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1) Explain the pharmacology and toxicology of GLP-1 receptor agonists

2) Evaluate the preclinical evidence in favor of repurposing GLP-1
receptor agonists as possible addiction pharmacotherapies

3)Assess the ongoing clinical trials studying the safety and efficacy of
GLP-1 receptor agonists for addiction

4)Identify methods to provide fair and just access to new, expensive
medications like GLP-1 receptor agonists to all segments of society
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“I've heard that not since the '90s with the
introduction of Viagra, has there been a bigger
accident in the world of medicine. And Viagra,
just to remind people, was originally created to
treat high blood pressure, but then people
started using it to treat erectile dysfunction.
And Ozempic was originally created to treat
Type 2 diabetes.”

- Tonya Mosely, NPR, Fresh Air

* Approx 2 of 3 Americans are overweight or obese

# 2005: First Glucagon-like peptide-1 receptor agonist approved
for the treatment of type Il diabetes

# Social media, esp. Tik Tok, reported that people taking them
were losing weight

¢ GLP-1R agonists then repurposed as wt loss drugs
+ Half of US adults meet these criteria:

Where GLP-1s Work Now -- and What's Coming

(Based on Evidence So Far)
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# A peptide with 30 amino acids
¢ Produced in the intestinal mucosa and pancreas
+ Regulates blood glucose and food intake
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@@=l orenaccess - Comparative effectiveness of GLP-1 receptor agonists on
M) check orupaates|  glycaemic control, body weight, and lipid profile for type 2
diabetes: systematic review and network meta-analysis
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¢76 RCTs of 15 GLP-1RAs
¢ 39, 246 participants

YAO 2024 BMJ 2024;384:e076410

Comparative effectiveness of GLP-1 receptor agonists on
glycaemic control, body weight, and lipid profile for type 2
diabetes: systematic review and network meta-analysis
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meta-analysis (CINeMA) framework, the certainty of evidence is visually rep: fed in the forest maj ying colours indicating different
confidence levels. The complete CINeMA assessments are shown in appendix 9. GLP-1RA=glucagon-like peptide-1 receptor agonist; PEG
glycol ITCA 650=a of drug and device containing exenatide in osmotic mini pump.
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Compared with placebo Mean difference
(95% CI) (mmol/L
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Confidence of evidence
High —s— Moderate —e= Low

in the forest map, with varying colours indicating different confidence level:

Yao et al. BMJ 2024

Albiglutide 1.78(25210-1.04) 004
PEGylated exenatide -1.68(2.85 10-0.51) 0.09
Dulaglutide 149184 10-1.14) 007
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Exenatide 0.90(1.56 10 0.24) 0.09
Lixisenatide 0.61(1.1410-0.08) 0.09
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Fig 5 | Forest plot of network effect sizes between GLP-1RAs and placebo fq{fasting blood glucoseXCertainty of evidence is visually represented
WA

1RA=glucagon-like peptide-1 receptor agonist; PEG-loxenatide=polyethylene glycol loxenatide
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Semaglutide and Cardiovascular Outcomes
in Obesity without Diabetes
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A Primary Cardiovascular Composite End Point
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Table 2. Primary and Secondary Time-to-First-Event Efficacy End Points.*
Semaglutide Placebo Hazard Ratio
End Point (N=8803) (N=28801) (95% Cl) P Value
number of patients (percent)

Primary cardiovascular composite end pointt 569 (6.5) 701 (8.0) 0.80 (0.72 to 0.90) <0.001

Confirmatory secondary end pointsi
Death from cardiovascular causes 223 (2.5) 262 (3.0) 0.85 (0.71 to 1.01) 0.07
Heart failure composite end point§ 300 (3.4) 361 (4.1) 0.82 (0.71 to 0.96) NA
Death from any cause 375 (4.3) 458 (5.2) 0.81 (0.71 to 0.93) NA

Supportive secondary end points§
Cardiovascular expanded composite end point| 873 (9.9) 1074 (12.2) 0.80 (0.73 t0 0.87) NA
Cardiovascular composite end point with death from 710 (8.1) 877 (10.0) 0.80 (0.72 to 0.88) NA
Nonfatal myocardial infarction 234 (2.7) 322 (3.7) 0.72 (0.61 t0 0.85) NA
Nonfatal stroke 154 (1.7) 165 (1.9) 0.93 (0.74 to 1.15) NA
Hospitalization or urgent medical visit for heart failure 97 (1.1) 122 (1.4) 0.79 (0.60 to 1.03) NA
Coronary revascularization 473 (5.4) 608 (6.9) 0.77 (0.68 to 0.87) NA
Unstable angina leading to hospitalization 109 (1.2) 124 (1.4) 0.87 (0.67 to 1.13) NA
Glycated hemoglobin level =6.5%1 306 (3.5) 1059 (12.0) 0.27 (0.24 t0 0.31) NA
Nephropathy composite end pointii 155 (1.8) 198 (2.2) 0.78 (0.63 to 0.96) NA
Glycated hemoglobin level =5.7% among patients 623 (21.3) 1501 (50.4) 0.33 (0.30 to 0.36) NA

with baseline glycated hemoglobin <5.7%§§
14
ok |Open.
I i .
Glucagon-Like Peptide-1 Receptor Agonists and Pancreatic Cancer Risk No increased

in Patients With Type 2 Diabetes

RESEARCH LETTER

Rachel Dankner, MD, MPH; Havi Murad, PhO: Nirt Agay, PhD: Lz Ol MSc; Laurence S, Freedman, PhD

Wang et al, JAMA Oncology, 2024

GLP-1Receptor Agonists and Colorectal Cancer Risk
in Drug-Naive Patients With Type 2 Diabetes,
With and Without Overweight/Obesit:

Decreased
rate of CRC

with 15 yr FU

risk of
ncreatic
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+ | will be discussing semaglutide drug brand names
+ | will be discussing off-label use of semaglutide, which is
not currently FDA-approved to treat addictive disorders

Study Reference ______ Findings ______

etal., P i (2013) 38: 1259 Exendin 4 | alcohol reward and intake in mice
Shirazi et al., PLOS ONE (2013) 8: e61965 GLP-1 and Exendin 4 | alcohol intake/reward in rats
*Suchankova et al., Transl. Psychiatry (2015) 5: €583 AC3174 | alcohol consumption in dependent mice
Vall6f et al., Addiction Biology (2016) 21: 422 Liraglutide | alcohol reward and intake in rats
Serensen et al. Alcohol Clin Exp Res (2016) 40: 2247 Exendin 4 | self-administration of IV alcohol in mice
*Marty et al. Frontiers in Neuroscience (2020) 14: 599646  Liraglutide and semaglutide | alcohol intake in rats
Aranas et al. EBioMedicine (2023) 93: 104642 Semaglutide | alcohol intake and relapse in rats
*Chuong et al. JCI Insight (2023) 8: 170671 Semaglutide | binge drinking of alcohol in mice

Administration of GLP-1 or GLP-1 agonists to rodents decreases drinking and attenuates the
é reinforcing properties of alcohol, suggesting that the GLP-1R is a potential target for treating AUD.

EtOH mice injected with
vehicle consumed more
alcohol than control mice

o

Ethanol Intake (g/kg)

Ethanol Intake (g/kg)

After 1 week washout, EtOH
mice receiving the medium or
high doses of AC3174
All doses of AC3174 continued to drink
significantly reduced drinking significantly less alcohol vs. This effect dissipated after a
in EtOH but not control mice EtOH mice getting vehicle second week of washout

Suchankova, P, et al., (2015). Translational Psychiatry, 5(6)
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Marty, V. N., et al. (2020) Frontiers in Neuroscience, 14: 599646
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Semaglutide also
decreased fluid

‘Alcohol ntake (ghg/én)
Fuia sk (mLhgin)

Both sweet and
P+ unsweet alcohol
HESS S drinking were N
S F S sweet solution
Treweet Aconel dose-
60 (saccharin), and
fomalo > mala (p=0.2) dependently
two unsweet
decreased 3 N
caloric solutions
(maltodextrin and
corn oil)
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etal, (2023). JC 170671

Treatment Washout

Apparent rebound
effect in drinking

occurred on the secol
day of washout

Alcohol intake [g/kg/4h]

Alcohol intake remained
decreased x1 day after
stopping liraglutide

9 10 11 12 13 14 15 16 17 1§
Days of alcohol access

en, M., et al. (2019) Psychopharmacology, 236: 603-611




*Suchankova, Transl. Psychiatry (2015) 5: 583

Wium-Anderson, Basic & Clin. Pharm. & Tox. (2022)
131: 372-379

“Farokhnia, Addict. Biol. (2022) 27: 13211
*Farokhnia, Scientific Reports (2022) 12: 13027
Quoddos, Scientific Reports (2023) 13: 20998
Richards, J. of Clin. Psych. (2023) 85(1): 50515
Bremmer, J. Stud. on Alc. & Drugs (2024) 85: 5-10

Variation in GLP1R ass'd w/ AUD (genetic association study)

GLP-1RA tx ass'd w/ lower risk of alcohol-related events (national
registry cohort/case series)

1 GLP-1RA expression in AUD pts (post-mortem brain study)
Alcohol administration J, blood [GLP-1] (experimental lab studies)

GLP-1R gene variants ass'd w/ brain connectivity (genetic study)

Semaglutide/tirzepatide improved AUD (social media post analysis)
Semaglutide improved AUD (six-person case series)

GLP-1RAs improve AUD (Reddit post pharmacovigilance)

These observational and large-data studies in humans are suggestive of GLP-1RA efficacy for
treating AUD, and they provide additional support for testing these compounds as treatments for
AUD, but they cannot substitute for rigorous human randomized controlled trials.

After an initial decrease in heavy
drinking days in both groups, there
was no further significant difference

Klausen, M. K., et al

Oklahoma State University

PI: W. Kyle Simmons

In patients with BMI>30 kg/m2,
exenatide reduced heavy drinking days
by 23.6% (Cl -44.4—2.7, p=0.034)

L ight, 7(19): 159863

NIDA IRP/TAMB
PHYSICAL MA OF § -

UNITED STA

Pl: Lorenzo Leggio
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RECRUITING @

Semaglutide Therapy for Alcohol Reduction (STAR)

ClinicalTrals.gov 1D @ NCT06015893

Sponsor @ National Institute on Drug Abuse (NIDA)

ational Istitute on Drug Ab
Last Update Posted @ 20240215

B

Study Details | Researcher View | NoResultsPosted | Record History

Onthis page
I study Overiew Study Overview

et Summary Study Start (Estimated) @
Background: 20240220
‘Alcohol use disorder (AUD) i a probler m of alcohol use accompanied by cinically sig

Primary Compltin (Estmatod) @
st people reduce their drinking, but the number s

2030

Screening under NIDA Screening Protocol
Eligibility

+ Study Desig

Randomized Consent (52 completers, 80 accrual ceiling)
Double-blinded Randomization (stratified by BMI and baseline drinking)
Placebo-controlled Baseline Assessments

Outpatient

20 weeks!

Treatment Phase (20 weeks) Treatment Phase (20 Weeks)
Semaglutide + Take Control Placebo + Take Control
Clinical and Research Assessments Clinical and Research Assessments

Follow-Up (7 weeks)

at NID;

Online Screener




+ Alcohol Use Disorder (DSM-5)
¢ Age 18+
# Heavy Drinking (28-Day TLFB)

+ >7(?) or >14 (7 drinks/week

+ 4+ days of the last 28 days with >3
(9) or >4 (&) drinks

| ¢ CIWA<10

Alcohol Education Madules

Ozempic
FDA-approved for diabetes

< Metabolic
+ BMI outside 25-50 kg/m?
+ Malnourished (NRS-2002)
+ Diabetic (HbA1c 26.5)

+ Weight loss/diabetes/AUD
medications or bariatric surgery

< Unstable Medical Conditions

+ MRI or VR Contraindications

FDA-approved for obesity

4/3/2024
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*At month § and on, you may either
your health care provider to determine which d

+ Safety and Tolerability

+ Number/severity of Adverse Events
(AEs)

+ Number of people who reach target

dose (2.4 mg)

# Early Efficacy

+ Change in self-reported drinks/week
from baseline to end of study
+ 28-Day Timeline Followback (TLFB)

&

Virtual Reality food buffet task :
Participants presented with a
virtual reality food buffet cafeteria,
with caloric and macronutrient
food selection behaviors recorded
for subsequent analyses.

Getting started

Use the pen that delivers
0.25mg or 0.5 mg only

onger
1.7mg 2.4mg
cachweek Ml eachweek

Use the pen that
delivers 1 mg only

. https://www.ozempic.com/how-to-take/ozempic-dosing. html

# Other Drinking Outcomes
+ Heavy drinking days
+ WHO drinking risk levels
+ Phosphatidylethanol (PEth) levels

+ Changes in Study Tasks
+ Virtual Reality (Food Craving)
+ Cue Reactivity (Alcohol Craving)
+ Brain fMRI (resting, task-based)

\ gyl |
>

4/3/2024
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STAR-B (n=10) | Kilausen et al. (n=127)

Male Sex 7 (70%)
Age <40 3 (30%)

76 (59.8%)
15 (11.8%)

4/3/2024

*Body Mass Index (<30 vs. 30+) 31.0 (25.7-38.5)

26.7

Comorbid Cannabis Use Disorder 4 (40%)

Excluded per protocol

Comorbid Tobacco Use Disorder 4 (40%)

NR but not exclusionary

Comorbid Depression/Anxiety 8 (80%)

NR but not exclusionary

Significant but Stable Medical o
Comorbidity (but not diabetes) 220z

NR but not necessarily
exclusionary

12



STAR-B (n=10) Klausen et al. (n=127)

Severe AUD (>5 DSM-5 criteria) 7 (70%) 104 (81.2%)

Mean Drinks Per Day [6.16 (US definition) _ 4.94 (US definition)|

STAR: 28-Day TLFB, 14 g EtOH/drink = oo

Danes: 30-Day TLFB, 12 g EtOH/drink (43.12/week) 5.76 (Danish definition)
*Mean Heavy Drinking Days

Danes: >48g (9) or 60g (¢) EtOH/da 16.2 17.0

STAR: >42g () or 56g (3) EtOH/day

*High Weekly Alcohol Drinking
STAR: >14 (9) or 21 () drinks/week 57 (44.9%)

Danes: >17 heavy drinking days/month

Comment

GLP-1receptor agonists are promising
butunproven treatments for alcohol
and substance use disorders

Lorenzo Leggio, Christian S. .
Joseph P. Schacht & W. # Check for updates

Preclinical and initial human studies suggest
that glucagon-like peptide-1receptor agonists
maybe ising treatments foralcohol us:
disorder, but existing approved treatments
should be used until safety and efficacy is
demonstrated in clinical trials.

The development and rapid clinical adoption of potent and
PIRAS)

pept P
is ging the landscape of diabs d obesity treat-
ment. In particul Wegovyand

Leggio, L., et al. Nat Med 29, 29932995 (2023). https://doi.org/10.1038/541591-023

2@H®

CoVID-19:

Mar 17 registry analysis
French
improvc

/COVID-19 patients’s
Feb7

Chloroquine reported to
have in-vitro efficacy” #tal formally
etracted®?

lun 5

RECOVERY trial ends
ydroxychloroquine study
fter finding no benefits

cal trial

4/3/2024
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‘Gut-brain-endocrine axis co-metabolism

Adrenal

Jeffrey Brent, M.D., Ph.D.

Ogas ratio Odas ratio

s rat s rat Odds ratio Qgas ratio

with placebo EIE sasel

Yao 2024 BMJ 2024;384:e076410
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Proportion of Patients by Weight Change After Stopping Semaglutide
dercentage of Patients
100%
6% 7% 9% i
11% Complete Regain
Muxuxlsﬁmmnxm
16% norm
23% 25%
- 26%
75% 27%  26% Some Regain
8% 27% 27% 7% 7% 26% 09
50% Maintained Loss
100% 68% 47% 39% 34% 30% 26% 25% 23% 22% 21% 20% 20% 7' “
25 eloss
Additional Loss
25% 205 || 295 || 28% || 1736 | Fa796 | | 18%1 f1726 ] -«
20% 20% 20%
19% Doubled Loss
L oo e o oo |-
0% —l
o 1 2 3 4 5 6 7 8 9 10 11 12
Months Since Stopping Semaglutide
N-20,274 t ti tients by Weight After St
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ORIGINAL ARTICLE
Clinical Trials and Investigations

Early- and later-stage persistence with antiobesity
medications: A retrospective cohort study

Hamlet G. 12003 | i R. Pfoh?? | Rebecca Schulte® | PhuclLe’?
Michael B. Rothberg??

Patients receiving semaglutide were most
likely to not discontinue (40% persistence
at 1 year)

Persistence depends on:
- weight loss at 6 months
- Having private insurance

44

Weight regain and cardiometabolic effects after withdrawal
of semaglutide: The STEP 1 trial extension

John P. H. Wilding D.M?* | Rachel L. Batterham MBBS?%4 |

Melanie Davies M.D* | Luc F.Van Gaal M.D” | Kristian Kandler M.D® |
Katerina Konakli PhD® | Ndiko Lingvay M.D” | Barbara M. McGowan M.D® |
Tugce Kalayci Oral MD® | Julio Rosenstock M.D** !

Thomas A. Wadden Ph.D'?© | Sean Wharton M.D*?© | Koutaro Yokote M.D** |
Robert F. Kushner M.D** | STEP 1 Study Group

8 weektraament phsze S2weekoftreatment
Extension phase

Cardiometabolic
improvements
reversed with weight

8

. L N
o semaqhide 24 morm g3
57 Psceboom 4

Nishatac Ohac Matah 20199

15



%Direct 2

Legitimate
compounding
pharmacies vs. other
internet-based sellers

Despite costs, GLP-1 People are turning
agonists are in short to non-traditional
supply sources

FDA allows compounding Online

pharmacies to distribute pharmacies/compounders may
drugs in short supply, even be selling different forms of the
if not the actual drug, such as semaglutide salts
pharmaceutical or preparations that do not
preparation meet USP standards

LillyDirect™ can be your connection
to care

Experience the potential benefits of
independent telehealth service providers

+ spee e pors, and prescripions

4/3/2024
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# Loss of lean body mass assoc w/ loss of strength, quality of
life, and increased mortality

® Approximately 35% of wt loss w/ semaglutide is LBM
# Can use hand grip strength to measure muscle mass

9

16
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“Ozempic Face”

mpany

# Protein intake
+>1.5g/kg/d

# Strength training
* At least twice a week

Risk of Gastrointestinal Adverse Events Associated

With Glucagon-Like Peptide-1 Receptor Agonists
for Weight Loss

[Table 2. Risks of Blllary Disease, Pancreatitis, Bowel Obstruction, and Gastroparesis Among Users
of GLP-1 Agonists vs Bupropion-Naltrexone

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

Outcomes

Crude Adjusted® Bupropion-naltrexone
Primary analysis

Biliary disease 1.48(0.88-2.47) 1.50(0.89-2.53) 1 [Reference]
Pancreatitis 10.33(1.44-74.40)  9.09(1.25-66.00) 1 [Reference]

Bowel obstruction 5.16 (1.27-21.00) 4.22(1.02-17.40) 1 [Reference]
Gastroparesls 3.31(1.04-10.50) 2.67(1.15-11.90) 1 [Reference]

Absolute risks

No increased risk of
< 1%/yr of use

biliary tract disease

Asah Sodhi et al., JAMA 2023
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American Society of Anesthesiologists

Consensus-Based Guidance on

Preoperative Management of Patients - RA

(Adults and Children) on Glucagon-Like GLP 1. 2 decr.ease
Peptide-1 (GLP-1) Receptor Agonists gastric emptying

H.. American Soclety of \SA)

Day(s) Prior to the Procedure:

« For patients on daily dosing consider holding GLP-1 agonists on the day of the
procedure/surgery. For patients on weekly dosing consider holding GLP-1 agonists aweek
prior to the procedure/surgery.

nature medicine

Article https://dol.org/10.103
Association of semaglutide with risk of
suicidalideationinareal-world cohort

Received: 31 July 2023 Willlam Wang', Nora D. Volkow ® ', Nathan A. Berger®', Pamela B. Davis
David C. Kaelber ®* & Rong Xu®®

Accepted: 30 October 2023
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Semaglutids Non-GLPIR agonist

Population Group _ ant-obesity medication group HR (357 O

oRmessgsE  asmbe) ez = cantomom

Males (1= 234 per group) 1307 201 @) fu] 033(019-057)

R —— s o] ossiozs05
Nature

Age >45 years (n= 409 per group)  6.4% (26) 127% (62 )—r 0.47(0.30-076) Medicine,
2024

53

Depression Lil

Diabetic Patients onfdence Interval

Liraglutide 1.01
o

Exenatide 0.89

c 084

Semaglutide 0.55
o

Tirzepatide 0.35
ot

Non-diabetic Patients Baseline
on 8 GLP 2 mea onanon-GLP.

Semaglutide 0.63

0.6
Depression Likelihood

EPIC Research
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¢ GLP-1 Receptor Agonists (GLP-1RAs) have a unique mechanism of
action that may be effective in helping patients with SUDs
decrease craving and control their alcohol or drug use.

* “MAY be effective” does not mean “definitely WILL be effective!”

+ Along with awaiting the results of ongoing clinical trials of GLP-
1RA safety and efficacy in patients with addictions, plans to
provide equitable access to these drugs must be considered.

After RYGB

IRoward Deficioncy

EoH

Compensatory
Over-Eating

Blackburn, AN, et al. (2016) Addiction Biology, 22(6): 1540-1553

4/3/2024

19



