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Outline

* Limitations of lifestyle therapy as a singular treatment

* Rationale for the use of pharmacotherapy and/or bariatric surgery
* Metabolic/bariatric surgery outcomes

* Anti-obesity medications to treat adolescent obesity

* Pediatric anti-obesity medication pipeline: looking to the future



Lifestyle Modification Therapy

US Preventive Services Task Force
— ]

JAMA | Task Force | RECOMMENDATION STATEMENT
Screening for Obesity in Children and Adolescents
US Preventive Services Task Force
Recommendation Statement

US Prevertive Services Task Force

IMPORTANCE Based on year 2000 Centers for Disease Control and Prevention growth charts,

approvamately 17% of children and adolescents aged 2 1019 yoars n the Unkad Statas have

obesity. and amost 325 of chidren and adolescents are averweight of have obesity Obesity
hih adoies ch as mental heaith and

“The USPSTF recommends that clinicians screen for obesity in children
and adolescents 6 years and older and offer or refer them to

i comprehensive, intensive behavioral interventions to promote
R = improvements in weight status.”

3 decades, obesity rates

asthma, P apnaa, . and adverse
outcomes (eg and
Crvidren and adoles ndbulyng
weght and
Qutcomes or

both genaticand
nonganetic factors (2. SOIneConomic status, Intake of sugar-swastened beverages and fast

—— — “The USPSTF found that comprehensive, intensive behavioral

S T : interventions with a total of 26 contact hours or more over a period of
omesc e 2 to 12 months resulted in weight loss. Behavioral interventions with a
et e el total of 52 contact hours or more demonstrated greater weight loss and
S some improvements in cardiovascular and metabolic risk factors.”

forobestty i and offer or refor them

Inweight status. (B recommendation)
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Lifestyle Modification Therapy

US Preventive Services Task Force

Table 2. Summary of Change in BMI z Score in 28 Trials for Treatment of Obesity in Children and Adolescents?®

Intervention No. of No. of

Mean Change in BMI z Score

(Difference in Change \
in BMI z Score

Mean Change in Weight, [b®

\, J

Intensity, h® Trials Participants Intervention From Baseline (95% ClI) Intervention Control

>52 5 875 -0.05 to -0.34 0.00t0 0.26 -0.31 (-0.16 to -0.46) -7to3 8tol7

26-51 7 489 -0.11 to -0.59 -0.20t0 0.40 -0.17 (-0.30 to -0.04) Preschool: 1 to 5 Preschool: 11 to 12
Elementary: -6 to 15 Elementary: 3 to 20
Adolescent: 5 Adolescent: 7

6-25 7 513 0.05to -0.24 0.09 to -0.13 0.01 (-0.06 to 0.08) Elementary: 6 to 10 Elementary: 6 to 10
Adolescent: -3 to 7 Adolescent: -2 to 18

1-5 9 1315 0.10 to -0.10 -0.09 (-0.14 to -0.05) Preschool: 1 to 4 Preschool: 1 to 4

Elementary: 1 to 12
Adolescent: 4

Elementary: 2 to 18
Adolescent: 6 to 12

Abbreviation: BMI, body mass index.

bEstimated.

@ Data presented in this table are limited to trials that reported BMI z score.

© Age-specific results were available from trials that limited enrollment to only 1
of the 3 age categories (preschool, elementary, or adolescent). Trials with 52
or more hours of contact enrolled participants across the 3 age categories and
both sexes, so age- and sex-specific results were not available.

O’Connor et al. JAMA 2017.
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s the USPSTF Recommendation Practical?

* Fewer than 50% of pediatric patients referred for weight
management services enroll in treatment

* Attrition rates >50% have been reported in behavioral-based clinical
trials and in the clinical setting

* Adolescent adherence to behavioral counseling significantly
diminishes over time

AR

Danielsson et al. JAMA Pediatr 2012; Kumar et al. J Pediatr 2019; Savoye et al. JAMA 2007; Shaffer et al. J Pediatr 2016; Skelton et al. Obes Rev 2011; CERTEREGRPEB TG
Smith et al. Nutrients 2015. OBESITY MEDICINE



Real World Clinical Outcomes
POWER (U.S. Clinical Registry)

Lifestyle Intervention

Percent change BMI, median (IQR)

Age groups (y) 4-6 mo 7-9 mo 10-12 mo

2-5 N/A N/A N/A

6-11 N/A N/A N/A

12-14 0.32 _0.21 [ o )
(—3.210 2.2) (—4.2 to 3.1) (—5.0 to 4.0)
n=534 n=319 n =207

15-18 —0.77 —-1.03 —0.66
(—4.1 to 1.6) (—5.4 to 2.4) (—5.6 to 3.8)
n =451 n=230 n=127

P value: age group comparisons ; ; NS

(6-18 years only) \_ J

Kumar et al. J Pediatrc 2019.
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Developmental Programming

Sedentary Lifestyle Depression Reduced Executive
Functionin
Leptin Resistance Less Gym Class unctioning
Race/Ethnicit
Poverty Dysregulated Reward Weight Cycling / i
Pathways
Devices N Poor Sleep Hygiene
Escalators Impulsivity Less Recess
Adverse Life Experiences Economics e
Elevators Epigenetics Calorie-Dense Foods Video Games
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.

Peripheral sensing ]

of energy depletion
«Insulin |
= Leptin |

Kelly and Fox, from “Pediatric Obesity: Etiology,
Pathogenesis, and Treatment” 2016.
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Metabolic/Bariatric Surgery
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A Weight Change from Baseline

Sleeve

== —i Bypass

| |
0 0.5 1.0 2.0 3.0

Percent Change from Baseline

Years of Follow-up

No. of Participants
Bypass 161 140 140 137 131

Sleeve 67 56 61 58 52 M

Inge et al. NEJM 2015. CENTER FoR PEDIATRIC
OBESITY MEDICINE




“Despite these findings, less than
0.04% of children and adolescents
with severe obesity are treated with
MBS each year”

Griggs et al. JAMA Pediatr 2018. CENTER FOR PEDIATRIC
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The Rationale for Anti-Obesity Pharmacotherapy

* Filling the treatment gap

* Ability to target underlying
pathways regulating energy
balance

e Potential for enhancement of
weight loss maintenance

* Potential to scale up

Expected Percent Change in BMI

VEG RYGE
* *
0%
25%
20%
15%
o q LB

10% *

5 Frarmacitherag v

Utarshyi Mod fication Themgy i
0% *

o 1 2 3 4 5

Risk of Treatment (Likelihood and Severity of Adverse Event)

Figure 1 Theorstical risk/benefit ratio of current treatments for youth with severe obesity.
“Wieight loss varies by type of pharmacotherapy used.
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Current State of Pediatric Obesity Pharmacotherapy

= &)

Orlistat approved for 12 years and older Liraglutide 3mg approved for 12 years and older

Phentermine approved for older than 16 years

Liraglutide 3mg approved for 12 years and older

Phentermine/topiramate approved for 12 years and M

older

CENTER FOR PEDIATRIC
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Liraglutide 3 mg Adolescent RCT

Randomization Maintenance Double-blind

ATHF L. Follow-up period
Key eligibility criteria

Liraglutide 3.0 mg/day or MTD —

® 12-<18years (pubertal)

® BMI corresponding to 230
kg/m? for adults?

® |nsufficient weight loss in

response to lifestyle therapy —
alone : : -
Primary endpoint

® Change in BMI SDS from
randomization to 56 weeks

Screening Dose escalation* Maintenance 26-week
follow-up
Weeks @@
. _. End of
Screening Run-in tromtmant

1. Cole TJ, et al. BMJ (Clinical research ed) 2000;320:1240-3.

Randomization was stratified by pubertal and glycemic status. Quality of life was assessed by Impact of Weight on Quality of Life [IWQOL]-Kids questionnaire.
BMI SDS, body mass index standard deviation score; MTD, maximum tolerated dose; QolL, quality of life.

Kelly et al. N Engl J Med 2020; doi:10.1056/NEJM0a1916038



Liraglutide 3 mg Adolescent RCT
Mean BMI Change by Group

0.15+
0.104
0.054

-0.05+
-0.10+
-0.15
-0.204
-0.25+
-0.30+

Change from Baseline

0.00 S5~ =

Liraglutide

Absolute Change in BMI Standard-Deviation Score

Change from Baseline (%)

Liraglutide

~0.35 41—
01 8

No. of Participants
Placebo 126 125
Liraglutide 125 123

Kelly et al. NEJM 2020

UL T T
25 30 42 51 56

Weeks since Randomization

116 116 105 101 105
118 119 110 107 113

B Relative Change in BMI

Placebo

No. of Participants

1 1
16 25 30 42 51 56 70 82

Weeks since Randomization

123 116 116 105 101 105 97 102
119 118 119 110 107 113 106 112
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Change from baseline: BMI (%)

Liraglutide 3 mg Adolescent RCT
Participant-Level BMI Change

B Liraglutide 3.0 mg I Placebo

20 ~ 20 -
15 A 15 A
10 A 10 A
5 - 5

0 0

| H H H ‘ 25% reduction (18.7%)

o |11 L e e e R
xo JATATATMTN™™ _ »s00¢ reoucnon sz o MIMT 210% reducton 8.9 __ _
-15 -15
-20 -20
-25 -25
-30 -30
-35 -35

-40 -40



Proportion of participants™ (%)

Liraglutide 3 mg Adolescent RCT

Adverse Events

100 -

80

60

40

20

38.8 B Liraglutide 3.0 mg B Placebo
"~ 84.9

64.8

36.5

2.4 4.0

0.8 0.0

9.6
- 0.0

Total Gastrointestinal Serious

Fatal

Leading to
discontinuationt



Phentermine/Topiramate Adolescent RCT

VI-0521 Top-dose (15 mg/92
Key Eligibility Criteria — op-dose ( "ﬂ‘

* Age 12 to <17 years old 2 — > VI-0521 Mid-dose (7.5 mg/46 mg)

N=100
¢ BMI >95t percentile ( )

* Tanner stage >1

* Primary Endpoint Screening Ul VI-0521 Mid-dose (7.5 mg/46 mg) |
* Mean percent change in BMI (N=50) |
e Key Secondary Endpoints
* (Categorical BMI reduction 1 —» Placebo I
* Waist circumference (N=50)
* Cardiometabolic risk factors
' e I ~2 I 12 | 44
* All received lifestyle therapy | Weeks * Weeks Tl Weeks
e 20 study sites in the U.S. Randomization Week 12 Titration Point End of Study
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Kelly et al. NEJM Evidence 2022
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Categorical BMI

1004 O Top-Dose PHEN/TPM [l Mid-Dose PHEN/TPM [ Placebo
90—
P<0.001
80- | P<0.001
| |
70 P<0.001 P<0.001 P<0.001
“Q I—l <. <\l
g 60 P=0.31 |
[= =u.
S sod — P=0.17 P<0.001
[«
S [ | [ l
E 40- P=0.03
30 [ |
20-
O 1 1 1
=5% =10% =15%

BMI Reduction, %

Kelly et al. NEJM Evidence 2022
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Primary and Secondary Outcomes

Mid-dose vs. Placebo (95 %

Top-dose vs Placebo (95% CI)

Placebo Mid-dose Top-dose CI)

Endpoint (N =56) (N =54) (N =113)
Percent body mass index (percentage point 3.34 (1.44) -4.78 (1.30) -7.11 (1.01) -8.11% (-11.92,-4.31) -10.44 (-13.89, -6.99)
difference)
Body mass index (kg/m?) 1.20 (0.46) -2.53(0.44) -4.15(0.31) -3.73 (-4.97, -2.50) -5.35 (-6.44, -4.27)
Weight (kg) 6.57 (1.28) -5.49 (1.23) -9.23 (0.86) -12.06 (-15.55, -8.58) -15.80 (-18.82, -12.77)
Waist circumference (cm) 0.31(1.39) -7.42(1.29) -9.27(0.91) -7.72 (-11.43,-4.02) -9.58 (-12.83,-6.33)
HDL-C (percentage point difference) -3.65 (2.85) 6.65 (2.45) 5.10 (1.76) 10.30(2.91, 17.70) 8.75(2.15, 15.35)
Triglycerides (percentage point difference) 8.35 (7.37) -12.79 (6.30) -12.37 (4.49) -21.14 (-40.24, -2.05) -20.72 (-37.71, -3.72)
Systolic blood pressure (mmHg) 2.80(1.62) -0.97 (1.50) 1.00 (1.04) -3.76 (-8.09, 0.56) -1.80 (-5.58, 1.97)
Diastolic blood pressure (mmHg) 3.11(1.33) -0.87 (1.22) 0.14 (0.85) -3.99 (-7.53,-0.45) -2.97 (-6.07,0.12)

Kelly et al. NEJM Evidence 2022
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Adverse Events

* Incidence of at least one adverse event was 51.8%, 37.0%, and 52.2%
in the placebo, mid-dose, and top-dose groups, respectively

* Three serious adverse events (bile duct stone, depression, suicidal

ideation) were reported in two participants in the top-dose group

* One participant was hospitalized for a bile duct stone within one week of
completing the study

* One participant experienced depression and suicidal ideation and study drug
was discontinued; subsequently experienced several recurrences thereafter;
events occurred during the first month of treatment, before dose escalation

AR
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Mental Health and Bone Outcomes

* Psychiatric disorders occurred in 7.4% in the mid-dose group, 8.8% in
the top-dose group, and 1.8% in the placebo group

* No clinically relevant differences across groups for PHQ-9 and C-SSRS
* CANTAB (cognition) demonstrated no differences among groups
* No adverse events related to drug abuse, dependence, or withdrawal

* No differences among groups in bone age or bone health

Kelly et al. NEJM Evidence 2022 CENTER FOR PEDIATRIC



Pediatric Pipeline and Expected Timeline

* Liraglutide 3 mg approved by FDA and EMA

* Phentermine/topiramate approved by FDA
* Semaglutide adolescent trial completed with results expected soon

* Tirzepatide results from adult phase lll trial recently published



The Need for Precision Medicine in
Obesity Management
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What is Precision Medicine?

* |dentification and characterization of sources of heterogeneity

 Synthesis and application of this information to select appropriate
treatment(s) with goal of maximizing benefit while minimizing risk

* In other words, getting the right treatment to the right patient at
the right time




On the Horizon —
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Toward Precision Approaches for the Prevention

and Treatment of Obesity
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Measures of food preferences, hunger, and satiety
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Summary and Key Points

* Lifestyle therapy is critical but the dose needed is challenging
* The body fights back to resist weight loss and maintenance

* Anti-obesity medication has a key role but options are currently
limited

* The anti-obesity medication pipeline is growing with approvals
expected in the next few years

* Tailored treatments are needed
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