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American Diabetes Association

FIRST-LINE Therapy is Metformin and Comprehensive Lifestyle (including weight management and physical activity) O AVOID

THERAPEUTIC
INERT|A REASSESS

INDICATORS OF HIGH-RISK OR ESTABLISHED ASCVD, CKD, OR HF' A (o) REATHENT
REGLLARLY
(36 MONTHS)

CONSIDER INDEPENDENTLY OF BASELINE A1C, )
INDIVIDUALIZED A1C TARGET, OR METFORMIN USE* U ALAN
¥ ¥ @QRUZEMT PROCEED AS BELOW

+ASCVD/Indicators S
+
of High Risk CKD 4 IR "2
= ndicators of high (LVEF <45%) MINIMIZE WEIGHT GAIN OR ISSUE"*
ASCVD rsk (age =55 DHD and WEIGHT LOSS 1
years wilh coronary, Albuminuria® PROMOTE
carabd, or lower=extremity
anery stenosis =50%, ETHER/ SLe TAD=
or LVH) SGLT2 with proven ) :
benefit in this GLF:: ?‘?“'-"t“ .
populationss? good afficacy )
o i saur ¢ s
Iss™ | If A1C above target
SGLT? SGELT2 If A1C above target
OR OR DFP-4i DPP-4i
66 OR | oR | ¥ v TZne S
6 120 TZD
\. . ' TZ0 GLP-1 RA GLP-1 RA with
6‘6 a\l r;ﬂ:d?w:::) ¥ ¥ J ¥ good sfficacy
cing SGLTZ )
S (G progression in for weignt J J
If further intensificat \‘e CVOTss6E If A1C above target loss
is required o pati ‘\06 o 3 If A1C above target
unahle to R ’ * *
Ry 2 ( GLP-1 RA with Continue with addition of other agents as outlined above l K AIC Nb J’
darmornstre CvVD : above target
. _ proven
O\ benefit and/or satety: benefit’ if SGLT2 ¢ \L \l' Insulin therapy basal insulin
= For pationts on & nat tolerated of If A1C above target ] with lowest acquistion cost
For e m y contraindicated If quadruple therapy required, ‘
consider NN XL or SELT2 andfor GLP-1 AA not on
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INDICATORS OF HIGH-RISK OR ESTABLISHELASCVYD, CKD, OR HF*

+ASCVD/Indicators

of High Risk +HF

" Estatlshed ASCWVD

8 |ndicators of high
ABCVD risk (age =55
years wilh eoronary,
caratd, of lower-exdramity

Particularty HFrEF
(LVEF <45%)

artary stenosis =50%,

SGLTA with proven
beneft in this
population®#?

s required or patient is
unable to tolersts GLP-1
AA andfor SGLT2, choose
agents demansirating
CV banefit andior safeby:

B For patients an a
GLP-1 RA, cansidar

adding 3GLT21 with
proven CVD benefit i \"a
and vice versa'
TR \
» DEE-4i If nof ‘\69
GLP-1 RA v

® Basal insulin®
LR

SGLT-2 inhibitors

GLP-1 RAs

Benefit:
empagliflozint,
canaglifiozin,

Renal effects

*

Progression of DKD

Dosing/use considgratiyes*

Benefit:
canaglifiozing,

Y i@

(
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Benefit on renal end
points in CVOTs,
driven by albuminuria
outcomes: liraglutide,
semaglutide,
dulaglutide

= Exenatide, lixisenatide:
avold for eGFR
<30 mL/min/1.73 m’

» No dose adjustment for
dulaglutide, liraglutide,
semaglutide

s Caution when initiating or
increasing dose due to
potential risk of nausea,
vomiting, diarrhea, or
dehydration. Monitor renal
function in patients
reporting severe adverse Gl
reactions when initiating or
increasing dose of therapy.
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Determinants of adherence to diabetes treatment

ﬁé‘
_ BL | mainly get information from religious institution e\.
Diagnos

Level of engagement with doctors

2

imension

Di

| titrate medication
I mainly get my Info from diabetes blog

Test blood glucose more

Gives me materials on classes

>10years
Provider didn't spend enoughtime

teaching me to use meds My doctor texts me

Mostly adherent o
| mainly get information from the pharmacy

My doctor emails me

| mainly get information from nurse
| suffer from hypogly

High | have publicinsurance
behavioral | carb count Syringeshials ar@
adherence  Educator/nutritionist is covered

| mainly getinfo from doctor

My doctor suggests wew%'

| mainly getinform
from hosp&é

| mainly get my

information from health fair
Confident in knowing

%dwith doctor carbs in food

e interest in doing things

Sends me to diabetes educator
Discussedfeeling down with doctor

Gives me materials like booklets

Nutritional guidance covered

Somewhat non-adherent

online

® ame r@se
cemia

\6!%!( me

o\

| have experienced weight gain

Don't understand how to take meds

| mainly get information

I am afraid of ne%\\a(\

éno of excuses for missing
| thipk work

Forget to take meds

eatment plan | o4 an ypsetstomach
| have private insurance

¢ m?@

tl‘! lifestyle

&

Meds too expensive

Dislike thinking of diabetes
impact

Non-adherent

I have little interestin doing things

| amfeeling down

R*=0.868

| experience side effects
Meds make me feel worse

Worry meds willharm me

Low perception
of adherence

Dimmension 1: Adherence

Larkin ATetal., J

of Diabetes 2015




American Diabetes Association

INDICATORS OF HIGH-RISK OR ESTABLISHELIASCVD, CKD, OR HFf
Additional considerations

Progression of DKD | Dosing/use eonsi;ﬁqt oAl

4 R e e
SGLT-2 inhibitors Benefit: Benefit: Benefit: » Renald : U?Aéﬂ! \ () ShouldI: dlscmﬂn::z:m befured arl!)ii |
empagliflozint, empagliflozint, canaglmNQ @ ag 2 :Idskmfor‘m m"‘w potenta
H 1l i ] 5 N
+AS¢$¥|?$H;¥NS +HF canagitfiozin canagifiazin. SO \ :\, li g\ DKA risk (all agents, rare in T2D)

Risk of bone fractures (canagliflozin)

dapaglifiozin dapaglifiozin \:@
Genitourinary infections

! Estathshed ASCVD Partcularly HFrEF
8 |ndicators of high (LVEF qi?%:,

A

ASCVD risk (age =55 {5y r Risk of volume depletion,
years wilh eoronary, X =%
earotid, oo lower-xiremisy o e Ao, \ 6\ hypotension
artery stenosis >50%. P : & 6\ = TLDL cholesterol
ith i A o
hm\;hm I . e‘ = Risk of Fournier's gangrene
population®s

GLP-1 RAs Benefitonrenalend | * Exenatide, lixisenatide:

= FDA Black Box: Risk of thyroid C-cell
points in CVOTs, avold for eGFR tumors in rodents; human relevance
driven by albuminuria <30 mL/min/1.73 m’ not determined (liraglutide,

outcomes: liraglutide,
semaglutide,
dulaglutide

«  Nodose adjustment for albiglutide, dulaglutide, exenatide
dulaglutide, liraglutide, St resetn, Seanhytiion)
semaglutide = Gl side effects common

(nausea, vomiting, diarrhea)

Injection site reactions

Pancreatitis has been reported in clinical

s Caution when initiating or
increasing dose due to
potential risk of nausea,

vomiting, diarrhea, or trials but causality has not been
i i paient dehydration. Monitor renal established. Discontinue if pancreatitis is
uﬁarﬂf t::::.;m GLF‘I\: function in patients suspected.
A andfor SGLT2, choose reporting severe adverse Gl

reactions when initiating or

agerts demonstrali
o increasing dose of therapy.

CW banefit andior safaby:

B For patients an a
GLP-1 RA, cansidar
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GLP-1 RA
® Basal insulin®
nELE b,
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Adverse effects of GLP-1 RA and SGLT?2i

* FDA Black Box: Risk of thyroid
C-cell tumors (liraglutide,

albiglutide, dulaglutide, exenatide

extended release)

= Gastrointestinal sid@jélgf%gl@

common (nausea,xOmiting,”
diarrhea) @Qﬁ%@\a
* Inj weactions

* Jhelite pBiicreatitis risk

(canagliflozin)

= DKA risk (all agents, rare in
T2DM)

= Genitourinary infections

= Risk of volume depletion,

hypotension
*  LDL cholesterol

= Risk of Fournier's gangrene




Adverse effects of GLP-1 RA and SGLT?2i
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Adverse effects of GLP-1 receptor agonists
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Adverse effects of GLP-1 receptor agonists
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Gastrointestinal Adverse effects of GLP-1 receptor agonists
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GLP-1 RAs Abbreviation Clinical dosage Explanation of dose-arm
< Do

Albiglutide Albi Albi30Q2W 30mg once biweekly -— % AbS0OM

Albi30QW 30 mg once weekly ' '

Albi5S0Q2W 50 mg once biweekly \ t

Albi5S0QM 50 mg once monthly »
Exenatide EX EXS5BID 5 ug twice daily AlbiS0Q2W

EX10BID 10 pug twice daily

EX2QW 2mg once weekly :
Liraglutide LIR LIR0.6QD 0.6 mg once daily o Alb:30QW

LIR1.2QD 1.2 mg once daily

LIR1.8QD 1.8 mg once daily O\’\ .
Taspoglutide TAS TAS20Q2W 20 mg once weekl ? D - L .

TAS20QW 20mg once bi@ \ Q ' Albi30Q2W

TAS30QW 30mg oncEwe e S .
Lixisenatide LIX LIX20BID 2 | aily (\la\

LIX20QD nce dapy\

LIX30BID ? 3d g twi LIX20QD .

LIX30QD ? P\ 30 ugownde’ daily TZ2D
LY2189265 LY LYO.5/1.08V3 %‘\ ?once weekly for 4 weeks, then 1.0 mg

once weekly for 12 weeks ' . _
E0QW \\G( 1.0 mg once weekly for 16 weeks LYD.5/1.0QW \ ' f .,‘ £~/ TASI0QW
Q .OIZQOQQ 1.0 mg once weekly for 4 weeks, then
2.0mg once weekly for 12 weeks
. . (] ALY \ )
5\\\\‘Q el \© LY1.02.0QW 3 A TAS20Q2W
Met

Sun F et al.,, DIABETES TECHNOLOGY & THERAPEUTICS 2015



Gastrointestinal Adverse effects of GLP-1 receptor agonists

S
T — S —— R SU———— S W <L —
Comparison Odds Ratio (95% Crl) ! Comparison Odds Ratio (95% Cr) ! Comparison ‘\ . Odds Ratio (95% Crl)
mmzw vs placebo - 2.77(0.692,10.6) ' Abi30Q2W vs placebo St 3.32(0.415,232) : Abi30Q2W vs . Q = 3.06(0.871,10.8)
Abg300stphceho T 317(0.749,122) : AIbi30QW vs placebo ——— 551(0.783,39.1) : Albi30QW . \6\\ —_— 227(0.549, 86)
AbIS002W vs placebo —— 111(304,402) ! ABI5002W vs placebo —e—  154(276,914) i \ PlacehgOON" ————  220(0605,825)
AbiS0QM vs placebo ——  504(14,183) : AlbiS0QM vs placebo —_— 7.37(12,458) P Vs san mmn i 224 (0.578,8.02)
EX10BID vs placebo - 67(489,933) ; EX10BID vs placebo + 6.42(393,109) «:\e\ 10 - 213(1.55,2.95)
EX2QW vs placebo == 246 (145,4.13) i EX2QW vs placebo - 333(154,747) G . lacebo == 222(1.44, 36)
EX5BID vs placebo == 317(194,522) i EXS5BID vs placebo - 554(257 6 6 D vs Placebo i 194(12,323)
Insulin vs placebo —-— 0274 (0.156, 0.462) i Insulin vs placebo -3 88 (0.4 Insulin vs Placebo =gr 0.748 (0.477,1.18)
LIR06QD vs placebo —s— 357 (156, 854) g LIROGQD vs placebo gag@ LIR06QD vs Placebo —— 232(1.33,4.24)
LIR12QD vs placebo —— 53(286,102) ! LIR12QD vs placebo d 0282 ; LIR12QD vs Placebo —o—  346(214,631)
LIR18QD vs placebo o 534(321,9.02) i LIR18QD vs placebo +06 | LIR18QD vs Placebo e 37(247,594)
LIX20BID vs placebo —e—  522(149,189) i LIX20BID vs placebo \ ! LIX20BID vs Placebo e 1.74(05,558)
LIX20QD vs placebo . e 553(372,8.17) : LIX20QD vs phcebo \, g 3 42 1 1 4) ; LIX20QD vs Placebo o= 1.52(1.06,2.23)
LIX30BID vs placebo —— 011(276,318) i mgmn vs pla —e(@ 3 75 (0.302, 34.8) i LIX30BID vs Placebo ——— 493(1.75,147)
LIX30QD vs placebo —— 10.1(292,352) i S e—  272(458 193) i LIX30QD vs Placebo :I: 1.07(0.227,3.88)
LYOS10QWvsplacsbo ~ ——— 204 (0415,106) ; Ly a—— 165(0.148, 20.5) i LY0510QWvs Placebo 0.983 (0.23, 4.45)
LY1010QW vs placebo ————  258(0552,136) | 2N - 0402(000044 908) |  LY1010QWvsPlacebo ——o+—— 0.761 (0.15,3.85)
LY1020QW vs placebo i 202(0.424,10.1) -?Q 0 4 45(054,538) | LY1020QW vs Placebo —T*——  1.99(0.521,8.35)
Mﬂ Vs placebo —— 1.28 (0.455, 3.63) P‘ o 3.11(0.746, 13.9) : Metvs Placebo —— 3.07(1.41,724)
Stagiptnvspacebs  —or 0.798 (0.375, 1.68 ?\ p,,mphcebo Pl 160576, 462) | Stagiptinvs Placebo —— 116(0.651,2.17)
SUvs placebo e LIRGALNE 5 0 SUvs placebo - 113(0432,3.13) |  SUWFPmoso i 1.37(0.83,241)
TAS20QW vs placebo ﬂ 142)\6 TAS20QW vs placebo —— 156 (6.91,37.3) . TAS20QW vs Placebo —o— 167 (1.04,273)
TAS30QW vs placebo 39@) ! TAS30QW vs placebo —o— 517(7.07, 415) | TAS30QW s Placebo ——*——  26(0656,9.76)
TZD vs placebo = 9 WDwpacbo P 110(0425, 338 {  TDwPhcsbo o i e L
01 . \\13 E( ‘&) : 0009 1 500 i w : >
1 ]
\@Q(?usea o &vcn) ; Vomiting OR (95%CI) g Diarrhea OR (95%CI)

DIABETES TECHNOLOGY & THERAPEUTICS 2015

Sun F et al.,



Gastrointestinal Adverse effects of GLP-1 receptor agonists

S
A 100 - 14 \6@9\

Nausea Vomiting Diarrhea % 90 1 %ﬁ 1 Sel:;l-asqlutide f‘d";;llltidﬂ SeT-a:)glutide Dull.i.ssglutide

Treatment ~SUCRA Rank SUCRA Rank SUCRA Rank g i, , (ot ey s e
< c 3 N¢ of patients Ghéo 60 [108

AIbi30Q2W 03940 17 03784 17 06488 6 : o0 3 . wm{:{g{{?}\ ;\é\:,“\\ o E——
Albi30QW  0.4436 13 0.5072 14 0.4848 14 5 507 £
A1b15082W 0.8188 2 0.7652 4 0.5572 10 E 40 4 Z \‘@ \\ 127 (87-6) 34 60 (90-9) 51 147 (76:6) 48 84 (778)
AlblSOQM 05828 11 06076 7 05484 11 E 30 4 0 5 10 15 20 25 30%59 Mo é\g\e'a 11 12 (83) o 6 (91) 22 42 (21.9) 16 21 (194)
EXIOBID 0.7144 6 05728 9 0.5316 12 . Observatiog g S\ s s @1 o s 3 @ 3 3 o
EX2QW 03220 18 03448 19 05732 9 2 1o \,3 e o
EXSBID 03976 16 0.5164 13 04712 15 £} > »

Insulin 0.0004 26 0.0604 25 0.0644 26 | 1'66 2 )
LIR0O.6QD 04420 14 05372 11 05908 8 \m Obse@pn e (weeks)
LIR1.2QD 06132 9 05708 10 0.7828 3 e P, A
LIR1.8QD 0598 10 05848 8 08072 2 . = ??’ y 6@5&" Tme TS ams TR e
LIX20BID 0.5800 12 0.6820 6 04328 16 32 &P‘ 5\
LIXZOQD 06256 8 0.5348 12 03480 18 o \?; \@? Semaglutide Dulaglutide Semaglutide DI ET T
LDGOBID 07364 3 04120 16 08476 1 pEV | 0@ 1 D o D
LIX300D 07936 3 08460 2 02504 ?g 3 6»;\9 52 myp— — — —
LY0.5/1.0 03056 20 0.2416 20 0.22 (@GO_ §s with event (€] (54 frel sl ol
LYIO/IO 04072 15 00312 @ @ 9 50 - éﬁg ’ n E (E%) n E (E%) n E (E%) n E (E%)
I'MYetl'O,Z‘O g?égg é? 83234 ég. 48 G % 40 - . Mild 25 39 (76:5) 11 15 (93:8) 18 25 (5211) 18 22 (55:0)
SU 00744 e) 12 19 s 30 0 5 10 15 20 25 30 35 40 45 Moderate 6 7 (137) 1 1 (6:3) 13 21 (43-8) 11 16 (40-0)
Sitagliptin 0.0880 %% 0.2292 21 _é 20 4 Observation time (weeks) Severe 4 5 (98) O 1 2 (42 2 2 (50)
TAS20Q2W 06948\\1 06580 5 5 |
TAS20QW g? i? 3 0.3900 17 2 |
TASBOQ ‘\& 0. 8852 1 0.5952 7 ’ 0 5 10 15 20 2l5 3.0 3l5 4lO 4l5
TZD 0.0368 25 0.1216 22 0.0648 25 Sheervation time (week)
Placebo 0.1360 22 0.0848 24 0.1428 24

——Semaglutide 0-5 mg ——Dulaglutide 0-75 mg ——Semaglutide 1-0 mg ——Dulaglutide 1.5 mg

Sun F et al., DIABETES TECHNOLOGY & THERAPEUTICS 2015, & Pratley RA et al., Lancet Diabetes Endocrinology 2018



Gastrointestinal Adverse effects of GLP-1 receptor agonists

C
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Nausea Vomiting Diarrhea \.abe
Treatment  SUCRA Rank SUCRA Rank SUCRA Rank 2 6\0\\ \\.
AIbi30Q2W 03940 17 03784 17 0.6488 6 6\'\9(\ T\
Albi30QW 04436 13 05072 14 04848 14 b\\» S\
Albi50Q2W 0.8188 2 0.7652 4 0.5572 10 '\e\ \\6
AIbi5S0OQM  0.5828 11 0.6076 7 0.5484 11 500 ‘ d\\’a
EX10BID 0.7144 6 0.5728 9 05316 12 166 - o\

EX2QW 03220 18 0.3448 19 0.5732 9
EX5BID 03976 16 05164 13 04712 15
Insulin 0.0004 26 0.0604 25 0.0644 26
LIR0.6QD  0.4420 14 05372 11 0.5908 8
LIR1.2QD 06132 9 05708 10 0.7828 3
LIR1.8QD  0.5968 10 0.5848 8 08072 2
LIX20BID 0.5800 12 0.6820 6 0.4328 16

Semaglutide Dulaglutide Semaglutide Dulaglutide
0-5 mg 0-75 mg 1-:0 mg 1-5 mg

o
o
patients

hrrhoea (%)

(n=301) (n=299) (n=300) (n=299)

Ne° of patients

with event [E] 43 [79] 23 [42] 41 [96] 53 [75]

ghjon of

n E (E%) n E (E%) n E (E%) n E (E%)

wgd

atients with diarrhoea (%)
~J
(=]

Mild 32 62 (785) 19 33 (786) 33 76 (79:2) 41 61 (81:3)
k%%ggl% g-gggg g 8:2?3(8) %é 83322 \e 0 S 10 15 20 25 30 35 40 45 Moderate 14 16 (20:3) 6 8 (19-0)0 12 198 {19.8) 11 12 (16:0)
LIX30QD 0.7936 3 0.8460 2 0.2504 ?gl? Obeervationtime (weeks) Severe 1 1 @3 1 1 (24 1 1 (10 2 2 (27)
LY0.5/1.0 0.3056 20 0.2416 20 0.22 @0
LY1.0/1.0 04072 15 0.0312 @ O -
LY1.020 03184 19 0.4584 48 et S
g/lét 8(1)'?22 21 0 348 ég‘ e) 12 19 Observation time (weeks)
Sltaghptm 0.0880 é% 0.2292 21 ——Semaglutide 0:5 mg ~——Dulaglutide 0:75 mg ——Semaglutide 1:0 mg ——Dulaglutide 1.5 mg
TAS20Q2W 06948 \\l 0.6580 5
TAS20QW i? 3 0.3900 17
TAS30Q \ 0. 8852 1 0.5952 7
TZD 0. 0368 25 0.1216 22 0.0648 25

Placebo 0.1360 22 0.0848 24 0.1428 24

Sun F et al., DIABETES TECHNOLOGY & THERAPEUTICS 2015 & Pratley RA et al., Lancet Diabetes Endocrinology 2018



16 - @™
Proportion of subjects with nausea by week and treatmen @6\ \\35\
—~ . ’{0\ o\ %
S 1o 500\6 \d\’\’a\\
o 10 - N 2°
O Q \
U g - .t
Q \
3 _ O\’ g@
AP
4 - \ p\?/\" \(\9\
‘ K21 o9
2 A A AR
RS =EA ""“ Mm R VAN
0 (e [ e&e \v I I 1 1
\\\?39 & eN9l6 24 32 40 48 56 64 72 80 88 96 104
o\ < i
O\?’QO 12 Time (weeks)

—&— Liraglutide 1.2 mg —®— Liraglutide 1.8 mg —@— Glimepiride

Garber et al. Diabetes Obes Metab 2011




Nausea with liraglutide is transient

"D
: : : O
Proportion of subjects with nausea by week and treatment 0\@‘06
- safety population 66\ \2
\\ (o)
> R o
o
_ 20 600\6 \6\\
> 18 ,a\\a as—Exena‘rlde 10 pg BID
b 16 - —— Liraglutide 1.8 mg OD
3 14 -
9 12 -
w 10 -
o
s 87
§ 6 7 *%% 50,0001
5 0] @
a Gf(a \3\‘
(dﬁ) AN | | | | | | | | I I I |
‘&\\‘99 \Ge\\@ 2 4 6 8 10 12 14 16 18 20 22 24 26
o> ?6‘ \ Time (weeks)

Q\?OOOI for treatment differences (estimated treatment rate ratio for liraglutide vs. exenatide, 0.448)
Data are number (%) of patients exposed to tfreatment (safety population)

Buse et al. Lancet 2009;374:39-47 (LEAD-6)



Proportion of subjects reporting GI AEs

Comparator:
Background:

Treatment dur. (w):
Baseline BW (kg):

Proportion of subjects (%0)

005

éﬂfé S oN To BAsAL
MONOTHERAPY ADD-ON TO OAD 6\ &NSULIN
Placebo! Sitagliptin? Placebo3 Exenatide ER*  Dulaglutide! Liraglutide 9(\ Placebo®
N/A MET=TZD SGLT-2i 1-2 OADs MET 1-3 5\ T+SU Basal insulintMET
tMET+SU  (MET/TZD/SV) MET{
30 56 30 56 40 o \\ 30 30
91.9 89.5 91.7 95.8 95 25 %\Qéu 93.4 91.7

100 -

80 -

60 -

40 A

20

5\‘\‘

SUSTAIN 2 SUSTAIN 9 SUSTAIN 3 SUSTAIN 7 SUSTAIN 10 SUSTAIN 4 SUSTAIN 5

%

O\@QO ? BSemaglutide 0.5 mg  BSemaglutide 1.0 mg ®Placebo WSitagliptin 100 mg  ®Exenatide ER 2.0 mg

®Dulaglutide 0.75 mg  ®Dulaglutide 1.5 mg BlLiraglutide 1.2 mg WIGlar

ren B et al. Lancet Diabetes Endocrinol 2017; 3. Ahmann AJ et al. Diabetes Care 2018; 4. Aroda VR et al. Lancet

Diabetes Endocrinol 2017; 5; Rodbard HW et al ..T Clin Endocrinol Metab 2018; 6. Pratley RE et al. Lancet Diabetes Endocrinol 2018; 7. Zinman B et al. Lancet Diabetes



Gastrointestinal Adverse Events with Semaglutide

"D
Event Semaglutide 67\ o
SO
0.5 mg 1.0 mg @Oﬂ '\\’&\\ 1.0 mg
(N =826) (N=822) \‘0\\ =@2§ (N =825)
numwp (percent)
Adverse event leading to treatment 95 (11.5) d\i@(%@ﬁ?‘ 47 (5.7) 63 (7.6)
discontinuation \ el A\ °
O\’ g@
Nausea (@py? Q\@° 38 (4.6) 2 (0.2) 2 (0.2)
Vomiting }f’%‘@p 23 (2.8) 3 (0.4) 2 (0.2)
Diarrhea a?‘ O(\el% (1.8) 19 (2.3) 5 (0.6) 2 (0.2)
Gastrointestinal disorder%(a\a 6‘5 419 (50.7) 430 (52.3) 294 (35.7) 290 (35.2)
Diarrhea @Q@Q&\\e‘e 148 (17.9) 151 (18.4) 98 (11.9) 87 (10.5)
\
NauseaQo%\“ ee ¢ 143 (17.3) 180 (21.9) 62 (7.5) 67 (8.1)
\O
iting 87 (10.5) 122 (14.8) 43 (5.2) 34 (4.1)

Marso SP et al., NETM 2016



Adverse event overview

Add-on to

Monotherapy! Vs sitagliptin? Vs exenatide Vs IGlart Add-on to Vs dulagluti-'es S6LT-2i Vs
SUSTAIN 1 SUSTAIN 2 ER3 SUSTAIN 4 basal insulin® SUSTAIN 7 = : 5 bl liraglutide
SUSTAIN 3 SUSTAIN 5 Vs placebo SUSTATN
SUSTAIN T
Proportion of 97
subjects (%) 30 weeks 56 weeks* 56 weeks* 30 weeks 30 weeks 40 weeks 30 weeks 30 weeks
Sema PBO Sema Sita Sema Exe Sema IGlar Sersa =0 Sema Dula Sema PBO Sema Lira
05 10 05 10 100 10 20 05 1.0 .5 .0 05 10 075 15 [10 10 1.2
mg mg \ A\ mg mg mg mg mg mg
AEs
Serious AEs

Discontinuation

due to AEs 6 5 2 8 10 Q:P‘ . S
2 o\O
g(

oiscrtmatin 43 ‘139’0\‘7’@891 6 3350250562570 8 4
AES w2 et

. Sorli C et al. Lancet Diabetes Endocrinol 2017; 2. Ahren B et al. Lancet Diabetes Endocrinol 2017; 3. Ahmann AJ et al. Diabetes Care 2018; 4. Aroda VR et al. Lancet
Diabetes Endocrinol 2017; 5; Rodbard HW et al. J Clin Endocrinol Metab 2018; 6. Pratley RE et al. Lancet Diabetes Endocrinol 2018; 7. Zinman B et al. Lancet Diabetes




Adverse effects of GLP-1 receptor agonists
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Liraglutide and exenatide had no effect on overall pancreas weight or
on acinar or duct cell mass or proliferation R

Male ZDF rats

%l?\ZDF rats
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Vrang et al. Am J Physiol Endocrinol Metab 2012




Exenatide does not evoke pancreatitis and attenuates chemically induced
pancreatitis in normal and diabetic rodents

.
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Tatarkiewicz K, Am J Physiol Endocrinol Metab 299: E1076-E1086, 2010




Rodent and monkey toxicology studies

No evidence of cellular metaplasia or ductal hyperplasia 6\0\‘

\
2
. . .
* Macroscopic: no signs MICE (104 weeks)
. . . . I. 0.03 0.2 1.0
+ Microscopic reaice (ranaraen |0 L% | 2] o
— No pancreatitis in rats or monkeys No. examined 79 \?7 2\ g?(e D6 79 79 67 66 66 76
" . No. with mi i '
— Pancreatitis equally distributed el O%d\)' 260(\\‘ 1 1 10 3 3 3 3

across groups in mice and not RATS (104 weeks)

the cause of death for any animal Liraglutide- (R kasdad 0.075 0.25 0.75 0.075 0.25 0.75
g = (rg/kg/day) [0.5] [2.4] [8.1] [0.5] [2.4] [8.1]
50 49 50 50 50 50 50

Semined\(\¢ 50

Ad gl

66@*0 W tgiicroscoplc 0 0 0 0 0 0 0 0
%a:
6(0\'6 \6\‘ MONKEYS (87 weeks)
5@ e [ e T T T I AT

%\\\\!6 ((\Oe No. examined 5 5 5 5 4 5
ge® ¢ wwhmeesope oo oo o o

Number in [ ] indicates x fold human exposure of 1.8mg QD

Nyborg et al. Diabetes. 2012;61:1243-1249.




Pancreatitis, Pancreatic, and Thyroid Cancer w/ GLP-1-Based Therapies

. A\O
—39&_“& .

Pancresttis, axenatle _ 6\0\@‘0':{ e
N (\6 ‘\:Ia\‘\a‘
ﬁnnruugéfﬁm_\\a\\a é\d\i cweer P2 ]0
6\6’%0\\6\\6
Methods: Search of US Food and Drug ™3 “.ma?g\e* | o - Pl
Administration's database of reported 4@ e®
adverse events for those associated,\e"* pOV°  PNANETRT I M
. : : ) . oQ |
\N.|1-h the.d|pep1-|dYI pe.pfldaseéww g@ “mdmﬂ.:i:.l-ﬂﬂ' : . PR S
sitagliptin and exena‘rldewg,\/‘ @(\a\e |
from 2004-2009 R ot Thprcil cancer: SRS | e fro e et
0% (o
.a('a\‘a \6\‘6( Al gther cancars, axenatide _ e | peay
(GQ e‘e ¥ 5. conirols |
RN |
o pet © M s s g o
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Marked Expansion of Exocrine and Endocrine Pancreas With Incretin Therapy in Humans With Increased
Exocrine Pancreas Dysplasia and the Potential for Glucagon-Producing Neuroendocrine Tumors

Q\a .
Clinical characteristics of brain-dead organ donors X

tion o . <
Case (yigafs) Dm(years)f oM Sex (ﬁ% LT \0 X Cause of death
8167 74 1 F 39 (\@‘ My 0\‘\ ICH/stroke
6136 6 s M N T 1CHstroe
6189 19 26 R \\@i R mett'orrmIl, glipizZide  Stroke
. = = » % O iy " e
Study subjects. All pancreata were . %Oo\ d\\fg\ PRI
procured from brain-dead organ donors S \\’52 aé\ BO
. l?; M 30 Insulin Gunshot wound to head
by the JDRF Network for Pancreatic oo ed\)’ia o‘\\‘ Fooom o N Canorasear
Organ Donors with Diabetes (nPOD) ‘"’“” C ’c)(%\ ‘]_j Foom N - ﬁﬁﬁ:%ﬁ
o . o E rmin, noncompliant yxiation
coordinated through the University of ?O S @Q 3 M. 3 Metormin ICHistroke
. . . . . P‘ @ 45 20 F 40 Insulin Cardiovascular
Florida in Gainesville, Florida SRR i i 12 S S
P\e \(\‘a 6149 39 20 F 29 Insalin Ot
P?? O(\g NI’)"I'EHII (SEM) 40 (4 33 35 (2)
69?\ X0 oo . FooB e
D \‘eﬂs o @ M @ Posbe ek oaens
2% _\a o 5 roou et e
(GQ (G 6022 75 M 31 Cerebrovasculanistroke
Q \|6 6034 32 F 25 Head trauma
. '\16 ‘ Ge 6060 24 M 33 Head trauma
\\\ (\ 6097 13 F 36 Cerebrovascular/stroke
0°" et i i yoon oot T ke
O\@Q 6158 40 M 30 Head trauma
G165 45 F 2b Cerebrovasculay/stroke
Mean (SEM) 45 (5) 30 (1)

DEA, diabetic ketoacidosis; F, female; [CLL intracerebral hemorrhage; M, male.

Butler AE,..., and Peter C. Butler, Diabetes 2013



Marked Expansion of Exocrine and Endocrine Pancreas With Incretin Therapy in Humans With Increased
Exocrine Pancreas Dysplasia and the Potential for Glucagon-Producing Neuroendocrine Tumo‘r'%

150 9 5-

o i :
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50- ev\%‘?
1:: T T P\e\/ ~ . (\,a\e T T T
® & ¥ P\?‘? ) SR
- Endocrine pancreas are markedl@s@n?ﬁr'@oa\d)ﬁebM-I individuals,with increased exocrine cell proliferation.

() S
29 N
- Alpha-cell hyper'pIasig@@ﬁwet{@é@docrine tumor and microadenoma formation consistent with chronic inhibition of glucagon
secretion by GL’E\- 2 © \06\‘6

W et b
3 Thesg)ﬂ'@Q%gs Ie?deaddi’rional weight o concerns regarding the effects of long-term GLP-1-related therapy with respect
to unintended proliferative actions on the exocrine pancreas and now also a possible increased risk of neuroendocrine fumors.

Butler AE,..., and Peter C. Butler, Diabetes 2013




The...Butler's Study

Age Duration of DM BMI .2 0C

Case (years) (years) Sex [kg-"mz} Treatments A\ @.‘l@s&\ ,{)f death
DM N LN

6157 74 1 F 39 Januvia VA ke

6185 16 15 M 41 Januvia, metformj f() ‘6@ oxia

6186 68 5 M 21 .Ianum m,@\\ ICH/stroke

6189 49 26 F 36 zide Stroke

6199 53 20 M 30 .Ianu ICH/stroke

6194 47 13 M 24 d\¥&1 8bVoLog, Januvia  ICH/stroke

68 15 M 33 OG met["crrrmn Stroke

G206 hY 10 M wa metformin Stroke

Mean (SEM) 58 (4) 12 (3) 333(56
e ﬁ £

a9 Insulin unshot wound to head

BO5Y 15 {I.S P\e ﬁ\ None Cardiovascular

6108 57 \ :sn:] Metformin ICH/stroke

6110 20 ?\g (\e F 40 None ICH/stroke, DKA

6109 48 ?\0 F 33 None ICH/stroke, DKA

6114 (6\6 \\G M 31 Metformin, noncompliant Asphyxiation

6124 e M M Metformin ICH/stroke

6127 Q( \\e‘ m F 30 Insulin ICH/stroke

5133 \\19 Qo 20 F 40 Insulin Cardiovascular

?e( 37 1.5 F 45 None Seizure
14 F 3 None Bacterial meningitis

@149 39 20 F 29 Insulin ICH/stroke

Mean (SEM) 40 (4) 8 (3) 35 (2)

Butler AE,..., and Peter C. Butler, Diabetes 2013




Reanalysis of study of pancreatic effects of incretin therapy:

methodological deficiencies §o-
e — e e\
80 - Conclasions of Butler paper Ohar reanalysis ()'\‘3\0
o ’ .
70 1 .- o Approximately torty Une outlier pancreas skewed 2 o\ \‘\a)\
o o percentage increased data; others are within norm \‘\6(\ . 6\\'6
60 - ® - © : . o\
pancreatic mass in T2D range. T2D control HELY: A
< 50+ ; with incretin therapy have included %}6@)@3‘ \\_@\\6
E """""""""" g """ ‘g compared to T2D controls with lower gag mggﬁ
< Increased exocrine P‘m]ifer{' Seen
30 - g o proliferation f exgl®Wely in PanINS,
(o] \ S Owh.itébém more frequently 200 A '
= 8 O\’ @%{ increasing age. The
o N
10 - $ e\ Q' treated group was older than  _
6 \e I
)\ controls = B
T2D+l T2D ND PanIM ocourrence increases with @ o
age with few seen under age of 2 . o 00
40, and the treated group was é M1t -—- Y I 8 — - "gg'd
,a(a older than controls E ™ o o
(GQ * Problematic  morphometric E e
%Y s ~S due i 50 1 Q
. \“\] (\(‘, measurements dug m part to
) QOs ?G‘ variable intensity of staining
0\6 * Similar findings in age-matched 0
non-incretin-treated subjects T2+ 120 ND

S. Bonner-Weir & 6. C. Weir Diabetes, Obesity and Metabolism 16: 661-666, 2014



Reanalysis of study of pancreatic effects of incretin therapy:
methodological deficiencies

Conclasions of Butler paper Char reanalysis 0‘\0\06
— . \ R\
Ocourrence of Probably an incidental finding ‘ (\'3 6 \'\a)
; ince 10% of fro NI
E]umgﬂn_emregs]ng slnce (6] PANCreases mnn . \\a 6\
neurcendocrine tumour subjects over 60 years have 6\6 \E
silent endocrine tumours \’\.6
B cell mass increased sixfold - B oy b f T2D \ }
= ] : Ppropria ort o
in incretin-treated subjects controls (only 6agematched %@\Téﬁé haT The da-l.a
compared to TZD T2D) with some snbjec,ts ]:r b, C

ey w ‘paper have serious
ugv@\‘?muung methodological deficiencies

im0 fiﬁ;ﬂé@ﬁﬁ;gﬁjﬂ that preclude any meaningful
glucagon o ﬂ‘?%@aﬁ‘e were not in nPOD database conc I us io ns.
N O
O\@QO% ?

S. Bonner-Weir & 6. C. Weir. Diabetes, Obesity and Metabolism 16: 661-666, 2014



Pancreatitis incidence

in the general population X
« EU: 0.05-0.5 cases per 1000 healthy person- . e{a\@\‘\a@%\
years! oS P \CASEER
> 4 g
« USA: 0.4-1.9 cases per 1000 60\6 et § 30
healthy person-years2-> @\ s £
k O\’\ GAQ@ A / E o 2.5
$§ ' 2 20-
Pancreatitis incidence in , g3
heople with type 2 diabetes P‘ ' \ _1“3’%) 1.5
. Pcm nasdwq&(ﬁ'pe 2 diabetes have a 1.5- to 3- A
gh@r risk than the general population?67 £ o5
05\\\ 0?5 ’ro 5 6 cases per 1000 patient-years® 0o
O\@Q

/

1. Vadav et al. Pancreas 2006; 2. Noel et al. Diabetes Care 2009; 3. Frey et al. Pancreas 2006.4. Fagenholz et al. Pancreas 2007; 5. Garg et al. Diabetes Care 2010;6.

Girman et al. Diabetes Obes Metab 2010; 7. Lai et al. Am J Gastroenterol 2011



Diagnosis of acute pancreatitis "
\‘@Q\ ’
&

O

. OV

The Atlanta classification 2013 ’aﬂa‘d“g ot

. 06\6’\;6\\6\\9
* An algorithm that is frequently used to gtm@wg‘% acute pancreatitis

depends on 2/3 of the following cggw‘(@@(\\xe

p?o\f\ e%?

- . W o\
—characteristic abdomm%ngﬁr%é\(\a\e
—23-fold elevation %&@h&(&@g@‘(\)r lipase

—positive imagg(@\"b 6‘I*lr?é%pancreas (CT/MRTI scan)
(G \‘G‘e

. \\"\\]'3 \C

Banks et al. 6ut 2013;62:102-111



Risk of Pancreatitis with GLP-1 RA
ﬁeﬂe@i

0.1 1.0 10.0 N trials MH-OR, 95% Cl p . 6\0
Placebo —- 13 0.78 [0.52;1.17] 0.23 6\0\ \\
. 6 . \ ‘
ot ‘(5\\9\
insulin ' 1 | 9 1.61 [0.56;4.62] 0.38 . \\0 e\
Y IERNA
. 0% ™
Sulfonylureas ; ' : 4 1.91 [0.43;8.57] 0.40 6 \d\
N2
Glitazones : . | 4 111 [0.23;5.39] 0.90 d\)a ‘\]G( _
Oe 01, (‘.(\ 1.0 10.0 100.0 N trials MH-OR,95% Cl  p
S \ e
DPP-4 inhibitors ' t | 5 1.49 [0.27;8.33 @\,\ %\@@06 25 0.93 [0.65; 1.34] 0.71
W 5 VO
Favours Favours 6
GLP-1RA comparators P\e\/e ‘\(\‘a\e Albiglutide ' . ‘ 4 5.01 [1.06; 28.61] 0.040
P‘?? e 0(\g Dulaglutide . | 4 060  [0.10;357] 057
6@ %'\O(\ Exenatide b.id. : ® : 4 2.30 [0.46; 11.52] 0.31
‘3‘6\6 \ 3\‘6( Exenatide OW | : 2 1.03 [0.11;9.39] 0.98
Q(GQ \‘e(e Liraglutide 8 0.87 [0.51;1,51] 0.63
O\@QO% ?e( Lixisenatide et 5 0.72 [0.32;1.66] 0.45
Favours Favours
GLP-1RA comparators

Monami M et al., DOM 2017



Risk of cholelitiasis with GLP-1 RA

Study name Statistics for each study

MH odds Lower Upper

ratio  limit
Seino 2010 0,16 0,01
Zinman 2009 0,16 0,01
Diamant 2012 0,32 0,01
NCT00976937 0,34 0,01
Grunberger 2012 0,36 0,01
Bergenstal 2010 0,41 0,02
Ahrén 2014 0,47 0,02
Marre 2009 0,75 0,12
Miyagawa 2015 0,76 0,03
NCTO01064687 0,76 0,03

Marso 2016 (SUSTAIN-6) 1,23 0,76

Marso 2016 (LEADER) 1,37 0,95
Weissman 2014 1,44 0,06
Pratley 2011 1,48 0,06
NCT01648582 1,48 0,06
Umpierrez 2014 1,50 0,06
Garber 2011 1,50 0,06
NCT01644500 1,52 0,06
Pfeffer 2015 (ELIXA) 2,00 0,81
NCTO01149421 2,49 0,1
Blonde 2015 2 53

Heine 2005

Inagaki 2012

Araki 2015 G 3,00 e&é

Sanie (\é@‘ o8

‘ 6@& ‘@G‘ 1,30 1,01
Ov

P<0.001; Kendall’s tau: -0.19; p=0.16

>
6\6@9

MH odds ratio and 95% Cl GLP-1 RA ® tor
Relative Eyents Pat.'ents emts Pat ts
limit Z-Value p-Value weight \
403 111 0268 < 063 0 \\ ROV 132
404 -1,11 0,268 “ 0,63 g\a 5\ 175
7,84 -0,70 0,483 . 08B 07 | 1 223
835 -066 0,507 O\@%a . 6\\91 1 161
9,09 -062 0,532 60 0,62 29 1 32
860 -057 0,566 \2 160 2 381
979 -049 065 6\ e % 0 O 302 2 710
- 201 3 695 2 346
1677 017 086 (\)‘é\a G{\le( 063 ! 20 0 70
18,72 -0,17 0,866 Sem 0,63
1,09 085 0,394 \ o 6\ 2 2813 38 1,648 31 1,649
197 167 0,096 \ (o) 47,88 68 4,668 50 4,672
3545 022 0,824 a 0,63 1 504 0 241
36,43 024 0,811 &P‘ ARy 063 1 446 0 219
gg,ei 8,25 Y 6 ‘a\e 063 1 539 0 268
3692 0 : . g\ 063 1 498 0 248
3. % 0798 LV 0,63 1 36 0 271
50 (%  — 783 14 3,034 7 3,034
é 0. \& 070 2 505 0 250
8 0,550 070 2 588 0 296
64 0,522 063 1 282 0 267
\Q 0,67 0,506 063 1 215 0 212
74,13 0,67 0,502 063 1 181 0 180
88,40 0,74 0,459 0,61 ; 42920 g ig .
10420 1,04 0,300 0,70
168 2,05 0,041 2 100,00 141 17,232 99 14,872
0,01 0,1 1 10 100

Favours GLP1-RA Favours Comparators

Monami M et al., DOM 2017



Risk of Pancreatitis in T2D

Fixed (95% C1) %) fined (95% C1)

Study Incretin Control Pato odds ratio Weight Pato odds ratic be

Araki 2013 /319 0/242 3 Not estimabile \

Barnert 2012 0/151 o/76 Not estimable

e — Pancreatic Safety of Incretin-Based Drygs\-— FDA and EMA
Bunck 2009 1/36 033 29 650 (0.13 10 343.58)

Buse 20 0/137 0/122 1 Not estimable

¢ i /2 Not estimabl

:::fi 210111 /501 67 E estimable 0 6\

el s e Bl o Assess ment \6\\6 \6\\'

Cin el 5 el e gemigbes \

i wor o ————— % toeuunn Amy G. Egan, M.D., M.P.H., Eberhard Blind, M.D 6\@\@ \ der, M.D., Pieter A. de Graeff, M.D.,

j : 28 ro; B. Timothy Hummer, Ph.D., Todd Bouraer %de g\é\ osebraugh, M.D., M.P.H.
— 6 ..Both agencies a%@-‘}% t\‘é@SCI"TIOﬂS concerning a causal

£ = assocm‘rlon quj\\@e |dér'e‘r|n based drugs and pancreatitis
e : i?ﬁiﬂlﬁ?’ﬁ? or panqy CQJN% , as expressed recently in the scien-

e i e ﬁw F’e and in the media, are inconsistent with the

NCTOOAB2719 2009 1/625 o/621 1% 7.3400.1510370.00)

NCTOO575588 2010 oj42e 1/430 2.9 0.14 {0.00 0 6.85)

NCTO0614939 2011 0/85% 1/8% 29 0.4 (00010 6.82)

NCTOO722371 2011 /922 1/693 19 0.10 (000 t0 5.10) r‘ “ G a

NCTO0757588 2011 0/304 1/151 26 0.05 (00010 3.16)

NCTOO954447 2012 3631 1/630 117 2.72(0.331019.36)

e FDA and the EMA believe that the current knowledge
NCTO1204294 2012 oj228 0/124 N llllllll bl 6 O

NCTO1289119 2013 0/252 1253 19 016 (D ga0 6

eeeeeeeeeeeee

_ | 9
e 6@ 6\16‘ is adequately reflected in the product information or
| 558 labeling, and further harmonization among products is

Raz 2012 0/245 0/123
Rosenstock 20093 0/305 0/51

Rosenstoc k 2009b 2/260 0/129 5.2 4

Ross 2012 0j4a7 0/ eq stimable .
sssssss -Jones 2009 /230 | \J : AJ Not estimable

nnnnnnn Jones 2012 14411 o/409 \ ; 29 7.35(0.1510370,58) planned l n Eur‘ope.
Seino 2010 0/268 0/132 : Mot estimable

Seino 20122 0/188 0, 10 Not estimable

Seino 2012b o/15 Not estimable

Umplerrez 2011 2 w 44 3.8300.161093.74)

Yang 2011 @ o723t | Not estimable

Zinman 2009 W onr7 Not estimable

Total (95% C1) 23/20127 14/13 100 ———

Test for heterogeneity: 3 '=32.40, df=27, P=0.22, I'=17% 1.11 {0.57 to 2.17)

01 0.2 0.5 1 2 5 10

Test far averall effect: 2=0.31, P=0.76
Favours Incretin Favours control

LiL et al., ,BMJ 2014 & Egan AJ et al., NEJM 2014



Adverse effects of GLP-1 receptor agonists
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Thyroid

< ?

\ & a\G%}licular cells Colloid C-cells

P?? P?/o‘\g\(\

« The thyroid g&m& ‘g@%%nsible for producing thyroid hormones that
\

s
regula’r% qu@c‘rs of metabolic function

- T ‘ﬁ%'r‘g\ié(% also the site of the C-cells that produce calcitonin.
Oé\’i\‘&lc{'@ﬁﬁ‘ has a role in the regulation of calcium levels

0\@\3 . ®&Il cancer is a very rare form of thyroid cancer

Hazard. Am J Pathol 1977:88:213-50




Concern from animal studies due to C-cell carcinoma in two animal sgecnes
\

G\O\vg

 Preclinical studies on rodents indicated increased risk from proliferation of C- cellsO @‘0

« For safety, studies investigated doses far higher than would be used 6 \\0
by humans a\'\'&(\ ONe

R
Males Females

o o
Dose : ( &
@

(mg/kg/day) o N o o o I\J O@

-
o
\I
o

Focal C-cell \
hyperplasia (96) O O 15 16 38 P\%@z e@@ 9 22 29 40 48 28 29 55 48

C-cell adenoma 0 0 3@/&§

o

‘3\6? O 6 20 12 16 42 46 10 27 33 56

(%) . ?P@ . ‘\(\
((:;/C;" carcinoma o?\p}? 0 600(\ O 0 0 0 3 2 8 6 14 0 0 4 6
(0]
2 0% 5\0(\
e The incﬁ@%e of\’brﬂgluhde induced medullary thyroid cancer did not affect the overall
Sur r'oq\@&ﬁ\ong either rats or mice
05\\\ ( (\0 Rats are predisposed to C-cell changes
0\6Q Adenoma, benign tumour arising from certain cells, e.g. C-cells; carcinoma, malignant tumour (cancer) arising from

certain cells, e.g. C-cells

Bjerre Knudsen et al. Endocrinology 2010;151:1473-86; Parks, Rosebraugh. N Engl J Med 2010;362:774-7




Rodents have many GLP-1-sensitive C-cells; humans have far fewer C-cells, and no
detectable effect from GLP-1

1. Humans have far fewer C-cells 2. GLP-1 has effects in rodent, bu%r@xo
than rodents human, C-cells 6\@(\

C-cell density | Difference
Species (n/mm to humans
thyroid) in fold

1026 Feéa\)l &0
Human + e Fecept .
oV Aoty 13,000 0719
&E‘? | Q' 7cell)
Monkey 23+10 6 S\
\, AN cAMP
(\g(\ generation 5800 Not
Mouse @?g 0 (liraglutide detected
(5\ ECs0, PM)
Rat_ (2 \@4‘é+222 45 Calcitonin
(GQ ef© release Not
w\\\l'aQ 6\‘ (liraglutide S detected
5\ ?@P(cychc adenosine monophosphate ECeo, PM)

\\\G

Bjerre Knudsen et al. Endocrinology 2010:151:1473-86



The thyroid: rodents vs. humans

Rodents C-cell
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Rodents have many GLP-1
receptors on the surface
of C-cells
(1600-13,000/C-cell). In

\
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el
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</\inon triggers
@ﬁ%\?mcellular

Calcitonin is released from C-

\
GLP-1 receptor
humans, GLP-1 receptors ’
are barely detectable
(0-105/C-cell)

'\QQ
Humc?ns

|7

(e@)wns‘rream signalling
cascade, which can be
measured as increased

cAMP in the cell. Elevated
cAMP is detectable in

rodents, but not in humans

cells in rodents following GLP-
1 receptor activation.
No calcitonin is released from
human C-cells

Bjerre Knudsen et al. Endocrinology 2010;151:1473-86



No growth of C-cells seen in monkey studies

t\‘a .
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\06
 High doses of liraglutide do not stimulate C-cell hyperplasia in pmma‘@?ﬁn Qn 87-
NG \d\""’\

week study

X
C-cell hyper‘%lafh%\fg@}‘a\ence None None None

. \\"\\]'3 \C

Bjerre Knudsen et al. Endocrinology 2010;151:1473-86



Calcitonin as a marker of C-cell activation in human clinical trials

. °
GLP-1 : .. . (\66\‘()6\'\6\\
. -1 receptor activation in rodent C-cells has o\ 4d%
two effects: 6\6\6'\@\\9
—increased secretion of calcitonin \\ae’oaé\d\
— C-cell proliferation (\\!G(e

Monitor calcitonin in
clinical programme to
identify potential risk

C-cell
proliferation

receptor
activation

Crespel et al. Endocrinology 1996; Lamari et al. FEBS Lett 1996;Vertongen et al. Endocrinology 1994; Kurosawa et al. Arch Gerontol Geriatr 1988



Calcitonin levels observed in LEAD studies
s
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Data are least squares (LS) means (95% CI); studies 1572 and 1573

Hegedus et al. J Clin Endocrin Metab 2011;96:853-60



Calcitonin levels: obese subjects without diabetes
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Hegedus et al. J Clin Endocrin Metab 2011;96:853-60



Adverse effects of GLP-1 receptor agonists
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National trends in US hospital admissions for hyperglycemia

and hypoglycemia among Medicare beneficiaries, 1999 to %% 3
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Rates of minor hypoglycaemia throughout the liraglutide clinical
development programme 2
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Marre et al. Diabetic Med 2009; Nauck et al. Diabetes Care 2009; Garber et al. Lancet 2009; Zinman et al. Diabetes Care 2009; Russell-Jones et al. Diabetologia 2009;

Buse et al. Lancet 2009; Pratley et al. Lancet 2010; DeVries et al. Diabetes Care 2012



Adverse effects of GLP-1 receptor agonists




Baseline resting heart rate and the risk of death

e\Ce
HR for heart rate per 10 bpm HR (95% C{b@ alue

a
(1]
§ el . O
S 151
E‘ = + Death from any cause 6
EL 11 + + + No prior macrovascular disease \\6(\ 1. ¢(® .23)  0.001
E Prior macrovascular disease \\. C,'Tp (1.08,1.28)  <0.001
o
S os i Cardiovascular death O\< \ \\6
5% 60 65 M7° r:’:m :::e 8 90 9% No prior macrovascular dls%s%O .5\6\ 1.13(1.01,1.27)  0.03
ean Prior macrovascular duB ) =— 1.20 (1.08,1.34)  0.001
b Major cardlova@b@enti\‘ G‘
& 2 4 +
cro ease | 1.07 (0.99,1.15) 0.10
'E 1.5 1 + \, |§i’nacro,8$&r disease . 1.10 (1.02,1.19) 0.01
TER : <O
§ = &P‘ Hazgq @i for 5th vs 1st fifth
2
8 . e\/ \G Death from any cause
' 55 60 65 70 75 80 85 80 ?? P‘ <\g\ No prior macrovascular disease _ 1.58(1.17,2.13) 0.003
Mean heart rate e @) Prior macrovascular disease —————— 1.79(1.28,2.50) 0.001
c 6@ %\O(\ Cardiovascular death
. 2 6\6 \‘G( No prior macrovascular disease 1.73(1.10,2.75)  0.02
E-—ws GQ@( \6 Prior macrovascular disease — = 1.81(1.21,2.88) 0.005
m “
g % ?‘ e\| ?‘ + Major cardiovascular events
T = .
g \\1‘ (\¢ No prior macrovascular disease 1.34 (0.99,1.81) 0.06
. Q 2 e Prior macrovascular disease — 1.35 (1.00,1.83) 0.05
0\6 = s . _
55 60 65 70 75 80 8 90 95 0.25 0.5 1 5 4
Mean heart rate HR

Hillis GS et al., Diabetologia 2012



Diabetes and cardiovascular risk

Overall Low dose High dose

baseline “ 0 \O

Semaglutide Dulaglutide  Estimated treatment  p value Semaglutide | hé ,S\Naa‘ted treatment  pvalue

05 mg 075mg difference (95% Cl) 1.0mg \6 é‘mg 6\\- fference (95% Cl)

(n=301) (n=299) (n—3Q93\
Blood pressure and heart rate 600\ . \_6 V
Mean systolic blood pressure (mmHg)  133-0(14-3) -2:4(0-76) -2:2(0-75) -0-28(-2-37t01-81) ({\i@ ﬁ@ 77)  -2:9(0-75) -2:02(-4-14to 0-09) 0-0607
Mean diastolic blood pressure (mm Hg)  81.0 (8-9) -0-6(0-48) -03(0-47) -0-22(-1.54to1. 0 7. e( -2.0(0-49) <-0-1(0-47) -2-02(-3-35t0-0:68) 0-0031
Mean heart rate (bpm) 75:0 (10-3) 21(0:51) 1.6 (0-49) 053 (-0 84@@§ 6(:6 5 4-0(0-51) 2:4(0-50)  1.55(0-15to 2-95) 0-0304

Q@ Patients Events Treatment Placebo Weights HR (95% Cl)
Me‘ra—
9 %Q ELIXA 6068 805 406/3034  399/3034 16.7 —— 1.02 (0.89, 1.17)
1.4

\ r ? P\ g«@ LEADER 9340 1302 608/4668 694/4672 26.3 '—'—' 0.87 (0.78,0.97)

1.2 H
) Q (\e SUSTAIN 6 3297 254 108/1648 146/1649 5.1 — 0.74 (0.58, 0.95)
: R N \O |
E e :‘la i} ‘f | i: ‘% 6 \‘ EXSCEL 14752 1744 839/7356 905/7396 36.0 -—H 0.91 (0.83, 1.00)
. (69 e\ HARMONY 9463 766 338/4731 428/4732 15.9 —— 0.78 (0.68, 0.90)
Ge\\ REWIND i 0,8 (0,79, 0,99)
ﬁ (\ _ _ _ :
p-nﬂm p014  pe0.008  pe0008  pe0010 i
06 Fixed Effects for MACE Outcome (P-value < 0.001) - 0.88 (0.84, 0.94)
O\cm: interval Resting heart rate ! ! ' '
0.50 1.00 1.50 2.00
AMlcauss Camdiovescusr Cardiac  lschasmic heart Mlcauss Cardivasouar Cardins lsdhaamic haard

diznama dizaam Hazard Ratio

Stettler C et al. Diabetologia 2007 Pratley RA et al., Lancet Diabetes Endocrinology 2018
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Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes

Pri mary Outcome: 3 P MACE Table 2. Primary and Secondary Cardiovascular and Microvascular Outcomes. (\\6\0
109 Hazard ratio, 0.74 (95% Cl, 0.58—0.95) : ;
9 P<0.001 for noninferiority Placebo out seﬁlfﬁlsu.:lsde Plac 0 \"'139151::;3:"0 .
E;' P=0.02 for superiority MEsplne (= ) \ ( ) alue
6 nos100 o \NO 90 /100
54 Semaglutide no. (%) person-yr \0 no. (@ person-yr
a- C\C
3 Primary composite outcomeT 108 (6.6) 6@ 6‘\6@89) 4.44 0.74 (0.58-0.95) <0.0f01 for
24 noninferiority;
1 'a\\a e ‘3 0.02 for
0 T T T T T T T T T T T T 1 \'a superiority
0 8 16 24 32 40 48 56 64 72 80 88 96 104109
Expanded composite outcomei: 06%9 (12@(}( 6.17 264 (16.0) 8.36 0.74 (0.62-0.89) 0.002
All-cause death, nonfatal 1 oa‘ & 6 3.66 158 (9.6) 4.81 0.77 (0.61-0.97) 0.03
infarction, or g9 fat) rokee
Glycated Hemoglobin Death &P\ %\ Q
z 9.0 Fe&ause ,a\e 62 (3.8) 1.82 60 (3.6) 1.76 1.05 (0.74-1.50) 0.79
= 25\ Placebo, 1.0 mg l? h‘rom c q@\ cular cause 44 (2.7) 1.29 46 (2.8) 1.35 0.98 (0.65-1.48) 0.92
% ' ' No @aleocardual infarction 47 (2.9) 1.40 64 (3.9) 1.92 0.74 (0.51-1.08) 0.12
g 8.0 \meatal stroke 27 (1.6) 0.80 44 (2.7) 131 0.61 (0.38-0.99) 0.04
]
I 75 Hospitalization for unstable angina 22 (1.3) 0.65 27 (1.6) 0.80 0.82 (0.47-1.44) 0.49
3 pectoris
=}
;‘3; 7.0 Revascularization 83 (5.0) 2.50 126 (7.6) 3.85 0.65 (0.50-0.86) 0.003
3 6.5 6\ < | | Hospitalization for heart failure 59 (3.6) 1.76 54 (3.3) 161 1.11 (0.77-1.61) 0.57
«
g V4 s 00 ? S 4 | Retinopathy complications§ 50 (3.0) 1.49 29 (1.8) 0.86 1.76 (1.11-2.78) 0.02
0.0+—EWON— ———————— : ,
0 16 30 44 56 68 80 92 10| New orworsening nephropathyq 62 (3.8) 1.86 100 (6.1) 3.06 0.64 (0.46-0.88) 0.005

Weeks since Randomization

Marso SP et al., N Engl J Med 2016




Baseline characteristics across the SUSTAIN clinical frial programme

>
\G‘GQ\

\06
\O
RN
20 @
@\\6\\ %\6\
0\6‘ Ip JP SUSTAIN
SUSTAIN 1 SUSTAIN 2 SUSTAIN 3 SUSTAIN 4 l%? OAD SUSTAIN 6
Mean (SD) N = 387 N = 1225 N = 809 N = 1082 ‘t@‘ 5 (, N 308 N = 601 N = 3297
Age, years 53.7 (11.3) 55.1 (10.0) 56.6 (10.7) 56.5 @3‘}) é&ﬂﬂ@ 1) 58.3 (10.7) 58.5 (10.3) 64.6 (7.4)
HbA1c, % 8.1 (0.9) 8.1 (0.9) 8.3 (1. 0) @2 (0 % 6\ 8.4 (0.8) 8.1(0.9) 8.1 (0.9) 8.7 (1.5)
T2D duration, years 4.2 (5.5) 6.6 (5.1) 9. 2§& 13.3 (7.8) 8.0 (6.3) 8.8 (6.4) 13.92 (8.1)
Systolic blood 128.8 (13.2)  132.6 (14.9) 4@@ 9‘132 1 (15 3) 134.8 (16.0) 1291 (14.8) 129.2(13.0) 135.6(17.1)
pressure, mm Hg ? \g\
Medical history of 15 (3.9) aﬂb‘g O(\G 030 (3.7) 50 (4.6) 55 (13.9) 42 (13.6) 87 (14.5) 969 (29.4)
DR, n (% \
A9\
e\\
\\‘\\l (\G
O\@Q

Vilsbell T et al., DOM 2018



DR adverse events as reported across the SUSTAIN clinical trial programme

-
Qe

SUSTAIN 1-5 and Japanese SUSTAIN trials . \03
Semaglutide 0.5 mg Semaglutide 1.0 mg Compa@o@ . \’\
N = 1373 N = 1777 NaBss7., A\
n (%) E R n (%) E R 5 \\’<>\n @_5\ (%) E R
All events 32 (2.1) 35 2.6 30 (1.5) 36 %Od% \ d\\@\ (2.0) 31 2.1
Severe 0 0 0 6\% 2 S 0 0
Moderate 3 (0.2) 4 0.3 3 (0.26\)\9 5\\‘6(6 0.3 6 (0.4) 6 0.4
Mild 29 (1.9) 31 2.3 27 \ S @@) d\ 6(:3‘1 1.6 25 (1.6) 25 1.7
SAEs 0 0 OV oo 0 0 0
P? . Q(
SUSTAIN 6 - €4$ o\
Semaglutide 0.5 mg ? P‘a\’ . ‘\(\anglutide 1.0 mg Placebo
N =826 P? o0O" N - 822 N = 1649
n %) O E O n (%) E R n (%) E R
All events 74 $&" 5.0 82 (10.0) 99 5.8 125 (7.6) 145 4.3
Severe Z 6 0.4 5 (0.6) 5 0.3 7 (0.4) 7 0.2
Moderate é\\‘\\@7 < {\093.3) 33 1.9 22 (2.7) 25 15 35 (2.1) 37 11
N@@Q Q? (5.3) 47 2.8 57 (6.9) 69 4.1 86 (5.2) 101 3.0
SAEs 6 (0.7) 7 04 5 (0.6) 6 04 8 (0.5) 8 0.2

Vilsbell T et al.,, DOM 2018



Time to first EAC-DRC in SUSTAIN 6 .

. 11 . 11, (HR 1.96; 95% Cl 1.15-3.33) \,
Baseline 2 104 Events: 42 semaglutide; 24 placebo Insulin s 10] Events: 40 semaglutide; 21 placebo \06
. = 9 = 9
DR:  § s use 5 s
>
2 7 - 2 7
S 6 before: & ]
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5 3. 8 3
g 2 Yes 5 2
@ 1 » A
0 ; . . . . , : : . ; . . . . ; O, A - P— P — P — -
0O 8 16 24 32 40 48 56 64 72 8 8 96 104 112 @6\\ Q624 32 40 48 56 64 72 80 88 96 104 112
Number of subiects at risk Tlme, Week d?\ ' sub ‘isk Tlme, week
) ema 5 375 372 369 368 366 365 354 354 351 348 345 343 340 42
Semaglutide 510 498 492 483 466 460 454 54 Qe .
Placebo 459 153 245 437 121 417 2410 N S d\PI ebo 341 344 344 344 345 347 348 343 339 340 339 338 334 332 35
O\/ 6 — Semaglutide = —— Placebo
— Semaglutide —— Placebo P‘? Q‘e
W \
. . . (HR0.48; 95% Cl 0.08-2.90)
Baseline 11~ (HR 1.33; 95% Cl 0.36-4.95) S Insulin 11, (HRO0.48; .08
DR ¢ 10{ Events: 5 semaglutide; 4 placebo P\e\/ . ‘\(\‘a\ 2 13 Events: 2 semaglutide; 3 placebo
D %9 ¢ 0O use g 5l
S 8- S o 71
e 77 o)\ before: ¢ &]
0] £ 51 \6 \]3 s 4]
ot 4 4 ‘a(‘a \6 % 3
iz (©F ek 3 | |
@ 1+ . Q . e\‘ 0 : : r T r - T T ~ - r r r )
0. . _ , . . . . . 0 8 16 24 32 40 48 56 64 72 80 8 96 104 112
65 ése 24\ 32 40 48 56 64 72 80 88 96 104 112 cublects at risk Time. week
) ‘subjects at ris ,
Numb Qctsatrisk Time, week Semaglutide 135 131 126 125 124 121 118 117 112 112 112 111 111 109 12
Semadlutide 1023 1015 1011 1005 999 985 978 116 Placebo 118 112 109 104 100 93 89 87 82 79 78 76 76 75 8
Placebo 1089 1083 1073 1071 1058 1045 1035 119 — Semaglutide —— Placebo

Vilsbell T et al., DOM 2018



Glycated haemoglobin (HbAlc) in SUSTAIN 6
—_\O-
—é&_e\

Overall trial population
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0.5 mg 1.0 mg 0.5mg 1.0 mg 0 .
(A) 105 1 (B) 0.0 - . \
100 1 P\
9.5 -~ g -0.5
[}
9.0 4 Overall mean at baseline: 8.7 % £
£ 85 2
Z 80 g 10
< .
T 75 - %
7.0 A 2 15 9
e \'a {NG‘

2 3

o —— L& g &°
0O 8 16 30 44 56 68 80 92 104
N OV o902

Patients with DRC &P‘? 6\ Q‘

(C) 105

100 o

HbA1c (%)
©
=)

Change from baseline (%)

\\\l 6.5{
06\ ?e&-o L] L] : L] 1 I L 1 1 1 '2.0 =
‘\aQ 0 8 16 30 44 56 68 80 92 104
O Time since randomization (weeks)
—#— Semaglutide 0.5 mg —#— Semaglutide 1.0 mg —— Placebo 0.5 mg —#— Placebo 1.0 mg

Vilsbell T et al., DOM 2018



Incidence of DRC in SUSTAIN 6 by baseline DR and HbA1c reduction
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Effetti collaterali di GLP-1RA (vs SGLT2|’>) what-is e whaT if
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Adverse effects of GLP-1 RA and SGLT?2i
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Adverse effects of SGLT?2i
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Adverse effects of SGLT2i |
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Table 2. Adverse Events.*

Event Canagliflozin Placebo P Valuej
Adver‘se effeCTS I n CA NVA S and CREDENCE All serious adverse events w:::r:tg“rmwpaﬁMt:O 0.04
Adverse events leading to discontinuation 35.5 g\‘a 0.07
Serious and non;:‘rjioushadzise :vents of interest \O\
recor in the CANVAS Program
IMPORTANT SAFETY INFORMATION Acute pancreatitis (adjudicated) : \Q\OQ 04 0.63
Cancer
INVOKANA® can cause serious side effects, including: Renal cell 2 6\0\ 3 02 0.17
Bladder \ * 10 1.1 0.74
« Amputations. INVOKANA® may increase your risk of lower-limb amputations. Amputations mainly involve Breast 6\\6(\ . 6\\.6 31 26 0.65
removal of the toe or part of the foot; however, amputations involving the leg, below and above the knee, have thm"s'tﬁ\ | ’5\ ;2 Ez 2?:
also occurred. Some people had more than one amputation, some on both sides of the body. You may be at a O\ ftion | 6.3 3.4 <0.001
higher risk of lower-limb amputation if you: have a history of amputation, have heart disease or are at risk for heart Q F”’“”'ﬁ@‘e\’sﬂai
%\V' 15.4 11.9 0.02
disease, have had blocked or narrowed blood vessels (usually in leg), have damage to the nerves (neuropatrﬁ\ .awmma e 0 0.06
leg, or have had diabetic foot ulcers or sores. Call your doctor right away if you have new pain or te *@1 s, aré(el Venous thromboembolic events 17 17 0.63
sores, ulcers, or infections in your leg or foot. Your doctor may decide to stop your INVOKANA® h|| Ifection of male genitaliaf 349 103 <0.001
erious and nonserious adverse events of intere
have any of these signs or symptoms. Talk to your doctor about proper foot care. \ e 6\ 6 ° ?:ol]ected in mims alon:1 et
Osmotic diuresis 345 133 <0.001
? ega Volume depletion 26.0 18.5 0.009
Safety &P‘ NA
Any adverse event P‘ M%zoo a\ 1860/2197 351.4 379.3 0.87 (0.82-0.93) NA
Any serious adverse event ?? 806/2197 145.2 164.4 0.87 (0.79-0.97) NA
Serious adverse event related to trial drug AD \0(\662/2200 42/2197 12.2 8.6 1.45 (0.98-2.14) NA
Amputation (6\‘6 ~ \le 70/2200 63/2197 12.3 11.2 1.11 (0.79-1.56) NA
Fracture eQa (G \6 67/2200 68/2197 11.8 12.1 0.98 (0.70-1.37) NA
Cancer 7\ @ . eﬂ S
PR\ \ (\0
Renal-cell carci ? el 1/2200 5/2197 0.2 0.9 NA NA
Breast@&? 8/761 3/731 4.1 1.6 2.59 (0.69-9.76) NA
Bladder cancer 10/2200 9/2197 1.# 1.6 1.10 (0.45-2.72) NA

Perkovic V et al.,

NEJM 2019 & Neal B et al.,

NEJM 2017




Proposed mechanisms of SGTL2i adverse effects on bone

‘\a‘
\
A Control +SGLT2 inhibitor 0‘\6\06
— Proximal tubule epithelial cell\\' Lumen Proximal tubule epithelial cell\ \\60 , d\\.a
Glucose, 3¢ ’{6\\6 2
> ucose, X4 ‘\6
g SGLT2 Na+ g SGLT2 600\ 6\6\\6\
= > Na+, P, —P = 'a\\a (e o
Na/P cotransporter j Na/P cotransporter i\)‘ 0{\\‘6
' S e gl
Apical membrance Basolateral membrane Apical membram‘AP‘? Bag\a@&%embrane f"?d gls:z:l?tes
e\,e ) ‘3\6 _y TFGF23
< N\ T A
Q . (\e ule 1 Urinary 1,25-dihydroxy-
66 (%\O phosphate vitamin D
.a('a\‘a \6\‘6 clearance
6\\\\‘6 ] (\GG Blood serum TPTH ' '
®) 9 Kidn
\ Q ? \ / rathyroid i
0\6 \\_ by ;Tanf:l ’

Taylor SA et al., Lancet 2015
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Metabolic Response to SGLT2 Inhibition in T2D "
\‘@Q\ ’

66 T2D pts ‘ 6\@‘03
BMI 3215, HbAlc 5518, A 6“\’\
Empagliflozin 25 mg, 110 4 \\6(\6‘ 6\\9}
Treatment 4 wks 100 ; \\6‘
90 - K
= 80 -
E 70 -
& B4\
N
\© | 2@
Pg? o0\Ot5 30 1
30 \O Z 20 1
RN 10 1
A%\
. \"\\‘QQ {\Ge“ Baseline Acute Chronic Baseline Acute Chronic
‘ 6906\ ?6( . > -
OV Fasting Meal

Ferrannini E et al J Clin Invest 2014



Metabolic Response to SGLT2 Inhibition in T2D "
=) -

66 T2D pts 0\@‘0
BMI 3245, HbAlc 5548, 6
Empagliflozin 25 mg, \6(\6 d\\a\
Treatment 4 wks \’\»0
UGE and substrate oxidation rates® . ACN ee:&_@\\6
N2
Baseline Acute \)\@ P
Fasting urine output (1) [IQR] 0.6 [0.4] g(‘h‘ 5 [0.4] 0.0002 0.0116
Fasting UGEay: (g) [IQR] 0.02[0.03] \\ @a(% 0.2 [5.2] <0.0001 <0.0001
Meal urine output (1) [IQR] u 5 [n O 0.8 [0.4] <0.0001 <0.0001
Meal UGExc (g) [I0R] o ﬂ 12 5] 28.2 [15.4] <0.0001 <0.0001
Meal NPRQ [IQR] 2~ 0.79[0.10] 0.74 [0.11] NS <0.0001
GOxauc (g) [IDH] Oaicgg 30 [29] 12 [32] NS <0.0001
NOGDayc (g [m&ﬁ 0 & 67 [44] 52 [33] 58 [37] <0.0001 0.0050
Meal Lﬂxmn.{? ] 6(6 26 [18] 26 [17] 31 [13] NS 0.0005
Meal P%@ {]R{? 12 [10] 12 [8] 14 [8] NS NS
ﬁ Al 4.9 [1.1] 4.8[0.7] 4.8 [0.8] 0.0113 NS
AP Meal £ f'mln'_l [1QR] 5.5[1.2] 5.3 [1.0] 5.3 [1.0] NS NS
oS oldfalstimulated EE (%) 12 [8] 13 [8] 12 [11] NS NS
oY ¢
ov

Ferrannini E et al J Clin Invest 2014



Mechanism of SGLT2i-associated DKA
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Goldenberg RM et al. , Clin ical Therapeutics 2016



Precipitants for SGLT2i-associated DKA and actions to prevent its occurrence

e,@a%—

The insulin dose should be maintained, and supplemental insulin may be necessary

\
NN
Precipitant Action(s) Regarw &w\%lbltor
Acute illness (eg, infection, gastroenteritis, myocardial Hold at ore@\ NG \9@
infarction/stroke) Restagt whe ng well and able to eat
\391 étak
AV
Bariatric surgery e c© \I—@E while on preoperative low-carbohydrate
O\,\ g@d diet
eﬁP\? 5N Q‘e Revaluate po;toperatively
Major surgical procedures e\, . (\na\e Hold 3 days before surgery
?\P‘?? P\G O{\g\ Restart when feeling well and able to eat and
drink
3% o®
Risk of dehydration {.g?ext%nqﬁé exercise, preparing Hold until able to maintain hydration
for colonosq:@?? 6(6
Low-ca.r a{qcﬁ Hold until normal diet resumes

E%@Q%E a@&‘ol intake Stop immediately

Reassess at a later date

Goldenberg RM et al. , Clin ical Therapeutics 2016




Prescribing sodium-glucose cotransporter 2 inhibitors (SGLT2i) and prevention of DKA

Suspected LADA
young age | BMI <25 kg/m? | P HbA;c
| rapidly decompensating diabetes

At higher At higher
risk for risk for
DKA DKA Suspected Diet

insulin deficiency Low CHG diets |

Longstanding T2CM | P clonged fasts |
toor food security

Excess alcohol

f Poor adherence
consumption

Further testing to
rule out LADA before
initiating SGLT2i

Off-label. Only use
in a clinical trial

- Stabilize insulin dose
- Reinforce adherence

On At risk for
insulin DKA

- Sick Day protocol (avoid insulin
omission or inappropriate dose
reduction)

- Test for blood ketones ¢:in1g

At risk for
DKA

At very
low risk
for DKA

acute illness (even .f +u slycemic)

- Ifinsulin deficient, consider initiating and stabilizing
insulin before starting an SGLT2i

- Sick day protocol + Ketone testing

- Educate on reducing alcohol intake and avoiding low-
carbohydrate diets

- Monitor adherence

- Sick day protocol

All patients with symptoms of DKA should go to the emergency department
(rule out DKA even if euglycemic)

Adapted from Goldenberg RM et al. , Clin ical Therapeutics 2016



EMA confirms recommendations to minimise ketoacidosis risk with

SGLT?2 inhibitors for diabetes \2-
9

. : 6‘06
Information for healthcare professionals 0
* Rare cases of diabetic ketoacidosis ...have occurred in patients taking SGLTQ@(\@ n&@@ of these cases
were atypical with patients having only moderately raised blood sugar ley 5,\.3

*Always consider the possibility of diabetic ketoacidosis in pa‘nen‘rs @@’}9 @b@@nhlbl’ror‘s who have non-
specific symptoms such as nausea, vomiting, anorexia, abdommC\l\g gg(g&swe thirst, difficulty breathing,
confusion, unusual fatigue or sleepiness...

‘Inform patients of the signs and symptoms of dlabe’r@d@%o%o sus and advise them to seek medical advice
immediately if they develop such signs and sym Qﬁ&\

Stop treatment with SGLT2 inhibitors |m$ abe’nc ketoacidosis is suspected or confirmed, and
do not re-start treatment unless ano c;g\@%cupl’ra’rmg factor for the condition is identified and
resolved. ‘\g\(\

-Stop treatment with SGLT @Rﬁ% empor'ar'lly in patients undergoing major surgical procedures or
hospitalised due to acuT\ 58 |aés‘fﬁxedlcal illnesses. Treatment may be restarted once the patient's condition
has stabilised.

Exercise caugl lggqﬁ%n’rs with risk factors for ketoacidosis and inform patients of these factors. These
include JaiPeserv@DFf insulin- -secreting cells, a sudden reduction in insulin dose, an increased requirement
fo in (due Yo illness, surgery or alcohol abuse) and conditions that restrict food intake or can lead to
severe dehydration.

EMA confirms recommendations to minimise ketoacidosis risk with SGLT2 inhibitors for diabetes EMA/142655/2016




Adverse effects of SGLT2i
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UTTI and Genital infections in T2D patients receiving SGLT2i versus control in RCT
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Diuretic agents, their mechanisms of action, and potential impact in HF

\O
M Tubule |

Proximal Convoluted Tubule

=GLT2i Thiazide Diuretics 6\0\6 N @
INatriuresis Juguler Venous } Natriuresis . 6(\6 " 6\\a L, :li‘:
PV

v PV (t @m efb\ cotra?: ?;Iz"ter

* Blood hessiile i i » .."' . '-: % pm% N cr
¥ Nephropathy events | 60 2L "h%tic S
\ enting effect Na*

¥ CV events
{including in HHF) 2K

No known effect(s)

on HHF Interstitial
fluid Lumen

Late Distal Convoluted Tubule/Collecting Duct

Carbonic
Anhydrase Inhibitors

Mo known effect(s)

e Aldosterone anar
Receptor (5)
Antagonists
hannel
Loop Diuretics ¥ LV remodelling ek
} Natriuresis v HHF K
¥ PV/volume overload Aldoaterons 4 1. -
¥ Preload & Peripheral © ] %)Echaptur
ALY Q ' ‘ Edema Interstitial
¥ HHF é,\\‘('\l fuid Lurnen
j Diuretic Agents . .
5 O 1 SGLT2i (egg.Empa, Cana, Dapa) 4, Th'ncmd.e diuretic (eg. l—'lydr'ochlor'o.fhuqz.)‘
‘ 2. Carbonic Anhydrase Inhibitor (eg 5.  Epithelial Na+ Channel inh. (eg. Amiloride;

Acetazolamide) 6.  Aldosterone Receptor Blocker (eg.

3__| liuretic (eg. F ide) Spironolactone)
Lytvyn Y et al Circulation 2017:136:1643-1658




Table 2. Adverse Events.*

Event Canagliflozin Placebo P Valuej

Adverse effects in CANVAS and CREDENCE |

All serious adverse events .30 .0
Adverse events leading to discontinuation 35.5 g\ 0.07
Serious and nonserious adverse events of interest O\
recorded in the CANVAS Program Q\
IMPORTANT SAFETY INFORMATION Acute pancreatitis (adjudicated) ,ab 04 0.63
Cancer O\
INVOKANA® can cause serious side effects, including: Renal cel d\ 02 017

Bladder \ 6 10 11 0.74

« Amputations. INVOKANA® may increase your risk of lower-limb amputations. Amputations mainly involve Breast \6(\ 6\\.6 26 g
removal of the toe or part of the foot; however, amputations involving the leg, below and above the knee, have PDP:::’“"S'"X}JSIS ‘a ;2 Ez 2?:
also occurred. Some people had more than one amputation, some on both sides of the body. You may be at a &.on 6.3 3.4 <0.001
higher risk of lower-limb amputation if you: have a history of amputation, have heart disease or are at risk for heart C F"’d“'*

disease, have had blocked or narrowed blood vessels (usually in leg), have damage to the nerves (neuropatrﬁ\ .aw_mma :i: 1;2 23:
leg, or have had diabetic foot ulcers or sores. Call your doctor right away if you have new pain or te *@1 s, aré(el Venous thromboembolic events 17 17 0.63

sores, ulcers, or infections in your leg or foot. Your doctor may decide to stop your INVOKANA® h|| Ifection of male genitaliaf 349 103 <0.001

have any of these signs or symptoms. Talk to your doctor about proper foot care. e 6\ 6 AN Ae ey s
\ 6 Osmotic diuresis 345 13.3 <0.001
P? eg Volume depletion 26.0 18.5 0.009
Safetyi $ NA
Any adverse event P‘ M%zoo a\ 1860/2197 351.4 379.3 0.87 (0.82-0.93) NA
Any serious adverse event ? 806/2197 145.2 164.4 0.87 (0.79-0.97 NA
” P
Serious adverse event related to trial drug 66 00662/2200 42/2197 12.2 8.6 1.45 (0.98-2.14) NA
Amputation (6\‘6 \]6‘5 70/2200 63/2197 123 11.2 1.11 (0.79-1.56) NA
Fracture (696 (6\6 67/2200 68/2197 11.8 1Z:1 0.98 (0.70-1.37) NA
Cancer . \\‘6 \Oe\‘e
Renal-cell carcipef@d ?6‘ \ 1/2200 5/2197 0.2 0.9 NA NA
Breast@\@r 8/761 3/731 4.1 1.6 2.59 (0.69-9.76) NA
Bladder cancer 10/2200 9/2197 1.# 1.6 1.10 (0.45-2.72) NA

Perkovic V et al., NEJM 2019 & Neal B et al., NEJM 2017



Adverse effects in DAPA-HF & EMPEROR-Reduced

‘\a‘
ozm Placebo
6%1 1?@ (n=1863)

¥ w2t 6&6\\ (%) N (%)

Dapagliflozin

Variable (N=2373) {N'_‘ Patients with any adverse ever\te\ \\6 1420 (76.2) 1463 (78.5)
events/100 \6
values patient-yr values Patients with any sa&@s advq:gtfn\(ent 772 (41.4) 896 (48.1)
Safety outcomes| \ca o\ e
Discontinuation due to adverse event — no./total no. (%) 111/2368 (4.7) —_ 116/2368 (4.9) NU
Adverse events of interest — no. [total no. (%) C%% adégr& events of interest
Volume depletion 178/2368 (7.5) = 162/2368 (GCD\’
e - Oaon ey 1367
m— . bz ‘5 mptomatic hypotension 106 (5.7) 103 (5.5)
Major hypoglycermia® 4/2368 (0.2) % 2) Volume depletion 197 (10.6) 184 (9.9)
Diabetic ketoacidosis 3,!2368 (0.1 ?? Ketoacidosis 0(0.0) 0(0.0)
Fournier's gangrene (‘e 1;’2368 (<0.1) Hypoglycemic events* 27 (1 4) 28 (1 5)
69 (5\0 In patients with type 2 diabetes 20 (2.2) 22 (2.4)
6(6\6 \6\\6 In patients without type 2 diabetes 7(0.7) 6 (0.6)
(QQ (G Urinary tract infections 91 (4.9) 83 (4.5)
R0 Q . e\\e Complicated urinary tract infections 19 (1.0) 15 (0.8)
6\’\‘\\l < (\G Genital infections 31(1.7) 12 (0.6)
. QQO ?6 Complicated genital infections 6 (0.3) 5(0.3)
O\ Bone fractures 45 (2.4) 42 (2.3)
Events leading to lower limb amputation 13 (0.7) 10 (0.5)

McMurray JJV et al., NETM 2019 & Packer M et al., NETM 2020



Effetti collaterali di GLP-1RA (vs SGLT2|’>) what-is e whaT if
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On-treatment adverse events during the Pioneer 2 Trial

9 .
\6‘99\

Patients, n (%) S
20
Oral semaglutide 14 mg Empagliflozin 25 mg 6 O\ 8
(n = 410) (n = 409) ad \0\
. N @\\
verse events 289 (70.5) 283 (69. ZQ\Q
Serious adverse events 27 (6.6) 8@3%) 6\\6
Adverse event severity %O 6\\‘
Mild 242 (59.0) 'a\\a ez@ (?5’8 7)
Moderate 142({3&?) \& \\‘G‘ 118 (28.9)
Severe é 23 (5.6)
Severe or blood glucose—confirmed \,\ @
symptomatic hypoglycemic eplsodg‘;\ Q’)’ 8 (2.0)
ADA-classified hypoglycemic \S 6 45 (11.0) 39 (9.5)
Severe hypoglycemic P%’ \(\‘a 1(0.2) 1(0.2)
Most frequent a ?even é@ﬁ:
elther g@@d?{ref% erm)
81 (19.8) 10 (2.4)
%G\a 38 (9.3) 13 (3.2)
69 30 (7.3) 7 (1.7)
%\\\1 < (\ﬁécreased appetite 21 (5.1) 2 (0.5)
69 " Influenza 8 (2.0) 21 (5.1)
O\ Adverse events resulting in premature trial
drug discontinuation 44 (10.7) 18 (4.4)

Rodbard HW et al., Diabetes Care 2019



Overall safety of GLP-1RAs with SGLT-2is -
o) -

‘0
WO
06\0\
\\ N
5 AP

GLP-1RA SGLT2i Weight Risk ratio KRG < A\ Risk ratio

Study or subgroup Events Total Events Total (%) M-H, random, 95‘%6@ \d\\aM H, random, 95% CI
o S .
Rodbard 2019 289 410 283 409 38.9 02 [ @@\} ©? . Pioneer 2
Lingvay 2019 298 392 283 394 45.6 {/ 97 o - Sustain 8
Jabbour 2018 143 - 230 144 233 15. 5 \\ © Oé[@‘s 1 16] ¥ Duration 8
Total (95% CI) 1032 1036 «p? 00 - Q@ 3 [0.98, 1.09] S
Total events 730 710 ‘3\6
Heterogeneity: tau” = 0.00; chi® = 0.56, df = 2 ( & @5\ . . . .
Test for overall effect: Z=1.19 (p = 0. 24) 0.7 0.85 1 1.2 1.5
- 6,(‘6 6\} P(%\O Favours [GLP-1RA] Favours [SGLT2i]
9(39‘3\‘6(6\
N S

Ding L et al., International Journal of Endocrinology 2020



Strategies to mitigate the adverse effects of SGLT2i and GLPl{;RA
0%

e\c\

Adverse Effects Frequency  Severity Mitigating Strategies ; (\‘\‘Qb
SGLT2i AV, W

Genital fungal infection . Low Keep genital area dry and clean. Prophylactic to iq@l@:&tmer& Qﬁgal
infection in high-risk patients 5\ ‘\6\

Volume depletion 5 Low Proactive dose reduction of diuretics in gi?(}éméc ’a@?s Hold SGLT2i
when patients have nausea, Vomét;@, T Q{@&h Smplement
“Sick day protocol” @) . 9

UTI " Low Use with caution. Avoic'lé\tiﬁh nts z_f risk of recurrent UTI
(e.g., i.ndwel]inmy etey @ self-catheterization)

DKA " High Patient educati arl T}éﬂjﬁon and implement “STOP DKA”
protocol L t for ketones, maintain intake of fluid and
C rNo@drate i g\l tise maintenance and supplemental insulin)

Amputation ? High amination by patients or caregivers. Foot examination
e provider at clinic visits. Temporarily hold SGLT2i when
an open wound or infection of the foot

Bone fracture gh (\a ution in patients with risk of fall. Monitor PTH and vitamin D

b
GLP-1 RA < P\e \9\
Nausea/vomiting/diarrhea ?\P\% S OSO Patient education on symptom recognition. Start at low dose and slowly
Ve \\ uptitrate over 2—4 wk
q e(%\o High Patient education on recognition of symptoms

High Caution in patients with history of pancreatitis

Cholelithiasis and cho]w,é?

Acut titi
cu epancrei\ ?36 \2

— 20 e - cu SR

SGLT2i d@ 1 sq@ o-transporter 2 inhibitor; GLP-1 RA, glucagon-like peptide 1 receptor agonist; UTI, urinary tract infection;
D \Hﬁbeﬁc idosis; PTH, parathyroid hormone.

é Ceported in multiple, large clinical trials.

I

\@Q ncreaskd risk reported in a single, large clinical trial.
O “Increased risk reported in meta-analysis of clinical trials.
dRepc:orted in small clinical trials or case series.
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Cox analysis on adverse events, and corresponding event rates (calculated/1000 p-y)

\O
e’@eg

\0\0
SGLT2i GLP-1RA Total
NL 5(\6 \\% p value
Events | Eventrate | Events | Eventrate | Events | Even rate @L\Tzn /6LP-1 RA
A
GUTI 4 0.76 2 0.39 6 c 00“0 @\’3“* 1.91 (0.35-10.41) | 0.456
\\\@ <
Fournier's gangrene 0 0.00 0 0.00 2D (e e 20.00 N/A N/A
QA WO
Bone fracture 26 4.92 23 448" \gﬁﬁ; 4.68 1.10(0.63-1.93) | 0.73
A\V\ ~. (5
Diabetic ketoacidosis 1 0.19 &P?U &4@9 2 0.19 0.97 (0.06 — 15.56) | 0.985
< ¥ =4
Acute renal disease 13 2.46? P\g,\,?%\:a\(\a\e 4.44 36 3.44 0.55(0.28 — 1.09) | 0.086
Amputation 10| Qb © Q¥ 1.16 16 153 159 (0.58—437) | 037
A pa ‘\O
Pancreatitis (%\a ?ﬂ\,@ﬁ%‘ 2 0.39 6 0.57 1.98 (0.36 — 10.81) | 0.43
Pancreatic cancer Q@\’” ge@ 1T 6 1.16 15 1.43 1.45(0.52-4.08) | 0.48
\}?x
5\\ ?G‘

O\@Q
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Effetti collaterali di GLP-1RA (vs SGLT2|’>) what-is e whaT if
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Decision Algorithm for Prescribing SGLT2i and GLP-1 RA for DKD

Diabeti S
kidneI: disease ’ 6\0

Yes
eGFR = 30

‘\0(\6 . \‘6\\6 ‘

Yes
.

SGLT2i first. 6GFR < 30 \ d\
Add-on GLP-1 RA < \6 \
B (@

GLP-1 RA*

TIMI risk score for heart failure in diabetes Yes R >60 ml/min SGLT2i or &g s pr ‘.aGLP-1 RA as an alternative SGLT2i should be initiated.

Points: \ ] ' per 1.73 m? GLP-1 RA? LT traindicated or not tolerated, and GLP-1 RA as an add-on for

[ brior heart failure 1 -on for uncontrolled metabolic risk® uncontrolled metabolic risk®

e ow ¢®

- UAGR 30300 /o ] | 30-60 ml/min | is @9? GLP-1 RA as an alternative if SGLT2i is SGLT2i should be initiated.

o Yes  QOLPIRA per 1.73 $ ontraﬁq gted or not tolerated, and as an add-on for uncontrolled GLP-1 RA as an add-on for
% ic risk® uncontrolled metabolic risk®

.
e \9\
SGLT2iis Yes P? 5-29
preferred. eGER = 30 eGFR < 30 % 2
GLP-1RA as - . %’ =
alternative or 5 1'%\
add-on*** N |8\
\2
GLP-1 RAis
preferred.
SGLT2i as
add-on

*Add-on GLP-1 RA for unoontroll
metabolic risks

"GLP-1 RAis prefar
uncomroiled metabol
**As an alternative if S¥LT2! Is SGLT2i and GLP-1 RA

conlraindicated and as an add-on for [ not recommended J
uncontrolled metabolic risks

Li J et al.,, CJASN 2020
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