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The New England
Journal of Medicine

DCCT [(fEE]
(feil) UKPDS

7[5 PROactive

10-Year Follow-up of Intensive Glucose
Control in Type 2 Diabetes
o, S . Pa,

UKPDS |Z0l0E]

Intensive glycemic control !

Ry . H
[

el MLD.

e NEW ENGLAND
JOURNAL of MEDICINE

Effects of Intensive Glucose Lowering in Type 2 Diabetes

ACCORD [A0o]

2001 ADVANCE
VADT [Zue):

“AiiiH ACCORD

Glucose Control and Vascular Complications
in Veterans with Type 2 Diabetes

Intensive glycemic control ?

Individualized glycemic control !

Articles
Intensive blood-glucose control with sulphonylureas or insulin

compared with conventional treatment and risk of complications
In patients with type 2 diabetes (UKPDS 33)

‘with type 2 diabetes in the PROactive Study (PROspective
pioglitzone Clinical Trial In macroVascular Events):
arandomised controlled trial

i I

Intensive Blood Glucose Control and Vascular
Outcomes in Patients with Type 2 Diabetes

The ADVANCE C

M ]

Long-Term Effects of Intensive Glucose
Lowering on Cardiovascular Outcomes

The ACCORD Study Group

e
GOALS of CARE

Gluco-centric
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NEW ENGLAND ]
JOURNAL ¢ MEDICINE Z{ik) SAVOR-TIMI
EXAMINE
7| TECOS
[ g CV safety
J

75| EMPA-REG

Semaglutide and Cardiovascular Outcomes
in Patients with Type 2 Diabetes

SUSTAIN-6 [Zek[¢]
2l CANVAS
REWIND  |eliks DECLARE-TIMI

HARMONY
PPl VERTIS-CV

de and cardi A

in type 2 diabetes
d placebo-controlled

| ) a double-blind, rand

Individualized glycemic control
+ CV benefit

Albiglutide and cardiovascular outcomes in patients with
type 2 diabetes and cardiovascular disease (Harmany
Outcomes): a double-blind, randomised placebo-controlled
trial

Gluco-centric

Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes

Cardio-centric

Canagliflozin and Cardiovascular and Renal
Events in Type 2 Diabetes

[

Dapaglifiozin and Cardiovascular Outcomes
in Type 2 Diabetes

[ )

Cardiovascular Outcomes with Ermgliflozin

in Type 2 Diabetes

' el IjCHY HE

me NEW ENGLAND
JOURNAL o MEDICINE

Gluco-centric

Cardiovascular and Renal Outcomes with Empaglifiozin
in Heart Failure

r NEW ENGLAND

Cardio-centric

[ -
NEW ENGLAND
JOURNAL o MEDICINE
- - e ZAkke) DAPA-HF
Dapaglifiozin in Patients with Heart Failure and Reduced DAPA-CKD
Ejection Fraction EMPEROR-Reduced
ZliPAH| EMPEROR-Preserved

Dapagliflozin in Patients

with Chronic Kidney Disease

STEP-2 [ZlorAl

Dapagliflozin in Heart Failure with Mildly
Reduced or Preserved Ejection Fraction

SURPASS |22

ZliPZ) DELIVER

ZAiZEY EMPA-Kidney

Tirzepatide versus Semaglutide Once Weekly
in Patients with Type 2 Diabetes

JOURNAL of MEDICINE

Empagliflozin in Heart Failure with a Preserved
Ejection Fraction

Weight-centric
Semaglutide 2-4 mg once aweek in adults with overweight or
obesity, and type 2 diabetes (STEP 2): a randomised, double-
blind, double-dummy, placebo-controlled, phase 3 trial
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[ Obstructive sleep apnoea
Non-alcoholic steatohepatitis
Osteoarthritis

Obesity or adiposopathy—p» < Hyperlipidaemia

Hypertension P Macrovascular complications
Coronary artery disease

Type 2 diabetes ———p Hyperglycaemia

Microvascular complications

Weight-centric approach Glucocentric approach
Upstream intervention Downstream intervention
Lancet 2022;399:394-405

' Adipokine synthesis

Mechanical stres

[ ' Lipid production ] Activity of the Activity of the renin-
f sympathetic nervous t angiotensin=

‘ system aldosterone system
Adlpose tissue i i
t macrophages and other [ Hydrolysis of triglycerides ]
mnammatofy cells 1

[ Release of fatty acids ]

\
[ Lipotoxicity V ‘-.[ Dyslipidaemia ]

Nonalcoholic fatty
liver disease

Pro-inﬂarnrna(orv
cytomnes

L
(¢
[ ———
(*
[

" Intra=
Renal Pharyngeal Mechanicsl
[comnresslonJ L soft tissue ] L' Ic;ual\:tc;n ' a:fel::::‘: ;

Obstructive
sleep apnoea

Systemic and
pulmonary
hypertension

signalling and insulin
resistance

[ Osteoarthritis ]

Insulin ]

1

Type 2 diabetes

Steatohepatitis

Cirrhosis

Barrett's oesophagus
Congestive heart failure

Oesophageal
adenocarcinoma

Stroke

Chronic kidney disease

Obes Rev 2021,;22:e13112
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@ Hypertension
@ Hyperglycaemia

0-5%

Breof wmel 7o e+ A= o

IS greater weight loss and overall health improvements

@ T2D remission
@ CV mortality
HFpEF
@ Cardiovascular disease @ P

© nNasH

@ Prevention of T2D

© NaFLD

@ Dyslipidaemia

5-10%

% weight loss

-———

-~

‘20

B

Metabolic Surgery — Very effective but not widely applicable

<= = = = = Filling the gap with ‘New anti-obesity drugs’

Very-low Calorie Diet — Not feasible for long-term maintenance

Anti-obesity medication — Variable response, side effects, regain

Lifestyle modification — Modest effect, Frequent regain
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Liraglutide

Phentermine-
topiramate ER

ZX|X 2020 CiotH|Ot

SQ B ZHA|

Yo AN
By #ef cjul I8 2|0
usY2
120mg TID 28% Gastric/pancreatic lipase
inhibitor
32mg/360mg 32-52% opioid antagonist
{naltrexone)-
anti-depressant(bupropion)
30mg 546.0% GLP-1 analogue
s8¢ 181
i3} o
3.75mg/23g 669.3% Catecholamine
7.5mg/46mg release(phentermine)-
11.25mg/69mg GABA activation, Glutamate
15mg/92mg inactivation(Topiramate)
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Sr'E AH2| HFof ciet =a}
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Semaglutide SC ——

Semaglutide PO —

Exenatide
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Liraglutide -
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Empagliflozin

Canagliflozin ——

Dapaglifiozin
Ertuglifiozin
Lixisenatide
Exenatide ER

Metformin
a-glucosidase inhibitors
DPP-4 inhibitors
Meglitinides

Basal insulin

Prandial insulin
Sulphonylureas
Basal-bolus insulin
Premixed insulin
Pioglitazone
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Favours treatment  Favours placebo

Diabetes Obes Metab 2021;23:2116-2124

WMD (95% ClI)

-3.80 (~4.46 to -3.14)
-2.41 (-3.1310 -1.69)
-2.37 (-2.87 to -1.87)
-2.37 (-2.75t0 -1.98)
-1.92 (-2.41 to -1.43)
-1.83 (-2.4210 -1.23)
-1.82 (-2.23 to -1.41)
-1.80 (-2.57 to -1.02)
-1.04 (-1.56 to -0.52)
~1.03 (-1.68 to -0.38)
~0.80 (~1.41 t0 -0.19)
-0.62 (-1.00 to -0.25)
-0.39 (-0.81 1o 0.03)

0.26 (0.05t0 0.47)
1.72(0.97 to 2.47)
2.24 (1.80 10 2.68)
227 (15510 2.98)
2.36 (2.04 to 2.67)
2.59 (1.58 o 3.60)
291 (22610 3.57)
2.97 (2,64 to 3.31)
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sSemagiutide 0.5mg  ESemagiutide 1.0mg  ®Placebo ® Sitagliptin 100 mg * Exenatide ER 2.0 mg
®Insulin glargine uDulagivtide .75 mg W Dulsglutide 1.5 mg =Placebo 0.5 mg " Placebo 1,0 mg
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The absorption enhancer, SNAC, is a
small fatty acid derivative that
promotes absorption across the gastric
epithelium (causes a local increase of
pH leading to higher solubility and
protection from proteolytic
degradation)
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Monotherapy vs empagliflozin vs sitagliptin vs liraglutide Renal Flex* With insulin
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FDA Approves New Drug Treatment for Chronic
Weight Management, First Since 2014
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Today, the U.S. Food and Drug Administration approved Wegovy (semaglutide) injection Drugs

(2.4 mg once weekly) for chronic weight management in adults with obesity or overweight
with at least one weight-related condition (such as high blood pressure, type 2 diabetes, or

Follow FDA

high cholesterol), for use in addition to a reduced calorie diet and increased physical

activity. This under-the-skin injection is the first approved drug for chronic weight
management in adults with general obesity or overweight since 2014. The drug is indicated Eollow @FDAmedia 7
for chronic weight management in patients with a body mass index (BMI) of 27 kg/m2 or

greater who have at least one weight-related ailment or in patients with a BMI of 30

kg/m2 or greater.

“Today’s approval offers adults with obesity or overweight a beneficial new
treatment option to incorporate into a weight management program,” said
John Sharretts, M.D., deputy director of the Division of Diabetes, Lipid
Disorders, and Obesity in the FDA’s Center for Drug Evaluation and
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* In the STEP 2 trial, subcutaneous semaglutide 2.4 mg once a week achieved a
superior and clinically meaningful decrease in body weight compared with placebo.

Mean % Change from baseline % of patients achieving bodyweight reductions of at least
in bodyweight over 68 weeks 5%, 10%, 15%, and 20% from baseline at week 68

100 54 [ Semaglutide 2-4 mg (n=351)
I Semaglutide 1.0 mg (n=353)
s Placebo (n=340)
s ey —F 3 8 I Placebo (n=340)
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10 - -m- Semaglutide 2-4 mq (n=404) 485
-10 - emaglutide 2-4 mg (n=
- Semaglutide 1.0 mg (n=403) H 276 297 282
—— Placebo (n=403)
-12 T T T T T T T T T T 1
4 8 12 16 20 28 36 44 52 60 68 20 4 14-4 142
Time since random allocation (weeks) 71
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Proportion of patients (%

Adults with a body-mass index of at least 27 kg/m? and glycated haemoglobin 7-10%

Lancet 2021;397:971-984
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A Primary Cardiovascular Composite End Point B Death from Cardiovascular Causes
100-

Hazard ratio, 0.80 {95% C1, 0.72-0.90) , 10097 49 azard ratio, 0.85 (95% C1, 0.71-1.01)
P<0.001 for superiority - 90 PuD.07

Placebo
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Preexisting CVD
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. Months since Randomization Months since Randomization
No diabetes

Placebo 8801 8652 B437 8326 3164 7101 5660 4015 1672 Placebo 8301 8733 8634 8528 8430 7395 5933 4250 1793
Semaglutide 3803 3695 8561 8427 3254 7229 5777 4126 1734 Semaglutide 8803 8748 8673 8584 8465 7452 5988 4315 1832

Semaglutide 2.4mg : Placebo (1:1) C Heart Failure Composite End Point D' Death from Any Cause

100 & Hazard ratio, 0.82 {95% CI, 0.71-0:96) 1490, % Hazard ratio, 0.81 (95% CI, 0.71-0.93)
04 5 04 &
£ n g wf s A
i dpoint = CV death 2 g ooy et
Primary endpoint = CV death + e o s i e, g
£ 5 2 ol E s -
2
nonfatal Ml + nonfatal stroke * ol PR
-; 30- 'g 30
E T T ) E T T T T 1
i 20 30 36 42 48 I+ 0 o 30 36 42 48
10- 10
o T T e T 1 O T T T T : |
) & 12 13 Fel 30 36 42 48 o 6 12 18 4 30 36 42 48
Months since Randomization Months since Randomization
No. at Risk No. at Risk

Placebo 8801 #711 8601 8485 8381 7341 5885 4198 1766 Placebo 8301 8733 8634 8528 8430 7395 5933 4250 1793
Semaglutide 8803 8740 8654 8557 8425 7400 5044 4277 1816 Semaglutide 8303 8748 8673 8584 8465 7452 5988 4315 1832

New EnglJ Med 2023;389:2221-32
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Study SURPASS-1! SURPASS-22 SURPASS-33 SURPASS-4* SURPASS-5° SURPASS-6°
Duration 40 Weeks 40 Weeks 52 Weeks 52 Weeks 40 Weeks 52 Weeks
Baseline HbAlc 7.9% 8.3% 8.2% 8.5% 8.3% 8.8%
N 478 1879 1444 2002 475 1425
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TZP 5mg B TZP 10 mg B TZP15mg B Active comparator Placebo ]
Superiority vs. Placebo SEMA 1 mg Insulin degludec Insulin glargine Placebo Insulin lispro
Background thera Add-on to MET Add-on to MET, Add-on to insulin Add-on to insulin
py Monotherapy Add-onto MET or MET + SGLT2i SGLT2i, or SU glargine * MET glargine = MET

*p<0.001 vs. placeho or active comparator.

Data are LSM (SE). mITT population (efficacy analysis set). MMRM analysis. Data labels are % HbA1c. Number of participants (N) mentioned is randomized participants

DPP4i= dipeptidyl peptidase-4 inhibitor; HbALc = glycated hemoglobin; LSM = least squares mean; MET = metformin; miTT = modified intent-to-treat; MMRM = mixed model repeated measures; SE = standard error; SEMA = semaglutide; SGLT2i = sodium-glucose co-t
ransporter-2 inhibitor; SU = sulfonylurea; TZP = tirzepatide.

1. Rosenstock J, et al. Lancet. 2021;398(10295):143-155. 2. Frias JP, et al. N £ng J Med. 2021;385(6):503-515. 3. Ludvik B, et al. Lancet. 2021;398(10300):583-598. 4. Del Prato S, et al. Lancet. 2021;398(10313):1811-1824. 5. Dahl D, et al. JAVA. 2022;327(6):534-545.6. R
osenstock J, et al. Poster from ADA 2023 750P.
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Study SURPASS-1! SURPASS-22 SURPASS-33 SURPASS-4* SURPASS-5° SURPASS-6°
Duration 40 Weeks 40 Weeks 52 Weeks 52 Weeks 40 Weeks 52 Weeks
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TZP 5mg B TZP 10 mg B TZP15mg B Active comparator Placebo ]
Superiority vs. Placebo SEMA 1 mg Insulin degludec Insulin glargine Placebo Insulin lispro
Background thera Add-onto MET Add-on to MET, Add-on to insulin Add-onto insulin
Py Monotherapy Add-onto MET or MET + SGLT2i SGLT2i, or SU glargine £ MET glargine £ MET

*p<0.001, 'p<0.05 vs. placebo or active comparator.

Data are estimated mean; mITT population (efficacy analysis set). Logistic regression.

DPP4i= Dipeptidyl Peptidase-4 Inhibitor; HbAlc = glycated hemoglobin; MET = metformin; mITT = modified intent-to-treat; SEMA = semaglutide; SGLT2i = sodium-glucose co-transporter-2 inhibitor; SU = sulfonylur
ea; TZP = tirzepatide.

1. Rosenstock J, et al. Lancet. 2021;398(10295):143-155. 2. Frias JP, et al. N Eng J Med. 2021;385(6):503-515. 3. Ludvik B, et al. Lancet. 2021;398(10300):583-598. 4. Del Prato S, et al. Lancet. 2021;398(10313):1811
-1824. 5. Dahl D, et al. JAMA. 2022;327(6):534-545. 6. Rosenstock J, et al. Poster from: ADA 2023. Poster 750-P.
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Study SURPASS-1! SURPASS-22 SURPASS-33 SURPASS-4% SURPASS-5° SURPASS-6°
Duration 40 Weeks 40 Weeks 52 Weeks 52 Weeks 40 Weeks 52 Weeks
Baseline 85.9 93.7 943 920.3 95.3 91
Weight (kg)
6.0 (4.3%)
3.8
20 (2.7%) (2.2%) (1.7%)
1.9 7
2.0 t
g
b 0.0
£
& 2.0
©
o
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o 6.0
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S -8.0 -7.0 6.9
s 10.0 (79 78 Lo g5 (77%)
& 5 8.5%
g (e 95 e (-8.9%) 9.9
120 (-11.0%) (-10.7%) -10.9 (-11.4%)
(110%) 154 (11.4%) (11.6%) -12.0
-14.0 (-13.0%) (-13.6%)
(-13.1%) (-13.9%)
-16.0
[ TZP 5mg B TZP10mg B TZP15mg B Active comparator Placebo ]
Superiority vs. Placebo SEMA1mg Insulin degludec Insulin glargine Placebo Insulin lispro
Background thera Monotherapy Add-on to MET Add-onto MET Add-on to MET, Add-onto insulin Add-on to insulin

Py

*p<0.001 vs. placebo or active comparator.
Data are LSM (SE); mITT population (efficacy analysis set). MMRM analysis.
LSM = least squares mean; MET = metformin; mITT = modified intent-to-treat; MMRM = mixed model repeated measures; SE = standard error; SEMA = semaglutide; SGLT2i = sodium-glucose co-transporter-2 inhibitor; SU = sulfonylurea; TZP = tirzepatide.

1. Rosenstock J, et al. Lancet. 2021;398(10295):143-155. 2. Frias JP, et al. N £ng J Med. 2021;385(6):503-515. 3. Ludvik B, et al. Lancet. 2021;398(10300):583-598. 4. Del Prato S, et al. Lancet. 2021;398(10313):1811-1824. 5. Dahl D, et al. JAMA. 2022;327(6):534-545.6.
Rosenstock J, et al. Poster presented at: ADA 2023. Poster 750-P.
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In the SURMOUNT-1 Trial, Tirzepatide at weekly doses of 5 mg, 10 mg, and 15 mg for
72-week, provided substantial and sustained reductions in body weight.

Tirzepatide, 5 mg

A Overall Percent Change in Body Weight from Baseline
(treatment-regimen estimand)
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Percent Change in Body Weight
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-209
240
e re
aﬁb‘bff di»‘\fap @‘& &@P
<& < Y

M Tirzepatide, 10 mg W Tirzepatide, 15 mg | Placebo
B Percent Change in Body Weight by Week (efficacy estimand)
Overall mean baseline weight=104.8 kg
[ e e T
(") 5 L ) - 024 "
=44 Placebo
-8
-124
Tirzepatide,
Smg 5.0
-l6+ 150
! 2 Tirzepatide, 7
~104 Tirzepatide, ™5 10mg ‘i::
15 mg 1 3 F-204 E
b4 $azs
M- T T T T T T T
04 312162024 36 48 60 72 TRE
Weeks since Randomization

Adults with a BMI of 30 or more, or 27 or more and at least one weight-related complication, excluding diabetes

N EnglJ Med2022,;387:205-216
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Adults with a body-mass index of at least 27 kg/m? and glycated haemoglobin 7-10% (Asian 13%)

A
Uverall mean baseline weight=100-5 kg Overall mean baseline HbA, =8.02%
ORp-enne- R ——— PRl 3 R A S 50 ¥ Tirzepatide 10 mg
—4— Tirzepatide 15 mg L2
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s 7 804
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15 $-147% 6.0 !5955
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20T T T T T T T T 50 T T T T T T T
04812 I 20 | 36 48 60 7] Treatment-regimen 0 12 24 36 48 60 72 Treatment-regimen
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Time since randomisation {(weeks) Time since randomisation (weeks)
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Semaglutide | Tirzepatide! Orfoglipron’ Danugliprun' Cagrisema' Survodutide'™ | Efimopegéutice’ | Retatrutide! Bimagrumab!
Doseand frequency | 26/50mg00 | 1075mg W | 31224/34/45mg 00 u‘u?‘?’::“éu Limg O umwl:;ﬂ‘::;;:w siogor | asuanzmgon | ISy ﬁl:
Route ] st ] PO st st 5 ¢ v | ] ::::: g
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Number of participants 1606 938 38 &1 7 413 195 pill 75 Bl Active
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A 05 i

% HbA1c change

IntJ Obes 2024,;389:877-88
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8. Obesity and Weight Management il
for the Prevention and Treatment

of Type 2 Diabetes: Standards of

Care in Diabetes-2024

Diabetes Care 2024;47(Suppl. 1):5145-5157 | https://doi.org/10.2337/dc24-5008

In people with type 2 diabetes and overweight or obesity, weight management should represent a primary goal of treatment along
with glycemic management. (A)

People with diabetes and overweight or obesity may benefit from any magnitude of weight loss. Weight loss of 3—-7% of baseline
weight improves glycemia and other intermediate cardiovascular risk factors. (A) Sustained loss of >10% of body weight usually
confers greater benefits, including disease-modifying effects and possible remission of type 2 diabetes, and may improve long-term
cardiovascular outcomes and mortality. (B)

When choosing glucose-lowering medications for people with T2D and overweight or obesity, prioritize medications with beneficial
effect on weight. (B)

In people with diabetes and overweight or obesity, the preferred pharmacotherapy should be a GLP-1 RA or dual GIP and GLP-1 RA
with greater weight loss efficacy (i.e., semaglutide or tirzepatide), especially considering their added weight-independent benefits
(e.g., glycemic and cardiometabolic). (A)

To prevent therapeutic inertia, for those not reaching goals, reevaluate weight management therapies and intensify treatment with
additional approaches (e.g., metabolic surgery, additional pharmacologic agents, and structured lifestyle management programs). (A)
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Diabetes Obesity

American From: Efficacy and Safety of GLP-1 Medicines for Type 2 Diabetes and
A .Association.

Diabetes Care. 2024;47(11):1873-1888. doi:10.2337/dci24-0003

GLP-1 medicines

(" Investigational ) Evidence-based medicine Established benefit
; Type 2 Cardiorenal .
Metabol
’ eLi?.ve? i Diabetes disorders o=ty b
Disease $MACE .
$HbA,. S HFpEF Weight loss
' f i #DKD M
T .-:-,-:- #CV death > HFpEF |,
Parkinson - “/// /‘
Alzheimer [ | j ‘ \J)
S A

Figure Legend:

Established and emerging evidence supporting use of GLP-1 medicines. Right panel: Clinical indications where use of GLP-1 medicines is now
supported by extensive clinical trial data. Left panel: Potential indications still under study with ongoing phase 3 trials. Center panel: Classical
indications encompassing type 2 diabetes, and obesity, as well as cardiorenal indications, where the benefits of GLP-1 medicines are supported
by multiple clinical trials. CV, cardiovascular; DKD, diabetic kidney disease; PAD, peripheral artery disease.

Date of Download: 12/5/2024 Copyright © 2024 American Diabetes Association. All rights reserved.

Novel GLP-12 F+T0|AH £ 2A2l7}? (semaglutide ofl)
Use: Labeled Indications

» Diabetes mellitus, type 2, treatment (Ozempic, Rybelsus): As
an adjunct to diet and exercise to improve glycemic control in
adults with type 2 diabetes mellitus; risk reduction of major
cardiovascular events (cardiovascular death, nonfatal
myocardial infarction [MI], nonfatal stroke) in adults with type 2
diabetes mellitus and established cardiovascular disease
(Ozempic only).




+ Weight management, chronic (\Wegovy): As an adjunct to a
reduced-calorie diet and increased physical activity for chronic
weight management in adults with an initial BMI of 230 kg/m2
(obesity), or 227 kg/m2 (overweight) in the presence of at
least one weight-related comorbid condition (eg,
hypertension, type 2 diabetes mellitus, dyslipidemia) and
pediatric patients 212 years of age with an initial BMI at the =95th
percentile standardized for age and sex (obesity); risk reduction of
major adverse cardiovascular events (cardiovascular death,
nonfatal MI, nonfatal stroke) in adults with established
cardiovascular disease and either obesity or overweight.

SG LT2|5)

YES|
GLP-1RA%

Others

GLP-
SCpT2i SGLT2i®

+SGLT +GLP +GLP-1RA Metformin SGLT2i SGLP-1RAY DPP-4i TZD Su Glinide a-Gl
2i -1RA - g
+Qthers +SGLT2i T | X K ]lr | K alln |

- | 11 | |
(TzDE 87D ~ -

| | L
+ e 5
+Others Others mETzemn W NEINE W AEE

by
108

iy
p
| 4 |

table or nstabla angina,

HF
min/1.73m2 or 30 mglg 4) Dulaghtide, lragluide, semaglutide ) Dapagifiozin, empaglfiozn 6) Dapagkflozin, empagifiozin, ertugifiozin 7) Piogltazone




Efficacy and Safety of GLP-1 e CJAE
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JOURNAL o MEDICINE

ESTABLISHED IN 1812 MARCH 18, 2021 VOL. 384 NO. 11

Once-Weekly Semaglutide in Adults with Overweight
or Obesity

John P.H. Wilding, D.M., Rachel L. Batterham, M.B., B.S., Ph.D., Salvatore Calanna, Ph.D., Melanie Davies, M.D.,
Luc F. Van Gaal, M.D., Ph.D.,, Illdiko Lingvay, M.D., M.P.H., M.S.C.S., Barbara M. McGowan, M.D., Ph.D.,
Julio Rosenstock, M.D., Marie T.D. Tran, M.D., Ph.D., Thomas A. Wadden, Ph.D., Sean Wharton, M.D., Pharm.D.,
Koutaro Yokote, M.D., Ph.D., Niels Zeuthen, M.Sc., and Robert F. Kushner, M.D., for the STEP 1 Study Group*

METHODS

In this double-blind trial, we enrolled 1961 adults with a body-mass index (the
weight in kilograms divided by the square of the height in meters) of 30 or greater
(227 in persons with >1 weight-related coexisting condition), who did not have
diabetes, and randomly assigned them, in a 2:1 ratio, to 68 weeks of treatment




Table 3. Adverse Events.*
Semaglutide Placebo
Adverse Event (N=1306) (N=655)
No. of No.of  Events/100 No. of No. of Events/100
participants (%) events person-yr participants (%) events person-yr
Any adverse event 1171 (89.7) 9658 566.1 566 (86.4) 3302 398.0
Serious adverse events 128 (9.8) 164 9.6 42 (6.4) 53 6.4
Adverse events leading to discontinuation 92 (7.0) 123 7:2 20 (3.1) 23 2.8
of drug or placebo
Gastrointestinal disorders 59 (4.5) 78 4.6 5(0.8) 5 0.6
fatal events i 1(0.1) 1 0.1 1(0.2) 3 0.3
Adverse events reported in =10% of
participants§
Nausea 577 (44.2) 1068 62.6 114 (17.4) 146 17.6
Diarrhea 412 (31.5) 766 44.9 104 (15.9) 138 16.6
Vomiting 324 (24.8) 636 373 43 (6.6) 52 6.3
Constipation 306 (23.4) 390 22.9 62 (9.5) 73 8.8
Nasopharyngitis 281 (21.5) 480 28.1 133 (20.3) 216 26.0
Headache 198 (15.2) 387 22.7 80 (12.2) 104 125
Dyspepsia 135/(10:3) 179 10.5 23 (3.5) 30 3.6
Abdominal pain 130 (10.0) 175 10.3 36 (5.5) 41 4.9
Upper respiratory tract infection 114 (8.7) 158 9.3 80 (12.2) 116 14.0
Safety focus areas
Gastrointestinal disorders| 969 (74.2) 4309 252.6 314 (47.9) 739 89.1
Gallbladder-related disorders 34 (2.6) 42 2.5 8 (1.2) 8 1.0
Hepatobiliary disorders| 33 (2.5) 40 23 5 (0.8) 5 0.6
Cholelithiasis 23 (1.8) 24 1.4 4(0.6) 4 0.5
Hepatic disorders 31 (2.4) 37 22 20 (3.1) 24 2.9
Acute pancreatitis** 3(0.2) 3 0.2 0 — —
Cardiovascular disorders 107 8.2) 134 42 75 (11.5) 96 10.5

Research Letter
October 5, 2023

Risk of Gastrointestinal Adverse Events
Associated With Glucagon-Like Peptide-1
Receptor Agonists for Weight Loss

Mohit Sodhi, MSc'; Ramin Rezaeianzadeh, BSc'; Abbas Kezouh, PhD?; et al

» Author Affiliations | Article Information

JAMA. 2023;330(18):1795-1797. doi:10.1001/jama.2023.19574




Table 2. Risks of Biliary Disease, Pancreatitis, Bowel Obstruction, and Gastroparesis Among Users

of GLP-1 Agonists vs Bupropion-Naltrexone

Outcomes

GLP-1 agonists, HR (95% Cl1)?

Crude

Adjusted®

Bupropion-naltrexone

Primary analysis
Biliary disease
Pancreatitis
Bowel obstruction

Gastroparesis

1.48(0.88-2.47)
10.33 (1.44-74.40)
5.16(1.27-21.00)
3.31(1.04-10.50)

1.50(0.89-2.53)

9.09 (1.25-66.00)
4.22(1.02-17.40)
3.67(1.15-11.90)

1 [Reference

]
1 [Reference]
1 [Reference]

]

1 [Reference

Sensitivity analyses

Exclusion of hyperlipidemia
Biliary disease
Pancreatitis
Bowel obstruction
Gastroparesis

Analysis with less-restrictive obesity definition®
Biliary disease
Pancreatitis
Bowel obstruction
Gastroparesis

E-values for adjusted HRs®
Biliary disease
Pancreatitis
Bowel obstruction

Gastroparesis

1.50(0.88-2.56)

9.80(1.36-70.79)
4.43(1.08-18.20)
3.32(1.04-10.60)

1.29(0.92-1.80)
6.19(1.99-19.30)
3.11(1.28-7.54)
2.11(1.09-4.09)

2.36
17.67
7:91
6.80

1.46 (0.84-2.51)

7.99(1.10-58.30)
3.63(0.87-15.10)
3.67(1.14-11.80)

1.20(0.85-1.69)
5.94 (1.90-18.60)
2.44(1.00-5.95)
2.35(1.20-4.58)

1 [Reference

]
1 [Reference]
1 [Reference]

]

1 [Reference

1 [Reference]
1 [Reference]
1 [Reference]

1 [Reference]

Abbreviations: GLP-1, glucagon-like
peptide 1; HR, hazard ratio.

@ Either semaglutide or liraglutide
user.

®Hazard ratios adjusted for by age,
sex, alcohol use, smoking,
hyperlipidemia, and abdominal
surgery in the last 30 days.

© Analysis that included patients
without a diabetes code with or
without an obesity code.

dE-values represent the HRs for the
association of an unmeasured
confounder (in this study's case,
body mass index) with GLP-1
agonists and the study's 4
outcomes. E-values with HRs at
least 2 suggest that such
confounders are unlikely to change

study resuilts.
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Semaglutide and Cardiovascular Outcomes in
Patients with Type 2 Diabetes
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Hazard ratio

Retinopathy
50 (3.0) 1.49 29 (1.8) 0.86 1.76 1.11 ; 2.78 0.02
complications
Need for retinal
38 (2.3) 1.13 20 (1.2) 0.59 1.91 1.11; 3.28 0.02
photocoagulation
Vitreous
16 (1.0) 0.47 7 (0.4) 0.21 2.29 0.94 ; 5.57 0.07
hemorrhage
Need for
treatment with 16 (1.0) 0.47 13 (0.8) 0.38 1.23 0.59; 2,56 0.58
intravitreal agent
Onset of diabetes-
5(0.3) 0.15 1(0.1) 0.03 5.01 0.59 ; 42.88 0.14
related blindness

N EnglJ Med 2016;375:1834-1844

HbA1c Change and Diabetic Retinopathy During GLP-1 Receptor Agonist Cardiovascular
Outcome Trials: A Meta-analysis and Meta-regression. Diabetes Care 2021;44(1):290-296

JAMA Ophthalmology | Original Investigation

Risk of Nonarteritic Anterior Ischemic Optic Neuropathy
in Patients Prescribed Semaglutide

E‘ Type 2 diabetes

Survival probability, %

No. at risk
Non-GLP-1RA
antidiabetes
medication
Semaglutide

Semaglutide

Non-GLP-1 RA antidiabetes medications

100 =L | P | 1 1 |
90 |
0 T T T T T J
0 6 12 18 24 30 36
Time, mo
234 228 228 224 221 219 181
169 166 157 154 153 152 130

@ Overweight or obesity

Non-GLP-1 RA antiobesity medications
Semaglutide

100 k=L,

90+
80
704
60+
504
404
30
20
10+

1]

Survival probability, %

HR, 7.

64; 95% Cl, 2.21-26.36; P<.001

wo el LIL gy
§

6 12 18 24 30 36

0

No. at risk
Non-GLP-1RA 359
antiobesity
medication
Semaglutide 254

Time, mo

356 356 353 352 350 301

246 240 237 236 236 221

JAMA Ophthalmol. 2024;142(8):732-739. doi:10.1001/jamaophthalmol.2024.2296 Published online July 3, 2024.




Semaglutide 2.4 mg (n=403) Semaglutide 1.0 mg (n=402) Placebo (n=402)

Patients Events Events per Patients Events Events per Patients Events Events per
S e m a I t- d 2 .4 100 patient- years 100 patient- years 100 patient- years
g u I e Any adverse events 353 (87-6%) 2197 412.2 329(81.8%) 1859 3509 309 (76-9%) 1388 2627
mg once a Week Serious adverse events 40 (9-9%) 71 133 31(7.7%) 53 100 37(9-2%) 53 10:0
. . Adverse events leading to trial product 25 (6.2%) 34 6.4 20 (5.0%) 23 43 14 (3.5%) 18 34
In adults Wlth discontinuation
. Gastrointestinal disorders leadingto 17 (4-2%) 24 4.5 14 {3-5%) 16 30 4(1:0%) 6 11
ove rwe I g ht o r trial product discontinuation
. Fatal events*t 1(0-2%) 1 02 1(0:2%) 1 02 1{0:2%) 3 05
ObESIty, a nd Adverse events reported in at least 10% of patientsf
. Nausea 136 (33-7%) 249 467 129(321%) 198 374 37 (9-2%) 45 85
type 2 d Iabetes Vomiting B8 (21.8%) 188 353 54 (13-4%) 93 176 11 (2:7%) 12 23
(ST E P 2) _ a Diarrhoea 86 (213%) 141 265 B89 (221%) 158 29.8 48 (11-9%) 66 12.5
. Constipation 70 (17-4%) a2 154 51(127%) 70 132 22(55%) 26 49
H Masopharyngitis 68 (16-9%) 115 216 47 (11:7%) 69 130 59 (14-7%) 92 174
ran d omi Sed I Upper respiratory tract infection 42 (10-4%) 48 9.0 37 (9:2%) 54 102 38(9:5%) 50 9.5
dou bleblind’ Safety areas of interest§
Gastrointestinal disorders 256 (63-5%) 924 1733 231(57-5%) 724 1367 138(343%) 262 49.6
dOUble-du mmy, Gallbladder-related disorders 1(0.2%) 2 04 4(1.0%) 4 08 3(0:7%) 4 08
Hepatobiliary 1(02%) 2 0.4 3(0.7%) 3 06 3(0-7%) 4 08
placebo' Cholelithiasis 1(0:2%) 1 02 3(07%) 3 06 3(0.7%) 3 06
contro"ed Hepatic disorders 10(2:5%) 12 23 10 (2:5%) 1 21 14(3.5%) 21 40
I Acute pancreatitis*9q 1(0:2%) 2 03 0 ] 0 1(0-2%) 1 02
phase 3 trial Cardiovascular events™q 6 (1:5%) 6 1.0 6(15%) 7 12 5(12%) 7 12
Allergic reactions 26(6:5%) 2g9 Ged 22 (5:5%) 24 45 18 (4.5%) 21 40
Injection site reactions 12 (3:0%) 18 34 6 (1:5%) 7 13 10 (2:5%) 18 34
Malignant neoplasms” 5(1-2%) 6 1.0 7{1.7%) 8 1.4 8(2:0%) g 16
I Psychiatric disorders 24 (6:0%) 29 54 23(57%) 28 53 15(3.7%) 16 30
Acute renal failure 4 (1-0%) 5 09 2 (0-5%) 2 04 2(0:5%) 2 04
Hypoglycaemial| 23(57%) 51 9.6 22 (5:5%) 29 55 12(3.0%) 18 34
Retinal disorder events® 28(6:9%) 36 63 25 (6:2%) 30 53 17 (4-2%) 19 34
Diabetic retinopathy 16 (4.0%) 17 30 11 (2:7%) 13 23 11 (27%) 12 21
Semaglutide 2-4 mg (n=199) Semaglutide 1-7 mg (n=100) Placebo (n=101)
Participants Events  Eventsper Participants Events  Events per Participants Events  Eventsper
100 patient- 100 patient- 100 patient-
years years years
Any adverse events 171 (86%) 834 3033 82 (82%) 483 3546 80 (79%) 235 1657
Serious adverse events 10(5%) 12 44 7(7%) 10 73 7 (7%) 7 49
Adverse events leading to 5(3%) 9 33 3(3%) 6 44 1 (1%) 1 07
Semaglutide once a week [sw-

Gastrointestinal disarders 4(2:0%) 5 18 2(2%) 5 37 (4]

in adults with overweight [

discontinuation

or obesity, with or Fatal events 5 " . : -

A A Adverse events reported in at least 10% of participantst
without type 2 diabetes ; "

Nasopharyngitis 53(27%) 81 295 24(24%) 36 264 18 (18%) 24 16.9
. . Constipation 52 (26%) 60 7.8 19 (19%) 22 162 3(3%) 3 21
in an eaSt ASlan Nausea 35 (18%) 66 240 18 (18%) 27 19-8 4(4%) 4 2.8
. Diarrhoea 32(16%) 52 189 22 (22%) 59 433 6({6%) 6 42
pOPUIatlon (STEP 6): a Vomiting 17 (9%) 29 105 10 (10%) 34 250 2 {2%) 2 14
Q Q Abdominal discomfort 12 (6%) 16 538 11 (11%) 12 83 1(1%) 1 07
randomised, double-blind, |-
- - Gastrointestinal disorders 118 (59%) 343 1247 64 (64%) 256 1879 30 (30%) 43 303
dou ble d u mmy' placebo Gallbladder-related 2(1%) 2 07 1(1%) 1 07 1(1%) 7 a7
= disorders
controlled, phase 3a trial o o . .
Cardiovascular events®§ 1(1%) b o7 0 0
All neoplasms” 10 (5%) 14 49 8(8%) 8 56 4 (4%) 5 34
Malignant neoplasms® 0 2(2%) 2 14 1(1%) 1 0.7
Hepatic events 4(2%) 4 15 1(1%) i 07 5(5%) 5 35
Acute renal failure 1(1%) f; 0-4 1(1%) i a7 0
Injection-site reactions 4(2%) 15 55 1] 0
Allergic reactions 18 (9%) 21 76 11 (11%) 13 95 9 (9%) 10 71
Anti-drug antibodies®|| #122 (2%6) 0!% NA NA NA
I Psychiatric disorders 6(3%) 6 22 4 (4%) 4 29 1(1%) T 07
Hypoglycaemia in 0 0 0

participants without
fype 2 digbate:
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[] Repurposing Semaglutide and Liraglutide for Alcohol Use Disorder,
1 Lahtesnvuo M, Tiihonen J, Solismaa A. Tanskanen A, Mittendorfer-Rutz E. Taipale H.
A

i try. 2024 Nov 13:6243599, doi: 10,1001 jamapeychiatry 599, Online ahead of print.
5805 Free PMC article.

Use of any AUD medication was associated with a modestly decreased risk (aHR. 0.98: 95% Cl, 0.96-1.00).
_O_- @) Semaglutide (aHR, 0.78; 95% CI, 0.68-0.80) and liraglutide (aHR, 0.79% 95% CI, 0.69-0.91) use were also

associated with decreased risk of somatic hospitalizations but no ...
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EATHRE T [] Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) and suicidality: A

2 replication study using reports to the World Health Organization
cite  pharmacovigilance database (VigiBase).
() 5 years ) Mclntyre RS, Mansur RB, Rosenblat JD, Rhee TG, Cao B, Teopiz KM, Wong S, Le GH, Ho R. Kwan ATH.
) 10 years SBA® | hffect Disord. 2024 Oct 19:363:922
PMID: 394331

Y year

-927. doi: 10.1016/)jad.2024.10.062. Online ahead of print.

= Free article.
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E RESULTS: We searched VigiBase reports frem inception to January 2024. The RORs for suicidal ideation
e LRI were significantly increased for semaglutide (5.82), liraglutide (4.03) and tirzepatide (2.25). For

“depression/suicidal”, the ROR was significantly in ...

[] Abstract
[] Free full text [[] The risk of depression, anxiety, and suicidal behavior in patients with obesity on
] Ful text 3 glucagon like peptide-1 receptor agonist therapy.
cite  Kornelius E, Huang JY, Lo 5C, Huang CN, Yang YS.
ARTICLE ATTRIEUTE 5¢i Rep, 2024 Oct 18:1 d

Share

PMID: 39424950 Free PMC article.
This large community-based cohert study investigates the impact of glucagon-like peptide-1 receptor
agonists (GLP-1 RAs), specifically Liraglutide and Semaglutide, on the risk of developing psychiatric

conditions such as depression, anxiety, and suicidal behaviors i ...
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Lower Suicide Risks in Adolescents With Obesity Taking GLP-1 Drugs
(2024 Nov 15)

GLP-1 Receptor Agonists and Risk of Suicide Death (2024 Nov 1)

GLP-1 Receptor Agonists and Suicidality-Caution Is Needed (2024
Aug 1)

A Mendelian randomization study to assess a potential causal
association (2024 Aug)

Association of semaglutide with risk of suicidal ideation in a real-
world cohort (2024 Jan)




The mean follow-up time was 160.5 + 18.4 days for the semaglutide group and
150.2 + 26.8 days for the non-GLP1R agonist anti-obesity medication group.

Follow-up Semaglutide Non-GLPIR agonist
time period group anti-diabetes medications group HR (95% CI)

Incident suicidal ideation (n = 27,276 per group)

& months 0.13% (36) 0.36% (98) |—-{ 0.36 (0.25-0.53)
1year 0.19% (52) 0.48% (131) H 0.39 (0.28-0.53)
2 years 0.37% (101) 0.69% (189) H 0.53 (0.41-0.67)
3 years 0.47% (128) 0.85% (233) H 0.58 (0.49-0.72)

Recurrent suicidal ideation (n = 251 per group)

6 months 10.0% (25) 17.9% (45) M 0.51(0.31-0.83)
1year 13.9% (35) 21.5% (54) }-—| 0.59 (0.39-0.90)
2 years 17.1% (43) 26.7% (67) |—-—| 0.58 (0.39-0.85)
3 years 18.3% (46) 20.1% (73) |-|{ 0.58 (0.40-0.83)

T
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Nature Medicine | Volume 30 | January 2024 | 168-176
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1. Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) and suicidality
(2024 Oct 19)

2. The risk of depression, anxiety, and suicidal behavior in patients
with obesity on GLP-1 receptor agonist therapy (2024 Oct 14)

3. GLP-1 Receptor Agonists and Risk for Suicidal Ideation and Behaviors
in Older Adults With Type 2 Diabetes (2024 Aug)

4. Disproportionality Analysis From World Health Organization Data
on Semaglutide, Liraglutide, and Suicidality (2024 Aug 1)

5. Suicidal Thoughts and Self-injurious Behavior Associated With GLP-1
Receptor Agonists (2024 May 17)




August 20, 2024

Disproportionality Analysis From World Health
Organization Data on Semaglutide, Liraglutide, and
Suicidality

Georgios Schoretsanitis, MD, PhD'23; Stefan Weiler, MD, Ph*; Corrado Barbui, MD?; et al

# Author Affiliations | Article Information

JAMA Netw Open. 2024;7(8):e2423385. doi:10.1001/jamanetworkepen.2024.23385

Editorial
Comment

Key Points

Question Are glucagon-like peptide-1 receptor agonists semaglutide and liraglutide, which were originally introduced for
the treatment of type 2 diabetes and are frequently prescribed due to their weight loss properties, associated with dispro-
portionately increased reporting of suicidality?

Findings This disproportionality analysis through the case-control design based on the World Health Organization global
database collecting suspected adverse drug reactions, identified a disproportionality signal of suicidal ideation with semaglu-
tide, which remained significant when comparing semaglutide with dapagliflozin and metformin and in the subgroup of pa-

tients with coreported use of antidepressants and benzodiazepines.

I Meaning A detected signal of semaglutide-associated suicidal ideation warrants urgent clarification. I

Compared with a study
(Nat med), in our analysis
we also included patients
with potential off-label
prescription of GLP-1 RAs.
Thus, our analysis may be
generalized to patients
receiving GLP-1 RAs
without a diagnosis of
diabetes or obesity, thus
further confirming the
complementary nature of
studies based on ICSRs
disproportionality analysis
and longitudinal
observational design.

Any psychiatric diseases

GLP-1 RA 36,789 9.36% 15.29% | 29.62% | 39.64% | 1.98(1.94-2.01)

Non-GLP-1 RA 27,349 4.76% 7.63% | 16.45% |23.38% | Reference
Major depressive disorder

GLP-1 RA 6,085 1.41% 2.38% |4.99% |7.02% |2.95(2.82-3.08)

Non-GLP-1 RA 2,952 0.36% 0.66% |1.67% |2.68% | Reference
Anxiety

GLP-1 RA 26,741 6.35% 10.69% | 21.68% | 30.03% | 2.08(2.04-2.12)

Non-GLP-1 RA 18,895 3.09% 4.98% |[11.16% | 16.45% | Reference
Suicide ideations or attempts

GLP1RA 1,501 0.22% 042% |145% |[3.64% |2.06(1.92-2.21)

Non-GLP-1 RA 1,559 0.21% 0.35% [0.89% |1.42% | Reference

Victoza (n=28375) | 1.65(1.59-1.72) 1.98(1.75-224) | 1.66(1.58-1.74)

1.32(1.11-1.57)

Saxenda (n=17,160) | 1.73(1.64-1.83) 2.16(1.85-2.53) | 1.66(1.55-1.78)

1.67(1.31-2.13)

Ozempic (n=76,801) | 1.72(1.67-1.76) 2.19(2.03-2.37) | 1.85(1.79-1.91)

1.66(1.49-1.86)

Wegovy (n=30,962)* | 2.14(2.05-2.24) 222(194-2.54) | 2.36(2.23-2.49)

2.42(1.90-3.08)

Table 4. Psychiatric outcomes in different GLP-1 RA groups. *The outcome of Wegovy was evaluated within 3

yrare: Scientific

Reports | (2024) 14:24433
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