosenzon 2017 Saxagliptin  Placebo 5§55 /3743 817 /3641 - 0.88 (0.79,0.897) 95.77 Mosenzon 2017 Saxagliptin  Placebo 217 15304 280 /5148 6 $®§9] a7.17
T
: \\ d\\a
1 ~
Lewin 2015 Linagliptin  Empaglifiozin 10 /111 16 /215 ——-———— 1.21(0.57,258) 185 Lewin 2015 Linagliptin ~ Empaglifiozin 2 /127 1 ’S@ @‘ 4.03 (0.37, 44.04) 004
’ P '
’ o i
DeFronzo 2015  Linagliptin  Empaglifiozin 12 /89 21 /208 —L+—— 120(0862,234) 238 DeFronzo 2015  Linagliptin Empagll 6%4 —— 105(0.19,5.65) 1.89
] I\
NP3
Overall (I-squared = 0.0%, p = 0.471) ® 0.89 (0.80, 0.88) 100.00 Overall (I-squa(r?&@p 0 353) e(e @ 0.77 (0.61, 0.97)  100.00
i
1
1
1
1
1
I
L

Regtession of alb um &ggb (\ End stage renal disease
e | :
N :
Mosenzon 2017 Saxaglipin  Placebo Q f20‘35 e \% '0‘ 123(1.11,1.36) 9537 Green 2015 Sitagliptin ~ Placebo 100 /7332 111 /7338 —_— 0.90(0.69,1.18) 5828

%?‘6

DeFronzo 2015 w Empaglm‘\o 19 /56 —0——:— 0.74 (0.34, 1.61) 1.61 Mosenzon 2017 Saxagliptin @ Placebo 51 /8280 55/8212 —T— 0.92 (0.63, 1.34) 29.08
] 1
QO | ;
1
@@ Linagliptin Empaglifiozin 918 19 /44 —4'— 1.16 (0.65. 2.05) 3.02 White 2013 Alogliptin Placebo 24 /2701 22 /2679 —‘L‘—) 1.08 (0.61, 1.92) 12.64
: |
|
Overall (l-squared = 0.0%, p = 0.438) 1.22(1.10,1.35)  100.00 Overall (l-squared = 0.0%, p = 0.853) | 0.93(0.76,1.14)  100.00
|

NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis

I 1 T T
337 1 297 .52 1 1.92

Favours DPP-4 Inhibitors — « Favours DPP-4 inhibitors

Bae JH. Endocrinol Metab 2019;34:80-92



Evaluating the benefits...
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Effect of antidiabetic agents added to
metformin on glycaemic control

)
Acarbosio Meglitinides SGLT2-1 SU

-0,2

|
o
oo

HbAlc change (%)

0,82 -0,82
0,38

P
<
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Q.
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1,02

iV

—_
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Liu S-C et al. Diabetes Obes and Metab 2012; 14: 810-820
Fujita Y et al. ] Diabetes Investing 2014; 5: 265-275



Body weight change (Kg)

Q.

Effect of antidiabetic agents added to
metformin on body weight

o

Basal Premix
Insulin Insulin

L.

~
L

Liu S-C et al. Diabetes Obes and Metab 2012; 14: 810-820
Fujita Y et al. ] Diabetes Investing 2014; 5: 265-275



Diabetes drugs and surrogate endpoints

a-glucosidase inhibitors Neutral Improved ) \\‘3\\6 6\&@% tral

‘\6\6 W
DPP-4 inhibitors Neutral Negtgﬂo é\d\\a Improved
A o2
GLP-1 agonists Loss ed\)\?n&xn‘&sed Improved
i O P Nt e
%\P\ 5\9

Meglitinides S \ﬁ(g%@(\a\e Neutral Neutral

SGLT2 inhibitors O™ es Improved Neutral

Sulfonylurecs Gain Neutral Neutral
Gain Improved Improved

Basile JN. | Diabetes Complications 2013;27(3):280-286



Evaluating the risks...

Serious

side effects

Common




Common and rare side effects of diabetes drugs

* Hypoglicemia

e € ¢ Weight gain G-
xO\©
20
Edema/HF/Macular edema o
. Weight gain ’

. X a
. S00° G2
* Bloating and flgi@lence, ©'

- = . S
ATDCO . Dlarrhe%(;\)’?aqo(\\;e‘
e o\
D v P Uehi®ria/angioedema
‘ (@\ﬁancreatites?

O\OQ

* Genitourinary infections
Normoglycemic DKA

Hypoglycemia
Weight gain

A Nausea/Vomiting/Diarrhea
Pancreatites?



Risk of hypoglycemia

\
e,\O\OQ»
20
20 SVt
§or g
18 \\2 @‘5\
\G\a, \'\6
16 C 6\\6
14
12
o
o 10
8
6
4
\!
X . -
0 p ac® [ ‘ =
O\QQO 1\@1.8 SU T7ZD DPP-4 SGLT-2 Basal Ins GLP1-RAs Glin AGI

Adattato da Palmer C. JAMA 2016 ;316(3):313-24



GLP-1 RA compared to DPP-4 inhibitors:

nausca

16— 2m #m%tide
iraglutide

14— 0wng sitagliptin

4 oS \03 g sitaglip

N\
/ 73\\-6\\ ‘5\6
12 \GV N

Proportion of participants (%)

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time (weeks)

Pratley RE. Lancet 2010; 375: 1447-56



O\@Q

Favors Treatment Favors Comparator
Treatment Comparator ARD (95% CI) HR (95% Crl)
DPP-4 inhibitor +02% (-0.5% to +1.0%) 1.04 (0.89-1.21) — \0
o
GLP-1 agonist vs Control +4. 7% (+3.3% to +6.5%) 2.00 (1.70-2.37) 2 %_\\0 \\-
1900 %2
SGLT-2 inhibitor +0.5% (-0.2% to +1.5%) 1.11 (0.95-1.31) . \\Q\%m%\d\
‘\e \ N”
Control -0.1% (-0.6% to +0.4%)  0.97 (0.83-1.12) 600 o
GLP-1 agonist vs DPP-4 inhibitor +3.1% (+2.0% to +4.5%) 1.93 (1 %éiﬁ\\ ( 6 —0—
WO
SGLT-2 inhibitor +0 2% (-0.4% to +1. 1%) 06% \ —to—
Control 3.5% (4. wg(}\@m @@% 42-050) —o—
DPP-4 inhibitor vs GLP-1 agonist W%JI- D"%\@%’%) 0.52 (0.43-0.63) S
SGLT-2 inhibitor O?\\% 3@‘%\ D% to-2.2%) 0.56 (0.44-0.69) o
0C
Control 66\] e(%\o -0.7% (-1.7% to +0.4%) 090 (0.76-1.05) —0+
DPP-4 |nh%@@ (@B@-&Z inhibitor 0.5% (-1.7% to +1.1%)  0.93 (0.76-1.15) — O
O%@\ﬂ ?-n(t\o +5.8% (+3.2% to +9.0%)  1.80 (1.44-2.25) —0—

186 tnals; 12 = 4% " . .

0.25 05 1 2
Treatment Number of trials Events (%) Total Patients Hazard Ratio (95% Crl
Contrel 172 2112 (4.7) 44 786
OPP-4 inhibitor 86 659 (3.4) 19,620
GLP-1 agonist &0 2278 (7.1) 32,094
SGLT-2 inhibitor 64 1584 (7.2) 21,921

Use of SGLT2-i, GLP1-RA, and DPP4-i and

adverse events leading to withdrawal

\OQ»\@'

Zheng SL.. JAMA 2018; 319: 1580-1591



Medication nonadherence and risk of hospitalization or
mortality among patients with diabetes mellitus

\o\og\a‘

e
All cause hospitalization All cause 12618(@\5‘5\08/‘\\
° A

2,5 2,5

OR

1,5

1 4 e

Sg‘s&x\ ‘&‘\gh%pertensive Statins Oral Summary  Antihypertensive Statins Oral
O‘\QQQleasur? © hypoglycemics measure hypoglycemics

Ho PM. Arch Intern Med 2006;166(17):1836-41



Long-Term Adherence

238372 patients (61399 DPP-41, 134961 SU, 42012 TZD)

B
)
e\
20
O\
d\ o\
e\ WA
a\\?>\ A\
Adherence ‘:300\ 6\6\\6
AOR cl p-valug\d . 9 Adjusted Odds Ratio (35%Cl)
x2 7. ef© °
1-Year Follow-Up Gd\) ON
DPP-4ivs. SU 1.678 %é 'as?um Rl
DPP-4ivs. TZD e@\h‘&sg <0.001 -
&P‘ e
2.Year Follow-Up \6"\ g\(\
DPP-4ivs. SU e (\epém 1597,1.727  <0.001 -
DPP-4ivs. TZD \66’5 \16‘6\0 1795 1.730,1.859  <0.001 -
Q’b‘a \o
OV oX©
“\l-aQ N : .
0«5\\\ ot © 05 1.0 1.5 2.0
O‘\OQ 3

Far AM. Adv Ther 2014; 31:1287-1305



Long-Term Persistence

238372 patients (61399 DPP-41, 134961 SU, 42012 TZD)

Persistence 4

=]
==}

=
&

o
-

bability of Not Discontinuing

%

\%D F"F"‘ 4{ 1.351 (1.321,1.382) p<0.001
2 vs. DPP-4i 1.379 (1.352,1.407) p<0.001

\

o 0 200 400 600
Time to Discontinuation (Days)

——DPP4iInitiators ——SUInitiators ——TZD Initiators

Far AM. Adv Ther 2014; 31:1287-1305



Persistence to treatment
with novel antidiabetic drugs

‘\Ge ~——DPP-4-inhibitors ~—=SGLT-2-inhibitors = GLP-1-RAs

@36 | | | I | I I I | | | I T | | | | I I |
0 3 6 9 12 19 18 21 24 27 30 33

Time (months) after initiation

Jermendy G. Diabetes Ther 2018; 9:2133-2141



Evaluating the risks...

Serious

side effects

Common

Risks related to agenig and comorbidity




Anti-Diabetes Medications in CKD

Cantion Dose adjustment
CKD stage 1-2 3a 3b
eGFR (ml/min) >60 60-45 45-30
Insulin
Glibenclamide >
Glimepiride D — ——————— >
Gliclazide - SRR,
Repaglinide
Metformin S mmmmmm————————————— 6- \g{@; (o)
Pioglitazone S EEEE -G-G'e_ -
Acarbose > O\a\ eg‘a
“1 3 “X . (\(
fSitag]jptin > -Q-P\-%-\---\e AN —
Vildagliptin A e;x---‘-\g\g? -----------------------
<< e)
Saxacling @) S
axagliptin —@7;9‘\ --------------------------------
Alogliptin —6@\&@%— _________________________________
\ Limg$OSe®
. A\
ST S — >
) ‘o
O Dapagliflozin >
Empaglitlozin > P EE L e PP >
Exenatide BID/OW D ————————— >

Liraglutide/Semaglutide

Dulaglutide

Adapted from: Hahr and Molitch. Clin Diabetes Endocrinol 2015;1:2



DPP4-inhibitors vs. conventional oral antidiabetics

as add-on to metformin in elderly patients
The HYPOCRAS study

>
e,\O\OQ»\

O°
1188 type 2 diabetes patients; mean age 71 years; baseline mean Hb[ialé\?é%\\
. a(\ X ‘\6\
N \\0\\ 5\6\
c n(’;\e\.a.\\\'a\\a

DPP4-i n=931 0\\@8%[}.3%&?% SU/Glinide P DPP4-i vs. COAD
(Weo ¥ 'd ']

% of patients with at least 1 episode of hypoglycemia 6.4 066\)}0%0{\‘5&} 26.0 <0.001"
\ ET 3
% of patients with at least 1 episode of severe hypoglycemia $O‘(\il\.]e Gga o 24 3.2 0.001
- ol
HbA ¢ (mean £ SD) %\P\ e gﬁ.&:t 0.8 7.0x0.7 0.033"
Median %,‘\$P“ g\(\o\ 6.8 6.9
\

FPG (mg/dL) (mean £ SD) Q?‘\ (\e ot 126 £ 28 129 £+26 0.034
Median 2 6’5\1 o° 120 125 120

() .
Successful bitherapy [HhA{egféSJa éa(@}{é[ hypoglycemia) (MD") 59.7 (44) 45.5(12) 41.4(5) <(.001
% of patients who'\s{_(st%ngm{g@%\elatmem 1.6 6.6 6.8 <0.001"

ow

Penfornis A. Diabetes Metab 2012;38(6):550-7



DPP4-inhibitors vs. conventional oral antidiabetics
as add-on to metformin in elderly patients

The HYPOCRAS study P
xo©
\08
0\0 T
o™ @V
\\fo\ S
Reasons for choosing the second oral antidiabetic drug to be added on to metformin. G\G\ \,a\\a
Criterion cited as a reason for the choice DPP4 1,8\\;@9 1 é@ 5\ COAD n=257 (%) Test P-value
Good personal experience with the class @ﬁ\)i\v%c,(\\"a‘ 56.0 <0.001"
‘ Ease of use (no titration, low risk of interactions with other dgg\ 53\ 234 <0.001"
Long-term use of the class 6 6 7 45.1 <0.001"
’ Obese patient for whom important to limit weig &rﬁ\ 464 234 <0.001"
’ Efficacy (target HbA . reached) 6«\& g\(\ 78.2 57.6 <0.001"
Patient too old & 0‘\ 4.7 3.5 0.40"
’ Patients with high cardiovascular r@@and lhﬂj\le co-medications 31.5 17.9 <0.001"
’ Vulnerable patients for wh % avoid hypoglycemia 30.7 15.6 <0.001"
Intolerance or contra@ mr@(@oqéer OADs 6.6 8.6 0.264"
To limit cost OI\@@R y 2.0 7.4 ‘:D.DDI:*
» To limit t@oﬁa b@eﬁtamet«; 419 19.5 <0.001"

Penfornis A. Diabetes Metab 2012;38(6):550-7



Convenience of administration

Route of administration



Relevant interactions with antidiabetic
medication in clinical routine (1)

-

\

Sulfonylureas CYP29C9 inhibtor CYP2C9 g(d&c r\a\\a

* Clartromicin) TGlibenclamide +35% RJ\% azide 7 70%

* Fluconazole? Glimepiride 138% soﬁ\ﬁlf @1 glimepiride 34%

> A\ © d@%ampm | glibenclamide 39%
S

Repaglinide ~ CYP inhibitor . ed‘g\ 7 CYP inducer

e Claritromicin +40% O‘(\\ * Rifampin -32-85%

* Cyclosporin +14@Q‘>‘$

* Gemfibrgzg\ 29«\ v01d)

. Itrac %q é—

&étgacog%?e+ gemfibrozil +1839 (Avoid)
(696‘ {Eﬁ@letohpnm +61%

&g‘mﬂé@e@ CYP2CS8 inhibitor CYP2CS inducer
o e Gemfibrozil +230% e Rifampin -54%
* Trimethoprim +42%

Adapted from: https://hivclinic.ca/main/drugs_extra_files/ Antihyperglycemic%20Agents%020Compatison%20Chart.pdf



Relevant interactions with antidiabetic
medication in clinical routine (2)

DPP-4 Inhibitors GLP-1 R. Agonists

e\
Saxagliptin No known pharmacokinetic drug 1\{%5@\2 @‘the liver by
CYP3A4 inhibitor:: interactions ; ation without involvement

oCEY
S aoﬁ&P enzymes. With the exception

* Diltiazem 109% 6\\-a
* Ketoconazole 145%; 2 <. o€ of cana liflozin, which should be
60 (\\16 g
consider reducing dose of saxagliptin e c© N 0 given in a higher daily dose when co-
by 50% (to 2.5 mg daily) O‘(\\ eg@ administered with UGT inducers such
CYP3A4 inducer: : %\P\$ o\ Q‘ as rifampicin, phenytoin or ritonavir,
* Rifampin 76% &P‘ N\ and which might increase digoxin
’(\ - AN g g
O®6 - 0(\(} plasma levels
Linagliptin 2 o)
= . Q% (o
No significant metabolic leg’&@ ‘a\le
interactions (396\‘6(6\

Sitagliptin . \\'\\13 ¢ 03 .
No s Tht r@&%ohc interactions
A1091ptin

No metabolic drug interactions
Vildagliptin

No metabolic drug interactions

Adapted from: https://hivclinic.ca/main/drugs_extra_files/ Antihyperglycemic%20Agents%020Compatison%20Chart.pdf



DPP-4 Inhibitors added to metformin

Summary

Cons

* Not shown to reduce mortality
and/or cardiovascular pederession of albuminutia

O
e \
complications O Balgurable lowering effect on HbAlc
* Less effective than GLP—l&@;@tP\ e S Low risk of hypoglycemia

6\% %%\(é&glopment of

; AR )
l_lt_)werlng HbAl C G?‘\gi\e ) Weight neutral
* T expensive 42 (\a\le(é\o Well-tolerated
\! . . .
(696 G(G\a FEase of use (no titration, low risk
. ‘\\QQ 2 03\‘ . . .
= ek \ of interaction with other drugs)

Safe in elderly
Safe in CKD







Balancing risks and benefits

Cost & Convenience
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unite for diabetes
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