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FDA Guidance on diabetes drugs
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Secondary prevention of macrovascular
events in patients with type 2 diabetes

The PROACTIVE Study
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Figure 2: Kaplan-Meier curve of time to primary endpoint*
*Death from any cawse, non-fatal myocardial infarction (induding silent myocardial infarction), stroke, acute
coronary syndrome, leg amputation, coronary revascularisation, or revascularisation of the leg.

Lancet 2005; 366: 1279-89



Insulin and CVD

The ORIGIN trial
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Effect of intensive blood-glucose control
with metformin on complications in
overweight patients with type 2 diabet%%p
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Cardiovascular safety of sulfonylureas

A meta-analysis of randomized clinical trials
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Cardiovascular safety of sulfonylureas

A meta-analysis of randomized clinical trials
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CV effects of DPP-4 inhibitors
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DPP-4 Inhibitors and Lipids:
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Systematic Review and Meta-Analysis
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DPP-4 inhibitors and SDF-1a \
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DPP-4 inhibitors and MACE @
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Dipeptidyl peptidase-4 inhibitors and
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A meta-analysis of randomized clinical trials O
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Alogliptin after Acute Coronary Syndrome in
patients with type 2 diabetes
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Saxagliptin and Cardiovascular Outcomes in
Patients with Type 2 Diabetes Mellitus
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Dipeptidyl peptidase-4 inhibitors and
cardiovascular risk

A meta-analysis of randomized clinical trials O
M. Monamil, B. AhrénZ, I. Dicembrini®> & E. Mannucciﬁad\

RN
\O
) \\'?>\ e
. o\ A\
(')\e . (\‘3
#trlals #ftrlals #events #events MH-OR p Kendg. p 0 6\ 1.0 10.0
with events (DPP4i) (Comparator) [95%, Cl] \\‘5?’ \\?@ : .
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D é\d{\
MACE 70 63 263 232 0.?1[D‘.5@.€% <0.001 Q@,(b 0.64
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Diabetes, Obesity and Metabolism 15: 112—120, 2013,



Alogliptin and MACE

Results of the EXAMINE trial

(
Patients at a very high CV risk fo\\@(\ .
y hign LV risk..... PI@% \\6‘\ Alogliptin
O@& 679) \6‘(\’0 (N=2701)
S
A NC
Cardiovascular risk factors and history — no. (%) 6\)\6 é\d\
Current smoker C © e‘e(b 383 (14.3) 351 (13.0)
Hypertension (\@(0 6O{N 2240 (83.6) 2229 (82.5)
Myocardial infarction§ @0 o\ 2345 (87.5) 2389 (88.4)
Percutaneous coronary interventi%Q@ ‘ (ege. 1633 (62.8) 1689 (62.5)
Coronary-artery bypass grafti _6\Q 341 (12.7) 347 (12.8)
Congestive heart fail%;g\ﬁv ) g\(\@g 744 (27.8) 757 (28.0)
Stroke @QQ o, O" 193 (7.2) 195 (7.2)
Periphergl“aatglal diseaseé\O(\ 252 (9.4) 262 (9.7)
2 NG
O >
¥ o
\0) \Z : .
N ....really very hard to obtain any positive results
e

White WB, et al. N Engl J Med 2013;DOI: 10.1056/NEJMoa1305889.



Limitations of meta-analyses

\0\

Diagnostic criteria for the event not specified (or not spgeaﬁ%d umformly)
\ \ 0\\9
: ,,\\’0

No specific screenlng/dlagn%%tﬁoproceg@%s

Ac\\>\0 > e\o\‘

SJUSAS JO UOIRDIJISSR|ISSIA

No adjudicatlo @fe event&«@many studies

ﬂ' hese three I|m|tat|o§$?§§r? be @@‘fﬁr MACE, but not for all-cause mortality. \

1. D|agnost|% erla ar%u%}versally accepted...
2. No ne r scre%m%g procedures
3. Tge‘fé) IS NO Q@?lblllty of misclassification....dead or alive.
‘\®Q \)(\
the @é%uctlon of all-cause mortality observed in meta-analyses of early
(2 metabolic trials with DPP-4i is simply true!
Q9 ply J




SAVOR-TIMI 53

Comparison with meta-analysis of early trla{p\o\o

. 0\
Number of patients 16,492 \@\"‘)\\ ‘«2}\42!‘. 959
Number of events 1 .22{% 900 ‘6@6\6 495
Duration of follow-up (years) \g’@ \d(\’&\\ ~1.0
Ged median) ,© (mean)
2 Incidence of MACE (/100 py) (\6«\\@ | 603\@‘ 1.1
=) Mean age (years) O\\O g,bc\\ 65 55
= Mean duration of dlabq& (years) \Q‘e 12 S
Mean BMI (kg/ng@(\ g\@\e 311 311
Mean Hbﬁé‘@@ (\e 8.0 8.2
= Insu@e&%ated ( 4@&‘5 43 <5
%R@gwous % 75 ~30
= Neé)é\ra\éathy(%) 18 <5

* Scirica BM, et al. N Engl J Med 2013
Monamu M, et al. Diabetes Obes Metab 2013:15:112-20.



Alogliptin after Acute Coronary Syndrome in
patients with type 2 diabetes

The EXAMINE trial: subgroup analyses ‘0\6\0‘6
&

RN
\\ . \ Inte raf ction
Placebo e{@A\%giPﬁ“ ‘\'gé@d'\ Tre:‘irr:?ent

\ . 6\ -
n n 7 Ratio 95%Cl  Pvalue
e N

1
Overall treatment effect ! ,b\\'a \\6@
Primary end point o _\\{\9 2678 11§ ‘3%1 11.3 0.96 (£1.16)"
Duration of diabetes I G@U' %
<5 years F—— . & 97%x<S 9.7 1009 7.0 0.74  (0.54,1.01)
z5and < 10years p—— —— ((\\ {\ B 645 96 0.81 (0.58,1.13)
z 10 years IrKQeL' (\\50 B 1035 165 122 (0.96,1.53) 0.014
NSUNA USE at baselne o' 3 o)
Yes 6\"\'6 :-—¢—Q§Bg i 793 161 123 (0.95,1.59)
No 6@ —e— S e 190B 9.3 083  (068,1.02) 0.018
Biguanide use at baseline XD 6 . ({‘a\e
Yes ‘3‘6 '(\.3}-:" o 1760 8.8 0.81 (0.66, 1.00)
No (@Q & O ™ B 941 160 147 (0.92,1.50) 0.029
Renalfunction . & N 6‘\0\‘ :
Normalfu%@rﬂ:r mild impairma@‘ |—Q—:—1 s g 1929 83 0.84  (0.68,1.04)
MogeafeXr severe impajr@ H——— e 772 188 115 (0.91,1.46) 0.046
0\0\ 6\)‘ [ T I T ! T I T 1
=) 0 05 1 15 2
QG‘ > +— Alogliptin Better Hazard Ratio Placebo Better —»

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



Recent CVOTs in context of diabetes duration,
CV risk and duration of intervention

insulip 0%

\\@ om other interventions;
7\ d@% pleted (other interventions)

Diabetes duration 5yrs 10 yrs 15yrs . '\‘3\0 20 yrs
I i ? i i i i i I i 1 i i i i ! i “\? i i
UKPDS .
| n=5102; statins <0.3%; insulin 0% | \\9(\
ADOPT*t l \@?} Ongoing (DPP*(\Q-}v)
n=4360 statins 26%; insuiin 0% : (:)\G \
CARGLINAT : cOo” [ ]¢ (DPP-4i study)

=6103,; sfatins 61% I

¥ ]

RIGINT X
n=11,081; statins 54%; insunn@d\)\'lir N

© ADVANGE
(@\1 140 statins 28“&1 %%

O/
TECOSt|
@O n=14,700; statigsCy

Less favourable results

Increasing CV risk at randomization

HR: 1.0 insulia??)
65% 0108 s "I/
CHR ;gé\g' 416,892 AHC%(ZI;D
60 1.51) Ir:: :?:2 statins 62%; insulin 34%
* ‘\‘\

VADT

\ \ n=1791: statins 58%: insulin 52%
1@Q@ HR:096 o, O [\t
M 95% CI. U + CARNELINA
‘DQ (95% Cl, {‘k EXAMINE n=8308. tains?
0.85

oo CVde%oS'a - 0. L n=5380 indilin?
(\\ sb%b-1.10 statins 90% ;
0‘5 )
. Q ﬁ@ insulin 30%
\!

9) 4 e |
Q\b uration of intervention (years) g defert difevence n GV oulchmes
( trials of compou rsus active comparator(s) or placebo

QG

v

Johansen et al, OP - 49t EASD, Barcelona 2013



Saxagliptin and MACE \*;

Results of the SAVOR trial: secondary endg@‘i’nt

fo\@(\ X
Saxagliptin Placebo \\ Hazard Raid
End Point (N=8280) (N= 8833\ ( 1) P Value
no. (°/)b‘5 ‘ @‘5\
Cardiovascular death, myocardial infarction, or 613 (7.3)\99 609 (7 26(\’6\\ 1.00 (0.89-1.12) 0.99
stroke: primary efficacy end point 66\) ’b
Cardiovascular death, myocardial infarction, '{@90(12.8) 'Qé‘&‘ (12.4) 1.02 (0.94-1.11) 0.66
stroke, hospitalization for unstable angina, @((\ N
heart failure, or coronary revasculanzat-@O 6\6
secondary efficacy end point g’b
Death from any cause %\0\ 6\Q‘420 (4.9) 378 (4.2) 1.11 (0.96-1.27) 0.15
Death from cardiovascula{'/géses (\@\e 269 (3.2) 260 (2.9) 1.03 (0.87-1.22) 0.72
Myocardial mfarctnob (\g 265 (3.2) 278 (3.4) 0.95 (0.80-1.12) 0.52
Ischemic stro eQ‘ 0(\6 157 (1.9) 141 (1.7) 1.11 (0.88-1.39) 0.38
, Hosputah;’ﬁs\lon for unstagkﬂ’e‘angma 97 (1.2) 81 (1.0) 1.19 (0.89-1.60) 0.24
‘ éa%ltahzatémq‘@r heart failure ' 1.27 (1.07-1.51) 0.007
<

<
Scirica BM, et al. N Engl J Med 2013 369:1317-1326.
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Is this a clai%@ﬁ%ct cor@m%n to all DPP4 inhibitors?
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DPP-4 activity and heart failure

0.70 Animal model 072 .
r=-0. Q. R\
P <0.01 (rats) P< 0.03\1@\<>

100

H
o

g 75} 30+
5 X
g )
E 50 20}
5
'§ 0@1
o 25} aF 710}
:
w
0 s o D 0 A A A
g{boo 60 @0@3’ 100 40 60 80 100
\! oW .
Q@@'V a?gz{é!?"m"m'"/m L) DPPIV activity (nmol/min/mL)
\

Oé\\\ Inv%s@‘correlation between cDDP-4 activity and cardiac function

dos Santos L et al. Circ Heart Fail 2013;6:1029-1038
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DPP4 activity has something to do with hea\rt\t@l\hﬂe \,b‘i\
o2 6{\'3
A\
The clinical impact of these flndlngs\‘@%nknow\@@cJ
\)’@ \6\
It could be even possible tl‘@b‘?ﬁe mc(a@’éed DPP-4 activity in heart
N

NN

failure is a compe%&&ﬁ)ry me&m&nlsm impaired by the use of
& Q‘e

DPP-4 mhﬂgﬁt I'S. ,&\69\



@{“\ Saxagliptin and heart failure

UGN " . o
Hypothetical mechanisms (0%
R\
, , . \\’&\V o
Drug interaction (kineticg} "\
COO A%’\d\
N e
2 OV
Reduced GKPM (9-3)5°
.\e ‘QG‘Q
2 O
@0\‘ 6\'9
Effect QfaSther suggfates of DPP4 (BNP?
@'g( e )
& N

(6\6 \(5\(\"
Q@Q@ Pos%\igrdy of pharmacodynamic interactions
FoN 0
b\

o

Q¢

NN et
> S

Fr%nﬁ mechanistic point of view, we could imagine several different
\fnechanisms through which saxagliptin could induce an increased
hospitalization for HF.



GLP-1 (7-36) and GLP-1 (9-36): effects of the
Inhibition of DPP-4

Food 0‘\’0\06\
ingestion 66\
y NEGATIVE FEEDBACK \\60 .
R\ ‘Qi\
& ‘&\@\\
S °
fo@\\@ 5(\'5\\6
i \ 5
) **Gl tracst'd- 4 66\3 ,b%\

G
(6\6 intestina) &< 1
R\ secretiopy

GLP-1(Q36)amide
IP(1-42)

Incretin
action

Adapted from: Baggio L et al., Gastroenterology 2007, 132:2131-2157



DPP4i and GLP-1 secretion

Effects of vildagliptin and glibenclamide on total GL@@O
16 healthy subjects, single-dose study

8 R
A\
G\G 6\.
S @60 @Dlacebo
— Vildagliptin: &038 \%
= Glibenc &\‘s@ p=063 %\6 . Vildagliptin 100mg
2 o
g 5 Glibenclamide 5mg
E 1 @ Glibencl.+ Vildagliptin
-
o1

N .
‘ & 2 Time [h]
O'DPP- iad@%rmines a 4-fold increase of GLP-1 (7-36), so the overall reduction of
?e( 2 cGLP-1 levels is mainly attributable to a reduction of GLP-1 (9-36).

El-Ouaghlidi A et al. J Clin Endocrinol Metab 2007, 92:4165-71.



Myocardial effects of GLP-1(9-36) |

2
Recovery after ischemia-reperfusion in rats d\g\‘b\o

1407 Qo

‘(o\
< S . = —=— Control WTQ\ A\
1204 ﬂ‘6~ti'“ti'1“‘lﬂ —0— Cont::&1\-7- \\6‘\
—f—'GLP-q)} )in WT . A0
] — @LOY(9-36) in Glpley*
100 < A\
N\ o
5 LN
I 80+ o\
E (s
£ ‘ . e(@ %
= o \ :
o o) k3
5 &}
= 4
o 40 ®
Peptidf X/ ;Q
&2 ol -8-a4
eQ ©
( . Nt v Y Y Y v T v T * 1 L 1
‘N@Q ‘5\0(\-20 0 20 40 80 80 100 120
SO © Time (min)
Q’hese fa\\(gfg’ole effects seem to be mediated by GLP1 9-36 probably through other pathways

> different from the traditional GLP1R
)

Ban K et al. Circulation 2008; 17:2340-2350.



BNP as a substrate of DPP4

8 ,3}?50@ -
Pro-ANP \”b\\ | @\\@‘\
S \¢
S @9\
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2 \© '@
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s 2 csﬁ\g(\ ’06\6
2 X G
* | ' 4
40 60
time (min)

Brandt | et al. Clin Chem 2006, 52:82-87.
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Results of a pilot study g
N
=
\\’0\\6 6(\
o2 o\

o Sitagliptin N%‘D& non- %tIC patients
: -~ Contral @\%uth §@\&mgle vessel in

\) 71%P0n waiting list for
@%BG/PTCA

Stress echocardiography after
a single dose of sitagliptin.

Read PA, et al. Circ Cardiovasc Imaging 2010;3:195-201.



Sitagliptin Use in Patients With
Diabetes and Heart Failure

o)
7,620 patients with diabetes and incident HF O
i

12% exposed to sitagliptin, 50% to metformin, 38% to SUs a{{gﬂ%c dent HF
Primary endp.: all-cause hospital admission or death using a n’{?‘t’% case-cg\@t?%l analysis

\& N4
%GG\ A%\d\
N\ \\’0@
Odds Ratio @fb Odds Rati@®
Study or Subgroup IV, Fixed, 95% ClI ,\\_)\‘ v, Fixe%\ Cl
All cause hosp or death  0.84 [0.69, 1.03] Qev 60‘—‘
All cause death 1.16 [0.68, ﬁﬁ ) QQ“ -
All cause hosp 0.93 [0.636& \ 4] G(\ —&—
_HF hosp or death L3N@93.1.931 1\ © -
HF hosp Ghs [1.16, 2.92] () -
W\ (<) + - : -
N\Q\ \Q‘ 05 07 1 1.5 2
6@ \G S Favors Sitagliptin  Favors No Sitagliptin
xD O
() O . et
Fl é@@é 3 Forestélg% rimary and Secondary Endpoints According to Sitagliptin
: -@Q% 5\0(\
QO?"’ Pri r&?xd secondary endpoints after incident HF were evaluated according to sitagliptin
0\‘3 es\;)versus nonuse 90 days before each outcome. Cl = confidence interval; HF = heart
\6 failure; hosp = hospitalization; IV = interval.
Q¢

Weir D et al., JACC Heart Failure, 2014 Epub ahead of print



DPP4i and CHF

Study name

NCT 005e2
Pratiey 2008 (3)
Fday 2000
Hderder 2011
Pfutzner 201
CUAF Z3TAZGEE
Vebal 2010020
NCT 0121687
Stran

NCT 01 185880
MNCT 0
NCT 005148
Resenstack 2008 dom
Mauck 2003(4)

NCT 003168082
Rosecstock 2008 (5)
Fararmn 264 143)
NCTODG2254

NCT 0579583

Adora F erara 2013
WWhte 2013

Pratiey 2009 (a)(1)
NCT (054447

Sanca 213
Kanvamon 2012

k) -'lm‘r«#—-rmm 2090 (
u"m:st:*"a |1e‘

(07
NCT 007 *Q“
@Da‘l a3

| MH-OR

Crastonne 2008 6@

Meta-analysis of early RCTs

MH odds
rtio

0,075
o109
0110
0,180
0167
0172
01ar
0314
0,326
032
0406

{\G

Statistics for each study
Lower Upper

limit  limit  Z.Veue pNdue
0,008 1,42 -1, 76 0.0m
000 265 -1,355 0,179
0,006 2064 -1478 0, %0
0,008 385 119 0,263
0.5 186 <146 0,3
0007 443 107 0%
0,00e 413 -1.088 0,28
0063 153 -1412 018
0013 3,06 ) Bt 04M
0,013 am 0 678 02437
00w 342 053 0,500
0 0as 553 L5718 0568
ez 318 0an 0,633

000 13345 0,162 0 B
00eT 19078 0,160 73
0,0 3 ‘ll 0,60
) & 0.4
6‘1 2 090

003 »@I 0o 0.0
0 1.@ oome 0,564

Q& 1,54 189 0
ee 0,138 )

0,324 0.3 ( -1
1.062 K @ 0,000
0,062 6\. » 0
0,082 0,283 078
0,055 0,2x3 0773
328 0™
0561 5%
0,50 0,55
D5 052
0,661 050
0688 058
0,9s8 0345
568 0,32
0508 0.2

MH odds ratio and 5% CI

A AN
)

6\

1. 19[1 03-1.37]

LG o1 1 10

100

Favours DPP-4i Favours comparators

Monami M, Dicembrini |, Mannucci E. Nutr Metab Cardiovasc Dis 2014; 24:689-97



DPP4i and CHF

. \O
Meta-analysis of early RCTs 6\)@\0
OV
&
Heart failure (\@
(n events) \O .
N trials DPP4i Comparator 0.10 i.OO(:J\G\.{b 105):.(8{\‘3\MH-OR LL UL p
2> el
SAVOR+EXAMINE 2 395 317 @\\ o 1.24 1.07 1.45 0.004
2 N
Trials with non-CV end. 35 53 44 <.eov o2 0.85 0.56 1.29 0.45
e £
Excluding trials vs TZDs 33 52 4 ((\\ G{\QQ_FH 0.83 0.54 1.28 0.41
Excluding trials vs TZDs/SUs 26 36 @018 156\6 — 0.73 0.44 1.20 0.22
(@0 (@Q
vs other comparators @@ %\Q
Sitagliptin \Q@@ 14‘(\6\815 —t— 0.99 0.44 2.24 0.980
= N
Vildagliptin Q@‘(‘) 6 Oﬂﬁg 10 = : = 0.55 0.20 1.53 0.25
< <

Saxagliptin QQ‘ %{0(\ 300 237 + 1.22 1.03 1.45 0.024
— O QG‘

Linagliptig NG > 16 8 | = = 1.56 0.66 3.65 0.310
@??ptin (60 5 112 o1 R - 1.18 0.89 1.56 0.250

< o

QG
Monami M, Dicembrini |, Mannucci E. Nutr Metab Cardiovasc Dis 2014; 24:689-97




Heart failure and saxagliptin:
the SAVOR trial

——Saxaglipti —=Placebo
axagliptin ace o«)\\.ﬁﬁ 1.27,
g2 (107480
0 O("\e P\%&:’ 07
o S @3.5%
@\\6 \\6 = 0
= HR 1.46 > @
= HR 1.80 (1.15-1.88° 22
5 3% (1.29-2.55)  Pzqb02 . (&®
= P=0.001 2 e
< WO (1.9
2% \ P
E ‘&6 = r’o\Q
o 66 1.1% @\e
9 e\ N
v 1% 1.3%
N Q
= ‘(‘\\Q’b
B ~0°

.
S
~

o 180 360 540 720

QG‘ T
Days from Randomization
Scirica B et al., Circulation 2014, Epub-ahead of print



Heart failure and saxagliptin:
the SAVOR trial

20% = M Saxagliptin M Placebo
* 18%
o 16% P for interaction = 0.46
T 14% N
2 12% S &
S  10% el 1920.94
o] ((\\ '\56
C gy cN95% €1 0.6-1.6
N HR 1.04 OHR 1.8244,© P-0.82
8 6% 95% C10-26.3 5O *  95%Cl 1
S o P=0.98y o
o 4% 2.2% 2.0%
2 2%

0% © N = 3073
RS Q Q3 Q4
O,.o(\.\ JO5-64) (65 - 140) (141 - 332) (333 - 46,627)
O‘\QQ e\)ﬂ\{b Quartiles of NT-proBNP (pg/mL)
N

< @“Q NT-proBNP: N-terminal pro-brain natriuretic peptide; HHF: hospitalization for heart failure
QG

Scirica B et al., Circulation 2014, Epub-ahead of print
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Heart failure and saxagliptin:

the SAVOR trial

>
QQﬁ%gllmln
N

QG

mSaxagliptin » Placebo \\@06
R\Y2 ‘
‘\e\a ‘\\"a\
@) ’\6
c0 S (0.86-1.73)
\O @\\0 P=0.27
ARD 1. B\
H (é@ 66\6
00%1.59)
| QOPe013 et© 15.1%
ARD1.5% | o2 < ARD 1.4% 13.4%
HR 1.38 @0 HR 1.35
(107-1.71) | HR1.35
P=0.01 X4 ARD 0.6% Jeb
AN ARpoieé P=0.02
' % ARD0.3%
i‘“‘ 63) HR 1.15
O\FR0.00 (0.81-163) 8.0%
P=0.45 6%
1.3% 1,0%
NoPrlor  PriorHeart | ORIsk 1Risk Factor 2Risk
Heart Fallure  Fallure Factors Factors

Scirica B et al., Circulation 2014, Epub-ahead of print



Microalbuminuria and saxagliptin:
the SAVOR trial

Treatment difference in the number and proportions of patients with worse 110 change or
improvement in albumin/creatinine ratio, pre-specified as a shift from\hﬁ cate%ﬁ}( 34,
>=3.4 -<=33.9, or »33.9 mg/mmol) at | year. 2 year. and end oé\‘g’.&ament 6{\‘3

@ .
Wo.\ 6\\ X, 6\\6

Worsened é@change aﬂprow ed P-value
N (%) @ N (%), @@ N (%)

I year (n=13.184) %%00’0 % N
Saxagliptin 89 4%)ga 44 (78.8) 782 (11.8) <0.001
Placebo “‘\a’(‘ 747 @1@&) 5155(78.9) 628 (9.6)
2 year (n=6553) 66 ‘ ,b\G
Saxaghptmaﬁﬁ\' (\@0414 (12.4)  2550(76.4) 372(11.1)  0.0058
Place;lq()@ < (\e 457 (14.2)  2465(76.6) 295 (9.2)
g@cﬂ?f Treamltiféﬁ%u 360)
'aQO Saxagh%t(r@ 833 (13.3)  4762(76.0)  670(10.7)  <0.001
O Pl\‘a@&&) 969 (15.9) 4594 (75.4) 532 (8.7)
e’

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



Urine microalbumin-creatinine ratio (UACR) and /78
cardiovascular mortality in the general population *!f””c
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HbAlc and saxagliptin:
the SAVOR trial

==& Saxagliptin
== Placebo

N .
(@ Baseline 1 year 2 years Endpoint

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



Linagliptin and albuminuria
Pooled analysis of RCTs vs placebo
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Meta-analysis suggests linagliptin is associated
with fewer renal events than placebo
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Renal insufficiency and linagliptin:
Efficacy and safety
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QQCLUS'ON%S}Y?paLiems with type 2 diabetes and severe RI, linagliptin provided clin-

Qcal]y meanin ﬁ‘\‘nprovements in glycemic control with very low risk of severe hypoglycemia,
stable bod?‘-'eight, and no cases of drug-related renal failure. The potential for linagliptin to
spa@@ ulin and provide long-term renal salety warrants further investigations.

McGill JB et al., Diabetes Care 2013; 36:237-244



will evaluate CV and renal safety of linagliptin in
patients with T2DM at high CV and renal risk

Inclusion criteria: 6\
1. T2DM with HbA,, = 6.5% and < 10.0% \g

6 *
2. Drug naive patients or pre-treated with stable background antldlfgbé& medlcatl% -

excluding GLP-1, DPP4is, SGLT-2is \Q
3. Highrisk of CV events 600 @‘5\

o /)

Linagliptin 5 mg versga\fo@_

[ N = 8,300; Q@p‘?‘ox 4- ye@?ff%llow up ]

Primary CV endpomt "@ﬁe to flrsgbccurrence of primary composite endpoint:

1. CV death (mcl@'?g fatal str,gk@(and 3. Nonfatal stroke
fatal M) &o P\ 4. Hospitalization for unstable
angina pectoris

(\’c)

Source: http://clinicaltrials.gov/ct2/show/NCT01897532. Beyond Q Glycemia




¢ T.MARLINA

sy with linagl g'\a‘

will evaluate change from baseline in HbA,_ (primary) and in aIbum'ngﬁowith
linagliptin in patients with T2DM with renal disea&eO\6

N2 N
Inclusion if all of the following are fulfll@g\\f‘> A

)\
1. Current therapy with ACEi or ARB at stable dose for@\@eeks \Q\\
2. UACR 30-3,000 mg/g documented in the prevnfg@ 2 month@"a\

3. eGFR > 30 mL/min A\Ca N4
PR\ (3\6«6

>
06 @(b

&
Linagliptin 5 mg @S‘érsusd\ <7 Placebo
O

[ N‘é& «e@rb

a2 N 404,;a|%atment period 24 weeks ]

Outcome rneasures

1. Ch:ange from basellne in HbA, . at Week 24
2. Time weighted average of percentage change from baseline in UACR at Week 24

ex 2 . .
1% ClinicalTrials.gov
NCT01792518.



Rationale and Design of the CAROLINA Trial: An Active Comparator CARdiOvascular Outcome Study of the DPP-4 Inhibitor
LINAgliptin in Patients With Type 2 Diabetes at High Cardiovascular Risk

Julio Rosenstock?, Nikolaus Manc?, Steven E. Kahn®, Bemard Zinman*, John ]. Kastelein®, John Lachin®, Erich Bluhmk?, Arno Schlosser®, Dietmar Neubacher”, Sanjay Patel®, Odd Erik Johansen®®, Hans-1¢erz > Woerle"!
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Figure 1: Study design ’
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Patienl them and Eligibility

Nxifmately 700 trial centers in 45 countries will participate to ensure that at least 6000 patients

2€e randomized
« Patients with T2DM without optimal glycemic control and at high risk of CV events will be enrolled



Recent CVOTs in context of diabetes
duration, CV risk and duration of |ntervent|on
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* not powered to detect difference in CV outcomes
T trials of compound versus active comparator(s) or placebo





