Semaglutide Circus: Glucagon-Like
Peptide-1 (GLP-1) Receptor Agonists
to Treat Addiction
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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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The Skinny on GLP-1 Receptor Agonists:
The Good, the Bad, the Beautiful, and the Ugly
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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



How This Came to Be

¥ 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:

Box 1: US Food and Drug Administration indications for
semaglutide

* Ozempic (injection) and Rybelsus (tablets) for

diabetes Brown

* Wegovy (injection) for obesity or overweight: BMJ
)

" BMI=z30 kg/m” or greater 2023
T BMIz27 I-:'.g,.-"n‘l3 or greater plus at least one

weight-related condition (high blood pressure,

type 2 diabetes or high cholesterol)




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

(Based on Evidence So Far)

Improved
cardiovascular
outcomes

Brain effects

Slower peristalsis and

Blood glucose . i
gastric emptying

control (pancreas)

Liver, kidney, and
systemic effects

Facilitate weight loss

Medscape




#* A peptide with 30 amino acids
# Produced in the intestinal mucosa and pancreas
# Regulates blood glucose and food intake

Inhibit gastric
emptying
Stomach

4 Blood
GLP-1 release glucose

I Glucagon

Pancreas secretion
11 Insulin
release

Gastrointestinal tract




Ll oren access - Comparative effectiveness of GLP-1 receptor agonists on
W) creck forupaates | 2lyCaemic control, body weight, and lipid profile for type 2

diabetes: systematic review and network meta-analysis

Haigiang Yao,"? Anqgi Zhang,? Delong Li,"? Yuqi Wu,'* Chong-Zhi Wang,”" Jin-Yi Wan,*?
) 3 4
Chun-Su Yuan™"

#*76 RCTs of 15 GLP-1RAs
# 39, 246 participants

CCE YAO 2024 BMJ 2024;384:076410



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

Compared with placebo Mean difference Mean difference T2
(9525 CD (C2) (9525 CD (28)

Tirzepatide —_—— -2.10(-2.47 to -1.74) 0.08
Mazdutide < -2.09(-3.10 to -1.09) 0.08
CagriSema < -1.80 (-2.87 to -0.73) 0.08
Orforglipron . -1.49 (-2.12 to -0.85) 0.08
Semaglutide —_—— -1.40 (-1.67 to -1.12) 0.07
Retatrutide &> -1.32(-1.97 to -0.68) 0.08
Dulaglutide —_—— -1.09 (-1.34 to -0.84) 0.08
Liraglutide —_—— -1.04 (-1.30 to -0.79) 0.08
PEG-loxenatide L -1.04 (-1.57 to -0.50) 0.08
Albiglutide - -1.01 (-1.55 to -0.48) 0.08
PEGylated exenatide 4 -0.97 (-1.87 to -0.07) 0.08
ITCA 650 . 4 -0.91 (-1.81 to -0.01) 0.08
Exenatide —_—— -0.81 (-1.15 to -0.48) 0.08
Efpeglenatide L -0.74 (-1.23 to -0.25) 0.08
Lixisenatide —_— -0.61 (-1.01 to -0.20) 0.08

-3 -2 -1 O 1

Favours GLP-T1RA Fawvours placebo

Confidence of evidence
—®— High —m— Moderate —e— Low

Fig 3 | Forest plot of network effect sizes between GLP-1RAs and placebo foeasured in percentage. According to the network confidence
meta-analysis (CINeMA) framework, the certainty of evidence is visually repraserffted in the forest map, with varying colours indicating different
confidence levels. The complete CINeMA assessments are shown in appendix 9. GLP-1RA=glucagon-like peptide-1 receptor agonist; PEG-
loxenatide=polyethylene glycol loxenatide; ITCA 650=a combination of drug and device containing exenatide in osmotic mini pump



Compared with placebo Mean difference Mean difference T2
(952 CD (mmol/D) (952 CD (mmol/L)
Tirzepatide —_—— -3.12(-3.59 to -2.66) 0.08
CagriSema & -2.79(-4.30 to -1.28) 0.08
Orforglipron < -2.09(-2.86 to-1.31) 0.09
Semaglutide —_— -1.99(-2.41 to -1.58) 0.10
Retatrutide ® -1.94 (-3.21 to -0.66) 0.09
Albiglutide < -1.78 (-2.52 to -1.04) 0.04
PEGylated exenatide ® -1.68 (-2.85 to -0.51) 0.09
Dulaglutide —_—— -1.49(-1.84 to -1.14) 0.07
Liraglutide —— -1.46 (-1.84 to -1.09) 0.10
PEG-loxenatide ® -1.33(-2.05to -0.61) 0.08
Mazdutide = -1.31 (-2.58 to -0.03) 0.00
Efpeglenatide ® -1.04 (-1.84 to -0.24) 0.09
Exenatide e -0.90 (-1.56 to -0.24) 0.09
Lixisenatide — -0.61(-1.14 to -0.08) 0.09
-5 -4 -3 -2 -1 0 1

Favours GLP-1RA Favours placebo

Confidence of evidence
—&=— High -—m— Moderate -—@=— Low

Fig 5 | Forest plot of network effect sizes between GLP-1RAs and placebo ff fasting blood glucose.)Certainty of evidence is visually represented
in the forest map, with varying colours indicating different confidence levels. W;A assessments are shown in appendix 9. GLP-

1RA=glucagon-like peptide-1 receptor agonist; PEG-loxenatide=polyethylene glycol loxenatide

Yao et al. BMJ 2024




Compared with placebo

Mean difference
(9525 CD (kg)

Mean difference T2
(952 CD (kg)

CagriSema - -14.03(-17.05to0-11.00) 0.11
Tirzepatide —_—— -8.47 (-9.68 to -7.26) 0.12
Retatrutide = -7.87 (-9.95to0 -5.79) 0.12
Orforglipron —_—y— -4.88 (-6.93 to -2.83) 0.11
Semaglutide —— -3.13(-3.95t0-2.31 0.22
Mazdutide [ -2.26 (-4.99 to 0.47) 0.11
ITCA 650 ® -1.36 (-4.30 to 1.58) 0.12
Liraglutide —o— -1.33 (-2.08 to -0.59) 0.11
Efpeglenatide —_— -0.93(-2.89 to 1.03) 0.11
Dulaglutide —_—— -0.73(-1.56 to 0.70Q) 0.13
Exenatide el e -0.62 (-1.69 to 0.45) 0.11
PEGylated exenatide ® -0.34 (-3.01 to 2.33) 0.12
Lixisernaude —_—— -0.62 (-1.51 to 0.87) 0.12
Albiglutide — 0.03 (-2.27 to0 2.21) 0.22
PEG-loxenatide N 0.27(-1.58t0 2.13) 0.22
-15 -12 -9 -6 -3 0 3

Favours GLP-1RA Favours placebo

Confidence of evidence

—&— High —m— Moderate —e— Low

Fig 7 | Forest plot of network effect sizes betweaian GLP-1R%s and placebo fo Certainty of evidence is visually represented in the forest
map, with varying colours indicating ditferent confidence levels. The comple NelM&A“assessments are shown in appendix 9. GLP-1RA=glucagon-

like peptide-1 receptor agonist; PEG-loxenatide=polyethylene glycol loxenatide; ITCA 650=a combination of drug and device containing exenatide in
osmotic mini pump

Yao et al., BMJ 2024




Semaglutide and Cardiovascular Outcomes

in Obesity without Diabetes

eanfield, M.D., Scott S. Emerson, M.D., Ph.D., Sille Esbjerg, M.Sc

RCT of 17,604 patients
w/ a mean FU of 39.8
Months



A Primary Cardiovascular Composite End Point

1009 109 asand ratio, 0.80 (95% Cl, 0.72—0.90)
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Months since Randomization
No. at Risk
Placebo 8801 8652 8487 8326 8164 7101 5660 4015 1672
Semaglutide 8803 8695 8561 8427 8254 7229 5777 4126 1734

B Death from Cardiovascular Causes
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Months since Randomization
No. at Risk
Placebo 8801 8733 8634 8528 8430 7395 5938 4250 1793
Semaglutide 8803 8748 8673 8584 8465 7452 5988 4315 1832

C Heart Failure Composite End Point
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D Death from Any Cause
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Semaglutide 8803 8748 8673 8584 8465 7452 5988 4315 1832




Table 2. Primary and Secondary Time-to-First-Event Efficacy End Points.*

End Point

Primary cardiovascular composite end pointy
Confirmatory secondary end points3

Death from cardiovascular causes

Heart failure composite end point|

Death from any cause
Supportive secondary end points¥

Cardiovascular expanded composite end point|

Cardiovascular composite end point with death from
any cause®

Nonfatal myocardial infarction

Nonfatal stroke

Hospitalization or urgent medical visit for heart failure
Coronary revascularization

Unstable angina leading to hospitalization

Glycated hemoglobin level =6.5%

Nephropathy composite end pointii

Glycated hemoglobin level =5.7% among patients
with baseline glycated hemoglobin <5.7%(f

Semaglutide Placebo
(N =8803) (N =8801)
number of patients (percent)

569 (6.5) 701 (8.0)
223 (2.5) 262 (3.0)
300 (3.4) 361 (4.1)
375 (4.3) 458 (5.2)
873 (9.9) 1074 (12.2)
710 (8.1) 877 (10.0)
234 (2.7) 322 (3.7)
154 (1.7) 165 (1.9)
97 (1.1) 122 (1.4)
473 (5.4) 608 (6.9)
109 (1.2) 124 (1.4)
306 (3.5) 1059 (12.0)
155 (1.8) 198 (2.2)
623 (21.3) 1501 (50.4)

Hazard Ratio
(95% Cl)

0.80 (0.72 to 0.90)

0.85 (0.71 to 1.01)
0.82 (0.71 to 0.96)
0.81 (0.71 to 0.93)

0.80 (0.73 to 0.87)
0.80 (0.72 to 0.88)

0.72 (0.61 to 0.85)
0.93 (0.74 to 1.15)
0.79 (0.60 to 1.03)
0.77 (0.68 to 0.837)
0.87 (0.67 to 1.13)
0.27 (0.24 to 0.31)
0.78 (0.63 to 0.96)
0.33 (0.30 to 0.36)

P Value

<0.001

0.07
NA
NA

NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
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Original Investigation | Pharmacy and Clinical Pharmacology N . d
Glucagon-Like Peptide-1 Receptor Agonists and Pancreatic Cancer Risk O |r_1c:rease
in Patients With Type 2 Diabetes risk of

Rachel Dankner, MD, MPH; Havi Murad, PhD; Nirit Agay, PhD; Liraz Olmer, MSc; Laurence S. Freedman, PhD pa n Creatlc

cancer

RESEARCH LETTER

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

Wang et al, JAMA Oncology, 2024
rate of CRC

with 15 yr FU



Winning the Rat Race: Repurposing GLP-1
Receptor Agonists for Addiction

Stephanie T. Weiss, M.D., Ph.D., M.S.

Translational Addiction Medicine Branch
Intramural Research Program
National Institute on Drug Abuse
National Institutes of Health

#* No conflicts of interest to disclose
# | will be discussing semaglutide drug brand names

“a - # | will be discussing off-label use of semaglutide, which is not
e currently FDA-approved to treat addictive disorders
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Over A Decade of Preclinical Evidence
Supports a Role for GLP-1 in AUD

Egecioglu et al., Psychoneuroendocrinology (2013) 38:
1259

Shirazi et al., PLOS ONE (2013) 8: e61965
*Suchankova et al., Transl. Psychiatry (2015) 5: €583
Vallof et al., Addiction Biology (2016) 21: 422

Sagrensen et al. Alcohol Clin Exp Res (2016) 40:
2247

*Marty et al. Frontiers in Neuroscience (2020) 14
599646

Aranas et al. EBioMedicine (2023) 93: 104642

Exendin 4 | alcohol reward and intake in mice

GLP-1 and Exendin 4 | alcohol intake/reward in rats
AC3174 | alcohol consumption in dependent mice
Liraglutide | alcohol reward and intake in rats
Exendin 4 | self-administration of IV alcohol in mice

Liraglutide and semaglutide | alcohol intake in rats

-c. t| | hl |ntk ANd --’ C |n rat

*Chdong et al. JCi insight (2023) &: 170671

“asawn’

Seinagivide | minge drinking or aiconotl i mice

treating AUD.



EtOH mice injected with
vehicle consumed more
alcohol than control mice
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After 1 week washout, EtOH

0.03 0 |
mice receiving the medium or

high doses of AC3174

All doses of AC3174 continued to drink significantly
significantly reduced drinking less alcohol vs. EtOH mice This effect dissipated after a
in EtOH but not control mice getting vehicle second week of washout

'*‘45',@ Suchankova, P., et al., (2015). Translational Psychiatry, 5(6): e583-e583.



CVehicle [ClLiraglutide ~ OVehicle OSemaglutide
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g Both liraglutide and =
g semaglutide S
o decreased EtOH 3
E preference, but %
i (=%
g Both Semaglu.tlde :
: : decreased it more i
e, Inj%%t;on & llrag|Utlde 0 Baseline Injection +2d
B BEIUehicle [ Semaglutide and |
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T agae Marty, V. N., et al. (2020) Frontiers in Neuroscience, 14: 599646.



Sweet Alcohol

Saccharin

Semaglut-ide also
decreased fluid
intake, including

Alcohal Intake (gfkg/dh)
Fluid Intake (mL/kgi4h)
Fluid Intake (mL/kg/4h)

Both sweet and
unsweet alcohol

Mo
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g o

. water, a noncaloric S S SELL8E
drinking were sweet solution SFSS SESE

U nswm;.t Alcohol d ose-
fernale = male (p = 0.02) dependently
decreased

(saccharin), and
two unsweet
caloric solutions
(maltodextrin and
corn oil)

Maltodextrin Corn Qil

Alcohol Intake (g/kgi4h)
Qalorie Intake (Kcal/kg/4h)
Calorie Intake (Kcal/kg/4h)

:
3 odo
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Chuong, V. et al., (2023). JCI insight, 8(12): e170671.



Treatment Washout

Apparent rebound
effect in drinking
occurred on the second
day of washout

el
A
(@)
—
—
2
@
>
4]
-
£
[e)
L
o
o
<C

Alcohol intake

® Liraalutide O Vehicl remained decreased x1
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- arter st
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Days of alcohol access

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



Anecdotal/Correlational Human Evidence of
GLP-1RA Efficacy for AUD

*Suchankova, Transl. Psychiatry (2015) 5: €583 Variation in GLP1R ass’d w/ AUD (genetic association study)

Wium-Anderson, Basic & Clin. Pharm. & Tox. (2022) GLP-1RA tx ass’d w/ lower risk of alcohol-related events (national
131: 372-379 registry cohort/case series)

. : . . _ T GLP-1RA expression in AUD pts (post-mortem brain study)
Feltehulilehrelole/id Ll el B LAt Alcohol administration | blood [GLP-1] (experimental lab studies)

*Farokhnia, Scientific Reports (2022) 12: 13027 GLP-1R gene variants ass’d w/ brain connectivity (genetic study)

Quoddos, Scientific Reports (2023) 13: 20998 Semaglutlde/tlrzepatlde improved AUD (social media post
analysis)
Richards, J. of Clin. Psych. (2023) 85(1): 50515 Semaglutide improved AUD (six-person case series)

Bremmer, J. Stud. on Alc. & Drugs (2024) 85: 5-10 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
asan trials.




Mormal weight placebo

Mormal weight exenaide

. i A D
Primary Outcome i
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After an initial decrease in heavy In patients with BMI>30 kg/m2,

drinking days in both groups, there exenatide reduced heavy drinking
was no further significant difference days by 23.6% (Cl -44.4—2.7,
b} p=0.034)

“asan Klausen, M. K., et al. (2022) JCI insight, 7(19): e159863



Semaglutide Therapy for Alcohol Reduction (STAR)

Two Harmonized RCTs
Oklahoma State University NIDA IRP/TAMB

PFHYSICAL MAF OF

UNITED STA =

Pl: W. Kyle Simmons PI: Lorenzo Leggio




RECRUITING @

Semaglutide Therapy for Alcohol Reduction (STAR)

ClinicalTrials.gov ID @ nCTo6015893

sponsor @ National Institute on Drug Abuse (NIDA)

Information provided by @ National Institutes of Health Clinical Center (CC) (National Institute on Drug Abuse (NIDA)) (Responsible Party)

Last Update Posted @ 2024-02-15

(W

<+ Expand all content — Collapse all content

Study Details Researcher View No Results Posted Record History

On this page
I Study Overview
Contacts and Locations
Participation Criteria
Study Plan
Collaborators and Investigators

Publications

Study Overview

Brief Summary Study Start (Estimated) @

Background: 2024-02-20

Alcohol use disorder (AUD) is a problematic pattern of alcohol use accompanied by clinically significant Primary Completion (Estimated) @

medical consequences, Medications can help most peaple reduce their drinking, but the number is

limited, and additional treatment options are needed 2030-12-31

Objective:



Schema for STAR-B

Screening under NIDA Screening

Protocol
Eligisility
#* Study Design: l
* Randomized Consent (52 completers, 80 accrual ceiling)
* Double-blinded Randomization (stratified by BMI and baseline drinking)
# Placebo-controlled Baseline Assessments
# Outpatient
# 20 weeks! l l
Treatment Phase (20 weeks) Treatment Phase (20 Weeks)
Semaglutide + Take Control Placebo + Take Control
Clinical and Research Clinical and Research
Assessmentsl lAssessments

Follow-Up (7 weeks)

,.43‘““ 4



Research at NIDA

Online Screener

Privacy Notice

nter at 1-8

Ut 5 mint



https://researchstudies.nida.nih.gov/before-continuing.html
https://ncd.nida.nih.gov/nos/wfscreening

Inclusion/Exclusion Criteria

Inclusion

#* Alcohol Use Disorder (DSM-5)

#* Age 18+

¥ Heavy Drinking (28-Day TLFB)
#*>7 (?) or >14 () drinks/week

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

#* CIWA<10

Exclusion

EN =
Agawh

#* 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




Study Interventions

Visit /| Week # > 123

Study Drug
or Placebo (mg)

Take Control

Alcohol Education Modules

Based on NIAAA's Rethinking Drinking
Initiative

https://www.rethinkingdrinking.niaaa.nih.gov/

Follow
up

STARTING Month 4 Month 5
OSE = Weeks 13-16 Week 17
Month 3 or longer: and onward:
Weeks 9-12: 1.7mg 2.4mg

Month 2
Weeks 5-8: ea:th%ek each week each week
0.5 mg

each week

|_ Start J|_ Step up 4‘ |— stay* ———

*At month 5 and on, you may either stay at 1.7 mg or increase to 2.4 mg. Work with
your health care provider to determine which dose is right for you.

https://www.wegovy.com/taking-wegovy/dosing-schedule.html




Semaglutide Therapy for Alcohol Reduction (STAR)

wegovy 0.25 mg
.:-_._-:-:.Jul_l_u_' &) injectic

wegovy" LS

.H;'.';EQDV.S.I‘. -

NDE 0169451781 Liwt: 451307
iection
7 For subutanecus

HDC 0168945248 01 Lkt 45340

wegovy~ EZEF) .
wemaglutide) injectior

1.4 mgaTS mi For subcutanecus

Ozempic Wegovy
FDA-approved for diabetes FDA-approved for obesity

https://www.ozempic.com/

Casan https://www.wegovy.com/



https://www.ozempic.com/
https://www.wegovy.com/

Getting started

STARTING __ Month 4 Month 5 nnce-weeklyg s

Weeks 13-16 Week 17 x S
Month 3 or longer: andlBnward: for first 4 weeks at least 4 weeks

Weeks 9-12:
1.7 mg 2.4m .
“fvfe':fg&z 1mg each week each wegek Use the pen that delivers
Month 1 0.5 mg bzl 0.25 mg or 0.5 mg only
Weeks 1-4: each week
0.25mg

each week

|_ Start JI_ Step up Q I— Stay* ———

*At month 5 and on, you may either stay at 1.7 mg or increase to 2.4 mg. Work with
your health care provider to determine which dose is right for you. Month 4 Month 5
Weeks 13-16 Week 17
or longer: and onward:

1mg 1.7mg 2.4mg
once-weekly for at least each week each week

4 weeks if additional blood
sugar control is needed

Use the pen that
delivers 1 mg only

“4san https://www.wegovy.com/taking-wegovy/dosing-schedule.html, https://www.ozempic.com/how-to-take/ozempic-dosing.html



https://www.wegovy.com/taking-wegovy/dosing-schedule.html

Outcomes

Primary

#* 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)

Secondary

;.43’““ ’

#¥ 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)




Virtual Reality Buffet

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.




Cue Reactivity in the Mock Bar




Cue Reactivity Task




Demographics of Enrolled Patients

Male Sex 7 (70%) 76 (59.8%)
Age <40 3 (30%) 15 (11.8%)
*Body Mass Index (<30 vs. 30+) 31.0 (25.7-38.5) 26.7

Comorbid Cannabis Use
Disorder

ANOL SiLlaoc _nar ke

Comorbid Tobacco Use o NR but not
Disorael 4 (40%) exciusionary
Comorbid Depression/Anxiety 8 (80%) NR but not

exclusionary
§ Significant but Stable Medical NR but not necessarily

Y o WP LN |- B 4 P B e [ PR R 2 (200/0) Iy



Demographics of Enrolled Patients

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

Mean Drinks Per Day 6.16 (US 4.94(US definition)
STAR: 28-Day TLFB, 14 g EtOH/drink definition) 5.76 (Darisn
Danes: 30-Day TLFB, 12 g EtOH/drink (43.12/week) definition)

*Mean Heavy Drinking Days
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*High Weekly Alcohol Drinking
R Py OF 2O T aTkSTwee La—('ca‘ﬁ‘r-ra 57 (44.9%)

Danes: >17 heavy drinking
days/month

“asawn’



Comment

https://doi.org/10.1038/s41591-023-02634-8

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

Lorenzo Leggio, Christian S. Hendershot, Mehdi Farokhnia, Anders Fink-Jensen,
Mette Kruse Klausen, Joseph P. Schacht & W. Kyle Simmons ® Check for updates

Preclinical and initial human studies suggest
that glucagﬂn IlkE pEptIdE‘ lrecepmr BgDHIStS

disorder, but existing approved treatments
should be used until safety and efficacy is
demonstratedinclinical trials.

The development and rapid clinical adoption of potent and
long-lasting glucagon-like peptide-1 receptor agonists (GLP-1RAs)
is quickly changing the landscape of diabetes and obesity treat-
ment. In particular, semaglutide (marketed as Ozempic, Wegovy and

Leggio, L., et al. Nat Med 29, 2993-2995 (2023). https://doi.org/10.1038/s41591-023-02634-8



Hydroxychloroquine or chloroquine with or without a
macrolide for treatment of COVID-19: a multinational

Mar 17 registry analysis Jun 15
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Stevenson A, et al, Open Heart 2020;7:€001362. doi: 10.1136/openhrt-2020-001362
Mehra, M. R., et al. (2020). The Lancet, 395(10240), 1820.




Gut-brain—endocrine axis co-metabolism

Lifestyle—environment — diet — nutrition e Bopamine
d a g Saroionin

Endogenous host/liver — microbiota —
co-metabolism

4 Pituitary
l' CRH JACTH

Hypothalamus

Obrenovich et al. Pathology and Laboratory Medicine International (2017) 22 : 21-30.



A little reality testing

Jeffrey Brent, M.D., Ph.D.
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Proportion of Patients by Weight Change After Stopping Semaglutide

Percentage of Patients
100% -

Complete Regain
10026 weight
regain or more

75% - Some Regain

25% to 99%
weight regain

50% - Maintained Loss

10056 68% 47% 3926 34% 30% 26% 25% 23% 22% 21% 20% 20% _Between_
24% regain &

25% more loss

Additional Loss
26% to 100%
more weight loss

25% -

Doubled Loss

More than 100%
additional loss

0%
0 1 2 3 4 5 6 7 8 9 10 11 12
Months Since Stopping Semaglutide

N=20.274 patients “Proportion of Patients by Weight Change After Stopping Semaglutide,” 2024. EpicResearch.org
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Clinical Trials and Investigations

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

Hamlet Gasoyan 12 | Elizabeth R. Pfoh!? | Rebecca Schulte® | Phuc Le?®?
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
- Havmg private insurance
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Weight regain and cardiometabolic effects after withdrawal
of semaglutide: The STEP 1 trial extension

John P. H. Wilding D.M?* | Rachel L. Batterham MBBSZ>4 |

Melanie Davies M.D>"° | Luc F.Van Gaal M.D” | Kristian Kandler M.D?% |
Katerina Konakli PhD?® | Illdiko 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?3 | Koutaro Yokote M.D% |
Robert F. Kushner M.D*° | STEP 1 Study Group

bE-week treatment phase s2-week off-treatment
d extension phase

Cardiometabolic
improvements
reversed with weight

N - _ gain

—m— Semaglutide 2.4 mg arm E"'-;—__ *’

Placebo arm

04 B 121620 28 6 44 52 60 BB TS5 8D

Time since randomization (wk)

Cagan

Diabetes Obes Metab 2022
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LillyDirect™ can be your connection
to care

With many services and resources to explore, LillyDirect can

help you find care that works best for you.

Select a condition:

Experience the potential benefits of
independent telehealth service providers

« Speed: Get timely answers, test results, care plans, and prescriptions.

+ Access: Gain access to knowledgeable telehealth care from around the country, nat
just your local area®




¥ 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
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Maintaining muscle mass during GLP-1
treatment

#* Protein intake
#*>1.5g/kg/d

#¥Strength training
#¥ At least twice a week
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Risk of Gastrointestinal Adverse Events Associated

With Glucagon-Like Peptide-1 Receptor Agonists

for Weight Loss

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

of GLP-1 Agonists vs Bupropion-Naltrexone

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

Qutcomes 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]
Gastroparesis 3.31(1.04-10.50) 3.67(1.15-11.90) 1 [Reference]

Absolute risks No increased risk of

“aem’ Sodhi et al.. JAMA 2023

< 1%lyr of use biliary tract disease
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American Society of Anesthesiologists
Consensus-Based Guidance on

Preoperative Management of Patients
(Adults and Children) on Glucagon-Like

Peptide-1 (GLP-1) Receptor Agonists

Girish P. Joshi, M.B.B.5., M.D., Basem B. Abdelmalak, M.D., Wade A. Weigel, M.D., Sulpicio G.
Soriano, M.D., Monica W. Harbell, M.D., Catherine |. Kuo, M.D., Paul A. Stricker, M.D., Karen B.

Domino, M.D., M_.PH., American Society of Anesthesiologists (ASA) Task Force on Preoperative
Fasting

Day(s) Prior to the Procedure:

GLP-1RAs
decrease gastric
emptying

e 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 a week
prior to the procedure/surgery.
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Semaglutide

Mon-GLPIR agonist

David C. Kaelber®* & Rong Xu®?

Association of semaglutide with risk of
suicidalideationinareal-world cohort

, Nathan A. Berger®', Pamela B. Davis®°?,

I
010 0.20 0.40 0.80

T T
20 4.0 8.00

HR

Population group anti-obesity medication group HR (95% CI)
Overall (n = 865 per group) 6.5% (56) 14.1% (122) }-.-{ 0.44 (0.32-0.60)
fomamp-omporgow)  GsNG®  mesew I ose wt0m)
Males (n = 234 per group) 7.3% (17) 20.1% (47 }—.—{ 0.33 (0.19-0.57)
Aty oe ddoprgro) 67%00) omem | - | 03802505
Age =45 years (n = 409 per group) 6.4% (26) 12.7% (52) |—r 0.47 (0.30-0.76)

Nature
Medicine,
2024



Depression Likelihood by GLP-1 Medication
Diabetic Patients — 5% Confidence Interval Baseline
on a GLP-1 med not on a GLP-1 meaed
Liraglutide 1.01
——

Exenatide 0.89
——

Dulaglutide 0.84
HOH

Semaglutide 0.55
L& ]

Tirzepatide 0.35
=

Non-diabetic Patients Baseline

na GLP-1 med on a non-GLP-1 weight loss med

Liragiutide 1.00

Semaglutide 0.63
O

0.6
Depression Likelihood

EPIC Research




Linda Girgis, MD



#¥ 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.
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