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Objectives

« Identify the multiple influences and physiology of obesity.
- Compare the various treatment options for the morbidly obese patient including pharmacologic and

surgical methods.
« Explain the biology of weight loss and why either pharmacologic or surgical interventions are needed

for long term success.

We Love to Lay Blame for OBESITY

- On the people with obesity (whom internalize that blame)

- On food companies

- On sugar (or fat, or artificial sweeteners, etc.)

- On urban planners

- On the BRAIN
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Cardiometabolic Diseases & Obesity

Idiopathic intracranial hypertension

Stroke
Pulmonary disease
Abnormal function
Obstructive sleep apnea Cataracts

Hypoventilation syndrome

h .
Nonalcoholic fatty liver disease Coronary heart disease

Steatosis .
Steatohepatitis < Diabetes
Cirrhosis <«— Dyslipidemia

<~ Hypertension
Gall bladder disease

Gynecologic abnormalities
Abnormal menses

Infertility

Polycystic ovarian syndrome

Cancer
Breast, uterus, cervix, colon, esophagus,
pancreas, kidney, prostate

Osteoarthritis

Skin -

Phlebitis
Venous stasis

Gout

5
Weight Loss Required for Therapeutic Benefit (%)
1 3 5 7 9 11 13 15

Diabetes (prevention) 3% to 10% Maximum benefit at 15%
Hypertension 5% to >15% BP still decreasing at >15%
Dyslipidemia 3% to >15% TG still decreasing at >15%

Hyperglycemia 3% to >15% A1C still decreasing at >15%
Improves stenosis,
NAFLD inflammation, mild fibrosis
Sleep apnea Little benefit at 5%
Osteoarthritis 5% to 10% Improves symptoms and
o o joint stress mechanics
Stress incontinence ST H5 Stress incontinence
GERD (males)
0 0,
GERD (females) DL L 4
5510 15% >10% optima) [t
increases insulin sensitivity
Cefalu. Diabetes Care. 2015;38:1567.
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Why Is Modest Weight Loss Beneficial in Cardiometabolic
Diseases?

10% weight loss = 30% VAT Loss

Increased Risk

Lowered Risk

Abdominal obesity. f
increased waist

circumference

Deterioration Lipid profile Improvement
. Insulin
Impaired sensitivity Improved
1+ Blood insulin ¥
After weight
loss, reduced
Blood glucose 2 waist
circumference,
* Risk markers 3
for thrombosis
* Inflammatory 3 SCAT =
markers Subcutaneous
Endothelial Adipose Tissue
. ndothelia
Impaired function Improved VAT =
Visceral Adipose
Tissue

Adapted from: Després J, et al. BMJ. 2001;322:716-720.

Efficacy of Existing Obesity Interventions

804

404

Proportion with 10% weight loss

(Phentermine/topiramate;

Naltrexone/bupropion:
Liraglutide)

e
35"

Lifestyle

Bariatric
surgeryt

Tirzepatide
(Semaglutlde 2.4 mg)

Proportion with 15% weight loss

AoM, anti-obesity medications.
Bubble size represents mean % weight loss

Allison DB, et al. Obesity. 2012;20:330-342. [EQUIP]; Gadde KM, et al. Lancet. 2011;37:1341-1352. [CONQER]; Greenway FL, et al. Lancet. 2010;376:595-605. [COR-I]; Apovian CM, et al. Obesity. 2013;21:935-943 [COR 1;

Wadden TA et al. Obesity. 2011;19(1):110-120. [COR-BMOD]; Pi- -Sunyer X, et al. NEngl J Med. 2015;373(1):11-22. [SCALE]; Wadden TA, et al. In J Obes. 2013;37:1443-1451. [SCALE MAIN]; Enebo LB, et al. Lan

2021 397(10286) 1736-1748. [Ca + Sema]; Wilding JPH, et al. N Engl J Med. 2021;384(11):989. [STEP 1]; Wadden TA, et al. JAMA. 2021;325(14):1403-1413. [STEP 3]; Rubino D, et al. JAMA. 2021; 325(14) 1414~ 1425 [STEP
Ryan D. Lancet Diabetes Endocrinol. 2021;9(5) 252 254. [STEP]; SjostrémL, et al.

N Engl J Med. 2007;357:741-52; Jastreboff AM, et al. N Engl J Med. 2022;387(3):205-216.
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]
Obesity Is a Chronic Disease with a Complex Etiology'©

Possible interrelated factors contributing to obesity:

Physiological'-? Behavioral®

= Altered levels of hormones and gastrointestinal peptides = Physiologic “diet”

= Altered homeostatic and reward system pathways = Inactivity/sedentariness

= Weight-positive medications = Emotional factors/ depression
= Health conditions (IR, PCOS, DM, etc.) = Lack of sleep

Sleep hygiene/quality

Smoking cessation

Genetic*

= Epigenetics

= Mutations

= Single nucleotide polymorphisms

1. Lean MEJ et al. Int J Obes (Lond). 2016;40:622-632. 2. Yu YH et al. Obes Rev. 2015;16:234-247.
3. National Heart, Lung, and Blood Institute. 2012.www.nhlbi.nih.gov/health/health-topics/topics/obe/causes#. Accessed July 14, 2016.
4. Moleres A et al. Curr Obes Rep. 2013;2:23-31. 5. Sharma AM et al. Obes Rev. 2010;11:362-370. 6. Chaput JP et al. Obes Rev. 2012;13:681-691.

9
]
Obesity Is a Complex Disease: Possible Causes

Genetic mutations leading to obesity remain to be elucidated’2

High heritability of body weight as indicated by twin and adoption studies?

s N

Multiple gene variations in key metabolic and homeostatic pathways may
also contribute to obesity’

e N

~5% of obesity cases may be due to single gene variations in:
= LEP, LEPR, POMC, MC4R, and PCSK1

LEP=leptin; LEPR=leptin receptor; MC4R=melanocortin receptor 4; PCSK1=proprotein convertase subtilisin/kexin type 1; POMC=proopiomelanocortin.

1. Moleres A et al. Curr Obes Rep. 2013;2:23-31.
2. ChesiAetal. Trends Endocrinol Metab. 2015;26:711-721.
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Possible Causes of Poor Weight Loss Maintenance

One explanation for the Weight loss elicits biological

poor long-term outcome adaptations that promote

of weight-loss diets weight regain:

relates to behavior: Specifically, a decline
Motivation to adhere in energy expenditure
to restrictive (adaptive thermogenesis)
regimens typically and an increase in
diminishes with time hunger

Ebbling CB, et al. JAMA. 2012 Jun 27;307(24):2627-34.

Regulation of Food Intake and Body Weight Regulation
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Counting Calories Is Not Enough to Achieve Long-term
Weight Loss

Decreased 1 Increased Long-term
caloric energy H 1,2
intake expenditure weight loss™

CNS pathways sense changes in weight and body energy stores
and exert opposing effects on energy balance to promote homeostasis?®

CNS=central nervous system.
1. Chaput JP et al. Obes Rev. 2012;13:681-691.

2. National Heart, Lung, and Blood Institute. 2012. www.nhlbi.nih.gov/health/health-topics/topics/obe/causes#. Accessed July 14, 2016.
3. Schwartz MW et al. Diabetes. 2003;52:232-238.

13

Homeostatic Regulation of Set Point Body Weight'

A homeostatic weight regulatory system prevents deviation from a body weight set point

4 \
Metabolic signal to Metabolic signal to
increase appetite drive decrease appetite drive
g - » - TS N
)
Weight LOSS +—  —— > Weight GAIN
N ~ ~ - - V\ S o -_ - ’
Energy Energy
Expenditure Expenditure
. J

Deviation from this set point elicits a physiological compensatory
mechanism controlling food intake and energy expenditure

1. Yu YH et al. Obes Rev. 2015;16:234-247.
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]
Defense of a Body Fat Storage “Set Point”

kcal/24 hours

7”7

Metabolic
Adaptation

BMI (kg/m?)

15

Counter-Physiologic \Weight Loss:
Caloric Restriction

Defended fat mass \Njolated calorie restnctm/

A A

Physiological Com
* Increased appetite drive
+ Decrease d thermogenesis

16
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1]
14% Weight Loss Led to Major Hormonal

Adaptations Which Lasted for 1 Year

Changes in Weight from Baseline to Week 62

11-lb
- GAIN
All patients (ITT) -+
B % T
£
.20
S 85
= Patients who
completed
80— the study
7
0 T LI I 1 1 I 1 1
0 810 18 26 36 44 52 62
H—l
10 week weight- Week

loss program

Sumithran P, et al. N Engl J Med. 2011;365:1597-1604.

1]
14% Weight Loss Produced Changes in
8 Hormones That Encourage Weight Regain

Mean fasting and postprandial levels of some peripheral signals at baseline and 62 weeks

14% Weight Loss 10-week, lifestyle-based

Reduced: Increased: weight loss intervention in
. Leptin-65% § «Ghrelin healthy overweight and obese
- Adipose hormone - Gastric hormone adults (n=34)
Eegulate? appetite - Promotes hunger
ontrol of metabolism iti . .
& energy homeostasis | - Fat deposition !_ed to s_usta|_ned eI_evat|ons
in appetite stimulating
*Measures of appetite hormone(s) and decreases
in appetite suppressing
hormones Net result of these
hormonal changes 1S

WEIGHT GAIN

Sumithran P, et al. N Engl J Med. 2011;365:1597-1604.
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ustained Changes in Peripheral Signals
for Up to One Year Following Weight Loss

Mean fasting and postprandial levels of some peripheral signals at baseline and 62 weeks

Appetite Suppressing

Appetite Stimulating P it L gt

Hormone was Higher -
= Week 62 £ Baseline
E 200 \ee S lge ¢ o @ @
2 i °_- 60 —
N | Week 62

é 100 — 2 Baseline ; e
e = 8 2 -
< =2
1T} 0 l—0F T T T e s T T T

0 30 6 120 180 240 ) 0 30 60 120 180 240

Postprandial Time, min o Postprandial Time, min
0 . .
E Appetite Suppressing = Appetite Suppressing
c 7 Hormone was Lower  E 5 Hormone was Lower
oy E 4|3 = @

g‘ _El 200 - 3 s @ /
<5 - o E 3 4 § Baseline
- 2100 | 1% aseline g 2 |2
] ;|8
o . Week 62 8 g Week 62
o 0 T T T T T T 0 T T T T T T

0 30 60 120 180 240 0 30 60 120 180 240

Postprandial Time, min Postprandial Time, min

10-week, lifestyle-based weight loss intervention in healthy overweight and obese adults (n=34) led to
sustained elevations in appetite stimulating hormone(s) and decreases in appetite suppressing hormones

Sumithran P, et al. N Engl J Med. 2011;365:1597-1604.

19

Brain systems (homeostatic and ’
reward) receive and integrate -

Com plex peripheral and other CNS signals
(eg, dopamine, serotonin)'-2

Perlpheral SlgnaIS Leptin, insulin, and ghrelin

are integrated directly into

Peripheral signals are
relayed to brain

are Integrated Hypothalamus systems via blood and
Int CNS ’ Vagus Nerve 12
nto
Systems to

Regulate Body
Weight

Peripheral
CNS, central nervous system signals are

PfC, prefrontal cortex Y " i p

NAc, nucleus accumbens -+ Appetite Stimulating 2 ~an Pancreas > released

VTA, ventral tegmental area )

PP, pancreatic i -+ Appetite Suppressing by pancreas,

CCK, cholecystokinin; H H

GLP-1, glucagon-like peptide 1 gastr0| ntestinal
vaicinaboal : ol e | SYstem, and
Primarily based on data from animal studies. adi pose tiSSUe1 2

1. Yu JH et al. Diabetes Metab J. 2012;36(6):391-398.
2. Mendieta-Zerén H et al. Gen Comp Endocrinol. 2008;155:481-495.

20
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Hypothalamic Dysregulation Diminishes Signaling to Cortex and NTS,
Leading to Greater Weight Gain

When damaged, gy )
the brain can'’t — Hormonal L iicad ]
tell how much .. Stmulatory effgfts
fat is stored or inhibitory effects
how mych has

To forebrain and pituitary and adrenal glands
Ingestive and autonomic responses

Hypothalamic
dysregulation

I

H g Stomach
iintestine

- 5
a-MSH: a-melanocyte-stimulating hormone
GHSR: growth hormone secretagogue receptor

INSR: insulin receptor;
LepR: leptin receptor

MC4R: melanocortin-4 receptor
NPY: neuropeptide Y

POMC: proopiomelanocortin
PYY: peptide YY

Y1R; neuropeptide Y1 receptor
Y2R: neuropeptide Y2 receptor

Adipose tisste Small intestine !
PYY : ¢

Apovian CM, Aronne LJ, Bessesen D et al. J Clin Endocrinol Metab. 2015;100:342-362.

21

]
Metabolic Adaptation to Weight Reduction

- Reduction in resting metabolic rate greater than that predicted with weight loss
alone

- Associated with degree of reduction in leptin levels greater than the
percentage of weight loss alone

- Greater weight loss = greater metabolic adaptation
- Subject to individual variability

- Metabolic adaptation after weight loss has been demonstrated for up to 6
years.

Ravussin, E. and Ryan, D. H. Obesity, 2016. 24: 1607-1608.

22
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Resting Metabolic Weight Decreases During Weight
Loss and Weight Regain

“Biggest Loser” Contestants

350 2800 N=14
Competition = 30 weeks
328.26
325
s 2600 Weight regain was not significantly correlated
300 20012 with metabolic adaptation at the competition’s
275 end (r=-0.1,P=0.75)
2403 2400
250 Those maintaining greater weight loss at 6
2200 years also experienced greater concurrent
225 . .
metabolic slowing (r = 0.59, P = 0.025)
200 199.73
2000
175 1996 1903
150 1800
Baseline 30 weeks 6 years

=e=\\\eight (Ibs) RMR Measured (kcal/d) =e=RMR Predicted (kcal/d)

Fothergill E, et al. Obesity (Silver Spring). 2016 Aug;24(8):1612-9.

23

EAT LESS
MOVE MORE

24
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E
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S
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The major problem — nearly all obesity treatment is
not physiologically driven

25

IMPLICATIONS FOR OBESITY TREATMENT

26
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Physiologic Weight Loss:
Targeted Lifestyle Modification, Effective Medications, Surgery

Physiological Comp
+ Decreased appetite drive
* Increased thermogenesis

\NVvVVew

New Defended Fat Mass

27
Battle of Physiologic Forces That Influence Fat Mass
Healthy diet Abnormal dietary
% Regular physical constituents
5 activity Sedentary
o<
= 2 More and better
o _8 sleep Poor sleep
8’% Stress reduction Stress/Depression
-% § Stable eating Disrupted circadian
E patterns rhythms
o Weight stabilizing Weight-inducing
medications medications
alternatives
28
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Battle of Physiologic Forces That Influence Fat Mass

Abnormal dietary

constituents
Anti-Obesity Medications Sedentary
entermine plus Noradrenergic
fopremRn R 175 | 4 CAER Poor sleep
a JAMPA glutamate receptor
PSSt g | Empotie Sappression
Stress

Bupropion/ Inhibitor of dop?e":,:g(eakae"d-i-
W onete snzoens Disrupted circadian
Liraglutide Glucagon-iike pepide 1 rh ythms

SRy g (GLP-1) agonist

Weight-inducing
drugs

29

Where Obesity
Treatments Wort

Anti-Obesity
Medications

i VBLOC Device
lagus nerve
Vagus nerve

...... stomach LAGB surgery
Stomach

Lipase Inhibitors (Orlistat)
Intestines

Pancreas
Gastric Bypass, BPD

smal Gastric Sleeve
intestine .
surgeries

a Department of Physiology, School of Medicine,
University of Santiago de Compostela, San Franscisco

s/n, 15782 Santiago de Compostea, A Corun~a, Spain Fat Metabolism DruQs

b CIBER of Obesity and Nutrition (ISCIII), Spain Received (Beloranib) coon Intestines
8 May 2007; revised 6 November 2007; accepted 12 Adipose Tissue
November 2007

30
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Current Obesity Pharmacotherapy for Long-term Use

= Multiple pharmacotherapies with varying MoA currently approved in
US for long-term treatment of obesity!*

Naltrexone/bupropion?
p-opioid antagonist +
DA/NE reuptake inhibitor

e,
Hypothalamus "oy

Mesolimbic
Reward System

Phentermine/topiramate’3*

Sympathomimeticamine+ | e Hypothalamus
antiepileptic ................
Hypothalamus Dorsal Vagal
Liraglutide? and Complex
Semaglutide® Hypothalamus
GLP-1 receptor agonist
Orlistat34

Tirzepatide |
GLP-1 & GIP receptor agonist

Lipase inhibitor

Intestines

1. Yanovski. JAMA. 2014;311:74. 2. Apovian.J Clin Endocrinol Metab. 2015;100:342. 3. Kim. Clin Pharmacol
Ther. 2014;95:53. 4. Dietrich. Nat Rev Drug Discov. 2012;11:675. 5. Christou. Obes Rev. 2019;20:805.

31
Sleeve
Gastrectomy?
Tirzepatide?
|
NI TG 2.4 mg once weekly injection for 68 wk 1
S —————————————— — |
Phentermine/ 1
Topiramate ER? 15 mg/92 mg for 56 wk |
1
Liraglutide? JEXNTS{ RT3 :
1
[oJ{[B=1:M 120 mg 3 times/dayfor1yr  8.8% I
|
Naltrexone SR/G Maximum dose, 56 wk 8.1% !
Bupropion SR 1
|
Phentermine i
15 mg daily for 28 wk  7.4% 1
Monotherapy’ eI ° 1
T T T T T T T T T T T T T T T T T T T T T T T i
1 2 3 4 5 6 7 8 9 |10)11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
% Estimated Weight Loss*
Direct comparisons between clinical trials cannot be made. *Per protocol analysis.
1. Mechanick. Endocr Pract. 2019;25(12):1346. 2. Wilding. NEJM. 2021;384:989. 3. Allison. Obesity (Silver Spring). 2012;20:330. 4. Pi-Sunyer. NEJM. 2015;373:11. 7.
Finer. IntJ Obes Relat Metab Disord. 2000;24:306. 6. Greenway. Lancet. 2010;376:595. 7. Aronne. Obesity (Silver Spring). 2013;21:2163. Slide credit: clinicaloptions.com
32
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Efficacy of Current FDA-Approved Obesity Therapy

Sleeve
Gastrectomy?

Tirzepatide? REENUHCLIE weekly injection for 68 wk

G ETITHGIEE 2.4 mg once weekly injection for 68 wk

15 mg/92 mg for 56 wk

Phentermine/
Topiramate ER3

Liraglutide® JEXNNT-A( IRV

[o]{INF1LM 120 mg 3 times/dayfor1yr  8.8%

Naltrexone SR/

Bupropion SR Maximum dose, 56 wk 8.1%

Phentermine

Monotherapy’ 15 mg daily for 28 wk  7.4%

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
% Estimated Weight Loss*

Direct comparisons between clinical trials cannot be made. *Per protocol analysis.
1. Mechanick. Endocr Pract. 2019;25(12):1346. 2. Wilding. NEJM. 2021;384:989. 3. Allison. Obesity (Silver Spring). 2012;20:330. 4. Pi-Sunyer. NEJM. 2015;373:11. 7.
Finer. IntJ Obes Relat Metab Disord. 2000;24:306. 6. Greenway. Lancet. 2010;376:595. 7. Aronne. Obesity (Silver Spring). 2013;21:2163.

Nd e e e e e e o o

33
Regulation of Body Weight and Glucose Metabolism by GLP-1
Receptor Agonism
C @ ‘ Pancreas
/M insulin secretion
Liver Intestine Brain Muscle /N insulin synthesis
ioneopenecs Wl oo [ oo 0 & s ertin
J steatosis rtogtilitty - ipaIat:;thikI)it\l/‘I ’I‘glutcostz uptake *;?cl::l,lt :ersvival
= The specific mechanism of action is multifactorial, with gut, brain, and
systemic improvements in insulin sensitivity each contributing a finite
fraction to the total efficacy
Miiller. Nat Rev Drug Discov. 2022;21:201.
34
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Semaglutide (2.4 mg): Efficacy vs Placebo

Average
Weight Loss:

15.3 kg vs 2.6 kg

5% Weight Loss 10% Weight Loss 15% Weight Loss

86.4% vs 31.5% 69.1% vs 12.0% 50.5% vs 4.9%

Wilding. NEJM. 2021;384:989.

35
STEP 1 Trial: Body Weight Changes with Semaglutide
= Double-blind, placebo-controlled phase Ill trial in adults with
BMI >30 kg/m? without diabetes (N = 1961)
Change in Body Weight, Observed In-Trial Data Change in Body Weight, Observed On-Treatment Data
;\? e e snE N sess RN ResssNEsessEsNERSssEsNERSEsEsNEREEsEsEEssEsessessaRemsEn S RN R AR RN R RN RN REERA M ERERRERRRRaREn
S 7 . . -2 .
£ ] ]
Y -6 -61
K J — Placebo ] — Placebo
£ -10- — Semaglutide 104 —— Semaglutide
o
2 ] ]
o -144 -144
[T
c - -
(1]
< -8+ TV B+
© 0 8 16 28 44 60 0 8 16 28 44 60
Patientz at Wk Since Randomization Wk Since Randomization
Risk,
Plalcsebz 655 649 641 619 615 603 592 571 554 549 540 577 655 647 637 613 607 593 576 555 529 520 514 499
Semaglutide 130612901281126212521248 1232 1228 1207 1203 1190 1212 130612831259122512061193 1176 1166 1135 1115 1100 1059
Wilding. NEJM. 2021;384:989.

36
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STEP 1 Trial Extension of Semaglutide 2.4 mg:
Rational/Need to Treat as a Chronic Disease

>
®

52-week off-treatment

68-week treatment phase | 52-week off-treatment 68-week treatment phase
b extension phase |10

I extension phase

o
1
T

o

Body Weight (%) — Change from Baseline

Body Weight (%) — Change from Baseline
¢

aulaseg wouy aSuey) — (8y) 1ySiom Apog
aulaseg wouy aSuey) — (8) ySiom Apog

] --10
-12- | \ 0
—— <5% u} 5
- —a— >5%<10% @ !
164 254 —=— 210%-<15% = 1B
-m- Semaglutide 2.4 mg —— >15%-<20% B |
=-¥-Placebo 4 O 220% 1
LELI LI L) L) L L) L) L) L) L) T LINL B I I B ) \J Ll Ll Ll \J T T T T
0 8 16 28 44 60 75 120 4 16 28 44 60 80 120
Time since Randomization (wk) Time since Randomization (wk)
Wilding. Diab Obes Metab. 2022:1. Slide credit: clinicaloptions.com
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Semaglutide 2.4 mg: Mean Weight Loss (STEP Trials)

STEP 1! STEP 22 STEP 33 STEP 44
N=1961 N=1210 N=611 N=902
. . . . Weight management Sustained weight
Weight management  Weight management in type 2 diabetes with IBT management®
Baseline BW 105.3 kg 99.8 kg 105.8 kg 96.1 kg
1 1 1
1 1 1
Week 0-68 ! Week 0-68 ! Week 0-68 ! Week 20-68
1 1 1
1 1 1
8 | | | 6.9
- 1 1 1
5 = 4 1 1 1
o 1 1 1
i @ 1 1 1
§ 5 ] ] ]
7} 1 1 1
.E 3 1 1 1
£ 1 1 1
g8 1 | 5.7 i
5 ! ! ! 7.9
1 1 1
1 1 1 *
1 1 1
- 1 1 1
16 -14.9 | | 16 |
20 * 1 1 N 1
Placebo M Semaglutide 2.4 mg Il Semaglutide 1.0 mg
Primary endpoint. *Statistically significant vs placebo.
BW = body weight; IBT = intensive behavioral therapy
1. Wilding JPH et al. N Engl J Med. 2021;384(11):989-1002. 2. Davies M et al. Lancet. 2021;397(10278):971-84. 3. Wadden TA et al. JAMA. 2021;325(14):1403-13.
4. Rubino D et al. JAMA. 2021;325(14):1414-25.

38
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SELECT Trial: Cardiovascular Outcomes, August 2023

Randomised, double-blind, parallel-group, placebo-controlled trial

Semaglutide 2.4 mg reduced risk of major

adverse cardiovascular events (MACE) by
22% in adults with overweight or obesity

* n=17,604 adults

* >45years

* BMI 227 kg/m?

* with established CVD and no prior history of diabetes

Evaluated subcutaneous once-weekly semaglutide 2.4 mg

vs placebo as an adjunct to standard of care for
prevention of MACE, over a period of up to five years

https://www.novonordisk.com/news-and-media/news-and-ir-materials/news-details.html|?id=166301

39
The Evolving GIP—GLP-1 Partnership in Metabolism
/ \J‘// 'P enzyme secretl}
A LPL activity G I P \l, food intake G LP 1 4 .
4 adipose tissue 4 weight loss natriuresis
accretion 'f‘ diuresis
4 glucagon secretion : B\ ¥ glucagon secretion ‘l/ z::):l;mg
| @,
~ . .
v bone resorption 4 insulin secretion 4 cardloprotecnoy
Baggio. ] Mol Metabolism. 2020;46:101090.
40
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Tirzepatide: Novel Dual GIP and GLP-1 Receptor Agonist

= Tirzepatide is multifunctional 39 amino acid peptide based on native GIP peptide sequence
and modified to bind to GIP or GLP-1 receptors

= Administered as once-weekly injection as half-life of 5 days

— Starting dose 2.5 mg weekly, titrated at 2.5-mg increments monthly to max dose of
15mg

= Demonstrated dose-dependent reduction in HbAlc (up to 2.4%) and body weight
(up to 11.3 kg) in patients with T2D in phase | and |l trials

= Contraindications and AEs similar to GLP-1 RAs
= Contraindications: personal or family history of MTC or MEN2
— Precautions: pancreatitis, AKI, diabetic retinopathy, gallbladder disease

— Adverse events: Gl including nausea, vomiting, diarrhea, constipation, abdominal pain
Min. Diabetes Ther. 2021;12:143. Coskun. Mol Metab. 2018;18:3. Tirzepatide PI.
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SURMOUNT 1: Weight Loss with Tirzepatide

Overall Percentage Change in Body Weight From Baseline Percent Change in Body Weight by Wk (Efficacy Estimand)
(Treatment-Regimen Estimand)
Overall mean baseline weight = 104.8 kg

£ — £ \\
= <
» = , 2 %-3.1
o .4+ L -4 Placebo
s 3.1 3 \
> >
° ©
o - o 4
3] 3]
£ £
o 12+ g -12-
80 o0
5 5 Tirzepatide
S T S 5mg -15.0
o _ L (&) - -16.0
g:n -15.0 g’n
8 s Tirzepatide 19.5
S 204 < -20- ) ; 10 mg % -19.
@ ] Tirzepatide
g -19.5 o 15me 21.4 -20.9
9 -20.9 4 -22.5
T T T T T T T T T 11 T T T T T
Tirzepatide  Tirzepatide Tirzepatide Placebo 4 12 20 36 60 TRE
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Jastreboff. NEJM. 2022;387(3):205.
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The NEW ENGLAND JOURNAL of MEDICINE

Tirzepatide for the Treatment of Obstructive
Sleep Apnea and Obesity

)., P & N

ABSTRACT

BACKGROUND
Obstructive sleep apnea is characterized by disordered breathing during sleep and
is associated with major cardiovascular complications; excess adiposity is an etiologic
risk factor. Tirzepatide may be a potential treatment.

wETHODS
We conducted two phase 3, double-blind, randomized, controlled trials involving
adults with modecate-to-severe obstructive sleep apnea and obesity. Participants who
were not receiving treatment with positive airway pressure (PAP) at baseline were
envolted in trial 1, and those who were receiving PAP therapy a baseline were encolted
in trial 2. The participants were assigned in a 1:1 atio to receive either the maximum
tolerated dose of tirzepatide (10 mg or 15 mg) or placebo for 52 weeks. The primary
end point was the change in the apnea-hypopnea index (AH], the number of apneas
and hypopacas during an hour of sleep) from baseline. Key multiplicity-controlled
secondary end points included the percent change in AHI and body weight and
changes in hypowic burden, patient-reported sleep impairment and disturbance, high-
sensitivity C-reactive protein (hsCR) concentration, and systolic blood pressure.

From the University of California, San D
450,12 ol (A M Wookock nttae
of Madical Resaarch, Macguarie Univer-
sity, Royal Prince A¥red Hospital, andthe
Unversity of Sydney — all in Sydney
(RR.GJ; the Canter of Sleap Madicine
Charité Unharsity Hospital Ba fin, Barkn
(LFJ: the College of Nursing, Universty
of Hlinais Chicago, Chicago (T.EW,: the
School of Nursing (T.EW, and Pemlman
School of Madicine (R).5.), Univarsity of
Pennsyhania, Phiadelphis; the Division
of Sleep and Crcadian Dsorders, Brigham
andWomen's Hospital and Harard Madi-
<al School — bath in Boston (SR, AA

5.A.5: and Eb Lilly, Indianapobie (J.9.0.

SC. MCE. JBJ. Or. Malhotra can be
<ontacted atamahota@heakh ucsd adu
oratthe University of Caléomia, San Diego.
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Nausea®<

+ Most common side effect

+ Diminishes with time in most patients
Pancreatitis<

+ No causal relationship established

if these symptoms occur

Impairment of renal function®<

+ Some post-marketing reports

+ Usually related to volume depletion/dehydration
Medullary thyroid tumors®¢

+ Thyroid C-cell tumors observed in rodents

insert] 2013.81

\ GLP-1 Receptor Agonists:
Side Effects and Precautions

+ Patients should be aware of symptoms of pancreatitis and stop taking incretin therapy

+ If pancreatitis is confirmed, incretin treatment should not be restarted
+ Consider other therapies in patients with a history of pancreatitis

+ Contraindicated in patients with a personal or family history of medullary thyroid cancer
and patients with multiple endocrine neoplasia syndrome type 2 (MEN2)

a. Bydureon® [package insert] 2013 b. Byetta® [package insert] 201314}; ¢. Victoza® [package
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Battle of Physiologic Forces That Influence Fat Mass

Abnormal dietary
constituents

Sedentary

Poor sleep

Bariatric Surgery

Stress

Disrupted circadian
rhythms
Weight-inducing
drugs

45

Most Common Bariatric Procedures

Sleeve Roux-en-Y Duodenal
Gastrectomy Gastric Bypass Switch

Excised
stomach

98% performed laparoscopically
Average length of stay — 1.2 days

Madsbad S, et al. Lancet Diabetes Endocrinol. 2014;2(2):152-64.
ASMBS. Estimate of Bariatric Surgery Numbers, 2011-2017. http://asmbs.org/resources/estimate-of-bariatric-surgery-
numbers. Accessed Sept 17, 2018.
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Food Intake

« Changes in hunger
and fullness via
enhanced satiety
leading to decrease in
calorie intake

* Mean caloric intake
600-700 one month
postop to 1000-1800
after first year

« Average reduction of
1800 kcal per day
from pre-op intake
sustained for several
years

Potential Mediators of
Decreased Food
Intake

* Increased transit of
food into mid-gut
through gastric pouch

Mediators for Food Change in
Preferences icrobiota

* Taste function
domains

Sensory-
discriminative (stimulus
identification)

Hedonic

(ingestive motivation)
altered brain responsivity
to high calorie food cues
Physiological (digestive
preparation)

* GLP-1 and PYY
increase
« Ghrelin decreases

* Short chain fatty
acids — calorie
extraction/signals

Energy Expenditure

* Increase/Decreased
basal metabolic rate
after bariatric surgery
—in gut?

Thursday, February 12, 2026

Food Preferences
Change

* Dumping syndrome?

» Conditioned food
avoidance?

Calorie

Malabsorption

* Exclusion of 10% of
the bowel after
RYGB unlikely to
result in
malabsorption

« Vagal and partial
vagal transection

Why Does Bariatric Surgery Work So Well?

Change in Bile Acids

« Partly responsible for
intestinal hypertrophy,
anorexigenic hormone
secretion and alterations
in gut microbiota;
activation of FXR
signaling

47
Physiologic Weight Loss:
Physiologic Lifestyle Modification, Effective Medications, Surgery
Baseina
Enargy
3000 — 1k Expenditure
é . Physiologic Lifestyle Modification
% oy Post-op I:I Anti-Obesity Medications
ol 2000 _'F'.Xf\:::;?;l'lfﬂ . Bariatric Surgery
L" . Post-operative AOM
3 1
30 35 40 45
Body Mass Index (kg/m?)
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Conclusion:

- The disease of obesity is a major driver of cardiometabolic
diseases

- A modest weight loss of at least 5-10% does have significant
metabolic benefits but greater weight loss - greater benefit.

- Obesity is a dysregulation of energy balance which is a function
of the brain

- Physiologic lifestyle Modification, effective AO medications, and bariatric
surgery are often required for physiologic compensation to a NEW
DEFENDED FAT MASS
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