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Global Prevalence of NAFLD/MASLD

The Global Prevalence of MASLD

Pooled Prevalence of NAFLD: 30.05% (95% confidence interval: 27.88 to 32.32%)
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COUNCIL

Global Prevalence of NAFLD/MASLD

The Global Prevalence of MASH

The Global Prevalence of MASLD: Pediatrics

In 2019, the global prevalence of NASH is 5.27% (Standard Error: 2.63)
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Worldwide prevalence of NAFLD among Children is 7.6%
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Younossi ZM et al, Hepatology. 2023 Apr 1;77(4):1335-1347.

Schwimmer JB, et al. Pediatrics. 2006, Vos M et al. J Pediatr
Gastroenterol Nutr. 2017
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Global Prevalence of NAFLD/MASLD

The Global Prevalence of MASLD: T2D

Global Prevalence of MASLD over Time: T2D

Pooled Prevalence of NAFLD/MASLD: 65.33% (95% confidence interval:62.35 to 68.18%)
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COUNCIL Natural History of MASLD and MASH

Adipose tissue

Tissue expansion
adipokine secretion

lipelysis

FFA IL-6 Inflammation Inflammation
ghycerol B TNF-c hepatocyte death/proliferation scarring
h

insulin resistance yperinsulinemia] l Genetic & epigenetic events I

Non-linear Progression
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Younossi Z et al. EMJ Hepatol. 2022, Sayiner M, et al. Clin Liver Dis. 2016;20(2):205-214; Younossi ZM, et al. Hepatology. 2016;

64(5):1577-1586. Lequoy M, et al. Horm Mol Biol Clin Investig. 2020, 29;41(1), Younossi Z et al. Hepatology 2018, Younossi Z J
Hepatology 2019



THE GLOBAL Consequences of NASH/MASH:
COUNCIL Cirrhosis, Liver Transplantation and Mortality

Mortality (Per 1,000 person-yrs)

* Prevalence of MASH cirrhosis in the general population Liver-NAFLD
is 0.31 % (meta-analysis) and 1.84% (NHANES) ExtraHepatic Cancer-..
» Prevalence of MASH cirrhosis among MASLD (Meta- Globafg;'\;ﬁ';g All NAFLD/MASLD
analy5|s):_5.05 % (95% _CI 2.78-9.02) US Gen Pop(1)
* MASLD-cirrhosis mortality rate per 100 PY Overall: 7.46 All Cause 17.15
(95% CI 3.67-14.56) 20
Owrangi S, Z Younossi DDW 2024 LIVER —

EXTRAHEPATIC..

. . . VD — .
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Younossi ZM et al, Hepatology. 2023 Apr 1;77(4):1335-1347, Younossi ZM. Et al Clinical

Younossi ZM, Hepatol Commun. 2023 Dec 22;8(1):e0352 X ;
Gastro and Hepatology 2024, Owrangi S, Z Younossi DDW 2024



THE GLOBAL Global Consequences of MASLD:

COUNCIL Death from Liver Cancer and Cirrhosis (APC 2010-2019)

Liver Cancer Death Cirrhosis Death
NAFLD ALD HCV HBV NAFLD ALD HCV

Global 0.81 0.28 -0.61 -0.04 -0.12 -0.87 -0.86

Region
Australasia 1.21 0.17 0.27 -0.05 -0.49 -0.26 -0.12
High-income North America 0.96 1.25 -0.64 0.53
High-income Asia Pacific -1.22 -1.54 -1.26 -1.12
Southern Latin America 1.24 0.09 0.56 0.38 0.31
Western Europe 0.25 -0.12 -0.13 -0.08 -1.24 -1.39
Central Europe -0.65 -0.81 120 | 469 || 31 -1.40
Eastern Europe 27 0 o003 0.55 -0.31 -0.24 -1.00 -0.66
Central Asia 0.32 -0.05 -0.68 -1.01 0.15 -0.22 -0.35
Southeast Asia 0.70 0.33 -0.15 -0.74 -0.36 -0.44 -0.83
East Asia e 0.0 022 -0.61
Oceania 0.06 0.00 -0.27 -0.55 -0.20 -0.38 -0.47 -0.91
South Asia -0.09 0.18 -0.19 -1.34 0.30 -0.20
Andean Latin America 0.87 0.46 -0.22 -0.30 -0.81 -0.98 -0.98
Caribbean 1.09 1.16 0.16
Central Latin America 0.59 0.64 -0.29 -0.03 0.10 -0.34
Tropical Latin America 0.19 0.20 0.13 -0.03
North Africa and Middle East 0.92 -0.35 -1.24 -0.08 -0.14 -0.57 -0.59
Central Sub-Saharan Africa 0.38 0.35 -0.58 -1.25 0.25 -0.25 -0.14
Eastern Sub-Saharan Africa 0.46 -0.22 0.15 -0.77 -0.32 -0.73 -0.51
Southern Sub-Saharan Africa -1.27
Western Sub-Saharan Africa 0.04 -0.28 -0.62 -1.16 -0.94 -1.40 -1.38

I C——

B improving Trend (APC< 0%) _ _ o
- Worsening Trend (APC> 0%) Paike J and Younossi Z Hepatology Communication 202



THE GLOBAL Clinical Predictors of Outcomes in MASLD:
COUNCIL Impact of Cardiometabolic Risks

Long-Term Outcomes of Increasing Number of Metabolic Risks Are Increasing Number of Metabolic Risks Are
Patients With T2D and NAFLD Associated With Advanced Fibrosis Associated With Mortality
¢ NAFLD & DM (n = 44) vs &

NAFLD alone (n = 88)
«  Patients with NAFLD and - W 08
0.6

]

DM have:

Higher rate of cirrhosis
(25% vs 10.2, P =
0.04)

Higher liver-related 4
mortality (RR = 22.83, L DM + HTN +
P =0.003) DM HTN al\r/l,\l+ Visceral obesity

Higher mortality — u ) - T T T
(RR = 3.3, P =0.00 = Positive

B Negative Survival Time (Year)

% with moderate to severe
fibrosis

Survival Probability

Logrank p =.0001

02

Younossi Z, et al. Clin Gastroenterol Hepatol. 2004;2(3):262—-265., Hossain N, et al. Clin Gastroenterol Hepatol. 2009;7(11):1224-1229.e1-2., Golabi P, et al. Medicine 2018;97(13):e0214.
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il 13 studies 4,428 NAFLD (2,875 histological NASH) Regression of Fibrosis Leads to Improvement of Clinical Outcomes

e NASH cirrhosis (STELLAR-4 and Simtuzumab clinical trials)
+ All-Cause Mortality * Regression: Any reduction in fibrosis (NASH CRN or Ishak)
_ » Liver-related events: Ascites, portal hypertension haemorrhage, HE, MELD
" — >15, LT and death
: « In NASH-cirrhosis, regression was observed in 16% over 48 weeks

Histologic Predictors of MASLD Outcomes

ol

Hkotras-bc )

Fibrosis regression and liver-related events in NASH cirrhosis

e

) Fibrosis Stage HR 0.16 (95% CI: 0.04, 0.65) HR 0.08 (95% CI: 0.02, 0.32)
> p=0.0104 p=0.0004
g Liver-Related Mortality 9 1 = No fibrosis
£ 20+ - < i
! g s regression
E b 2 74 m Fibrosis
. N o 6 1 regression
to=] v 5
e}
- Q 4 4
- 5]
—_— T 3 0.7
T T I 1 5 21
Fibrosis Swmge > 1 4 69/834 2/300
-
o -

Taylor RS, Taylor RJ, Bayliss S, Hagstrom H, Nasr P, Schattenberg JM, Ishigami M, Toyoda H, NASH CRN fibrosis stage
Wai-Sun Wong V, Peleg N, Shlomai A, Sebastiani G, Seko Y, Bhala N, Younossi ZM, Anstee
QM, McPherson S, Newsome PN. Gastroenterology. 2020May;158(6):1611-1625 Sanyal AJ, et al. Hepatology. 2022 May;75(5):1235-1246..

Ishak fibrosis stage
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Risk Stratification



[] THE GLOBAL NITs Used to Identify High Risk

COUNCIL MASH Patients

FIB-4 Index:
— Originally to predict advanced fibrosis in HIV/HCV
coinfection

Age (years) X AST Level (U/L)

FIB-4 = =

— FIB-4<1.3 No significant fibrosis Platelet Count (10°1) X
—  FIB-4<1.45 FO-F2 : [ AT ww h
— FIB-4>3.25 F3—-F4 ’

Low Cutoff (NPV) High Cutoff (PPV)

Low Probability of E3/4 Indeterminate High Probability of F3/4

1.3 2.67

Sterling et al. Hepatology. 2006, Eddowes et al. Gastroenterology. 2019. Vali et al. J Hep. 2020; Day
Jetal. JALM. 2019, Newsome et al; Lancet Gastro Hep. 2020
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COUNCIL

NITs Used to Identify High Risk

Obtained through a VCTE
measurement
Correlated to extent of fibrosis

Quantification of ultrasound
attenuation obtained in VCTE
measurement

Correlated to liver steatosis

MASH Patients

FO-F1 vs >
£2 8.2 0.77 0.71
FO-F2 vs >
£3 9.7 0.80 0.71
FO-F3 vs F4 13.6 0.89 0.85

FAST: CAP+LSM+AST

Attention
to LSM

values

0.70

0.75

0.79

0.78 0.61

0.63 0.81

0.29 0.98



THE GLOBAL NITs Used to Identify High Risk

Lol MASH Patients
Imaging Technique: MRI-PDFF and MRE

* Modified phase-contrast pulse sequence to visualize
rapidly propagating mechanical shear waves (~60 Hz)

1.69 kPa 3.2 6.91 kPa

MRE stiffness 0.86 0.91 0.68 0.97
> 3.64 kPa (0.65-0.97) | (0.83-0.96) | (0.48-0.84) | (0.91-0.99)

Noureddin. Hepatology. 2013, Loomba. Hepatology. 2015, Loomba Hepatology. 2014; Patel et al. Ther Adv Gastroenterol. 2016; Han, Noureddin. Liver Int. 2020..



THE GLOBAL NITs Used to Identify High Risk

COUNCIL MASH Patients

e Hyaluronic acid (HA) ELF cut-off scores and accuracy for measurement
e Procollagen Il amino terminal peptide (PIINP) of Advanced Fibrosis*
e Tissue inhibitor of metalloproteinase 1 (TIMP-1)

<7.7 >9.2 >9.8 >11.3

. SROC curve

11 studies were included in
the meta-analysis of
advanced fibrosis
AUC: 0.83 (0.71, 0.90) 1
Sensitivity: 0.73 (0.60, 0.83)
Specificity: 0.80 (0.68, 0.88)

0.84

=
(=21
I

=
.
1

Sensitivity

Risk of

Early to no fibrosis Moderate*

=
ha
1

Decompensation

Enhanced Liver Fibrosis test;
A blood based biomarker for
diagnosis advanced fibrosis

0.04"
T T T T T T
00 02 04 06 08 10

1-Specificity
Summary ROC Curve based on the Sensitivity of 90%
multiple tlhreshoids model L!sing Sensitivity of 85% 10% of patients are wrongly
homogemzed Fhreshalds. .(_:ujcles 15% of patients with diagnosed with Advanced
present information on sensitivity and Advanced Fibrosis are missed Fibrosis

specificity and each color
corresponds to one study.

Vali et al. J Hep. 2020; Day J et al. JALM. 2019.



U Ulnl= (Lo NITs Predicting Outcomes

COUNCIL
FIB-4
* Longitudinal cohort study of 20,433 207 Cumulative ncidence for
patients to evaluate the association of LAt oh baselne FIB-4: 12.8%
12-month changes in FIB-4 with risk of 159+ FIB-4 decrease: 10.1% Higher risk with
developing severe NASH-related clinical Skl FIB'L%
events 219
e UK Clinical Practice Research Datalink
linked with Hospital Episodes Statistics >
and Office for National Statistics data e - =TT
(2001-2020) "0 25 e g
* Change in FIB-4 calculated from saseine 154 ok cotegory 12 month F1.4 change
baselineto 12 m
p26) a2e) —s  — e

Anstee Q, et al. AASLD 2022. Late-breaking poster #5049.
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U Ulnl= (Lo NITs Predicting Outcomes

4192 adults NHANES (2017-

2018) 1 m— A
CAP (aHR: 1.01, 95% Cl: 1.0— Sl ] T =g
. E 974 ' A
1.05), and LSM (aHR: 1.06, 95% = ul ! : | L
Cl: 1.02 1.11) associated with § %1 2 —
2 944 >
overall mortality. 7 934 \_L
NAFLD by CAP > 285 had a 2.2- g 21 § 7]
fOId (95% Cl: 10_47) increased ; sgjﬁ\ﬁ] HR: 2.2 95% Cl: 1.3-3.6, P value for trend < 0.01 i i‘ N
odds of mortality 8 881 —LsM<0kPs 8 9T Adi.HR for CAP 2285 dBim: 202, 95% CI: 107-38, P=0.03
Cumulative mortality rates $ o] iR g | —cap<assapm
o ) ] °| —LSM220KkPa - CAP 2 285 4B/
were significantly higher in 85 , . . ' %1 : : . _ :
participants with LSM of 9.7- v R e % B R e
, ime (months) ime (months)

13.5 (advanced fibrosis) and

LSM > 13.6 (cirrhosis)
Vilar-Gomez E et al. Hepatology. 2023 Apr 1;77(4):1241-1252



U Ulnl= (Lo NITs Predicting Outcomes

COUNCIL
ELF
_ F3 Fa

e Combined data from 4 100% 100%

clinical trials of SEL/SIM »
* N =2154 with advanced .. Pt

NASH § 60% HR = 2.48 (P <0.0001) 0% HR = 2.83 (P <0.0001)
° ) ) %

47.5% F3, .52.56 F4 8 o
* 72% had diabetes Z fLF<1l3
« 60% Female, 40%, Male & ELF <113 - -
e Mean follow-up = 16 —tlralls

months p o months o months

0 12 2 36 48 0 12 94 3 48

Younossi ZM, et al. Gastro 2021;160:1608-19



U THE GLOBAL NITs Predicting Outcomes

COUNCIL
MRE
* The StUdy included 320 NAFLD 10.15 kPa
patients with MRE. 10

e Threshold for distinguishing
-cirrhosis from NC: 4.39 kPa
-DCC: 6.48 kPa
-DCC odds with LS increase

(OR 3.28) (P < .001).

4.39 kPa

MRE stiffness kPa
(=]

Disease Progression

Han MAT, Liver Int. 202040(9):2242-51.



HE ELEEAL Algorithms for Risk Stratification:

COUNCIL

2024 EASL-EASD-EASO Clinical Practice
Guidelines on the management of MASLD

Type 2 diabetes
or
obesity + =1 cardiometabolic risk factor(s)
or
persistently elevated liver enzymes

<1.3 1.3-2.67 w' >2.67

[ vere ]

or alternative test***

Y I Iy I

<8.0 kPa =8.0 kPa
Intensified management |
[ of comorbidities** }—) [ Hepatology referral j

re-assess FIB-4 + Diagnostic work-up and management plan for
at =1 year liver-related outcomes

» Intensified management of comorbidities (in a
Re-assess FIB-4 FIB-4 FIB-4 muttidisciplinary team)
every 1-3 years <1.3 21.3

* FIB4 thresholds valid for age <65 years (for age =65 years: lower FIB-4 cut-off is 2.0)

** g.g. lifestyle intervention, treatment of comorbidities (e.g. GLP1RA), bariatric procedures

*** 6.g. MRE, SWE, ELF, with adapted thresholds EASL, J of Hepatology. 2024.
®and @& are options, depending on medical history, clinical context and local resources




THE GLOBAL Lifestyle Recommendations
COUNCIL for MASLD

Obese MASLD

Weight = The more severe the liver disease is, the higher the goals = 3-5% reduction of weight even within the normal BMI range
reduction are in terms of weight loss {especially if recent weight gain occurred or if abdominal
- Healthy diet with caloric restriction tailored for obesity is present)

your preferences

( Lifestyle advice for ALL patients with NAFLD ]

Un-recommended foods/

Recommended foods Recommended activity Minimize consumption

Mediterranean diet

Ultra-processed -
“ =
food e

d Saturated fats

Qé//zi_ /A%r\)f/-—}f;ﬁ b g P&_—;d—. tElr‘lr:l‘r:,r'l-o‘l esterol
o -I_Lj rocess mea —
Tpﬁ% Olive oil j K = @

- \‘J‘
=

ﬁ? é NS
= ——
Sweels
vegetables = Mental well being management —

Whole
grains

rich in fiber A
= Aesrobic exercise =3 days/fweek

Fish WWalnuts (=150 min/week moderate intensity)
%:ﬁ:;@ - Resistance exercise =2 daysiweek
) - Sugar-sweetened
=, — = Red edent beh
T —ﬁ‘ vee s ernlary Swrour beverages beverages
—
= Reduce added sugar (e.g. by reducing sweets, processed foods, = Increase n-3 fatty acids found in fish, and walnuts; prefer
sugared dairy products, etfc.) olive oil
= Avoid sugar-sweetened beverages = Minimize “fast food” and ultra-processed food
*» Reduce saturated fat and cholesterol (e.g. by eating low fat meat * Home-cooked meals are preferable
! and low fat dairy products) « Try to follow the Mediterranean dietary pattern

EASL patient guideline, Francque SM., JHEP Reports 2021



THE GLOBAL Treatment for NAFLD and NASH:

COUNCIL Current and Potentially Future Treatment Regimens (Phase 3)

Agent Mechanism

Obeticholic

Lipotoxicity/oxidative REGENERATE (n=2370, fibrosis stage 1-3)
acid

stress (FXR agonist) » Fibrosis improvement 21 stage without NASH worsening

Stopped after FDA Advisory

ARMOR (n=2000, fibrosis stage 2-3)
» Reversal of NASH without worsening of fibrosis

Resmetirom
(MGL-3196)

Lipotoxicity
(TRR agonist) * NASH resolution with at least a 2-point improvement in NAS without worsening of fibrosis

Semeglutide

GLP-1RA Phase 2 complete Phase 3: Ongoing 2025?

Phase 2 complete Phase 3: On going

Efruxifermin FGF19/FGF21 Phase 2 complete Phase 3: SYNCHRONY Study

Pegozafermin FGF19/FGF21 Phase 2 complete Phase 3: ENLIGHTEN Study




THE GLOBAL A Phase 3,

Randomized, Controlled Trial

COUNCIL of Resmetirom in NASH with Liver Fibrosis

P
Resmetitom 100 mg e
Resmetirom 80 mg VAR

A

A
A
i

Randamization

MAESTRO-NASH &

n
i
A Ak A AL

L e Bopsy ¢ Sereing p Wis  wae w2 Month 54
: LMDII.[EI:'[;TD’;I'IaftE(S 52 Week 54 Month Outcome
A VCTFfCAP Primary Endpoint Primary Endpoint

NASH Resolution* 21 Stage Fibrosis Improvement* .

Placebo Resmetirom Resmetirom Placebo Resmetirom Resmetirom
80 mg 100 mg B0 mg 100 mg
n=318 n=321 n=318 n=316 n=321 b
p<0.0001  p<0.0001 p=0.0002  p<0.0001 O~

30%

0

-1

=30

% m-.-_:mulms
% Responders

o

-40

CFB (CAP) or %CFB (MRI-PDFF)

50

J 'II

If NASH Resolution or Fibrosis improvement (> 1Stage), response is
higher

60

Harrison S et al. NEJM. 2024.

Placebo 51%
80mg 51%
100mg 48%

0% 20% 40% 60% 80% 100%
m Worse No Change mimproved

At week 52, more patients (>80%) on resmetirom improved or remained
stable

MRI-PDFF %CFB (W16) MRI-PDFF %CFB (W52) FibroScan CAP

m100mg OL = 100 mg m 80 mg = Placebo



THE GLOBAL NITs to Select Patients for Treatment
COUNCIL With Resmetirom

MASLD
Assess for fibrosis

Rule out other causes of liver disease

VCTE >10-15 kPA OR VCTE 15.1-19.9 KPAOR

MRE >3.3-4.2 kPA OR MRE 4.3-4.9 kPA OR VCTE >20 kPa**
ELF score 9.2-10.4* OR ELF score 10.5-11.3* OR OR

FAST, MAST, MEFIB FAST, MAST, MEFIB MRE >5 kPa**
AND AND OR

platelets >140 AND no evidence platelets 2140 AND no evidence Sk L
PHTN PHTN

*To reduce false positives, we propose that two concordant blood based or liver stiffness above threshold values for VCTE or MRE that suggest the presence of significant/advanced
fibrosis and not cirrhosis. In scenarios where only ELF is available in isolation, either a liver biopsy or a cutoff of 9.8 and higher is warranted. ** If biopsy is performed and liver histology
demonstrates Stage 2 or 3 disease, treatment is appropriate, as long as there is no clinical or imaging evidence of portal hypertension (eg, ascites apparent on imaging, gastroesophageal
varices, history of hepatic encephalopathy). PHTN: portal hypertension.

Noureddin M, et al Clin Gastroenterol Hepatol. 2024 Jul 20:S1542-3565(24)00667-0. doi: 10.1016/j.cgh.2024.07.003. Epub ahead of print. PMID: 39038768.




cLogaL Assessment of Safety and Treatment

COUNCIL Response on Resmetirom

3 months f Assess safety and efficacy

Worsening of NITs*

Confirm safety

* Routine DILI
parameters
* Tolerability

Start
Resmetirom

Common Adverse Reactions Reported with Resmetirom

Y
= oy 2 (Treatment A Assess treatment response

fZi: G;(:j Z;:z: monitoring: * ALT >17 IU/L and/or >20%

P pp— P e ALT improvement* or normalization

18 (4) 20 (5) 28 (8) . VCTE © VCTE 230% dI’Op in LSM

18 (4) 23 ) 27.(7) e PDFF *  MRI-PDFF 230% drop in liver fat

6 (1) 17 (4) 17 (4) k ) \ )
*ALT improvement should be accompanied by improvement in

imaging (= 30 reduction in MRI-PDFF or VCTE). . .
Noureddin M, et al Clin Gastroenterol Hepatol. 2024 Jul 20:S1542-3565(24)00667-

0. doi: 10.1016/j.cgh.2024.07.003. Epub ahead of print. PMID: 39038768. 6 months 12 months



THE GLOBAL

COUNCIL

Phase 3 Trials of Drugs for

Treatment of MASH

Lanifibranor Semaglutide
Primary Endpoint; Reduction of Secondary Endpoint; Improvement Secondary Endpoint; Resolution of steatohepatitis and Improvement in liver fibrosis and
22 Points of SAF Activity Score of 2 1 $tage of Fibrosis and No Resolution of NASH and No no worseningin liver fibrosis no worsening in steatohepatitis
and No WEIII'SEI!iI'IgUf Fibrosis Worsgning of NASH WGI'SEI'IiI'lg of Fibrosis Patients with fibrosis Stage 2 or 3 at BL and all randomized patients Patients with fibrosis Stage 2 or 3 at BL and all randomized patients
. = 100% pe0.0023 100% - p=0.0971
R drial Patients with fibrosis PO Patients with fibrosi p=1.0000
80% 7 stage 2 00 3 Al BL p<0.0001 sox { W sl‘ds‘l‘- fsu\:J “NOH p=0.2910
£ 6o | ¥ Allrandomized patients 58.9% g5 1% g oo |  Allvandomized patients
i) " 49.1%
g 0.5 428% o 5% £ 1 e 42.9% g0 20
b a0k ' 3 40% 32.2% 396
20% 17.2% 20.0% 205
" ! " 8 ? ; ,
m "
. R w .. R 0% 0%
“: '”"xv' il ¢ b ¥ Semaglutide Semaglutide Semaglutide Placebo glutid Semaglutide Placebo
3 0.1mg 0.2mg 0.4mg 0.1mg 0.2mg
Franque S et al. NEJM. 2021 Newsome P, et al. NEJM 2021
Pegozafermin Efruxifermin
Median relative reduction in liver fat from T T e T 25
baseline at Week 48 Py Aralymint
Placebo 30 mg gw 44 mg g2w 7 S%
(n=25) (n=39) (n=28)
0%
—10° A6%%
Fr -119%
= -20% - a9 =
-g -30%
5 —40% | — -
& -so% 1 7% — e
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Loomba et al, ILC 2024 Harrison S, et al. Lancet Gastro & Hep. 2023
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Extra-Hepatic Diseases Associated

with MASH

Younossi Z et al 2020
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Sarcopenia: International Consensus

A continuous process of loss of
striated muscle mass and function,
reducing locomotion, mobility and
postural tonus

In current definition of sarcopenia, 3

Important aspects are considered:
* muscle strength,
* muscle quantity and quality,
* physical performance.

Name derived from the Greek—
sarcopenia (ie, flesh loss).
Sarcopenia leads to negative effects
on function and clinical outcome.
“no decline with age is more
dramatic or potentially more
functionally significant than the
decline in muscle mass”

Rosenberg IH, 1997

Differentiate from Other Similar Diseases

Condition

Definition

Measurements

Sarcopenia

Kratopenia

Dynapenia

Frailty

Disability

Loss of muscle mass

Loss of force, ie. strength

Loss of power (Force 3 Velocity)

Increased risk of disability when stressed

Loss of function

DEXA

NMRI

Computed tomography
MANMNC/Calf circumference
Ultrasound

Bioelectrical impedance ’

13C-creatine dilution”

Dynamometry (isometric)
Isotonic or isokinetic strength tests

Walking speed
Walking distance
Stair climbing

CHS (Fried) criteria
SOF criteria
[ANA criteria

Instrumental activities of daily living
Activities of daily living

Barthel Index

Functional Index Measure

Morley JE, et al 3 Am Med Dir Assoc. 2011 Jul;12(6):403-9.



U s %ﬂﬁét Diagnostic Methods for Sarcopenia

Sarcopenia cut off points

Assessment Test Brief description (EWGSOP2)
Case finding SARC-F questionnaire 5-item self report questionnaire Score > 4
Skeletal muscle  Grip strength Standardized grip strength assessment by calibrated handheld dynamometer <27 kg (men) <16 kg
strength (women)
Chair stand test Amount of time needed for patient to rise five times from seated position >15 sec
Skeletal muscle ASMM by dual X-ray analysis ASMM assessed by DXA and corrected by height®; weight or BMI <7 kg/m? (men); < 5.5 kg/
mass (DXA) m? (women)
ASMM by bioelectrical Estimates muscle mass based on whole-body electrical conductivity < 7 kg/m?* (men); <
impedance analysis (BIA) 5.5 kg/m2 (women)
Muscle cross-sectional area Mid-thigh muscle area or lumbar L3 cross-sectional area assessed by CT or MRI Not assigned
assessed by CT or MRI
US muscle assessment Muscle thickness and cross-sectional area (e.g. quadriceps femoris) Not assigned
Pshysical Gait Speed Usual gait speed assessment over a 6 m course <0.8 m/sec
performance  SPPB Combination of balance, gait speed and TUG 5 times tests evaluated on <8 point score
a standardized score ranging from 0-12 points
TUG test Time subjects to stand up form armchair walk 3 meters, navigate obstacle on >20 sec
floor and return to fully seated position
400 meter walk Walk 10 laps of 40 m each as fast as possible Non completion or

>6 min for completion
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Dual Energy X-ray Absorptiometry ~ Computed Tomography  Magnetic Resonance Imagery ~ Ultrasound Bioelectricnllmpedanceﬁ

Method Measures attenuation of free muscle — Density of musclearea  Density of muscle area Visualization of cross- [ndirect measure of muscle mass
mass sectional area

Precision 1%—4% 1%-3% 1%-3% 2% 2%4%

Radiation exposure [ mrem (10 1Sv) 15 mrem (150 (Sv) None None None

Availability Readily available Readily available Readily available Readily available Available

Cost Low Medium High Low Low

Technical difficulty Minimum but needs standardization ~ Moderate High Moderate Minimum

D Fn0ssi alec <726 ka/m2 . T alac <176 em?3 ) ¢ BRI

Examples of possible Males <7.26 kg/m : Males <55 cm?/m?/ Males <176 cm Males <11 mm# Males <14.6kg/m?9

s \J?ﬂl el Females <343 kg/m* Females 39 cm¥m?  Females <93 em’ Females M10 mm Females M11.4 kg/m?

sarcopenia’

Morley JE, et al J Am Med Dir Assoc. 2011 Jul;12(6):403-9.
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and Associations

Prevalence of sarcopeniain
NAFLD

Depends on diagnostic
modality:

* The overall prevalence
varied significantly (1.6%
MRI) to 63.0% (DEXA)

e |n DEXA studies,
prevalence of sarcopenia
ranged from 12.2%
[ASM)/BMI) to 63.0% when
using ASM/weight

Odds of advanced fibrosis with
sarcopenia and NAFLD

Fibrosis and author

Biopsy

Koo 2017

Petta 2017

Hsieh 2020

Subgroup, OL (7' = 0.0%, P = 0.726)

FI1B-4

Kang 2019

Kang 2020

Zhu 2022

Choe 2023

Subgroup, DL (F = 63.3%, = 0.043)

NFS/BARD

Wijarnpreecha 2019

Kang 2019

Kang 2020

Subgroup, DL (F = 0.0%, # = 0.435)

Transient Elastography

Guo 2022

Song 2022

Subgroup, DL (F = 0.0%, P = 0.973)

Heterogeneity between groups: 2 = 0.002

Overall, DL (F = 79.8%, £ = 0.000)

OR (95%CI)

B a— 221 (1.10, 4.44)
—_— 2.36 (1.16, 4.77)
— 1.72(1.05, 2.84)
<> 198 (1.39, 2.82)

N 1.58 (0.87, 2.85)
—_ 1.35 (0.75, 2.45)
— 2.07 (1.24, 3.44)
4 1,02 (0,85, 1.22)
> 1.38 (0,96, 1.99)
—— 2.39(1.50, 3.84)
—_— 2.68 (1.28, 5.59)
—_— 1,68 (1.07, 2.62)
<> 2.09 (1.5, 2.81)

|

—— 3,70 (2.60, 5.30)
— e 3.80(0.86, 16.75)
<> 3.71(2.62,5.24)

<> 1.97 (1.4, 2.70)

T

Weight %

7.43
7.36
9.07
23.85

8.27
8.28
8.96
11.30
36.81

9.29
7.13
9.48
25.90

10.20
3.24
13.44

100

T

*appendicular skeletal muscle mass (ASM)

Associations with Other
Metabolic Diseases

e Some
association with
increased intima-
media thickness
and carotid
plaques

* Association with
insulin resistance

Giri S, et al.. World J Gastrointest Pathophysiol 2024; 15(1): 91100



U THE cLogaL Association Of Skeletal Muscle Mass to

COUNCIL Visceral Fat Area Ratio and MASLD

The study uses the index skeletal muscle mass to
visceral fat area ratio (SVR) to describe
Sarcopenic Obese (SO)and its association with
MASLD using NHANES (2017-2018) (N=2087)
SVR was calculated according to the
measurement of dual-energy x-ray
absorptiometry and MASLD was diagnosed with
CAP and CMR

Significant association between SVR and MASLD

was shown

OR: 3.11, 95% CI: 1.31-7.39, p =.010 middle SVR
OR: 3.82, 95% CI:1.45-10.08, p =.007 lowest SVR)

il

-—

Skeletal Muscle

. - SVR e
Visceral Fat
MASLD
Tertiles of SVR OR (95% C1I)
Highest l 1.00 (Ref.)
Middle |y 3.11(1.31-7.39)
Lowest |} & | 3.82 (1.45 - 10.08)
T T L) 1
i) 5 10 15

Mai Z et al. J of Diabetes 2024



THE GLOBAL Is the Association only in Asian

COUNCIL Patients?

e Systematic review of 24 studies (N=88 609 * Regional analysis: Increased risk of sarcopenia (pooled OR
participants). 1.97, 95% CI1 1.54 to 2.51) in the Asian group,
° Prevalence of sarcopenia higher in the * No significant association with the risk of sarcopenia

NAFLD group than control (pooled OR 1.74, ) ’gme”ca” (OR1.31 (gi%f%' 2‘9719“2 230()) o a6s
95% CI11.39 10 2.17). uropean patients (OR of 0.99 (95% .211t04.69)

v B

2= = Sty % Sy L
B D OR(B%HC)  Weight
o A s e D OR@IHC)  Weinl '
Jsia
Cho ot (2023) 15(132,258) 442 Sectuos . e
Tangetal (022) 10126,300) 456 el o - 12030289 25
Song elal (2022) 152(130,284) 426 Wang el 2021) —— 2S(124,374 37
Wang etal. (2021) 215(124374) 377 Horg el 31 (2021} L * 25902,258) 48
oy Seoelal (2020) —— 124(077,200) 408
Linge ¢t al (2021) 045(028,073) 398 P ata. i) e Toaw g
Hong st al. (2021) 250Q227,205) 48 Kang ¢l a.(2020) — 28(1.15,442) 33
Senctal (2000) 124(077,200) 400 fim et o (20 —— 209(151,289) 445
Park et al (2020) 712(339,1496) 316 :mf‘ui"g%“ *"’: mtm-g:? i;:
Kang etal (2020) 226(115,442) 338 Some ol G100 " Ao 4
o TR Him ¢t . (2020 209(151,288) 445 ‘Viang el al (2019) —— 184(108,314) 382
m el Hong etal, (2020) 26(120,392) 276 et 11 e i 48
- s —— | X
Han el al (2020) 316R,35) 438 cane tL 20%H - 1605 49
Golabi et al (2020) 361295443 412 Koo el al 2017) ek 153(050,465) 218
Gan elal. (2020} 391(290,528) 450 Lee el al. (015) + L0, 134 48
Wiamprascha etl (2010) 120(104 148) 477 Subtotal -squared = 82.4%, p= 0.000) < 197 (154,250 7400
Wang etal. (3015) 18006314 332 -
Peng etal (2019) 183(141,189) 481 Linge el al. (2021} — h 045(028,073) 3%
Crung et &l (2019) 137(102,188) 452 Mashlal 1% e 209(132, 364 390
Bheni e (2018) 1005 382 e = 099(021,459) 788
Alterink et al. (2019) 290132,368) 190 America [
haietal (018) 048(031,074) 413 Golabietal. (2020) - 361 295,443 412
i 20181 ‘Wijmpreacha el al (2019) I+ 124(104,148) 477
Croe etal (20%) 15101818 457 Peng e al (2019) * 163(141,188) 881
Kooetal (2017) 153 (050,465 218 Bhani el al (2015) — 02(018,058) 382
Leeatal (2015) 118(103,134) 48 Sublotel (lsquared = 97.1%, p= 0.000) B — 131071,240) 1812
[ . - . Querall (Hsquared = 93.5%, p = 0.000) 174(139,217) 10000
T TR Sl N e i ! ) Overal (|.cquared = 83.9%, p = 0.000) < 174(138,247) 10000
HOTTE. Wapighly - e s piirrde iy H NOTE. Weights are from rendam effscts enalysis . JOTE: Weight focts andh
T T T T
ey ' e 0368 1 15 0668 1 15

Deng C, et al. BMJ Open 2024;14:e078933. doi:10.1136/bmjopen-2023-078933



[] THE CLOBAL Sarcopenia in MASLD Is Associated

COUNCIL With Advanced Fibrosis

. NHANES 2017-2018 (N=2,422) NHANES 2017-2018 (N=2,422)

e NAFLD: TE w/o other CLD

g ig“ificagt_:L?3>fl3-(k);<Pa A iy i : Association with Significant Fibrosls (5F) i‘
Var_]ce =z a Cuibcome | Sipuficant (hatoomi | Advanted -8 ey fceriiatind -
« Sarcopenia by EWGSOP Rl i Lyt o e
° Sarcopenic NAFLD was R is% | P [OR[%%0) P ! ' l
qssoc_iated with advanced HB‘{u
fibrosis
» Association independent of OR # 1i ORR 141
demographics, socioeconomic G ;10100441 00510 441102 1827) 006 : o
: ol el iy oo [L8:45.6) (0.82:6.18)
status, and metabolic e
characteristics. , 4168 128 LA 8L 37.0) g | GBI LAVEE
» Increased leisure time physical Fssmmmst= . uaﬂ‘( 3 2%
activity (>300 min/wk) is b i b el
associated with a lower risk of i el st iy e e g NAFLD e A e AL
sarcopema Ty T s T Y '-l:ll'h'll' Bl Phirdd A s g I!"'Fh'.'!l."‘:f."r"".

Harring M, Golabi P, Paik JM, Shah D, Racila A, Cable R, Srishord M, Younossi ZM.. Clin Gastroenterol Hepatol. 2023 Oct;21(11):2876-2888.e5..



[] THE GLOBAL Sarcopenia and Physical Inactivity

ao]V]\[a] Associations with Mortality in MASLD

e In NAFLD, sarcopenia higher risk of CVM (HR 2.28

o 0.5% HBV. 1.8% HCV. 5.7% ALD. 26.9% NAFLD [1.71.—3.05; p < 0.01]), cancer-specific (HR 1:90_[1.37—
and 65.1% controls 2.65]; p < 0.01) & LRM (HR 2.49 [1.08-5.76]; p = 0.04).

e  Sarcopenia was more common among NAFLD ~ ® MVA: Component of LS7 metrics (BMI, BP, physical

e NHANES 1999-2004 (N=12,032) 34.9% w CLD

than other CLDs activity, and glycemic control) provided strongest
0 40.7% in NAFLD, 27.2% in ALD, 22.4% in HCV, protection against sarcopenia in NAFLD
16.8% in HBV, and 18.5% in controls; p < 0.001).
_ _ _ 35% of U.. adults have CLDs Lo Je
e NAFLD and ALD patients with sarcopenia were (26.9% NAFLD, 5.7% ALD, Mortality “
. ) . 1.8% HCV, 0.5% HBY -
less likely to meet ideal LS7 metrics than : f‘ ) Qf
WlthOUt Sarcopenia NAFLD | 42.4% MGLEREZYSROENETIN 20.8%
e Mortality after 27 years of FU, HCV (35.2%), o o |5 ROl 7%

LYSVA HR 095 (0.43-2.09) ally amonglean NAFLD.

£y HR 1.00 (0.06-21.0) Rl

ALD (34.7%) and NAFLD (29.6%)
e Sarcopenia was associated with higher risk of The s Sinpl 7 (57) metics it the
all-cause mortality only among NAFLD (hazard HR 104 (0.85-1.27) [RELES mﬁﬁmﬂﬁmmx

ratio [HR] 1.24; 95% C] 1.01-1.54; p = 0.04). 4in 10 adults who have N T L S S A
NAFLD had sarcopenia Blood pressure (BF), BN, heaithy die, and physical activity (P8)

Attainment of ideal LS7 metrics provides protection against sarcopenia in NAFLD,

Van Dongen C, Paik JM, Harring M, Younossi Y, Price JK, Kabbara K,
Golabi P, Younossi ZM. Hepatol Commun. 2022 Nov;6(11):3140-3153.



U THE GLOBAL Sarcopenia Associations with

COUNCIL Mortality in CLD

NHANES (1999-2004)-Linked P—— g—

Mortality (N=4611) = e

NAFLD by US FLI w/o other CLD o

(29.3%) - 'ﬂ'

Sarcopenia was defined using T

appendicular lean mass divided _ : ;

by BMI as defined by NIH (DEXA) Sl el ey g

(17.7%) : i o 0.9a-5.99) | {0.59-4 B0)
Hiaalify liver Ty .

Activity level was determined A= 3,260

using standard self-reports. Physical inactivily is sssociated with sarcopenia and sarcopenia s assacialed wilh increased mortaity among

Sarcopenia inversely related to pooiie with NAFLD

higher PA level, : . :
NAFLD (OR= 0.45 [95% Cl 0.30-0.69]) Compared with NAFLD without sarcopenia,

Non-NAFLD (OR = 0.51 [0.35-0.75]). NAFLD with sarcopenia had higher risk of
e All-cause HR=1.78[1.16-2.73])
e Cardiac-specific (HR=3.19[1.17-8.74)])

Golabi P, Gerber L, Paik JM, Deshpande R, de Avila L, Younossi _ i ; — _
ZM. JHEP Rep, 2020 Aug 15:2(6):100171, * Cancer-specific mortality (HR=2.12[1.08-4.15]).



[] THE GLOBAL Sarcopenia and MASLD Association

COUNCIL With Cardiovascular Risk

Korean National Health and Nutrition Examination Surveys database (n = 7,191) 2008-2011

~ 100
> .
» '-
= 80
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> |
8 60 '
< |
< 3 ]
2 :
= 40 ¥ .
o ! 1
S | | <
2 1 - _ o
S et ﬂﬁ = Joe S
Q il P y o &
o y <N Q0
= ‘ Se— O &
Y - y 1 £

—r— R 6’3&,%&.
. i / .\
Sarcopenia(-) _ L B 0«
NAFLD with ~ Sarcopenia(+) S , Y & D
fibrosis(-) NAFLD with ,\?X;:Ofg ”"?‘(r;) Sarcopenia(+) &S
fibrosis(-) AFLD with N (AF| b with SO
fibrosis(+) fibrosis(+)
Han E et al. Am J Gastroenterol. 2020.



THE GLOBAL MASLD and Sarcopenia
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T Systemic inflammation
g S
A Obesity e U
I e and lipogenesis
nsulin resistance L Vitamin D
1 Body maotility
y 4 Protein intake
Adipose tissue
NAFLD . T Lipolysis
pEogression L Adiponectin
: T Leptin
| Selenoprotein P T Pro inflammatory cytokines:
4 IGF-1 _ TNFa, IL-6, A-FABP
T Primary bile acids T FGF21 resistance?

Muscle dysfunction

T Myostatin

T Myosteatosis

d Irisin

d Glucose uptake

4 Energy expenditure

Fernandez-Mincone T et al. NAFLD and sarcopenia: pathophysiological connections and therapeutic implications. Expert Rev Gastroenterol Hepatol. 2020.



THE GLOBAL
COUNCIL

Clinical Assessment for Sarcopenia

Clinical suspicion or No . .
positive SARC-F Questionnaire 7  Reassess regularly 1 SCfleen .
l questionnaire
Yes

l Low

Measure muscle strength

. . Sarcopenia confirmed —————>
| 2 — 7 > 2. Diagnose with o
Ly ma Assess other causes o
A : symptoms muscle Strength l
1] -
Grip test Chair stand test Measure physical
performance
lLuw

In clinical practice, this is
enough to trigger assessment
of causes and start intervention

Sarcopenia probable*

L

Measure muscle mass

—_—

-
2=

Gail speed test

l Low

Severe sarcopenia

physical
per n

MNormal

3. Confirm by
measuring muscle
mass

l Low

Fernandez-Mincone T et al. Nonalcoholic fatty liver disease and sarcopenia: pathophysiological connections and therapeutic implications.
Expert Rev Gastroenterol Hepatol. 2020.

Assess for causes and
start intervention

4. Grade severity by
measuring physical
performance



THE GLOBAL

Treatment

COUNCIL

Recommendations

Effects

Management of Sarcopeniain MASLD

ICFSR guidelines

Exercise

Type: Resistance, multiple exercise circuit
training Intensity: moderate-high (50% to
of maximum repetition)
Session: 35-40 minutes
Frequency: 2-3 per week, nonconsecutive
days
Duration: 12-24 weeks

Muscle mass, strength and muscle capacity increase (1)
Neuromuscular adaptations (2)
Oxygen consumption increase
Reduce liver enzymes (3)
Reduce muscle mass loss (4)
Improves body composition, decreases total fat mass, and increases leg fat
free mass (5)

Strong recommendation;
moderate certainty
evidence

MNutritional
Supplements

1.0-1.2 gr/kg of protein divided in meals {6}
(1)
In sarcopenic obese, reduce calorie intake {7)
(s)
Healthy fat/Omega-2, hydration and guality of
calories ingested (processed vs non
processed) assessment (1)

Leucine 10—15 g/d gr/d

weight reduction {8)(5)
Improves body composition (8)
Limited evidence for effect in muscle strength (92)3{1,10)

Increase lean muscle protein synthetic rate, unclear effect on long term
supplementation in muscle mass (11). Combined with exercise improves
exercise capacity and HRQoL, and leg muscle mass in a small pilot study in
cirrhosis (12)

Vitamin D 800 UL/d - 1000 UL/d

Mo clear additional effect to exercise intervention {12}, daily doses in older
frail subjects, with low baseline vitamin D wvalues (11)

Creatine 3-20 gr/d

Associated with exercise improves muscle mass and strength {(14)(153(16)

B-hydroxy—b-methylbutiric acid (HMB)} and
amino acids supplementation {1.5-5 g/d)

Small and hetercaenous trials show increase functionality and muscle
strength used combined or not combined with exercise (17)

M-3 Polyunsaturated fatty acids (PUFA) = 2
g/day

Induce increment in muscle mass (4% increase by BIA) and functionality
(2.3 ko in hand grip test) (18)

Conditional
recommendation, low
certainty evidence

Mo recommendation, very
low certainty evidence

Hormone
supplementation

Testosterone {low physiologic dose)

Improvement in physical performance and muscle mass (193{20)}. Important
adverse effects reported Improvement in bone mass, hemoglobin, reduces
fat mass and HbaAlc im cirrhosis (21).

GH

Increase muscle mass, dissimilar results in muscle strength and performance
(20}
(20}

Mo recommendation, very
low certainty evidence

ICFSR, International Clinical Practice Guidelines for Sarcopenia; GH, growth hormone; GHRH, growth hormone release hormone, IGF-1, insulin-like

growth factor 1.

Fernandez-Mincone T et al. Nonalcoholic fatty liver disease and sarcopenia: pathophysiological connections and therapeutic implicationsExpert Rev Gastroenterol Hepatol. 2020.
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COUNCIL MASLD and Sarcopenia

Summary

« MASH is common and its global burden is growing
* NITs can be used to risk stratify MASH

« Treatment include management of co-morbidities with lifestyle
and drugs

* The only approved drug in the US is resmetirom
* Other regimens are being developed

e Sarcopenia is relatively common in MASLD and associated
with mortality

« Standard approach to screening and treatment must be
considered in each patients with MASH
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