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Characteristics of GLP-1RA and SGLT2i-treated individuals and rationale for combining a GLP-1RA with an SGLT2i
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Can J Diabetes. 2021 Apr;45(3):291-302.
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FIRST-LINE THERAPY depends on comorbicdities, patient-centered treatment factors, including cost and access considerations, and
management needs and generally includes metformin and comprehensive lifestyle modification

ASCVD/INDICATORS OF HIGH RISK, HF, CKDt

of therapy, as below:
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= ASCVD or high risk

o GLP-1 RA with proven CVD benefit

o SGLT2i with proven CVD benefit
= HF

o SGLT2i with proven benefit in this population
= CKD

o SGLT2i with evidence of reducing CKD

progression

o GLP-1 RA with proven CVD benefit
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A H[2022-56% (2 A[)- 2022.3.1.
SGLT-2 inhibitorA|

o Dapagliflozin, Empagliflozin, Ertuglifiozin, Ipragliflozin

o Dapagliflozin + Metformin HCI, Empagliflozin + Metformin HCI
« GLP-1 &M 25|

o Dulaglutide, Exenatide
o Insulin glargine + Lixisenatide, Insulin degludec + Liraglutide

CVD benefit0]| 21 HE[= &=

* GLP-1 RA for ASCVD

o Benefit: Dulaglutide, liraglutide, semaglutide
o Neutral: Exenatide once weekly, lixisenatide

= SGLT2i
o For ASCVD: Empagliflozin, canagliflozin
o For HF: Empagliflozin, canagliflozin, dapagliflozin

= TZD
o For ASCVD: Pioglitazone
o For HF: increased risk
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JBiol Chem. 2020 Oct 16;295(42):14379-14390,

SGLT2i

= Dapagliflozin, Empagliflozin, lpragliflozin, Ertugliflozin

= AY A5 2 0} HbALC 0.5-1.0%

- HES. Q2 AMAT|ZHS Bl STt 3|28 1| &, ME e
GFR”* A=tts
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SGLTZ inhibitors
Dapaglifiozin
Empaglifiozin
Ertuglifiozin
Ipraglifiozin
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Diabetes Therapy volume 10, pages1595-1622(2019)
Diabetes Care 2016 Jul; 39(7): 1115-1122

SGLT2i - CVOT

Subgroup %
Study Intervention HR(95%Cl)  Weight
Patients with T20 | cardiovascular death orfhospitalization for heart failure
EMPA-REG OUTCOME - 066 (0.55,0.79) 7.01
CANVAS Program Canagifiozin —_— 078 (0.67,091) 9.80
DECLARE-TIMIS8  Dapaglifiozin e 083 (0.73,095) 1324
CREDENCE Canagifiozn @ ——————— 069 (0.57,0.83) 6.50
VERTIS OV Entugifiozin -~ % 083(0751.03) 9.13
SOLOIST-WHF - 0.71(0.56,089) 428
SCORED Sotagiifiozin _———— 077 (0.66,091) 890
Sudtotal (I-squared = 29.8%, p = 0.200) - 077 (0.73,082) 5886
Patients with HF 1

DAPAHF D: - 075(065,085) 1276
EMPEROR-Reduced - 0.75(0.65,0.86) 1172
SOLOIST-WHF - 0.71(0.56,089) 428
Subtotal (I-squared = 0.0%, p = 0.913) _ 0.74(0.68,0.81) 2877
Patients with CKD

DAPA-CKD D: - 0.71(0.55,092) 347
SCORED Sotagiifiozin e 0.77 (0.6, 0.91) 890
Subtotal (I-squared = 0.0%, p = 0.600) C St 0.75 (0.66, 0.86) 1237

Heterogeneity between groups: p = 0.

780

Overall (I-squared = 0.0%, p = 0.575)

=

0.76 (0.73, 0.80) 100.00

T
54

Favours SGLT2is

Favours piacebo

T
1104

AmJ Cardiovasc Drugs. 2022 Jan;22(1):69-81.

SGLT2i - CVOT

Table 1 Pairwise comparison results from network meta-analysis for major adverse cardiovascular events

Canagliflozin

1.11(0.96, 1.28)

1.03 (0.86, 1.23)

1.16 (0.98. 1.37)

1.19 (1.07, 1.32)

1(0.83, 1.21)

0.9 (0.78, 1.04)

Dapagliflozin

0.92(0.77. 1.1)

1.04 (0.88, 1.24)

1.08 (0.97, 1.19)

0.9 (0.75, 1.09)

0.98 (0.81, 1.17)

1.08 (0.91, 1.29)

Empagliflozin

1.13 (0.93, 1.38)

1.16 (1, 1.35)

0.98 (0.79, 1.21)

0.86 (0.73, 1.02)

0.96 (0.81, 1.13)

0.89 (0.73, 1.08)

Ertugliflozin

1.03 (0.9, 1.18)

0.87 (0.7, 1.07)

0.84 (0.76, 0.93)

0.93 (0.84, 1.03)

0.86 (0.74, 1)

0.97 (0.85, 1.11)

Placebo

0.84 (0.72, 0.99)

1(0.83, 1.21)

1.11(0.92, 1.34)

1.02 (0.82, 1.27)

1.15 (0.94, 1.42)

1.19 (1.01, 1.39)

Sotagliflozin

AmJ Cardiovasc Drugs. 2022 Jan;22(1):69-81.
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. Hazard ralic Weight
SGLT2i - Renal outcome s
UACR>300 mglg
i EMPA-REG —_—— 051[ 031, 084] 497
= Direct renal effect Lo
EMPEROR-Reduced 1 059 024, 146] 155
o oﬂ I:I-I JH |- i} E:{ 0| DECLARE-TIMI 58 — 0.38[ 025, 058] 7.14
CREDENCE —- 066[ 053, 082] 28.10
KXbol GistS O %]
] e Reli=] (=] CANVAS —— 0.48[ 031, 0.74] 6.68
SCORED —a— 0.72[ 046, 1.13] 6.26
= Renal tubular glucose VERTIS GV —=—|  oseroms 00 54
. Heterogeneity: 1° = 0.01, I = 16.59%, H' = 1.20 > 0.57[ 0.48, 0.67]
reabSOI‘ptIOI’\ Testof 8,= 6; Q(6) = 7.19,p = 0.30
] I'” 7 b A €GFR <60 mL/min per 173 m*
EMPA-REG —- 066 041, 107] 549
s SHOFZF A DAPA-HF — 095[ 050, 1811 3.03
=HDT- EMPEROR-Reduced ———————— 0s6(021, 147 135
OFZF A DECLARE-TIMI 58 —_— 060 035, 102] 4.42
[ |
AI- I-” LH [= = CREDENCE —. 0.60[ 040, 0.89] 7.90
L ‘CANVAS —a—1 0.76[ 049, 1.17] 667
= X2 L AIRFO| AS
e |_ o —| Lt SCORED — 0.71[ 046, 1.09] 6.94
A E ."A = o |)\|_ VERTIS CV ———®——  0.86[ 049, 151] 395
_— E el — 50 /O O o Heterogeneity. 1° = 0.00, I’ =0.00%, H’ = 1.00 > 0.70[ 058, 0.83]
Xo“:l_l_ 0;1 Testof 6= 8; Q(7) = 2.66, p = 091
174 112 1
Random-effects DerSimonian-Laird model
TABLE2 Prevention of adverse events with SGLT2 inhibitors
At risk Measures to prevent adverse event
Genital mycotic Women, prior candidiasis Perineal hygiene, changing
infections pads/tampons frequently, avoid tight
synthetic underwear. With recurrent
infection: consider treating partner
Urinary tract Prior UTI Probably avoid SGLT2i in patients at
infection Neurogenic bladder, paraparesis, very high risk
indwelling urinary catheter
Hypoglycaemia Currently taking SU and/or insulin with A1C <8.0 consider stopping or reducing
current insulin or SU treatment, dose of SU and or reducing insulin
higher risk with prior hypoglycaemia, dose when initiating an SGLT2i
in elderly, or with impaired renal Do not discontinue insulin
function
Diabetic Acute illness, surgery, reduced oral Stop SGLT2i with acute illness/surgery
ketoacidosis intake, alcohol abuse or inappropriate  Maintain insulin, if necessary, make only
reduction of insulin dosage small adjustments to insulin dosage
Beware DKA can present with normal or
minimally increased blood glucose in
patients receiving SGLT2i
Do not use SGLT2i in patients with type
1 diabetes or with prior history of
DKA
Hypotension SBP < 100 mm Hg postural hypotension  Assess for volume
depletion/hypotension (Figure 1)
Consider reducing diuretic
Acute kidney Hypotension volume depletion Stop SGLT2i with acute illness/surgery.
injury Maintain euvolemia
Fractures Osteoporosis renal impairment Avoid SGLT2i in patients at very high
ris|
Use of vitamin D is of unproven benefit
Amputations Ischemic ulcers, neuropathy Avoid SGLT2i in patients with rest
Peripheral vascular disease ischemia, ischemic ulcers, and prior
Lower limb ischemia amputations
Prior amputation Diabetes Obes Metab. 2019 Apr;21 Suppl 2:34-2
- 27| H
-1 O 7 —
EI-Ol =2l & |E |-)\|‘5 = |>__'|_|=| |7F
s (- IEJT_H 07,—|—|- _l_al__'_l_Hl:l
FlHiE A
oTIHIE = Oral Fatede [/
intake Muecls
aiC T
= OE:I C)l- ?DI- (o] I'E_J—I_l' l GIucose uptake
B cells
HbA1c 0.8-1.5% e°
. .D/0 3 GLP-R A 1 Insulln
Ghucass Pancreas
\. —_ ToLpa acells
T GIP DPP-4 N lGIucagon
Small DP_F'-4 Rapidly inactivated Glucose
! A inhibitors to GLP-1 (9-36) roduction
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GLP-1RA

GLP-1 RA First approved (date) Molecular Reference amino Other important Elimination ~ Administration ~ Pharmaceutical ~Reference
weight (Da)° acid sequence  components half-life schedule company
For subcutaneous injection
Short-acting compounds
Exenatide b.id. 2005 (USA); 4186.6 Exendin-4 None 3.3-40h Twice daily AstraZeneca' [21]
2006 (Europe); Byetta
Lixisenatide 2013 (Europe); Lyxumia; 4858.5 Exendin-4 Poly-lysine tail 26h Once daily Sanofi 22)
2016 (USA); Adlyxin
Liraglutide 2009 (Europe); 3751.2 Mammalian GLP-1 Free fatly acid” 12.6-14.3 h Once daily Novo Nordisk 23]
2010 (USA); Victoza
Once-weekly 2012; BYDUREON" 4186.6 Exendin-4 Active ingredient  3.3-4.0h"  Once weekly AstraZeneca’ [21]
exenatide encapsulated in
microspheres of
poly-(o,1-lactide-co-
glycolide)
Dulaglutide 2014; Trulicity 59670.6 Mammalian GLP-1 Immunoglobulin Fc 4.7-5.5d  Once weekly Eli Lilly and Company [24]
fragment
Albiglutide 2014 (Europe); Eperzan  72971.3 Mammalian GLP-1 Albumin 57-6.8d Once weekly (GlaxoSmithKline 25
Tanzeum (USA)®
Semaglutide 2017 (USA); 41136 Mammalian GLP-1 Free fatty acid” 57-6.7d  Once weekly Novo Nordisk [26]
2019 (Europe); Ozempic

Mol Metab. 2021 Apr;46:101102.

GLP-1RA

= X2 QR A0l
= 27| AN RO WHE EE= TS, MEN2
= O H2Y FF 7H AMEO, 55 & Eat

wn | oma | oem | oow | oo | oo ]
mumansm | 260 | s [ wn [ mis | <5 |
GLP-1 receptor agonists

Dulaglutide

GLP-1RA - CV benefit

Anti-atherosclerotic effects

;17

o 4 mMmP2
L vascular smooth
muscle cell proliferation

Risk-factors modification

309 Semaglutide
Albiglutide
L

+ 4 glycaemic control
+ L insulin-resistance

| cv Effects of + 4 body weight
| GLP-1RAs +  triglycerides

: + dioL
+ 4 blood pressure

Extended-release
extenatide

b Infarct/injury size

|

Endothelial function
-l

Cardiovascular risk reduction (%)
-
o
1

1 Gmi-inﬂammatory effects 1 -10 T T T T 1
o NO-induced ilati = N V] 05 1.0 15 2.0 2.5
i o Jintracellular . 5
o Loridative stress e Normalised HbA1c lowering (%)
¥ glucose-induced
apoptosis

HellenicJ Cardiol. 2018 Dec 6. pil: S1109-9666(18)30408-1
Lancet Dizbetes Endocrinol. 2019 Feb;7(2):89-90
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GLP-1RA - CVOT

Individual trials

Meta-analysis

Major adverse cardio-
vascular events ("MACE")

A B
ELIXAH p=078 maceh
LEADER} —— =0.015
v Myocardial infarctionf-
SUSTAIN-6 P=0016  yucr
Stroke|
components
EXSCEL[ @ p=0.061
Cardiovascular mortalityf-
Harmony Oulcomesf @ p <0.0001
- mortal
REWIND ——  p=0026 Al-cause mortaiy
PIONEER-6F L2 p=0.17 Hospitalization for heart failure|
06 08 10 12 14 07
Hazard ratio (- 95 % confidence interval) Hazard
Lixisenatide
® Liraglutide

Semaglutide s.c.
Exenatide q.w.
Albiglutide
Dulaglutide

Oral semaglutide

eoee@

Individual cardio-

vascular endpoints Hétarogenaity

1007 pe0.z
— p <0.001 : [
— = 100r p= 022
p=0.043 Sc[
o
° p <0.0001 ‘W[p:usa
£ 5
T o
e p=0.003 S
E
s
—-o— p=0.001 >
—o— p=0028

b—
08 09 10 11 12 13

ratio (- 85 % confidence interval)

Mol Metab. 2021 Apr;46:101102.

GLP-1RA - Renal outcome

GLP-1
H i g —" H} Inflammation§ Oxidative Stress§
New onset microalbuminuria £ Of &} NF-cB NADPH oxidase
Urinary a I bU min excretio ng 7 I-_JI\._ Natriuresis® Podocyte Loss
y = O NHE3 Mesangial Dysfunction
ANP Endothelial Dysfunction
o .
eGFRS MM 24
o -
E Al O X Al Dl o| ZFA
FA 8l Eo[A Hao| 4 [
|
= SIS o I o o :
OI-Xl D._" g %'I‘Ol_l' 7| XI_‘| =1 E‘II- Oil Il X| E’E!E Renal Fibrosis 8  Glomerulosclerosis §
Renoprotection
J07|Z=0|M QIA 7S oKX 9 =
H 1L - O o
SGLT-2
5 o | Sl | Mgl | B it | oy inior
* urea | nide mk{lhllﬂr dinedione| tibir | gl | ipragh fenaghl] et
flozin | flozin | lodn | floin
Metformin 94 | 98 | 93 ag | g | agfag | g | 94 |_|.) 3;(1|Qtél
Sulfonylurea a4 q9q | 94 | 94 | 94
He 2 o|AF EHS
Meglitinide HE] 94 94 Q 2}” R =2 47H Ol bt :_o;IOHE
_— HbA1C7}7 %Olé!?_l?éooilr CHE
inibicr Rl Rl 710l = X 2H 152 FII5t
M | ay [ ag | a4 94 deal3 ¥ 2K 2 HoM
ot oI /7| &= ofRiol Zefo| 3t
DPP-IV inhibitor | €14 | <14 bk O{ A= OfL| &[L},
dapeglifioin| 94 | 94 Metformin+Sulfonylurea
P, +Empaglifiozin= 2! &t
SGLT-2 ol
nhiioE empagliflozin)  $1%
atugliflozin | 914
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o Met+SU AFE 2 (7| ZHH|THO| gle B = 271 & o 7| T2 k)
o HEEMEBZ= J|& (CH7|ZH0|2HH FBS 130, PPG 180 7| 22 &)
o Met+SU + GLP-1 RA
o Met+SU 2|2| CHE X2 & 5t QULCHH, Met+SUR 4 HZ N
= Ol + (Met) &EHO A ALc 7 O| Al HE (inj S X AHETHS)
o Glargine + lixi + (Met)
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L

A CANVAS
GLP-1RA Subset DURATION-8 AWARD-10 LIRA-ADD2SGLT2i SUSTAIN 9
1 18weeks o 24 weeks 26 weeks 30 weeks
H i Add-onto GLP-1RA + Add-onso MET o on id
Major GLP-1RA plus o | R i 58, Tero
Mo R = g3
SGLT2 inhibitor A T - - BE
5 8 a8 - F
combination studies 3 it 1 R FLEE
i H 05
E
£ | oget08® ¥ |
g d a0
Tus | — W | Caae a2
= . 7
g 2 (1.43,0.69) i0* P<0.001 Pe0.001
{-1.35, -0.65)
i
-
B IDeglLira Study Subgroups from iGlarLixi Studies
Studies using fixed-ratio Joter 1300

(n=210) (n=210)

combinations of GLP-1RA

plus basal insulin in oo
individuals on an SGLT2 2w
F s 8
inhibitor oo
i
o Can J Diabetes. 2021 Apr;45(3):291-302.
Bweight (¢ -0.0° 2.0

SGLT2i, GLP-1RA2} M| = H 5}




20224 thStAS LS TS| EAREE]

Weight Reduction (not head-to-head)

DPP-4 Inhibitors GLP-1 Receptor Agonists SGLT2Inhibitors
Alo! Lin2 Sax® Sit! Albs Duls Exe’ ExeER® Lir? Can'® Dap't Emp'?

0= - == — — — =1= —————
03 04 . NR .
= Y09
‘ 42
2 4
2.0
! 25
S0 g 28
5o
4,0

-3

A Weight (kg)

5

1. Nauck MA, et al Int J Clin Pract. 2009,63:46-55. 2 Taskinen MR et al Diabetes Obes Metab 201113 65-74 3. DeFronzo RA et al Disbetes
Care. 2009;32:1649-1655. 4 Charbonnel B, et al. Disbetes Care. 2006:29:2638-2643 5 Ahrén B, et al. Disbefes Care. 2014:37:2141-2148

6. Dungan KM, et al Lancef 2014:384:1349-1357 7 DeFronzo RA et al. Diabetes Care 2005:28:1092-1100. 8 Bergenstal RM. et al Lancet
2010;376:431439. 9 Pratley RE, et al Lancet. 2010;375:1447-1456. 10. Cefalu WT, et al. Lancet 2013382941950 11. Nauck MA, etal
Diabetes Care. 2011;34:2015-2022. 12. Haring HU, et al. Diabetes Care. 2014;37:1650-1659.

Dose dependent effects of liraglutide on body weight in obese subjects.

° | 0
-1 - E
24 i ¥
% 34 : -
= H H
2 :
& 44 st ® Placebo
& : = b o -
ko) of 3
$ 54 & E e 7
c gi 21 B | —& Odistat
-} ' 5! E ¥
: 64 Wi &
i i T T Liraglutide 12 mg
it H H | Liraglutide 1.8 mg
T & Liraglutide 2.4mg
-8 = ! ! ~——g T
i ! “—m Llraglutide 3-0mg
-9 1 T T T 1
< 3 ] 5 10 15 20
Weeks

Anorexigenic Effects of GLP-1 and Its Analogues, Handbook of Experimental Pharmacology 209(209):185-207

Patients treated with Saxenda® lost weight and sustained
their weight loss for 3 years?!

— Saxends’ = dietand

“ Changein bodyweight from baseline®® exertise{1=1505)
W Week 160 LOCF
@ Week 160 Completer OFF-DRUG
FOLLOW-UP
PERIOD

CHANGEIN BODY WEIGHT (6}

TIME (wEEKS)
Line graphs areobserved mesns
LOCF=iast obsanvation camied forward.

*P<0.0001.%
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Change in BMI SDS over time in adoelesents (12-18, BMI>30 or 95% 1)

Mean baseline

0-82 weeks

Liraglutide 3.0 mg Placebo
BHMISDS 3-17 ETD [95% CI] 56-82 weeks
02 0.15[0.07;0.23]
01
& L oeaeef +0.07
o I B
2 k-—--
2 g ___--’ -0.06
£ 01 Jr——-’
& 522"
S o2 -
S || 2==
-03
04
o a4 8 12 16 20 25 30 34 38 a2 46 51 56 (23 70 76 82
Week
Liraglutide 125 124 123 122 119 120 118 115 114 11 110 11 107 113 108 106 108 112
Placebe 126 126 125 124 123 119 116 115 110 105 105 104 101 105 98 97 97 102
Dulaglutid d weight |
004 Trulicity 1.5 mg
(nw=&12; Baseline wt: 210.6 Ib)
£ A o Tlicity3.0mg
£ N & (n=616; Baseline wt: 212.31)
2 © Tulicity 4.5 mg
.E \ (n=614; Baseline wi: 210.4 Ib}
5 w0
Z 60
H
I T 80
£ 00
=
120 -
Trulicity 3.0 m, Trulicity 4.5 my
! yo f i ;g Time interval (weeks)
-1.6%" § -1.8%
AWARD-3" AWARD-52 AWARD-63
Monotherapy Add-on to MET Add-on to MET
(26 weeks) (52 weeks) (26 weeks)
=
5 25 92 86 o4
g 2.0
a
- 15
o
1.0
0.5
0.0

-0.5
-1.0
1.5
-2.0
-2.5
-3.0
-3.5

Average Reduction in Weight
(kg, LS mean+SE)

-4.0

vs metformin

® Trulicity 1.5mg (n=269)
¥ 0.75mg (n=270)
© Metformin (n=268)

vs sitagliptin
@ Trulicity 1.5mg (n=304)

© Trulicity 0.75mg (n=302)
© Metformin (n=315)

-3.61

vs liraglutide

@ Trulicity 1.5mg
=299)

(n=300)
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Semaglutide phase 2 trial

Estimated percentage mean weight loss
after 52 weeks of therapy

-50‘” . . .
-10% = T I
-15% I
-20%
m Semaglutide 0.05 mg m Semaglutide 0.1 mg = Semaglutide 0.2 mg
Semaglutide 0.3 mg © Semaglutide 0.4 mg m Liraglutide
m Placebo
Lancet. 2018 Aug 25,392(10148):637-649.
SGLT2i and weight loss
Ipragliflozin 50mg once daily Ertugliflozin administration
a Duration of administration (week)

STEGLATRO STEGLATRO
Placebo 5mg 15 mg

Change in body weight (kg)

N=153; BL=190.7 b N=156; BL=193.1 Ib N=153; BL=190.9 I

B el —42(57,-29) —401-53,26)

LS mean change from baseline body weight, Ib
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Summary in GLP-1RA and SGLT?2i
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