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DPP4 inhibitors

* Sitagliptin
* Vildagliptin
* Linagliptin
* Saxagliptin
* Alogliptin
* Gemigliptin

¢ Are there any relevant clinical differences?

DPP4 inhibitors pharmacokinetic and molecular
differences?
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Pharmacokinetic characteristics of DPP4 inhibitors?

T4, absorption Half life (t,) at clinically

(mediana) Bioavailability relevant doses Metabolism Elimination
Sitagliptina |1-4 hours 124 hours 38% binded to ~16% Renal 87%
(Merck)" proteins metabolized | (79% intact)

Vildagliptina [1.7 hours 8 ~2-3 hours 93%bindedto  |69% Renal 85%
(Novartis)? proteins metabolizaded | (23% intact)
mainly renal
(inactive

metabolte)

Saxagliptina (2 hours(4 hours | 275%¢ 25 hours (original drug) | Very low protein | Liver Renal 75%
(BMSIAZ)®  [active metabolite) 3.1 hours(metabole) | binding (aclive (24% as original
metabolite) | drug; 36% as
CYP3AdI5 active metabolte)

Alogliptina |12 hours 100% ~21 hours 20-30% bindedto | <7% Renal 76%
(Takeda)® proteins metabolized | (60-70%ntact)

Linagliptina (1.5 hours Typeficaz~12horas | Protein binding -13% Feces80%
@) Ty terminal >100 horas | dependingupon | metabolizaded | Renal 5%
concentration:

1 nM: 99% (DPP-4)
230 nM: 75%-89%
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DPP4 inhibitors

* How do we give them?
— OD: sitagliptin, linagliptin, saxagliptin, alogliptin
— Bid: vildagliptin
— weekly: omariglitptin
* Clinical efficacy:
— Very few direct comparative data
— Indirect comparison show similar efficacy
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Saxagliptin was non inferior compared to
sitagliptin on Hbalc rleduction at 18 weeks

Average baseline HbA,,, % 7.69 768
n=343
B y <
8 015
2
2
8 030
g N Y
S 045
£ [] Sitagiiptin 100 mg
%} Y . +metformina
5 082 (IC de 95%: -0.60, 045) i Saxaglptin 5 mg
5 07 (IC de 95%: -0.69, -0.54) +metformina

0,09 (IC de 95%: -0.01, 0.20)°
(Predetermined boundary of non inferiority=0.30%)

“Diferencia on ol cambio ajustado desde el nicio vs. sitagipina + metformina,

1. Scheen AJy cos. Diabotes Motab Res Rov. 2010,26:540-549.

HbA1c reduction

DPP-4 inhibitors (added to metformin)*
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Pharmacokinetic differences

* Cytochrome substrate:
— CYP3AA4: saxagliptin

— Interaction with potent CYP3A4 inducers or
inhibitors suck as ketoconazole
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Other differences

* Cardiovascular safety:

— Published trials: SAVOR, EXAMINE, TECOS
— Ongoing: CAROLINA

Fixed dose combination:

— Metformin rapid release: sitagliptin, vildagliptin,
linagliptin

— Metformin XR: saxagliptin

SAXAGLIPTIN/METFORMINA XR




Saxagliptin/metformin XR: complementary mechanism of action

Saxagliptin Metformin

Lower levels of the incretin hormone
GLP-1 are released from the gut

n patients with type 2 diabetes
Saxagliptin inhibits DPP-4 enzyme.
activity

Saxagliptin increases () incretin

concentrations in the bioodstream

Decreases (4 ) intestinal
glucose absorption

in response to 4 GLP-1 concentrations: : 5y Insulin secretion remains unchanged
4 glucagon release A insulin release while fasting insuln levels and
from s cells rom B cells ) day-long plasma insulin response may

decrease

Liver
in response to  glucagon release: 2
4 hepatic glucose output 4 glucose output by the liver

in response to 4 insulin release:
 peripheral glucose uptake

H

Improves insulin sensitivity and 4
glucose uptake and utilization

GLP=glucagon-like peptide; DPP=dipeptidyl peptidase.
1. Verspoh E1. Pharmacol Ther 2009;124:113-138.
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Saxagliptin and metformin HCl XR:
Fixed-Dose Combination Therapy Tablets

Inner layer: seal coat

Kombiglyze XR
Metformin XR: core tablet ( 5/500

-

2511000

Tablets not actul size
Outer layer: color

Saxagliptin: spray-coated layer

Release of Saxagliptin and Metformin XR
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Saxagliptin/metformin XR

* Phase Il program was developed using
saxagliptin/metformin immediate release

* Combination of saxagliptin with metformin IR
or XR showed the same therapeutic effects
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Saxagliptin/metformin XR Bioequivalent to Single
Components Saxagliptin and Metformin XR tablets

Mean Plasma Concentration vs. Time Profile
—4—Saxagliptin/imetformin XR 5
mg/500 mg FOC (fed)
~#=Saxagliptin 5 mg + metformin
XR 500 mg (fed)
Saxagliptin/metformin XR 5
mg/500 mg FDC (fasted)

These studies demonstrated that
in healthy subjects the
saxagliptin metformin XR
combination tablets are

Plasma saxagliptin
concentration (ng/mt)

e ’ol
bioequivalent (same exposure) gg yr
to coadministration of
corresponding doses of
saxagliptin and metformin XR as
individual tablets under fed
conditions

o a
36 48

Boulton et al Clin Drug Investig 2011; 31 (9)

Saxagliptin + Metformin IR

Treatment-naive patients




Mean Change in A1C From Baseline at Week 24

Treatment-Naive: A1C*

* Mean daily metformin IR doses at Week 24 were 1790 mg

Saxaglptin 5 m Metformin IR
etimin Piacebo for saxagliptin 5 mg + metformin IR and 1817 mg for
- metformin IR + placebo*
0 Mesnbseine-565
= The proportion of patients discontinued or rescued for
05 metformin IR alone, saxagliptin 10 mg, saxagliptin 5 mg
£ + metformin IR, and saxagliptin 10 mg + metformin IR was
2 4 10.1%, 21.2%, 7.5%, and 5.9%, respectively’
245 *® Incidence of reported hypoglycemia® was 3.4%
£ in treatment-naive patients given saxagliptin
Y 5 mg + metformin IR and 4.0% in patients given metformin
g 1R + placebo
g
325
(95% CI: 0.7, -0.4) * Adverse reactions with saxagliptin § mg + metformin
3 Adh h saxagliptin 5 tformin IR

reported in 25% of patients and more commonly than in
patients treated with metformin IR + placebo were
headache (7.5% vs 5.2%) and nasopharyngitis (6.9% vs

needing rescue:
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Least squares mean adjusted for baseline value.
P<0.0001 compared to metformin IR + placebo.

A concurrent glucose measurement was ot required or was normal in some patients. Therefore, it s not possible to conclusively
determine that all these reports reflected true hypoglycemia.

IR=immediate release; Cl-confidence interval

1. Jadzinsky M et a. Diobetes Obes Metob 2009;11:611-622.

Initial combination with metformin: 76-

Adjusted mean change in HbA,, (%)
95% CI

week extension
Change in HbA, from baseline

ESAXA5mg + MET  [ISAXA 10 mg + MET [] SAXA10mg [ MET

N=966 N=612
12 16 20 24 30 37 50 63 76

*Post hoc p<0.0001 vs both SAXA 10 mg and MET alone,
MET: metformin; SAXA: saxagliptin

Pfbtzner, A et al. Diobetes, Obesity and Metabolism 13: 567-576, 2011

Saxagliptin + Metformin IR

Uncontrolled on metformin patients




Saxagliptin added to metformin: 102-week extension
HbAlc mean change from baseline
[SAXA 10 mg + MET [[ISAXA 5 mg + MET [|SAXA 2.5 mg + MET [ PBO + MET

Baseline HbA,: 8.0 - 8.1%

047 Diabetes duration: 6.3 - 6.7 years
4 o2
4
3
5§ oo
S
< 02
3
£
5 -04
< 06
2

Patients
192 117 105 79 67 21
19 116 99 70 58 25
181 124 111 80 68 32
179 72 60 33 25 15
BL: Baseline; MET: Metformin; PBO: Placebo; SAXA.

Ravichandran S, et al. Diabetologia 2009; 52(Suppl. 1):560 [Abstract]. Presented as an Oral Presentation
at the European Association for the Study of Diabetes Congress, Vienna, Austria, September 2009
[Presentation no. 132]
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Patients Achieving A1C <7% at Week
24%*

saxagliptin 5 mg Metformin IR saxagliptin 5 me Placebo
“+ Metformin IR + Placebo “+ Metformin IR +Metformin IR
n=307 n=314 n=186 n=175

3
8
3
8
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< 80 Z 80
g g
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£ 60 £ 60
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£ a0 £ 40
& 4 g
s s
§ 20 20
(3 |
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* Patients achieving A1C <7% with saxagliptin
2.5mg, 5 mg, 10 mg + metformin IR was 37%,
44% and 44% vs 17 % placebo + metformin IR ; P
<0.0001 at Week 24.

using. o
ploglitazone rescue therapy for parients needing rescue.
$<0.05 compared to placebo + metformin 1.

IR-immediate release,

L. Jadzinsky M et al. Diabetes Obes Metab. 2009;11:611-622.
2. DeFronzo RA et al. Diabetes Care. 2009;32(9):1649-1655.

Saxagliptin + Metformin XR

Compared to Uptitrating Metformin
XR




Saxagliptin + Metformin XR vs. Metformin XR Uptitration

Diet advice
Enrolment*&

Saxagliptin 5 mg + Metformin XR 1500 mg

Metformin XR 2000 mg

Lead-in

Single-blind
placebo

-:10 -8 4 0 Week 18

* Patients with type 2 diabetes with inadequate glycemic control defined as HbAlc

>6.5 % and £10.5% (at randomization), on a stable dose (>850 mg and <1500mg) of
metformin IR or XR therapy for at least 8 weeks will enter an 8 week lead-in period.
Patients on a stable dose (1500mg) of metformin XR will enter a 4 week lead-in period.

Fonseca,V et a Diabetes, Obesity and Metabolism 14: 365-371, 2012.
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Saxagliptin + Metformin XR vs. up
tration metformin XR

Mean HbA1c at baseline and week 18

A ] 088 ® Saa+METXR
r 035 1 ®  Uptitrated MET XR

854 82

2 ——

© 1%

I 80

3

T 18
754 ~
70

Baseine Week 18
Adjusted mean change from baseline HbA1c, was -0.88% for saxagliptin +

metformin XR and -0.35% for uptitrated metformin XR; the between-group
difference was-0.52% (p < 0.0001)

Fonseca,V et a Diabetes, Obesity and Metabolism 14: 365-371, 2012.

Saxagliptin + Metformin IR

Compared to GLIPIZIDE + Metformin IR




Adjusted Mean Change

MET

A1C at Week 521

Full-Cohort Analysis Set Per-Protocol Analysis Set
SaxagliptinSmg | Up-ttrated GLIP Swxagliptinsmg | Up-itated GLIP
VTR YMETR FMET IR FMET IR
a2y nea23 w253 w253
Mean baselne=7.7% | Mean baseline=7.6% Mean baseline=7.46% | Mean baselne-7.53%
o 0
g
3 02 02
3 00 04
5 06 056 | gdIGHN 06
S ~ 0,80
g 08 5% 002,02 d 006
P (95% CI: 0.05, 0.16)
4 4
The upmer imitof tis 5% CI et the predefined crteion for non-nferorty of <0.35%. Thus, saxaglptin 5 mg
+MET IR was non-inferior to up-titrated GLIP + MET IR
A conclusion o non-nferiorityof saxaglptnto up itrated GLIP may be mited to patients with baseline ALC
comparable to those in the trial (91% of patients had baseline A:
Mean final GLIP dose in the titrated arm was 14.7 mg/day; 50% of panems received 20 mg/day
The proportion of patients who discontinued due to lack of efficacy by Week 52 in the saxagliptin
+MET IR group and the up-titrated GLIP + MET IR group was 15.3% and 12.0%, respectively’

1. GokeSetaln i ract 201063(1211619-1651
2. Dota o e, SAKA 070, Srsioyers S Company. Prnceto, .
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Add-On to MET IR Versus GLIP + MET IR:

Body Weight*

Adjusted Mean Change in Body Weight
From Mean Baseline to Week 52

Saxagliptin 5 mg
+METIR

24
Mean baseline=88.7 kg

Adjusted Mean Change
in Body Weight (kg)

45

* Safety analysis set.
P<0.0001 vs up-titrated GLIP + MET R,
MET 1p=glipizide; CI

Goke 8 etal. It i Proct 2010,64(12)1619-1631

Up-titrated GLIP
+MET IR

n=426
Mean baseline=88.6 kg

; -

Add-On to MET IR Versus GLIP + MET
IR: Hypoglycemia

Hypoglycemia During 52-Week Treatment Period*

Reported Hypoglycemia:

* 13 patients in the saxagliptin 5 mg
+MET IR group reported
19 hypoglycemic events

= 156 patients in the up-titrated GLIP
+ MET IR group reported 750
hypoglycemic events

+Reported hypoglycemia events were a
‘combination of reports of either signs or
ymptoms consistent with hypoglycemia

s0
_ 363
£ w
£ %
5w
H 81
a 10
30 0.0'
Reported Reported® Confirmed®

SaxagliptinSmg+  Up-titrated GLIP +  Saxagliptin 5 mg +
MET IR METIR METIR

(n=428) (n=430) (n=428)

* Safety analysis set.
! P<0.0001 vs up-titrated GLIP + MET IR group.
* MET IR=metformin immediate release; GLIP:

(Goke et nt | Cln Proct 2010,64(12):1619-1631.

- with or without documented glucose
Confirmed levels or reported low glucose levels
without any symptoms. Therefore, it is
Up-titrated GLIP + not possible to conclusively determine
METIR that all these reports reflected true
(n=430) hypoglycemia.

! Confirmed hypoglycemia was defined as 3
fingerstck glucose <50 me/dL wi
associated symptom:

10



Saxagliptin/metformin vs glipizide XL
in very hyperglycemic patients

A IResnonders Non-responders B llniliaIHbAlc Final HbA1c
%
p=ns
98% 1%
100 9% 12 108% T
80 10 p=<0.0001 L
H
60 © 8 68% 6%
40 <6
2 T4
0 . ) 2
0
Kombiglyze XR Glipizide XL Kombiglyze XR Glipizide XL

Ambloa . Cln Endocrinol Metab. 20151101:2528
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Baseline Hbalc 8.5-12%

A Linagliptin + metformin Linagliptin
Baseline 973 969

H

2

i,

B

5H

& -l

iz

ERd

$3

£5

PRI

é 202

3

281
e —

Treatment difference = -0.79
95% CI-1.13,-046: p< 00001

Ross SA. Diab Obes Metab. 2015;17:136-44

Saxagliptin + Metformin IR + Dapagliflozin

Vs Placebo + Metformin + Dapagliflozin
Third line treatment
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Saxa vs placebo in patients with
metformin + dapagliflozin

- Pisceso~ - samgiptn +
« Metormin 20 + Metormin
(n162) (net53)
A
o2
g5 oo
. Mean (35% i) betaeen
5 Group difference st week 52
Yt 0.42% (0.54%, -0.20%)
H
HERS
1&
‘g s
st
© s 2w u 2 oW @
Wesk
or Nember of Patists
Oupegiiosin 180 150 s 152 us s e s
Metorrin
Samglefne 1o g w7 W we 13 s
Mettormin

Matthaei S. Diab Obes Metab. 2016;18(11):1128
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Saxa vs placebo in patients receiving
metformin + dapagliflozin

o & 12 1B 24 2 ® &2
Week

Plasebo s Nurber of Patie nts With A1C <T%
Osegiiozin 30 30 = 0 = 30 E-
Metformin
Samsglipie s 38 52 55 St W 45 2
Depagifizn
+
Metorrmin

Matthaei S. Diab Obes Metab. 2016;18(11):1128

Saxagliptin + Metformin IR + Insulin

Vs Placebo + Metformin + Insulin
Third line treatment

12



Demographic and Baseline
Characteristics (cont)

Saxagliptin 5 mg MET IR
+

INS + Placebo
(n=304)

MTDDI, units (range) 6 (19-150) 55.3 (30-149)
Insulin type, n (%)

No premixed 115 (38) 69 (46)
Intermediate acting and long acting 8(5)
Intermediate acting, alone 32(21)
Long-acting, alone 29 (19)

Characteristic

Any premixed 189 (62) 82 (54)
Premixed alone 182 (60) 76 (50)
Intermediate acting and premixed 4(1) 4(3)

Long acting and premixed 2(1)

Patients taking MET, n (%) 105 (70)

MET dose, mean (range), mg 1805.4 (250-3000) 1861.1 (850-3000)

INs=insulin; ; release; total daily dose of insulin.
Barmett AH, et al. Curr Med Res Opin 2012. doi10.1185/03007995,2012.665046.
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Change in A1C at Week 24*

Saxagliptin $ mg | hacebo = Similar mean reductions in ALC versus placebo
=300 149 were observed for patients treated with
Mean baseline=8.7% | Mean baseline=5 7% saxagliptin 5 mg + INS alone and saxagliptin
o 5 mg + INS + MET (-0.4% and -0.4%, respectively)
o8 = The proportion of patients who discontinued for
g5 02 03 lack of glycemic control or who were rescued for
8 .. meeting prespecified glycemic criteria in the
g8 saxagliptin 5 mg + INS + MET group and the
2T o6 o4t placebo + INS £ MET group was 23% and 32%,
38 respectively
39 08
L - (95% CI: 0.6, -0.2)
* Intent-to-treat population using last observation on study or last observation prior to INS rescue therapy for patients needing
scue.
* Least squares mean adjusted for baseline value and MET use at baseline.
* P<0.0001 compared to placebo + INS + MET.
INS=insulin; MET=metformin; Cl=confidence interval.
Barnett AH, et a. Curr Med Res Opin 2012. doi10 012.665046.
Change in FPG at Week 24* Change in 2-hour PPG at Week 24*
Saxagliptin 5 mg Placebo _ Saxagliptin 5 mg Placebo
+INS £ MET +INS £ MET g +INS £ MET +INS £ MET
=300 n=149 E =262 n=129
S Membmeramgdl | Meanbisineri7mgot of  Memomenesinge | wenssinetss g
g% © 52 0
& 2 5% I <
Se it -
55 s 2§ 0
£2 % 3
if - b 2 a
ZE 40 Zs 2
To Kl
22 4, (95% CI: 13, 5) 5 25
£ Not Significant £ : -37, ¢
a4 ® 30 (95%C1: 37, -9)

“ Intent-to-treat population using last observation on study or last observation prior to INS rescue therapy for patients needing
scue.

« ' Least squares mean adjusted for baseline value and MET use at baseline.
* Difference compared to placebo + INS  MET was not statistically significant.
¢ P<0.05 compared to placebo + INS + MET.
INs=insulin; FPG=fasti glucose; glucose; C

Barnett AW, et al. Curr Med Res Opin 2012. dol:10 012.665046.
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Adding DPP-4i to insulin

Analysis 5.2. Comparison 5 Insulin monotherapy versus insulin plus DPP-4 inhibitor, Outcome 2 HbA I c
(change from baseline).

Review:  Insulin monotherapy compared with the addition of oral glucose-lowering agens to insuin for people with type 2 dizbetes aready on insuin therapy and
inadequate glycaenic control

Comparisor: § Insulin monotherapy versus insuiin plus DPP-4 inhibitor

Outcome: 2 HbAIc (change from baseine)

Insuln +
2 Mean Mean

Sudyorsbgrowp  inhbitor Insufn mono. Diference Weight Diference
N Mean(SD) N Mean(SD) IVRandom,95% CI VRandom,95% CI

Bamett 2013 95 -0.65 (09089) 46 028 (0.9089) 29% -037[-069,-005]
Hong 2012 6 08319 & anel) | | 971% 041 [-046,03¢ ]
Total (95% CI) 156 109 . 100.0 % -0.41 [-0.46,-0.35 ]

Heterogeneity: Tau? = 0. Ch =006, df = | (P= 081); F =0.0%
Test for overall effect:Z = 1482 (P < 000001)
Test for subgroup diferences: Not applicable

Ies 0 o5 1
FavorsinsdntDIPA Facus s mono

Vos RC. Cochrane Datab Syst Rev. 2016;9:CD006992
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GLYCEMIC INSTABILITY

Saxagliptin Assessment of Vascular Outcomes
Recorded in Patients With Diabetes Mellitus—
Thrombolysis in Myocardial Infarction

. OAORTMSSSwdy

Confidential. For Internal y. Not to be shared outside of the BMS/AZ Alliance Diabetes Collaborative Teams. Any potential promotional
messaging/product claims are subject to regulatory review and approval and local promotional practices and policies.

2 Bristol-Myers Squibb Astrazeneca'}
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Glycaemic instability

¢ Initiation of new antidiabetic drugs for > 3
months

* Increase in oral antidiabetic agents or >25% of
insulin dose for more than 3 months

* Adding new insulin therapy for more than 3
months

¢ Increase of Hbalc >0.5% after randomization
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SAVOR: patients with hbalc <6.5%

20

10 -~ Saxagliptin

-~ HPlacebo

Basal Year 1 Year 2

Leibowitz G. Diab Obes Metab. 2015, early on line.

SAVOR: patients with hbalc 6.5-7%

25

20

15 H—1 H—1 —
i Saxagliptin

10 —§ —§ .~ W Placebo

Basal Year 1 Year 2

Leibowitz G. Diab Obes Metab. 2015, early on line.
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SAVOR: patients with glycaemic
instability

60
50 —
40 —
30 [—
i Saxagliptin
20 1 i Placebo

Hbalc >0.5% New New insulin >25% Glycemia
antidiabetic users increase in  instability
drugs insulin dose

Leibowitz G. Diab Obes Metab. 2015, early on line.
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Predictors of glycaemic instability

* Asian origin

* Younger age at diagnosis

* Longer duration of DM

* Smoking

* High hbalclevels

* Higher eGFR

¢ Low HDL

* Baseline treatment with SU or TZD

Leibowitz G. Diab Obes Metab. 2015, early on line.

HOMA beta

No Al
antidiabetic drugs Metformin  Sulphonylurea _TZDs _ antidiabetic drugs
P s P s P s P s P s

AHOMA-25 (%)

<104 Netes

Leibowitz G. Diab Obes Metab. 2015, early on line.
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ADDITIONAL BENEFITS: KIDNEY
AND LIVER

19/10/16

Saxagliptin improved UACR ratio in SAVOR
. Saxagliptina . Placebo

A HbA1c 0.30%

~

Global p<0.001
15,9%

&
«
o
8
8
T
o
K}
o
o
2
o
°
Q2
5
E
8
8]

Empeor6 Mejoro

Fin del tratamiento

Linagliptin and renal endpoints

RR: 0.84
350 (0.72-0.97)
5o 3089 Reduccion de 16%
£
g5 w0
o 268
g
s 5 250
8g
g8
i®
200
Placebo Linagliptina
Eventos renales 306 448
Tiempo en riesgo, aios %1 1679
Pacientes, n 1961 3505
8 mgl), empeoramiento.
todas as causs,
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Metformin combination

* New guidelines of metformin use by FDA:
— CrCl >45 cc/min: safe, use usual dose
— CrCl 30-45 cc/min: use with caution and half the
maximal dose
* Therefore,

— CrCl > 45 cc/min use usual dose of metformin/
DPP4i

— CrCl 30-45 cc/min: use half the dose of
metformin/DPP4i (except linagliptin)
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Improvement in liver function

Baseline 1 month 3 months 6 months
Total (n=224)
Body weight (kg) 6294135 6241118 6391135 63.4:14.3
AST (U/) 28417 27417 26114 28416
ALT (U/L) 30425 28123 27119 28422
YGTP (UAL) 46149 4549 46153 48159
HbA1c (%) 79412 7.5+1.0"* 73510 7.2410***
With Liver injury (n=44)
Body weight (kg) 69.3:17.8 69.3+13.7 738£19.0 71.7118.0
AST (U/1) 51125 45130 42524 45129
ALT (U/L) 65136 54138 49430 52136
YGTP (UAL) 84174 7671 82191 88+102
HbA1c (%) 81513 764127 74511 7.141.0"*

Kanazawa |. Med Sci Monit. 2014;20:1662

Liver triglyceride content and DPP4i

)J>
w

1 . o 1
o ¥ g
$Z =
22 ofe -1}-..... ,....__{. is .
28 i3 o8 —e- Vildagliptin
T G SE
.5‘3-1 2 =4
- @
& <8
gL -2 S
58 8’5'
o b %
= F
S
——
01 3 6 b s s s
Month 01 3 6

Month

Macauley M. J Clin Endocrinol Metab. 2015. Epub Feb 15
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Correlation of intrahepatic triglyceride

content and ALT
10+

r=0.83
p<0.0001

Difference in Liver fat
.P
[ ]

0 10 20 30 40
Difference in ALT

Macauley M. J Clin Endocrinol Metab. 2015. Epub Feb 15
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Safety and tolerability

WHAT'’S THE CLINICAL IMPACT OF
HYPOGLYCEMIA?

19



M Type 1 Diabetes

W Type 2 Diabetes

Percentage of patien
g€ 8 8
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20 T

10
0

Had greater Modified Ateextra  Had additional Asked Stayed home

fear insulin dose food concerns about someone to the next day

driving  check on them
Tenzer-Iglesias. } Fam Prac. 2012;61(10):51
¢ Anxiety

* Depression

* Healthcare resources

¢ Cost

* Poor treatment adherence
e Car accidents

¢ Fractures

Moghissi E. Endocr Pract. 2013;19(3):526

Hypoglycemia and ECG changes

ECG

Hypoglycemi p value
HR 1.052 £ 0.061 1.197 + 0.128 <0.0001
QTec 1.040 £+ 0.031 1.074 + 0.054 <0.0001
TpTe. 1.031 £ 0.032 1.074 + 0.071 <0.0001
QTpc 1.058 £+ 0.071 1.106 + 0.096 <0.005
ToTe, 1.058 £ 0.071 1.106 = 0.096 <0.005
RTp. 1.044 £+ 0.039 1.068 + 0.056 <0.01
STo: 0.994 + 0.141 0.940 + 0.193 <0.1

Nuryani N. Annals Biomed Eng. 2012;40:934
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GENERATION: saxagliptin vs
glimepiride in elderly

Number of events

W Saxagliptin + metformin

[ Glimepiride + metformin

04 48 8-12 12-14 14-16 16-18 1824 24-28 28-32 32-36 3640 40-44 44-48
Time to event (weeks)

Schernthaner G. Diab Obes Metab. 2015;17:630
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DPP4i in stage 3-5 CKD: Hbalc

PPl

e
07 066 41 005 083 20 78
-056 108 68 003 09 25 68

Control
roup _Mean D Total Mean SO Total Weight
cet eks

Hean Diference
Random, 05% C

% -085(039,-031]
% -053(097,-009)

Laskso 053 117 13 011 121 120 82% -0420073.011)
LikashedchMRI 07 125 157 026 113 128 85% -DABF074.-018)
Lukasherich SRI 09 221 122 034 151 85 62% -056(105-008

071 122 86 001 125 62 6% -072(115.023)
086 083 50 001 087 45 Ts% -067(101.033
066 08 45 005 09 42 74% -059(097-021

095 087 18 -05 095 20 §3% -045H.05,015]

Nowick-GRI

Subtotal (95% C) 680 560 645
Heterogenell Tau"= 0.00, Chi'= 267, df= 8 (° = 0.98; = 0%
Testfor overalefect 2= 877 (P < 0.00001)

24.2Versus Sulfonylureas, 5254 wesks

% 0551058, 043

Chan 07 107 51 08 097 25 63% 0101035,068
Ferreira D 08 089 135 06 091 142 91% 0201041001
Subtotal (95% C) 186 167 154% 0131038012

Heterogeney Taur= 0,01, Chi= 1.26,df=1 (P = 0.28; "= 20%
Tostfor overallefect Z= 1.03 (P = 0.30)

213 Sitagliptin vs Other incrtin-based therapies, 24.26 wooks

Kotnny DIA -056 102 62 054 105 78 7% -0024037,033
LetlorMRI 037 133 99 088 1 98 79% 051001084

085 124 15 408 091 10 4%

5 198
Helerogenel. Tau"= 0.07, ChP = 4.92,df= 2 (P = 0.09) = 59%
Testfor overal efect 7= 1.42 (°=0.16)

0434032,118)

%
% 028[041,067)

Total (9% C) 1042 922 1000% -032052,012)

Heterogeneiy. Tau"= 010, Ch
Testfor overal efect Z= 316 (°= 0.002)
Testfo subaroup diferences: Chi'= 2210, df=2 (° < 0.0001), F= 40

3P <0.00001);

Singh-Franco D. Sage Open Medicine. 2016;4:

5%

9%

-
—_—

Mean Diflerence
Ray %

>

05 05
Favors DPP-4l Favors control

DPP4i in stage 3-5 CKD: AEs

DPP4I Control
Study or Subgroup__Events Total Events Total Weight M-H,

Risk Ratio
Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

1.1.1 Versus Placebo

Kothry-MRI 103 122 76 89 114%
Kothny-SRI 80 94 56 64 93%
MeGill DG 64 B8 B0 65 17.2%
McGill DVOR 48 59 B0 68 65%
Nowicki 64 85 B0 85 43%
Subtotal (95% CI) 428 371 484%
Total events 359

312
Heterogeneity: Tau®= 0.00; Chi*=1.95, df= 4 (P = 0.74); F'= 0%
Testfor overall effect 7= 0.22 (P = 0.83)

1.1.2 Versus Sulfonylurea

Chan 52 85 22 2% 35%
Feneira AJKD 53 B4 52 65 54%
Femeira DC 143 210 153 212 94%

aakso 103 113 118 122 334%
Subtotal (95% CI) 452 425 51.6%
Total events 351

Heterogeneity: Tau®= 0.00; Chi*=1.14, df=3 (P= 0.77); F = 0%
Testfor overall effect Z=1.81 (P = 0.07)

Total (85% CI) 880 796 100.0%
Total events 710

Heterogeneity. Tau®= 0.00; Chi* = 4.30, df
Test for overall effect 7= 1.45
Testfor subaroup differences: Chi

657
=8 (P=083),F=0%

099(088,1.11]
0.97(0.86,1.10]
1.02(083,1.12)
092[0.79,1.07)
1.07[0.89, 1.28]
0.99[0.94,1.05)

095[0.77,1.15)
1.04(0.88,1.22)
094[0.83,1.07)
0.94[0.88,1.01)
0.95(0.90, 1.00)

0.97[0.94,1.01]

15)
122,df=1(P=027),F=179%
Singh-Franco D. Sage Open Medicine. 2016;4:1-16

T

05

b
4

*

07 15
Favors DPP-41 Favors control
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Metformin XR and Metformin IR
clinical data: Tolerability

. Initiated on MIR or MXR Switched from MIR to MXR

s

w0

.

. B
o

Patients who were initiated on MET-XR or who were switched from MIR to
MXR experienced fewer G| adverse events on comparable doses of
metformin

25 veoss BVET-R
BVET-XR

BVET-R
BMET-XR

Percentage of patients (%)
Percentage of patients (%)

G, gastrointestinal; MET, metformin; MET-IR, immediate-release metformin; MET-XR, extended-rel
metformin.

Blonde L, et al. Curr Med Res Opin 2004;20:565-72.
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EFFICACY AND TOLERABILITY SHOULD
BE TRANSLATED TO ADHERENCE

Adherence and clinical impact

Odds Ratio (95% Confidence Interval)

All-Cause Mortality All-Cause Hospitalization
Nonadherence Nonadherent No. of I o 1
Measure Patients, % Patients Unadjusted Adjusted* Unadiusted Adjusted*
Summary measure 213 11532 149 (1.22-1.81) 181 (1.46-2.23) 127(115142)  158(1.38-181)
Antihypertensives 194 6217 1.54(1.204.97) 158(122205)  139(121-160) 144 (1.24-167)
Statins 28 6486 160(121213)  207(154280)  117(101136)  1.39(1.18-163)
Oral hypoglycemics 203 7883 125 (097-1.62) 139(107182)  131(116149)  1.38(1.21158)

Ho PM. Arch Intern Med. 2006;166:1836
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Saxagliptin is Associated with Increased Adherence and
Persistence vs. GLP-1 Agonists, SUs or TZDS

Comparison of adherence and persistence for different antidiabetic drug classes
saxagliptin was the reference drug

19/10/16

More fikely to be adherent Longer persistence
_— —
00 10 20 00 10 20
GLP- [ GLP-1 -
U " SU -
2D " 0 -
EndoDrChen.cor
First Treatment Event During 1-Year Follow-Up
100%
90%
o0% | 319% o 7% B ] e Remainedonindex Drug Class
withNo Augmeniation
0% u Augmented
60% Discontinued- Switched
0% = 5.7% 9.6% Discontinued- No Switch
0% 71% e 7.0% W Discontinued- Discontinued All
30% 19.7% 194% 27% T = Antidiabetic Medications
. o 82%| . 8% ol % |
10%
0%

FulStudy DPPilniitors  SUlnifators  TZD Iniators  DPP-4i niiators: DPP-4i ntitors:
Population Saxaglipn  Stagiiptin

Farr AM. Adv Ther. 2014;31:1287

CARDIOVASCULAR SAFETY
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iDPP-4 + metformina was associated with a lower risk
of cardiovascular disease compared to SU + metformin

15 ECV mortal y no mortal
—— MET+SU
~~~~~~ MET +DPP-4

10 RR ajustada (IC de 95%): 1.17 (1.01—1.37)

Proporcion acumulada de ECV (%)

5
0 1 2 3 4 5 6
Tiempo desde el tratamiento de segunda linea (afios)

Ersson W, e, 1. Ditetes e i Proc 20161173947

Saxagliptin Assessment of Vascular Outcomes
Recorded in Patients With Diabetes Mellitus—
Thrombolysis in Myocardial Infarction

ISAVOR TIMI‘ 53 Stud‘

iance Diabetes Collaborative Teams. Any potential promotional
ind local promotional practices and policies,

&% Bristol-Myers Squibb Astrazenecs®

Kaplan-Meier Rates of the Primary Composite
%

Saxagliptin: 7.3%*
Rate/100 person-yrs — 3.7
HR 1.00; 95% CI, 0.89-1.12
P<0.001 (NI)
P=0.99 (superiority)

Placebo: 7.2%*
Rate/100 person-yrs — 3.7

Patients With Endpoints (%)

0 180

Placebo 8212 7983
Saxagliptin 8280 8071

Hi

K-M event rates are presented after 2 yrs.
R aplan-Meier; Pbo: placebo; Saxa: saxagliptin
BM, etal. N EnglJ 1056/NEJMoa13(

ristol-Myers Squibb Astrazeneca@
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Individual Components of the Composite Endpoints

Saxagliptin Placebo
n (%)* n (%)*
Efficacy endpoint (N = 8,280, (N=8,212) HR(95% Cl) P value

CV death 269 (3.2) 260(2.9) 1.03(0.87-1.2 0.72

M 265 (3.2) 278 (3.4) 0.95(0.80-1.12)  0.52

Ischemic stroke 157 (1.9) 141(1.7) 1.11(0.88-1.39) 0.38

Hosp for UA 97 (1.2) 81(1.0) 1.19(0.89-1.60) 0.24

Hosp for HF 289 (3.5) 228 (2.8)  1.27(1.07-1.51)

Hosp for
coronary revasc. 423 (5.2) 459 (5.6) 0.91 (0. 04)

*K-M event rates are presented after 2 yrs,

BV, et al. N EnglJ Med. 201310.1056/NEMoa1307684,
ristol-Myers Squibb Astrazeneca®

Baseline NT-pro BNP and

Preliminary data (N=12,397 patients; 387 HF events)

mSaxagliptin ®mPlacebo p=0.024 for Q4
10.9%

HR 1.27 95% CI (1.04-1.55) p=0.02

(overall HR for Saxagliptin versus Placebo in those with
baseline NT-proBNP data)

Hosp. for Heart Failure (%]

0.1% 0.1%

at Q2 Q3 Q4
(5-64) (65-140) (141-332) (333-46,627)

Quartiles of NT-proBNP (pg/ml)
Raz | and Bhatt DL. Presented at: EASD; September 2013; Barcelona, Spain.

ristol-Myers Squibb Astrazenecs®

SAVOR and heart failure

* Risk factors:
— Previous history of heart failure
— GFR <60 cc/min
— Microalbuminuria

Scirica B. Circulation. 2014; online Sep 4
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25%

»n
2
B

italization for HF (2yr KM %)
-
=3 o0
g =

Ho:

events/ 1
1000 pt-year

eGFR >
6omi/min

#of excess HHF  N=11637

ARD0.3%

mSaxagliptin = Placebo
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ARD1.6% |

HR 1.38

(1.07-1.71) |

P=001

ARD1.7%
HR1.22
| (086-1.73)
| P=0.27
| ARD1.5%
1 05¢ 59
| ool 15.4%
ARD1.4% 134%
11.7% HR 1.35
10.2! (1.06-1.72)
ARDO0.6% % P=0,02

e@GFR=<60 ' NoPrlor  Prior Heart
mi/min

4855
5

ORIsk  1RIskFactor  2Risk
Factors

{HeartFallure  Fallure Factors
i 14387 2105 10,418 5,188 866
1 6 0 4 9

Scirica B. Circulation. 2014; online Sep 4

ORIGINAL ARTICLE

Alogliptin after Acute Coronary Syndrome
in Patients with Type 2 Diabetes

William B. White, M.D., Christopher P. Cannon, M.D., Simon R. Heller, M.D.,
Steven E. Nissen, M.D., Richard M. Bergenstal, M.D., George L. Bakris, M.D.,
Alfonso T. Perez, M.D., Penny R. Fleck, M.B.A., Cyrus R. Mehta, Ph.D.,
Stuart Kupfer, M.D., Craig Wilson, Ph.D., William C. Cushman, M.D.,
and Faiez Zannad, M.D., Ph.D., for the EXAMINE Investigators™

EXAMINE-analisis post hoc

Al patients History of
pti Placebo ipti Placebo Alogiptin Placebo (n=1917)
(0-2679) (n=762) (n-1930)
Cardiovascular death and hospital  201.(7-4) 0175 107(139) 20057)  94(49) 8142)
admission for heart failure:
Hazard ratio (95% C1) 100(0:82-121) 090(070-117) 114(085-154)
pvalue 0976 0446 0337
P fOr reatment and history o
of heart failure
Cardiovascular death* 12(41) 130(49) 5501) 69(91) 539 6132)
Hazard ratio (95% C1) 085(066-110) 077(054-1.09) 092(064-132)
pvalve 0 0141 0643
Prtve fOT trEatment and history. 0508
of heart failure:
Hospital admission for heart failure 106 (3.9) 89G3) 6362 65(85) 802 2403
Hazard ratio (95% C1) 119 (090-158) 100(071-142) 176 (107-290)
pvalve 0220 0996 0026
for treatment and history. 0068 -
of heart failure:

Zannad F. Lancet. 2015. Online Mar 15
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EXAMINE — post hoc analysis

Proportionwith HHF (%)

99 85
5 38 27
11 11 X
05 0-9 '_|

["Alogliptin | Placebo | Alogliptin ' Placebo | Alogliptin ' Placebo | Alogliptin ' Placebo |
(n=656) (n=652) (n=661) (n=650) (n=628) (n=676)  (n=684) (n=623)
Q1:9-0-30-0pg/mlL Q2:>300-758pg/ml  Q3:>75-8-173-8pg/mL  Q4:>173-8-38797 pg/mL.

HR1.30

HR0.964 HRO514 R1:150
(95%(C10-346-2-685)  (95%C10135-1.963)  (95%(C10738-2509)  (95%C10-802-1.648)
p=0944 p=0330 p=0323 p=0-447

Zannad F. Lancet. 2015. Online Mar 15
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Proportionwith HEF (%)

w o
s w o,
u w7

T Nogipin ™ Picsbo T Aigiptin ™ Pactoo | Algiptin ™ Placebo | Agiptin ™ Pacbo |

(=656)  (n=652) (=661 (=650) (n=628) (n=676)  (n=684) (r=623)
L L ] 8797 pgiml.
HR 0964 HROS14 HR1361 HR1:150
(95%10346-2685)  (95%C10135-1963) OSNUIO7IEIZ00  (95%(10802-1648)
p-0944 0330 0323 p=0447

=Saxagliptin ®Placebo o0 tore

HR1.27 95% CI (1.04-155) p=0.02

all HR for Saxagliptin versus Placebo in those with
i data)

baseline NT-p

Hosp. for Heart Failure (%)

a o
(141-332) (333-46,627)

TECOS: Hospitalization for Heart Failure*

ITT Analysis
x 100 1.
H HR (95% CI): 1.00 (0.83, 1.20)
o 80 P =0.983
s 10
5
2 60
2
E 5
2 40
s o _
g 2 0 4 & 12 [ 30 3% 42 48
K Sitagliptin
0
o 4 8 12 18 4 30 36 42 48
Months in the trial
Patients at risk
Sitagliptin 7332 7,189 7,036 6917 6,780 6,619 4728 3515 2175 1,324
Placebo 77339 7,204 7,025 6903 6712 6549 4509 3443 2131 1,315

* Adjusted for history of heart failure at baseline

Green JB et al. NEJM 2015; DOI: 10.1056/NEJMoa1501352
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Comparison
[ | saor | exawme | Tecos |
N

16492 5380 14724
Age 65.1 61 66
BMI il 28.7 30.2
DM duration 10.3 7.3 1
Hbalc 8.0% 8.0% 7.3%
Caucasians 75.4% 72.5% 68%
Clinical setting High CV risk ACS 43% post IAM
History of HF 12.8% 27.8% 18%
Increase in hHF 0.7% (3.5-2.8%) 0.6% (3.9-3.3%) 0(3.1-3.1%)
ACEi users 53.6% 82.5% 54%
ARB users 28.2% 28%
1. Scirica BM. N Engl ] Med. 2013. 2.zannad F. Lancet. 2015. Online Mar 15

3. Bethel MA. Diab Obes Metab. 2015;17:395
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Meta analysis hospitalization for heart
failure with DPP4 inhibitors

Tasa de insuficiencia cardiaca
(ntm. por cada 100 afios-paciente)

Inhibidor

Estudio deDPP-4 Placebo Raznderiesgos  Razon de riesgos (IC de 95%)
SAVORTIMIS3(56) 171" 136" - 121 (107-151)
EXAMINE (7,8) 269" 228" = 119 (0.90-158)
TECOS (9) 107 109 . 100 (083-120)°
Modelo de efectos aleatorios o 115 (0.98-1.34)
Heterogeneidad: | cuadrado = 42.9%
— 1
05 1 2

10PP4 = nnibi

s do probabiicad

Observational study of 112,888 patients with
saxagliptin and risk of hospitalization for heart failure

There was no increase in hospitalization for heart failure in patients treated with
sitagliptin or saxagliptin, regardless or history of cardiovascular disease

Patients with baseline cardiovascular disease Patients without baseline cardiovascular disease
RR = 0,945 (IC de 95% 0.699-1.278) P = 0.712 RR = 0.990 (IC de 95% 0.560-1.749) P = 0.972

2

03

Stagipina Saagipina — Staglptna. Saxagiptha

15

02

1

05

o

Inido tao 15 2as 25 daks 35 Inido falo 15 abs 25 Gaks

Probabiidad de hospializacion por insufclencia cardiaca
Probabidad da hospializacion por nsuficiencia cardiaca

Timpo desde lriciodel atamiento Tiempo desde el i de ratamento

Fuet. L. Diabetes Core, 201629.726.734
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CNODES

Subgroup

No history of heart failure
Alberta
Manitoba
Ontario
Saskatchewan
United Kingdom
United States

Hazard Ratio (95% CI)

- 057 (0.37-0.87)
—a— 041 021-0.79)
079 (0.66-0.94)
053 (0.19-1.45)
1.10 (0.90-134)
0.98 (0.92-1.04)

Random-effects model - 0.82 (0.67-1.00)
Heterogeneity: 17=75.6%, Tau’=0.0351,
1
History of heart failure
Alberta _ 0.21 (0.03-1.41)
Manitoba —=1— 061 (022-166)
Ontario = 0.85 (0.69-1.04)
Saskatchewan —_— 030 (0.08-1.10)
United Kingdom —8— 091 (0.44-1.90)

United States
Random-effects model
Heterogeneity: 12=66%, Tau?=0.0638,

1.20 (1.03-139)
036 (0.62-1.19)

P=001

Filon K. d 20163741145

01 051020 100

Decreased Risk  Increased Risk

19/10/16

CNODES

Hospitalization for
Heart Failure

Treatment

Two or more oral antidiabetic drugs
Incretin-based drugs
DPP-4 inhibitors
GLP-1 analogues
Duration of treatment with incretin-based drugs
<365 days
365-729 days
2730 days

Filon K. d 20163741145

Case Patients Controls
(N=23,205)  (N=435,777)
no. (%)

3167 (13.6) 51,968 (11.9)
2457 (10.6) 42,706 (9.8)
2228 (9.6) 38,586 (8.9)
231 (1.0) 4,120 (0.9)
1748 (7.5) 28,982 (6.7)
388 (1.7) 7,847 (1.8)
320 (1.4) 5,876 (1.3)

Adjusted Hazard Ratio
(95% Ci)i:

1.00 (reference)
0.82 (0.67-1.00)
0.84 (0.69-1.02)
0.95 (0.83-1.10)

0.83 (0.66-1.05)
0.79 (0.71-0.89)
0.96 (0.75-1.22)

g

%

756
743
0.0

76.6
0.0
393

FDA Safety Communication:

* Saxagliptin and alogliptin may increase the risk

of heart failure, particularly in patients who
already have heart or kidney disease

* Warning about heart failure risk added to the
label for medications containing saxagliptin

and aloglipitn
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Pathophysiology of increased heart

* NPY and PYY are peptides that are

failure

metabolized by DPP4
* They stimulate Y1 receptors that increase BP

and number of cardiac fibroblasts

* In animal models they have shown an increase
in cardiac fibrosis

Doggrell S. Exp Opin Pharmacother. 2016;17(6):757-60
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Sitagliptin ~ Vildagliptin  Saxagliptin Alogliptin Linagliptin
Daily recommended dose 100 mg 100 mg 5mg 25mg 5 mg
Phamacokinetic properties
Oral bicavailability 87% 85% 75% 70% 30%
Volume distribution 1981 711 1511 3001 368-918 1
Fraction bound to proteins 38% 93% <10% 20% 70%
Half-life (T, ) 8-14h 2-3h 22-38h 124-214h 120- 184 h
Kidney excretion 87% 85% 75% 76% 5%
Liver excretion 13% 45% 2% 13% 85%
Proportion excreted unchanged 79% 23% 24% 95% ~90%
Substrate for CYP3A4/5 Low No Yes No No
Active metabolites ND No Yes ND ND
Inactive metabolites ND Yes No ND ND
Phamacodynamic properties
In vitro DPP-4 inhibition 1Cso) 19 nM 62 M 50 nM 24nM 1M
Selectivity for DPP-4 versus DPP-8DPP-9 > 2,600 <100 <100 > 14,000 > 10,000

PANCREATIC SAFETY
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Pancreatitis

* SAVOR, EXAMINE and TECOS evaluated
prospectively and in a predefined manner the
incidence of pancreatitis

* EMA and FDA issue an statement that there
was no increase in risk of pancreatitis

* There is not enough data regarding pancreatic
cancer

19/10/16

Pancreatitis and gliptins

Study name  Pancreatitis / Total Statistics for each study 0dds ratio and 95% CI

Odds Lower Upper
Gliptin  Placebo ratio  limit limit p-Value

SAVOR 17/8280 9/8212 1875 0835 4209 0.128
EXAMINE 1272701 8/2679 1.490 0608 3851 0.383
TECOS 23/7257 12/7266 1922 0956 3865 0.067
TOTAL 52/18238 29/18157 1.786 1.133 2816 0.013

decreased risk increased risk

Tkéc I. Diabetes Care. Early online Sep 22

Conclusions

* DPP4 inhibitors are a very homogeneous class
with small differences between agents

 Saxagliptin/metformin XR is the only
formulation that may be given once daily

* DPP4 inhibitors may have some additional
benefits in kidney and liver

* DPP4 inhibitors must be used with caution in
patients with a prior history of heart failure,
kidney disease or microalbuminuria
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Questions...
chenku2409@gmail.com
EndoDrChen.com
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