Q

AACE.

MASLD, Fibrosis, and Cardiometabolic Risk: A
Multidisciplinary Perspective from the
Hepatologist’s View

Mazen Noureddin, MD, MHSc, FFASLD

Professor of Medicine | Houston Methodist Hospital

Underwood Center for Digestive Disorders | J.C. Walter Jr. Transplant Center
Conover Center for Liver Disease | Director, Houston Research Institutes, Texas
CSO &CO-Chairman of the Board Summit &Pinnacle Clinical Research



SLD: Inclusive Rather Than Exclusive Criteria

140/210 280 350/420

Metabolic
dysfunction—
Associated

Steatohepatitis
(MASH)

*Weekly intake 140-350 g female, 210-420 g male (average daily: 20-50 g female, 30-60 g male).
Teg, lysosomal acid lipase deficiency, Wilson disease, hypobetalipoproteinemia, inborn errors of metabolism.
teg, hepatitis C virus, malnutrition, celiac disease.

Rinella. Hepatology, 2023;78:1966.



: Natural History

MASLD Rules

NASH/MASH

rotic
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Cirrhosis

(F2




Prevalence of MASLD and MASH

* Global prevalence of NAFLD is 25.24% (95% CI: 22.10-28.65)

» Prevalence of NASH in general population is estimated between 1.5% and 6.45%

North America .\-
24.13% _

Middle East

South America
30.45%

Cl = confidence interval
Younossi ZM et al. Hepatology. 2016;64(1):73-84.




Prevalence of MASLD in Patients with Diabetes

Europe
68.0% (62.1 to 73.0)

* OQverall global prevalence of
NASH among T2DM patients
is 37.3%

51.8% (31.3to 71

East Asia
52.0% (45.4 to 58.6)

* 17% of biopsied diabetics
Ty have advanced fibrosis
Ls?g% (ZIZa.QtOGZ.T)J (fibrosis 2 F3)

)

Latin America
56.8% (34.1to 77.0) J

!‘ [ Africa ]
30.4% (11.6 to 67.1)

Global prevalence of NAFLD among T2DM patients 55.5%
(95% confidence interval: 47.3-63.7)

Younossi ZM, et al. J Hepatol. 2019;71(4):793-801.




High Epidemic Areas

Midllle-Aged U.S. cohort
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MASH Rules: Baseline Fibrosis Stage Predicted Mortality
and Time To Development of Severe Liver Disease

Proportion Alive

0.8 1

1 Log Rank P<0.001
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The NASH CRN Prospective Data

The NEW ENGLAND JOURNAL of MEDICINE

Clinical Outcomes in Adults with Nonalcoholic Fatty Liver Disease

MULTICENTER, PROSPECTIVE STUDY

W o B '@""

1773

Adults with

nonalcoholic No, mild, or - :

fatty liver disease mode;ate ﬁi)rosis Bﬂdgl;ligbrOSIS Cl;r: l:::ls

(median follow-up, 4 yr) N=1237

Livgr—related events rate per 100 person-yr ¥
Variceal bleeding 0.00 0.06 0.70
Ascites 0.04 0.52 1.20
Encephalopathy 0.02 0.75 2.39
Hepatocellular carcinoma 0.04 0.34 | 0.14

032 0.89

Increasing fibrosis stage is associated with increased risks of liver-related complications and death.

A.J. Sanyal et al. 10.1056/NEJMo0a2029349 Copyright © 2021 Massachusetts Medical Society




MASH Leading Cause of Transplant in Women

Male
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MASH is Fastest Cause of HCC
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HCC prevalence relative to 2002 level
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Multisystem Disease with Competing Risk

Metabolic overload
(diet, sedentary lifestyle)

)

Inflammation
Injury
Fibrosis

Diastolic Dysfunction
Cardiac steatosis
Arrthymias

Hypertension
Atherosclerosis

NAFLD
NASH
Fibrosis Progression

Renal fibrosis
Chronic Kidney Disease

Diabetes

Fatty infiltration
Impaired fuel utilization
Frailty

\

_/




Mortality Rates in MASLD Are Increasing
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Paik et. al. Hepatol Comm 2019



Liver Is Central To Lipoprotein Metabolism
And Atherogenic Dyslipidemia
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50 P<0.05 c 20009 Hosees ! St ol N
Q _I g * p<0.01 steatosis = g hal TP ”U‘Ia.
1 40 oO® T
a as 1500 o
a_ = * — 0 R R B By
33 30 %9 . S > i
5P $ S 1000 SO 501 _ LowsdlDLC l
: =° '|' o - = High sdLDL-C Ca
—> & 10 EQ 5001 o
f16 [ @ £ T Logrank P-Value < 0.001
0 g a ogrank P-Value < 0.
tL i Lean Obese Liver o T T 0 T T 1
9 Control Control Transplant No NAFL CsA Tac 0 20 40 60
VLDL NAFL
‘ LDL Receptor Follow up (Months)
C o 100+
85
S0
—— 5 S
_5 © 501 . IpLc<l0o
5 3 - = LDL-C > 100
Th b g- e
l rombwe o
o e £ Logrank P-Value =0.856
Large VLD ] 5 Lymphocytes 0 T

0 20
Follow up (

Circulation

Chattrala et. al. Liver Transpl 2015 Idowu et. al. Liver Transpl 2015Siddiqui et. al. Hepatology 2019 Syed & Siddiqui, Liver Trans



Risk Of All-Cause And CVD-Related Mortality
Associated with Severity of MASLD

CVD-related mortality by Fibrosis

.‘—g Multivariate Adjusted
7 Models for CVD
Z mortality
: i High NFS 1.69 (1.09-2.63)
High APRI 2.53 (1.33-3.37)
= Subscyls withontl hopalss sicaloss
e Roaes Subgects with bq\:lfc steosts H Igh FIB-4 2.68 (1 44-4. 99)

Survival Time in Months
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20-

Small Dense LDL In MASLD

Small Dense LDL-

LEAN

Cholesterol

*kk

Probability of Patients
Free of Atherosclerotic Event

%%

>

Free of Atherosclerotic Event

OBESE  NAFL NASH

Probability of Patients

Siddiqui et. al. Clin Gastro & Hep 2014

Follow up (Weeks)

— sdLDL-C < 25mg/dL

100

1 Logrank P-value = .005
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Patel et. al. Clin Gastro B
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Vulnerable Coronary Plaques In MASLD

Micro-Calcification

w
(]

P<0.07

80 A S

P<0.001

Unsta ble

l

Macro-Calcification
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Stable Plaque

Assy et. alds



Impaired Endothelial Function In MASLD

P <.0001
c
8 P=.010
& 154 T e e,
.8 121 P < .001
<,
2 9 :
Normal Vasodilation oy ! !
Ischemia ° 6 - 5- 00
o~ o
3 “ 4
o - . ©
Normal NAFL NASH &2 0000 0000
Normal Vessel 2 .2,398%?:3933.
%0 0ed
[] Controls P=0.02 888233539
[l NAFLD I
6.0
5.0
£ 40
-S, 3.0
E 20
0.0
REST FLOW CORONARY
FLOW DURING FLOW
ADENOSINE RESERVE
INFUSION

Villanova et. al. Hepatology 2005; Lautamaki et. al. Am J Physiol Endocrinol Metab 2006; Yilmaz et. al. Atherosclerosis 2010



Relationship Between Dyslipidemia And
MASLD

Impaired Endothelial
Earlv Plaque Moderate to Severe ;
Normal Vessel Forymatiqon Plaque with Unstable Cap Plaque Rupture Function

Inflammation
Unstable Plaque
Plaque Rupture

AN |

Atherogenic Lipoproteins
Accelerated Plaque Formation




MASLD is Associated with Diastolic
Dysfunction

Systolic Heart 45%
— Failure (Pump 40%
Failure) 35%

P<0.0001 P=0.0001
Impaired g 0%
Ventricular 2 25% E
Relaxation B s .
a B a0
. . %
Diastolic Heart -
— Failure (Cannot -
Fill) 5%
o%

Increased Flllmg Abnormal LV Relaxation Increased LV Filling Pressures
Pressures




Cardiac Fat is Related to Severity of Liver
Fat

Epicardial Fat (mm3)

2000- 2500-
1 Fé; 2000 ‘
1500+ S
T 1500~
LL
1000+ e .
—_— -§ 1000+
3
500~ |——‘ 'q:, 500-
o ‘ \
C 1 1 | c | 1 1
Low Moderate High Low Moderate High
Hepatic TG Hepatic TG Hepatic TG Hepatic TG Hepatic TG Hepatic TG

Graner et. al. Circ Cardio



Cardiac Fat is Directly Associated with
Diastolic Function

2.5

2.0

1.54

E/fA

1.04

0.5

0.0

| ® Type 2 Diabetes Mellitus
& Healthy Subjects

B, =042, p=0.05

ﬂ -ﬁ-i&a 5
w:‘\
)
L by, .'&;.E ~ ae

| | | T
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Myocardial Triglyceride Content (%)

E peak deceleration

(ml/s* x 10r%)

®* Type 2 Dnabetes Mellitus
A Healthy Subjects

r=-0.40, p = 0L.05

1 1 | | 1
0.0 0.5 1.0 1.5 2.0 2.5
Myocardial Triglyceride Content (%)

Rijzewejk et. al. JAm ColLG



The Link Between Liver and Diastolic
Dysfunction

Normal Ectopic Fat Deposition Sub-Clinical Disease

6

N\ |

Fuel Utilization Fat Deposition
Insulin Resistance Insulin Resistance

N




Diastolic Dysfunction

Liver Disease Severity Linked to Diastolic Dysfunction

2500~ - P=0.01
= P<0.001
E 2000- 20- 1
E —l— o .5+ -1
® 1500 15 S
C T Q T o
© =~
5 1000~ £ 10- <
& O ~
Q g L
S 500~ 5
o
0 T T T 0 T T
Low Moderate  High Controls NAFLD
Hepatic TG Hepatic TG Hepatic TG
Cardiac fat is directly NAFLD has elevated
linked to severity of liver LV
fat filling pressures

Graner et al. Circ Cardiovasc Imaging 2014 Hakan et al. Cardiol J. 2010




AGA 2026

Primary cans prowiders, andacrinolagists, gersral gastroerierologisls, dabeiologisls, candologists
and abasity spacialists should screan for MASLD with clinicaly significent foresis,

)

Stap 1: Idantify patlents at risk

Incidertally-Tound steatosis
on any imaging modality
of alavatad aminciransterasas

Cvensaight or cbesity with ona

Type £ diabeles additisral metabolic risk factar’

| I | J

Siep - History and laboratory teats:
s5a55 alcohol intake®, complate blood count, liver function tesss*

Step 3: Non-invasive testing (NIT) for liver fibrosis*-*

ir:gn'r':;-ub:‘s:d FIB-4 is a calculated valua® based on mge, AST, ALT & platelat count
MIT (L&, Fig4 <13 FIB-4 =13
slastographyi i (FIB-4 < 20 if ags 65 ar owear) {(FIE-4 = 2.0 if age B5 or over)

In palienis with desaled

readiy avalable
1
1 Step 4: Second tast™ =90

e mm e - =t =P VCTE LSM =< 8.0 kPa or WCTE LSM = 8.0 kPa ar
ELF <892 ELF = 8.2

-

LOW RIS
Repaal secand

LOYY RISH for significant fibrosis
Fepeal FIB- in 1-2 yeans"
unlass clinical dreumstances changs:

tast in 3 yrs

Refer

HIGH RIZK for significant fibrosis
Fiafer to Iver spacialist for confirmatary tests

Gasbroanterciogists and hepatologists should diagnese clinizally sigrificant fibresis and cirrhosis in patients with MASLD,

Confirmatory testing (VCTE, MRE, ELF)®

VCTE LEM < 8.0 kPa or VOTE LSM 8.0 - 19.9 kPa™ or
MRE LSM = 3.1 kFa ar MRE LSM 3.1 = 4 B kPa™ or
ELF =92 ELF9.2-11.2

WETE LSM 2 2000 kPa ar

MRE L3M = 5.0 kPa ar
ELF = 11.3

1
IFYCTE LSK BE.0 = 9.8 kPa ar
ELF 9.2 — 9.8 confirm with other test™

LOW RISK for significant fibrosis

Repaat VCTE, MRE, or ELF in 13 yaars"’ Significant fibrosis
unless clinical crcumslances change'® [F2-F3)

"Fuls cul olhes Irver disagane

amirciransfersias (e Figum 1)




AASLD 2023 Guidance: Management of
MAFLD/MASH

Clinical Suspicion for Fatty Liver Disease

Primary Care or Non-Gl/Hepatology Care

GOAL: Exclude advanced fibrosis in low-prevalence populations

Primary risk assessment, e.g., FIB-4

{

( FIB-4213
No
FIB-4 > 2.67
Consider referral
Parm—— ) Gl/Hepatology Care
TALT and AST GOAL: Identify/manage patients with ‘at risk’
NASH or cirrhosis
Reassess periodically:
* FIB-4 every 1-2 years if -
T2DMlprer'I¥2DMyor =2 Secondary risk assessment * Review/perform primary/secondary risk assessment
metabolic risk factors Risk Level VCTE or ELF E « Consider additional stratification with MRE, cT1
« FIB-4 every 2-3 years if ‘_| Low ‘ <8.0 | <7.7 ] % ¥ | .
pojrenMandise & Low risk Intermediate/
metabolic risk factors [Intermediate | 8.1-12 [7.7-9.8 1 high risk
" PCP follow-up
High >12 >9.8
All patients: l J or reassess
+» Cardiometabolic risk reduction and preferential use Consider liver biopsy
of meds with potential NAFLD benefit B T~
* Ongoing assessment of alcohol intake

+ Diagnostic uncertainty

al=sisimanagsrent : : - Persistently 1 ALT and AST
Either Care Setting

Suspect cirrhosis
Biopsy Staging gli'lllr:_l:fzgl;;r?é;l)ng.

* Reassess in 2-3 years + Reassess annually » Cirrhosis-based
+» Consider pharmacotherapy management E—




Management Algorithm for NAFLD - Overview

High-risk groups
for the development

of NAFLD Vg :
History and ] g = \"W
- 7 N | [ \ —
Prediabetes [ physicalexam Pravention of
2! Cardiovascular Management of
T2D Disease .
/ . m{_%} 1. Obesity
— 2. Diabetes

3. Hypertension

Obesity ' & ] )
>2 cardiometabolic P g Cirrhosis dyslipidemia

risk factors? ' .

Fibrosis Risk Stratification

Hepatic steatosis Rule out
(on imaging) 2° causes®
or

N AST or ALT
(>301U/L)

Cusi et al; Endo Practice 2022 AACE.




Cirrhosis Prevention in NAFLD

High-risk groups
for NAFLD

e Fibrosis Risk Stratification
rediabetes

T2D -OV FIB-4 Index
RISk FIB-4:<1.3 FIB-4:>2.67

Obesity FIB-4:1.3 - 2.67

and/or
22 cardiometabolic f§ 5 ndeterminate Risl Cirrhosis risk
risk factors ’ higher if:

Steatosis Order second test » T2D

(on imaging) (or prediabetes)
or Liver Stiffness Measurement (LSM) : ﬁiggh;SrOBMl
bl by Elastography (40 kg/m?)

+ More metabolic

or
ELF Blood Test risk factors

» Genetic factors
(i.e., PNLPA3)

« Managed by primary care team, endocrinologist, other « Referral to liver specialist for additional proprietary
« Focus care on obesity management biomarkers or imaging (MRE, cT1, other)
& CVD prevention » Multidisciplinary team to prevent cirrhosis and CVD 9

Cusi et al; Endo Practice 2022 I



Degree of Discordance Between FIB-4 and Transient
Elastography: An Application of Current Guidelines on General

Population Cohort

LSM as outcome measurement

Step 1 and Step 2: Step 3: FIB-4 testing True Low Risk
Study |dentify patients at risk :: LSM=E kR, nF2a 102170 o)
Population Low Risk Miscl ified
FIB-4<1.3 LSIT\;I:Z?Ss:I:’:n=277/2776 (10%)

O ¢ ©

FIB-4 [1.3,2.67 Indeterminate Risk
! ] LSM (8,12) kPa, n=65/879 (7.4%)

High Risk

® O N=2776/3741 (74.2%)
é w ﬁ é Indeterminate Risk LSM<8 kPa, n=777/879 (88.4%)

n=879/3741 (23.5%)

N=5285 N=3741/5285 (70.8%) High Risk LSM>12 kPa, n=37/879 (4.2%)
W : g rc;rd ril;cl;r;er;\/e_lfggolic risk factors FIB-4>2 67 True High Risk
2017-2020 - Elevated aminotransferases n=86/3741 (2.3%) LSM>12 kPa, n=18/86 (20.9%)
Misclassified
LSM<12 kPa, n=68/86 (79.1%)
AGA NAFLD/NASH Clinical Care Pathway Clinical Gastroenterolog

and Hepatology
AVa



AASLD: Noninvasive Parameters for “At-Risk” MASH

Identification of “At-Risk” NASH

» <0.35 (sensitivity 90%)

= 20.67 (specificity 90%)

* In validation cohorts, the PPV of FAST
ranged between 0.33 and 0.81"2

Combined FAST >0.67 <0.35

FIB-4 21.6 plus FIB-4 <1.6 plus _

Sequential approach identifies patients with
Combined YIS MRE MRE 9 pp p

stage =2 fibrosis with >90% PPV3

=3.3 kPa <3.3 kPa
0.242 (specificity 90%), 0.165
MAST =0.242 <0.165 (sensitivity 90%)*
= Requires further validation as data are
cT1 =875 ms <825 ms

derived from 1 study®



Imaging Techniques: VCTE

Vibration-Controlled Transient Elastography (VCTE)

= Obtained througha VCTE | = Quantification of

measurement ultrasound attenuation
= Correlated to extent of obtained in VCTE
measurement

fibrosis
= Correlated to liver

steatosis

Siddiqui MS, et al. Clin Gastroenterol Hepatol. 2019;17:156-163.e2.




Imaging Techniques: MRE

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

Stage O

r{‘:‘\’)
73 '}( sl
(L X ; "
S o/ Kra
».. :
1.69 kPa 3.20 kPa 6.91 kPa

Laura: 3.3 kPa

Sensitivity  Specificity PPV NPV
(95% ClI) (95% ClI) (95% CI) (95% ClI)

Cutoff for
Detecting
Advanced Fibrosis

MRE stiffness
>3.64 kPa

0.86
(0.65-0.97)

0.91
(0.83-0.96)

0.68
(0.48-0.84)

0.97
(0.91-0.99)

Loomba R, et al. Hepatology. 2014;60:1920-1928. Patel J, et al. Therap Adv Gastroenterol. 2016;9:692-701. Han MAT, et al. Liver Int.
2020;40:2242-2251. Reproduced for educational purposes only.



LiverMultiScan € T1 accurately identifies At-Risk MASH
patients

Low likelihood of High likelihood of having
having NASH "High-risk" NASH
cT1 <800ms

cT1 >875ms

n=543 NAFLD
n=100 Healthy
cT1 and PDFF
Biopsy - NAS

AUROC=0.78

Andersson et al CGH 2021



Proposed Algorithm for Patient Selection Using

NITs

MASLD

Assess Steatosis
Rule out other causes of liver disease

Assess for fibrosis

" If biopsy is performed and liver histology
demonstrates Stage 2 or 3 disease, can treat 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.

Treat

VCTE >10-15 kPA OR
MRE >3.3-4.2 kPA OR
ELF score 9.2-10.4 OR

FAST, MAST, MEFIB
AND

platelets 2140 OR
no evidence PHTN

Noureddin..Rinella et al CGH 2024

Consider treatment

| Do not treat I

VCTE >20 kPa*
(0]
MRE >5 kPa*
OR

ELF >11.3*



AASLD 2024 Guidelines

Cirrhosis, including LSM via VCTE >20 kPa or MRE >5 kPa
Concomitant active liver disease

Excess alcohol use (>20/30 g/d in women/men)

Active thyroid disease

Ll

Metabolic dysfunction-
associated steatotic
liver disease (MASLD)

( Imaging-based NILDA MRE: LSM 3.1 kPa - 4.4 kPa

VCTE: LSM 8 kPa - 15 kPa® w
a

LLiver histology MASH with F2-F3° J

* Individualized decisions by a specialist experienced in liver
fibrosis for:
* LSM values outside the recommended ranges
+ Other NILDA data consistent with F2-F3°

@ Modified from the AASLD NILDA guidelines.®

® Liver biopsy is not routinely recommended for staging of MASH.

¢ Imaging-based NILDA is preferred, eg, shear wave elastography (applying local standards for F2-F3) versus enhanced liver fibrosis score (9.2-10.4).
The latter range is based on the interquartile range from the MAESTRO trial data; no recommendations are available from the AASLD NILDA guidelines.”

Chen, Vincent L.1; Morgan, Timothy R.2,3; Rotman, Yaron4; Patton, Heather M.5,6; Cusi, Kenneth7; Kanwal, Fasiha8,9,10; Kim, W. Ray11. Resmetirom therapy for metabg
dysfunction-associated steatotic liver disease: October 2024 updates to AASLD Practice Guidance. Hepatology ():10.1097/HEP.0000000000001112, October 18, 2024
10.1097/HEP.0000000000001112



Assessing Safety and Treatment Response of
Resmetirom

Assess safety and efficacy
3 months
' Worsening of NITs STOP

- )
Confirm safety _
Start ] Cons_ldgr
. Routine DILI > continuing,
Resmetirom parameters b L LA S Alternate.
Tolerability , approach

N Improvement in NITs* N
LSRR . ALT >17 1U/L and/or >20%
monitoring: : L e
ALT Improvement” or normalization
. VCTE - VCTE >30% drop in LSM

- MRI-PDFF >30% drop in liver
- PDFF -
K - J\_fat ¥

A A

6 months 12 months

Noureddin..Rinella et al CGH 2024



Use of NITs for determining eligibility for semaglutide (Wegovy®) for the treatment of MASH
with moderate-to-advanced fibrosis (F2-F3)

VCTE: LSM 8 - 15 kPa? )

——
magingsbasediN MRE: LSM 3.1 - 4.4 kPa?

Metabolic dysfunction- Recommended Blood-based NIT ELF9.2-105

associated
steatohepatitis (MASH)
with moderate-to-

| Liver histology MASH with F2-F3P°

« LSM values outside the recommended ranges®
* VCTE: LSM 15-20 kPa
* MRE: LSM 4 .4-5 kPa
« ELF: 10.5-11.3
» Other NIT data consistent with F2-F3
o 4

(e Cirrhosis, including LSM via VCTE >20 kPa, MRE >5 kPa, h

or ELF score >11.3

* Concomitant active liver disease

* Pregnancy, personal or family history of medullary thyroid
carcinoma (MTC), or patients with multiple endocrine
neoplasia syndrome type 2 (MEN2)

@ Modified from the AASLD NILDA guidelines.®

b |_iver biopsy is not routinely recommended for the diagnosis and staging of MASH with F2-3
°Refer to “Whom to treat” for details

VCTE - Vibration-controlled transient elastography; MRE — Magnetic resonance elastography; ELF — Enhanced liver fibrosis;
LSM - Liver stiffness measurement; NIT — Non-invasive test.



Assessment of safety and response to semaglutide (Wegovy®) for the treatment of MASH with moderate-to-advanced fibrosis (F2-F3)

Response assessment

7
. Monitor for safety and
Semaglutide (Wegovy®) treatment rela:/ed
treatment initiation adverse events >
g (Table 2)
\

at 72 weeks?

Decrease of VCTE LSM = 30%
Decrease of MRE LSM = 20%

Decrease in MRI-PDFF > 30%
Decrease in ALT 2 17 or 2 20%
Decrease in ELF 2 0.5

Sub-threshold improvement in NITs
No evidence of progression to cirrhosis

NITs suggesting worsening or progression
to cirrhosis

Beneficial response

Benefit uncertain

No response

.

8 Assess based on the same imaging-based or blood-based markers used to determine treatment eligibility.

® Options may include re-optimizing lifestyle interventions and considering other therapy, with or without stopping semaglutide.
VCTE — Vibration-controlled transient elastography; MRE — Magnetic resonance elastography; ELF — Enhanced liver fibrosis;

LSM — Liver stiffness measurement; NIT — Non-invasive test.

Continue

semaglutide

Re-evaluate
strategy®
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