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GLP-1 THERAPIES

Science




Discovery of GLP-1
Receptor Agonist

Discovered in 1991, exendin-4—a 39-
amino acid peptide found in the venom of
the Gila Monster—is a hormone that is
structurally similar to a human hormone

that was already being researched called ' _ﬁf':.-_;. . Y |
glucagon-like peptide-1 (GLP-1). - . ﬁﬁ‘%ﬁ@'g,ﬁ e
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Discovery of GLP-1 Receptor Agonist
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Exendin-4 ..

- GLP-1s were known to increase the release of insulin but had an extremely
short half-life (1-2 minutes), making it unsuitable as a treatment for
diabetes.

- Exendin-4 had a half-life about 2.4 hours, almost 100 times longer!



GLP-1

Subsequent research focused on
increasing half-life, resist
degradation, and enhance binding
to the GLP-1 receptor.

Dulaglutide

Key amino acid for potency

. Substituted amino acid
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Albiglutide

SOURCE: Yu et al 2018 Advanced Drug Delivery Reviews




Growth and Timescale of Publications on GLP-1RAs

Growth and Timescale of Medical Publications GLP-1 drug sales hit $22 billion (2022)
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Single-agonist medications

Dual-agonist medication (tirzepatide)

Glucose-
dependent
Insulinotropic
Polypeptide
(GIP) agonists

Triple-agonist medication (retatrutide)
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GLP-1 receptors are widely found in the brain,
particularly in the reward-related regions

Caudate
Putamen

@ Globus pallidum
Hypothalamus
Amygdala

@ Hippocampus

@ Cerebellum
Spinal cord
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GLP-1 receptor

Lopez-Ojeda and Hurley 2024 J Neuropsych Clin Neurosci



Next-generation obesity drugs are arriving soon

Survodutide

Orforglipron

/ Semaglutide
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Weight change (%)
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20 g Cagrilintide/semaglutide
0 10 20 30 40 50 60 70 — Retatrutide

Weeks

“Data are from company reports of the most recent trials, with no
intermediate data available for CagriSema (cagrilintide and semaglutide)

or MariTide (maridebart cafraglutide). Data are not placebo-adjusted,

SOURCE: Dolgin 2025 Nature



Epidemiologic evidence in support of GLP-1 RAs In

addressing alcohol use

Research

JAMA Psychiatry | Brief Report
Repurposing Semaglutide and Liraglutide for Alcohol Use Disorder

Markku Lshteenvuo, MD, PhD; Jari Tihonen, MD, PhD; Anssi Solismaa, MD, PhD; Antti Tanskanen, PhD;
Ellenor Mittendorfer-Rutz, PhD: Heidi Taipale. PhD

Objective: To test whether risk of hospitalization from AUD is
decreased with GLP1

Design: Retrospective cohort of all Swedish residents with AUD using
nationwide Swedish data from 2006 to 2023.

Exposure:

* Use of GLP-1 vs non-use of GLP-1
* Use of MAUD medications
Outcomes:

* AUD-related hospitalization

* Any SUD-related hospitalization

~\

Results:

e 227,866 individuals with AUD

e 133,210 (58.5%) with AUD hospitalization
* Semaglutide (n=4321) with lowest risk (aHR 0.64)
e Liraglutide (n=2509) with next lowest risk (aHR 0.72)
* Any MAUD with modest decrease (aHR 0.98)

~N

E Risk of hospitalization due to AUD associated with use of GLP-1 agonists and ALD medications in within-individual
model of persons with AUD
No. Decreased risk | Increased risk
Drug Users Events PYs aHR (95% CI) of hospitalization : of hospitalization
GLP-1 agonists
| Semaglutide 4321 222 4677 0.64 (0.50-0.83) u |
Liraglutide 2509 212 3076 0.72{0.57-0.92) —
Dulaglutida 1118 139 1443 0.93 (0.68-1.28) -
AUD medications 75454 30198 73222  0.98(0.9&-1.00) -
IZI.I25 D.IEI:I D.I'.-'S l.i]I:I 1.I25
aHR (95% C1)
Conclusions:

GLP1s, especially semaglutide, associated with >30% reduction in AUD-
related hospitalization

SOURCE: Lahteenvuo et al JAMA 2024



Epidemiologic evidence in support of GLP-1 RAs In

addressing alcohol use

nature communications Results:

Aaticle o e 03841467 024 487506 * Semaglutide associated with a 50-56% lower risk of both
Associations of semaglutide with incidence l incident and recurrent AUD diagnoses over 12 months

and recurrence of alcohol use disorder in compared to other anti-obesity or anti-diabetes medications.

real-world population * 83,325 patients with obesity without prior AUD

Recelved: 8 Novermber 2023 William Wang', Nora D. Volkow ® |, Nathan A. Berger®', Pamela B. Davis®?, * InCident AUD HR: 0-50

David C. Kzelber®* & Rong Xu®*
* 4,254 patients with obesity with prior AUD

Accepted: B May 2024

Objective: * Recurrent AUD: HR: 0.44

Evaluate the association between the use of semaglutide for obesity/T2D and e 598 803 patients with T2D without AUD
incident and recurrent AUD ’

Design * Incident AUD: HR: 0.56
Retrospective cohort study using the TriNetX network (EHR from 105million e 22113 patients with T2D with prior AUD
patients in the US) ! E—
Patients with obesity or T2D with or without AUD * Recurrent AUD: HR: 0.61

Prescribed semaglutide or other non-GLP-1RA anti-obesity medications
including naltrexone and topiramate from June 2021 to December 2022

Propensity score matched Conclusions: Results point to a potential benefit of semaglutide for

Assess for incident and recurrent AUD, assessed separately by age, sex, and AUD
race

SOURCE: Wang et al 2024 Nature Communications



Epidemiologic evidence in support of GLP-1 RAs In

addressing opioid use

Results:
nework| OPEN R
* 33,006 eligible individuals:
Research Letter | Psychiatry . -
Semaglutide and Opioid Overdose Risk in Patients With Type 2 Diabetes * 3,034 prescribed semaglutide (Mean age 57.4, 56.5% female)
and Opioid Use Disorder

* 29,972 prescribed other medications

Willizm Wiang: Mora D Viollaowy, MD: Cuang O Wang, MS: Nathan A. Berger. MD: Pamela B Davis, MID. Phil: Devid C. Easdber. MDD, Phid, MPH: Rong Xu, PhiD

e Semaglutide associated with significantly lower risk of OD (HR 0.32 to 0.58)

-
Objective: To examine if semaglutide prescribed for individuals with S— - — : S : : :
X . . Figure. Risk of Opioid Overdose in Patients With Type 2 Diabetes and Opioid Use Disorders, Comparing Propensity-Score Matched Semaglutide
diabetes and OUD have impact on overdose risk With Other Antidiabetic Medication Groups
Design: Emulation target trial to compare association of semaglutide Paricpanss, somagluide  comparson  Risk tiference, %
I . B . . . . . Comparison No. group, No. (%)  group, No_ (%)  (95% C1) HR (95% 1)
vs other antidiabetic medications (i.e. insulin, DPP-4s, SGLT2is, other Semagiutide v insulin 2790 2(51) 97048 -197(-2.79t0-1.16) 0.42(029-060) —-—
. « . . . . . Semaglutide vs metformin 2605 35(1.24) T6(2.92) -1.57(-236t0-0.79) 0.46(0.21-0.68) ——
GLPlRAS) with OpIOId overdose risk among patients with diabetes Semaglutide vs DPP-4i 1751 22(1.26) 57 (3.26) 2.00(-2.98t0-1.02) 0.37(0.23-0.61) —
. L HTR . . Semaglutide vs SGLTZi 2361 36(1.53) 61 (2.58) -1.06(-1.87 to -0.25) 0.58(0.28-0.87) ——
and OUD. Includes de-identified data of 116.6 million patients in the emaqiutide vesfoyluress 2128 g sass 27 (209t 045 0.49(0.21-0.78) .
H H H H _ Semaglutide vs thiazolidinediones 723 =10 (<1.38) 15 (2.08) -0.69(-2.04to0.65) 0.32(0.12-0.89) —_—
US PropenSIty Score matChIng for Insu“n' and fOHOW up for 12 Semaglutide vs other GLP-1RAs 2406 31(1.29) 55 (2.29) -1.00(-1.75t0 -0.25) 0.56(0.26-0.87) ——
Semaglutide vs liraglutide 1186 15(1.27) 33(2.78) -1.52(-2.65t0-0.39) 0.45(0.25-0.84) —_—
months ' Semaglutide vs dulaglutide 2204 27(1.23) 38(1.72) -050(-121t00.21) 0.71(0.43-1.15) . —I—;— i
. 0.1 1 2
Exposure: iR @S
* Semaglutide vs other antidiabetic medications between 2017 and
2023. .
Conclusions:
Outcomes:

* Semaglutide associated lower risk of opioid overdose compared to other

* Opioid overdose o . .
medications for diabetes as well as other GLP1s (except dulaglutide).

SOURCE: Wang et al JAMA 2024



Development of substance use disorders

40%

HEALTH OUTCOMES DRIVEM BY

SOCIAL AND ECONOMIC FACTORS 20%
HEALTH OUTCOMES DRIVEN
Adverse childhood experiences BY ACCESS TO QUALITY CARE

High trauma exposure and stress
Unemployed or underemployed
Limited social supports
Financial instability
Limited education

Ot of pocket medical expenses
Poor health monitoring
Provider availability Ol 20% of
. . n of an
Lnterai:\:.-' barriers sOCIAL AND N?;;gsll:;:i;!ﬂ‘ indhr{duai's health
Low income ECONOMIC Dithicult access outcomes are a result
FACTORS

of the health care
they receive.

10%

HEALTH OUTCOMES
SOCIAL INDIVIDUAL DRIVEN BY LIVING

BEHAVIORS CONDITIONS
DETERMINANTS

Inadequate housing

Evictions, Homeless
OF H EA LTH Unreliable transportation
. healthy food
Influencing Factors 30% N Uneafe neighborhaods

HEALTH OUTCOMES Exposure to viclence
DRIVEN BY INDIVIDUAL BEHAVIORS

Alcohol and other substance use
Low physical activity
Poor diet and obesity
Social disconnection
Tobacco use

SOURCE: Adapted from McGovern 2014 Health Affairs



Development of substance use disorders

SOCIAL
DETERMINANTS
OF HEALTH
Influencing Factors

Genetics

—— 10-20%
Initiation

Risk factors

anticipation

Withdrawal/
negative affect

SOURCE: Volkow, Koob, & McLellan NEJM 2016



Theoretical models of substance use disorders

Disrupted self-
processing

e Maladaptive self-
referential thoughts

e Default mode network

Self-referential
rumination

N

/)

-

Sﬁ"ck
-y _—

Operant
Conditioning

P l(”

e Reward network

Binge/
intoxication

Opponent-proceSS

e Reward vs anti-reward
e HPA

Withdrawal/
Negative affect

- /

N

Incentive
sensitization

R Cravingg

e Salience network

Pre-occupation/
Anticipation

J

Impaired
regulation

e Poor inhibitory control
e Executive network




Opioid cravings and stress are elevated prior to

relapse while taking MOUD

Before and After: Craving, Mood, and Background Stress in the RLUItS: SthSS, CraVingS, and negative mOOd
Hours Surrounding Drug Use and Stressful Events in Patients were hlgher prior to use events

with Opioid-Use Disorder
Stress Negatlve Mood

Kenzie L. Preston -1, William J. Kowalczyk', Karran A. Phillips', Michelle L. Jobes”,
Massoud Vahabzadeh?, Jia-Ling Lin?, Mustapha Mezghanni?, and David H. Epstein’
'Clinical Pharmacology and Therapeutics Research Branch, Intramural Research Program,
MNational Institute on Drug Abuse, Baltimore, MD

2

Eal L, .
" Figrane D00
e 12

Setting: Outpatient treatment center in Baltimore

=5 -5 T 1 2 34 5%
time mefathee bo Drag Use Event (hours) time rlathee o Dreg Use Event (hours)

Participants: OUD patients on MOUD (n=192) — ,

Design: 16-week prospective study ol g
o1 ™
. . ;‘I:" -E,, %
Primary outcome: Smartphone EMA report on cravings, stress, and it Tl T
negative mood within 5 hours before and after use E.x |

Conclusion: Stress, cravings, and negative mood are
increasing prior to use events

SOURCE: Preston et al Psychopharmacology 2018



Treatment entry

Therapy, mindfulness,

and TMS and related

strategies to improve
regulation

Stress-induced
cravings

Counseling and AA/NA help with avoiding risky Relapse

situations and managing cravings/stressors Wanting («»)
(block negative reinforcement)

Cyg-induced Drug-induced cravings
cravings
Agonist medications “satisfy” Antagonists and agonists block the
the cravings “liking” of the substance

(block negative reinforcement) (block positive reinforcement)



Pleasure Cycle

Appetitive phase Consummative phase

(dominated by wanting) (dominated by liking) Satiety phase

F

| don’t think about tacos : My kids wanted to go to the
all the time anymore, | | love chocolate and thought I'd pancake house after our swim

don’t have cravings treat r_nyself to a square, andit today. A year ago, this kind of
anymore. At all. It's the tasted like creamy nothlngqess.... outing stressed me out a lot. I'd
weirdest thing. Even my favorite BBQ chicken worry about eating too much....
does nothing for me now... it can Now | just enjoy good food with

h be difficult for those who use food my family. | ate half the

_— as a comfort. It has stripped all sandwich | ordered without

dopamine away from the act of J wanting the other half.
eating ] RE

Initiating food
procurement/foraging

SOURCE: Kringelbach 2015 The Pleasure of Fooc



m Cue-reactivity lower in those receiving Regulation of cravings and

exenatide

negative affect

GLP-1RA improve
regulation, increasing

Stress-induced ?
cravings
Cravings Relapse

( MM" ) ( un )

Dopamine transporter availability lower in Cue-induced Drug-induced cravings
those receiving exenatide cravings

O Placebo baseline (n=9) [0 Exenatide baseline (n=7)

[ Placebo week 26 (n=8) [ Exenatide week 28 (n=7)

GLP-1RA attenuate the
“liking” of substances,

GLP-1RA attenuate the . . .
increasing =Y ?

“wanting” of substances,
increasing =Y ?

7
T
B
G
5
5
4
4
3
3
2

Striatum Caudats Putamen




Clinical trials at Brigham and Women’s Hospital being launched

Semaglutide for the treatment of OUD

NIDA R21 (DA060304)

12-week, double-blind, placebo-controlled,
randomized trial of individuals with OUD to
receive either weekly injections of
semaglutide or placebo.

Recruit individuals (n=40) recently initiating
SL buprenorphine treatment

Aim 1: Determine the effects of semaglutide
on opioid cue-reactivity.

Aim 2: Assess the safety and preliminary
efficacy of semaglutide for OUD

Tirzepatide for the treatment of AUD

« Institutional award (McGraw Innovator Award)

- Pilot, 4-week, double-blind, placebo-controlled,
randomized trial of individuals with AUD to
receive either weekly injections of tirzepatide or
placebo.

« Recruit individuals (n=20) completing inpatient
withdrawal treatment at an ASAM level 4 unit

- Aim 1: Determine the effects of tirzepatide on
alcohol cue-reactivity.

« Aim 2: Assess the safety and preliminary
efficacy of tirzepatide for severe AUD



Summary of GLP-1RAs

e GLP-1RAs have been available for 20 years, providing some reassurance
for their safety

- Dual (GIP) and triple (Glucagon) agonists emerging, potentially with
greater efficacy and safety

- Population-level evidence in support of GLP-1RAs reducing substance
use

- Reduced “wanting”, reduced “liking” as well as increased “satiety” are
possible mechanisms by which GLP-1RAs reduce substance use

« Randomized clinical trials are needed



