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NAFLD — NAFL - NASH

Sub-classification of NAFLD*

Most common concurrent diseases

NAFL

* Pure steatosis

» Steatosis and mild lobular
inflammation

NASH
* Early NASH (no or mild fibrosis)
* Fibrotic NASH (significant/advanced

fibrosis)
* NASH cirrhosis
HCC?*

AFLD"

Drug-induced fatty liver disease’
HCV-associated fatty liver disease (GT 3)*
Others'

Haemochromatosis
Autoimmune hepatitis
Coeliac disease
Wilson disease
A/hypo-betalipoproteinaemia lipoatrophy
Hypopituitarism, hypothyroidism
Starvation, parenteral nutrition
Inborn errors of metabolism
— Wolman disease (lysosomal acid lipase deficiency)

*Also called primary NAFLD and associated with metabolic risk factors/components of MetS: 1. Waist circumference >94/>80 cm for Europid men/women; 2. Arterial pressure >130/85
mmHg or treated for hypertension; 3. Fasting glucose 2100 mg/dl (5.6 mmol/L) or treated for T2DM; 4. Serum triacylglycerols >150 mg/dl (>1.7 mmol/L); 5. HDL cholesterol <40/50 mg/dlI
for men/women (<1.0/<1.3 mmol/L); TAlso called secondary NAFLD. Note that primary and secondary NAFLD may coexist in individual patients. Also NAFLD and AFLD may coexist in subjects
with metabolic risk factors and drinking habits above safe limits; *Can occur in the absence of cirrhosis and histological evidence of NASH, but with metabolic risk factors suggestive of

“burned-out” NASH
EASL—EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388—402




KpitApia d1ayvwong Tou HETABOAIKOU ouvOpPOMOU

Five definitions of the metabolic syndrome

Parameters

NCEP ATP3 2005%*

IDF 2009

EGIR 1999

WHO 1999

AACE 2003

Required

Insulin resistance or fasting
hyperinsulinemia (ie, in top 25% of
the laboratory-specific reference
range)

Insulin resistance in top 25%%;
fasting glucose =6.1 mmol/L (110
ma/dL); 2-hour glucose =7.8 mmal/L
(140 ma/dL)

High risk of insulin resistance® or
BMI 225 kg/m< or waist =102 cm
(men) or =88 cm (women)

Number of abnormalities

=3 of:

=3 of:

And =2 of:

And =2 of:

And =2 of:

Glucose

Fasting glucose 5.6 mmol/L (100
mag/dL) or drug treatment for
elevated blood glucose

Fasting glucose =5.6 mmol/L {100
ma/dL) or diagnosed diabetes

Fasting glucose 6.1 to 6.9 mmol/L
(110 to 125 mg/dL)

Fasting glucose 6.1 mmol/L (110
mg/dL); =2-hour glucose 7.8
mmol/L (140 mg/dL)

HOL cholesterol

<1.0 mmol/L (40 mg/dL) (men);
<1.3 mmol/L (50 mg/dL) (women)
or drug treatment for low HDL
cholesterol 8

<1.0 mmol/L {40 mg/dL) (men);
<1.3 mmol/L (50 mg/dL) (women)
or drug treatment for low HDL
cholesterol

<1.0 mmol/L (40 mg/dL)

<0.9 mmol/L (35 mag/dL) (men);
<1.0 mmol/L (40 mg/dL) (women)

<1.0 mmol/L (40 mg/dL) (men);
<1.3 mmol/L (50 mg/dL) {(women)

(women)¥

(women)

(women)

=0.85 (women) or BMI =30 k:g,n’m2

Triglycerides =1.7 mmol/L (150 mg/dL) or drug =1.7 mmol/L {150 mg/dL) or drug or =2.0 mmol/L (180 mg/dL) or or 1.7 mmol/L (150 mg/dL) =1.7 mmol/L (150 mg/dL)
treatment for elevated treatment for high triglycerides drug treatment for dyslipidemia
triglycerides §

Obesity Waist =102 cm (men) or =88 cm Waist =94 cm (men) or =80 cm Waist =94 cm (men) or =30 cm Waist/hip ratio 0.9 (men) or

Hypertension

=130/85 mmHg or drug treatment
for hypertension

=>130/85 mmHg or drug treatment
for hypertension

=140/90 mmHg or drug treatment
for hypertension

=>140/90 mmHg

=130/85 mmHg

NCEP: National Cholesterol Education Program; IDF: International Diabetes Federation; EGIR: Group for the Study of Insulin Resistance; WHQ: World Health Organization; AACE: American Association of Clinical Endocrinologists; HDL: high-
density lipoprotein; CVD: cardiovascular disease; BMI: body mass index.
= Most commonly agreed upon criteria for metabolic syndrome. Mote that abdominal obesity is not a prerequisite for diagnosis; the presence of any 3 of the 5 risk criteria constitutes a diagnosis of metabolic syndrome.
1 For South Asian and Chinese patients, waist =90 cm (men) or =80 cm (women); for Japanese patients, waist =90 cm (men) or =80 cm (women).
A Insulin resistance measurad using insulin clamp.
% High risk of being insulin resistant is indicated by the presence of at least 1 of the following: diagnosis of CVD, hypertension, polycystic ovary syndrome, non-alcoholic fatty liver disease or acanthosis nigricans; family history of type 2
diabetes, hypertension of CVD; history of gestational diabetes or glucose intolerance; nonwhite ethnicity; sedentary lifestyle; BMI 25 kg/m < or waist circumference 94 cm (men) or 80 cm (women); and age 40 years.

g Treatment with 1 or more of fibrates or niacin.

¥ In Asian patients, waist =90 cm (men) or =30 cm (women).




Mn aAKooAIKE AITTwdng vooog Tou Aratog (MAANH)

(Non-alcoholic fatty liver disease (NAFLD))

NAFL
* Pure steatosis

» Steatosis and mild lobular
inflammation

NASH

« Early NASH: no or mild (FO-F1)
fibrosis

» Fibrotic NASH: significant (=F2)
or advanced (=F 3,bridging) fibrosis
* NASH-Cirrhosis (F4)

Hepatocellular carcinoma

EASL 2016

Fat infiltration > 5%
+ mild inflammation

Steatosis + necroinflammation
(eg, ballooning, Mallory bodies,
megamitochondria)

Increasing fibrosis, eventually
leading to cirrhosis




Mn aAkooAIKR AITTwdng vooog Tou nTratog (MAANH)

(Non-alcoholic fatty liver disease (NAFLD))

O1 aoBeveic pe MAANH/UN aAkooAIKn
oteatonmartitida (MAZH) (Non alcoholic
steatohepatitis NASH)

s 70-100% TTaxuocapKia

s 35-75% 2A -2
s 20—-80% OSucAImmdaiuia

Nivakacg 5. Zyeni{opeveg pe tn MAANH/MEIH kataotdoslg.

ApTnpiookAfpuvaon
(oTepaviaia vogog,
TEPIPEPIKT apTnpiordbeaia)
Napayovres pAeypovig Marapayég rou UTrvou
(CRP, TNF-a)
AvohmBaipia XohohiBiaon
Yrepoupiyaipia YmoBupeoaiSiopog

Merafolkd olvdpopo Ymoguoiakh averrapkein

LovBpopo mohlukuoTiKwy wobnkwy

MAANH/MZH: Mn akkoohikr vooog Tov Aatog/pin akKooMkr| oTeatonnatinda

APXEIA EAAHNIKHE IATPIKHE 2010, 27(2):165-179
ARCHIVES OF HELLENIC MEDICINE 2010, 27(2):165-179



EmimroAaouog MAANH — Mevikog TTANOUC oG

HIMA (n = 328)!: Rising Obesity Prevalence Correlates With
" MAANH (u/s 46%) , Rising Prevalence of NAFLDH!
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1. Williams CD, et al. Gastro. 2011;140:124-31. Prevalence of Obesity (%)

2. Bellentani S, et al. E J Gastro Hep. 2004; 1087-1093. 3. Anstee et al. Nat Rev Gastroenterol Hepatol.
2013;10:330-344. 4. Loomba R, et al. Nat Rev Gastroenterol Hepatol. 2013;10:686-690.




Europe's largest meta-analysis on the prevalence of NAFLD, NASH

and advanced fibrosis (F3—F4)

BACKGROUND & AIMS METHODS

* NAFLD and NASH prevalence is increasing and AE i " : £ ob " |
are a significant health burden uropean systematic review o1 observationa

studies with data on NAFLD, NASH and advanced
fibrosis prevalence according to PRISMA guidelines

* The only clinical marker associated with overall
mortality and liver-related morbidity in NAFLD
and NASH is the presence of advanced fibrosis Y

- Up-to-date European prevalence PubMed search of published studies
data are lacking (Cut-off: Oct 2019)
* Previous systematic review included data up to .
2015 Excluded studies
* Cohorts with information on advanced fibrosis in * Those in |nd|y|duals _W'th alcohol abuse
the general population are scarce ,| * Those on patients with liver disease
related to other aetiologies
* AIM: to estimate the European prevalence of » Those exclusively enrolling morbidly
NAFLD, NASH, and advanced fibrosis (stage F3— obese patients and those with diabetes
F4) considering recently published data

NAFLD prevalence studies N=28
NASH prevalence studies N=12
Advanced fibrosis prevalence studies N=5

Petta S, et al. DILC 2020; THUO53



Europe's largest meta-analysis on the prevalence of NAFLD, NASH
and advanced fibrosis (F3—F4)

RESULTS NAFLD prevalence

in European studies *  From 588 studies identified, 42 studies from 15 European countries met
u FLD cases otal Prevalence [ 1 N N . . o e . . o .
e Nt cnses Toulpreenee R inclusion criteria, comprising 125,674 unique adult individuals
Blood testing methods
ety 22 1128 215 [19.4:240) - — Overall NAFLD prevalence estimated in the random effects meta-analysis model
Olubamwo, 2018 265 1205 220 [19,7524.4] ': .
Knalabart Solani 2019 1001 3987 253 (29,2671 . was 27.6% (95% Cl 24.4-31.0; 28 studies)
Cavaliots, 2018, To62 3014 352 (33570 Ta
Croci, 2019 5611 15781 356 [348:36.3] @ — No difference in prevalence observed when NAFLD was assessed by imaging or
Kanerva 2014 863 1611 412 [387.436 ‘.
ShoatoTont blood test methods
Poynard, 2010 1336 7395 18.1 [17.2;19.0) o
e e Among 4,696 biopsy-proven NAFLD patients
et —  64.3% had NASH (95% Cl 52.7-74.4; 12 studies)
Bedogn 2008 T 598 26 o361 . . . . ..
Tancl 2012 o o zs frizmsl e * In 5 studies reporting information on advanced fibrosis in the general
oschi, 201 A [21.8;24. -
Flechter-Mors, 2014 333 349 24.7 [22.4;27.1) - -
322?’1215%718 ' 218 :ggg 218 ggé;g;_é} - population, prevalence was 6.1% (95% Cl 4.3-8.7)
Karajamaki, 2015 249 958 26.0 [23.2;28.9] -
Armstrong, 2012 295 1118 264 [238:29.1) -
Chiato, 2013 sz 2048 320 (303337 Ta CONCLUSION
Alemi. 201 1823 4608 32 (238 356] -
* |dentification of advanced liver fibrosis remains an important priority due to its
Fabrelas, 2018 133 295 45.1 [39.3;51.0) —a— L . i Lo . .
Petia, 2018 2 80 481 448:514] - association with mortality and morbidity. Although easily assessed with current
Magnetic Resonance Imaging
Kun 2017 1062 251 422 1403 342] =1 = noninvasive tools, only 5 studies reported its prevalence in the general
c;;:::;:s{;:z"gfgmpw o 106 1015 104 [86:125] = pOpu|ati0n
* These data add to the evidence base and may be particularly
Random effects model 31514 117170 27.6 [24.4;31.0] S . .
FoShpm0 o nn0 RN useful in European settings that currently lack data

Prevalence (%)

Petta S, et al. DILC 2020; THUO53



Screening

* 17-46% otouc evrALKec?
* 7% pe puololoytko 2B individuals?

Recommendations B Grade of evidence [l Grade of recommendation

Patients with IR and/or metabolic risk factors (i.e. obesity or MetS) should undergo A 1
procedures for the diagnosis of NAFLD

Screen individuals with steatosis for secondary causes of NAFLD, including a careful

assessment of alcohol intake. Always consider the interaction between moderate amounts A 1
of alcohol and metabolic factors in fatty liver
Identify other chronic liver diseases that may coexist with NAFLD as these might result B 1

In more severe liver injury

1. Vernon G, et al. Aliment Pharmacol Ther 2011;34:274—-85; 2. Younossi ZM, et al. Medicine 2012;91:319-27;
EASL-EASD—-EASO CPG NAFLD. J Hepatol 2016;64:1388-402



Screening

Recommendations B Grade of evidence [l Grade of recommendation

All individuals with steatosis should be screened for features of MetS, independent of
liver enzymes. All individuals with persistently abnormal liver enzymes should be A 1
screened for NAFLD

In subjects with obesity or MetS, screening for NAFLD should be part of routine work-
up. In high-risk individuals* case finding of advanced disease is advisable

*Aged >50 years, T2DM, MetS
EASL—EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388—402



Multiple hit hypothesis for the development of NAFLD

Genetic and epigenetic factors
TAdipose tissue
Adipokines E% Adipocyte dysfunction’
Dietary factors
Obesity

‘ Mipolysis . T serum cholesterol I

Insulin resistance T serum FFAs :

]

TNF-a NAFLD

N\

TLPS
T permeability

Gut
microbiome’

(Inflammasome)

Buzzetti E, Metabolism Clinical and Experimental 2016



Histological Subtypesl!?] Change in Fibrosis*[34l

/0% to /5% 25% to 30%

¥
v

|solated g Steatosis with —

steatosis — =

Cirrhosis

Regression:
18%-22%

Stable:
40%-43%

Progression:
34-42%

*N = 108 NAFL/NASH, 6.6 yrs follow-up
1. Ludwig J, et al. Mayo Clin Proc. 1980;55(7):434-438.
2. Kleiner DE, et al. Hepatology. 2005;41(6):1313-1321.
3. McPherson S, et al. J Hepatol. 2015;62:1148-1155.
4. Singh S, et al. Clin Gastroenterol Hepatol. 2015 Apr;13(4):643-54



MAANH - Quoiki 1cTopia

) |

Steatosis

NASH +
F1-F2
fibrosis

~

12-40%

13%
Advanced
14% F3
fibrosis
/ Death/ ,/
' Cirrhosis
Fox 25%
\ 25-50% 7%

de Alwis NMW, Day CP. J Hepatol 2008;48:5104-12



MAANH kai HKK

Healthy Liver NAFLD/NASH

Cirrhotic NASH

ere, e

—»

0.25-3.2%/year

Unclear incidence

Risk factors for step 1 Risk factors for step 2 (Estimates:0.04-0.3%/year)
» Obesity * Obesity
» Arterial hypertension * Diabetes
*» Diabetes » Advanced fibrosis
* Dyslipidemia *« PNPLA3/TM6SF2
* PNPLA3/TM6SF2 Polymorphisms
Polymorphisms - Age
» Gut microbiota
* Dietary habits J Gregory ©2016 Mount Sinai Health System

FIG 1 Natural history of NASH/NAFLD-related HCC. lllustration by Jill K. Gregory, CMI. Mount Sinai Health System.



Survival (%)

OvnToTNTA OE ACOEVEIG

Table 1 Mortality in NAFLD/NASH

Liver

Simple Steatosis 0%
NASH 1.6-6.8%

ue MAANH

ame

Cardiac

General population 0.2% 7.5%

8.6%

12.6—-36%

WGO 2012 pulation

NASH

5 10 15 20 0
Yrs

5 10 15 20
Yrs

Ekstedt M, et al. Hepatology. 2006;44:865-873.



NpoyvwoTikoi Trapayovrteg MAZH o€ aocOeveic ye MAANH

HAikia [

®UuAol?

duAnE4

YT, kevipikA TTaxuoapkia, (1 TG, | HDL), avriotaon otnv IvoouAivn/ZAP!
AST/ALT ratio > 1,[81 xaunAd PLTs[

YWnAéG TIpég ALTILO

1. McPherson S, et al. Am J Gastroenterol. 2016;[Epub ahead of print]. 2. Yang JD, et al. Hepatology. 2014;59:1406-1414.

3. Pan JJ, et al. World J Hepatol. 2014;6:274-283. 4. Williams CD, et al. Gastroenterology. 2011;140:124-31. 5. Younossi ZM, et al. Hepatology. 2016;64:73-84.
6. Ratziu V, et al. Gastroenterology. 2000;118:1117-1123. 7. Angulo P, et al. Hepatology. 1999;30:1356-1362.

8. Neuschwander-Tetri BA, et al. Hepatology. 2010;52:913-924. 9. McPherson S, et al. Gut. 2010;59:1265-1269 10. Ekstedt M, et al. Hepatology. 2006;44:865-873.



NAFLD - NASH

v O1 repioadTepol aoBeveic ye NAFLD €ival aoUUTITWHATIKOI.
v Kdtrolol e NASH kétrwaon, adlabeaia kal Bapog AE

v' MTropei nratoueyaAia

v' Mmropei aug¢non AST kai ALT

v’ 2-5 popéc AD pe AST/ALT ratio <1. Ta etmitreda dev gival TIPOYVWOTIKOG TTAPAYOVTag GAEYUOVNG A ivwong Kal Ol
(PUOIOAOYIKEG TIMEG OEV ATTOKAEIOUV ONUAVTIKNA IOTOAOYIKN) B)\aﬁn

v ALP utropei 2-3 popéc AD. AABoupivn, xoAepuBpivn, PT, Ki

v Mmopei augénuévn @eppitivn 1 Kopeouo Tpavo@epivng. Peppitivn > 1.5 @opég AP oxetiCeTan pe upnAdTePo nonalcoholic
fatty liver disease activity score kai TTpoxwpnuevn ivwon,.

v' Evdéxetal BeTikd ANA, ASMA
v ATTEIKOVIOTIKG EuprjpaTa



World G:

Nonalcoholic Fatty Liver Disease
and Nonalcoholic Steatohepatitis

June

v Or

2012

Global Gudel

Aiayvwon MAANH

Table 12 Diagnostic tests for fatty liver

Test Sensitivity Specificity Remarks

Histology, liver The gold Cannot reliably Significant variability between

biopsy standard distinguish pathologists’ reading of the same
between ASH sample; a highly experienced
and NASH hepatopathologist is best

Liver enzymes Lo Low ASTAALT usually <= 1.0; values may

be normal
Imaging
Ultrasound Limited Limited Insensitive unless steatosis = 33%;

MEI MRS, CT
scan + contrast
enhancement

well verified

Resultis are variable and not

operator-dependent

Test are costly, less available,
cannot distinguish steatosis and
fibrosis or NASH/ASH or stage
disease, and are insensitive if there
is < 33% steatosis; see reference
list and extended reference list

ALT, alanine aminotransferase; ASH, alcoholic steatohepatitis; AST, aspartate
aminotransferase; CT, computed tomography; MRI, magnetic resonance imaging; MRS,
magnetic resonance spectroscopy; NASH, nonalcoholic steatohepatitis.



O p6Aog Tou utrepnxoypa@niuatog otn diayvwon MAANH. Meta-avaAuon

Study N Sensitivity (95%:Cl) L Specificity (25%CI)
Gosink, 1979 (18) 23 A4Z=1.00 4 (0. 70-1.00}

0 .86 (0 1.00) 0.8
Foster, 1980 (19) 60 0.60 (0.36-0.81) - 0.95 (0.83-0.99)
Yousetf, 1980 (20) 62 067 (0.38-0.88) - 0.96 (0.85-0.99) —
Debognie, 1981 (21) a4 0.75 (0.51-0.91) - 1.00 (0.88-1.00) tm
Piverine, 1982 (23) 20 0.87 (0.60-0.98) - 1.00 (0.48-1.00) -
Pamilo, 1983 (24} 24 1.00 (0.48=1.00) - 0.26 (0.09-0.51) =
¥alima, 1983 (25) 28 1.00 (0.69—1.00) ] 1.00 (0.81-1.00) R
Berrut, 1986 (27) 38 0.77 (0.59-0.90) — - 1.00 (0.59—1.00} -
Cusumano, 1986 (28) 22 0.86 (0.57-0.98) 1.00 {0.63~1.00} —@
Tam, 1986 {31) 113 0.88 (0.67-0.96) —— 0.29 (0.94—1.00) —a
Forsberg, 1987 (33) 24 079 (0.49-0 95) = 1.00 (0.69—1.00} —m
Sata, 1987 (34) 155 1.00 (0.89-1 00) —m 1.00 {0.97-1.00) =
Savarino, 1987 (35) S0 0.55 (0.43-0.67) — = 0.87 (0.66-0.97} - =1
Celle, 1588 (36) S0 055 (0.43-0 67) 0.87 (0.66—0.97) - =1
Saitoh, 1988 (38) ag 0.83 (0.63-0.95) 0.61 (0.36-0.83) -
Yang, 1988 (39) g0 0.98 (0.87-1.00) . 0.96 (0.85-1.00} e
o L5 o d (L= mln () T mlal PR

The overall sensitivity, specificity, compared to histology (gold standard),
were 84.8%, and 93.6%, respectively.

Perez, 2007 (57) 0.71 (0.29-0.96) 0.54 (0.43-0.65)
Saluena, 2007 (58) a7 0.72 (0.55-0.85) SE———— 0.96 (0.85-0.99) e
de Moura Almeida, 2008 (60} 100 0.93 (0.668—1.00) —_— - 0.44 (0.33-0.55) S
Ahmed, 2008 {61} as 1.00 |'EI T&E—1 00) —_— 1.00 (0.83—1.00) ——
Yamashiki, 2002 (55) 78 078 (0.40-0 97) - 0.77 (0.65-0.56) e
Lee, 2010 (56) 161 0.82 (0.46-0.98) - 0.98 (0.94-1.00} -
Combined 2815 0.85 (0.79-0.89) — Q.94 (0.87-0.97) —_—r
1 | 1 || 1 1 | 1 T | T | |
4] 0.25 0.5 0.75 1.0 0 0.25 0.5 0.75 1.0

Fig. 1. Overall sensitivity and specificity of ultrasound to detect moderate-1severe histologically defined fatty liver from the absence of steatosis.

HEPATOLOGY, Vol. 54, No. 3, 2011



Mn enepPatikni dStayvwon tnc ivwonc oe aoBeveic pe MAANH

AST/platelet ratio = NASH FibroSure = VCTE FibroScan
index " ELF = MR elastography
=  FIB-4 index = HepaScore . ARF|
= NAFLD fibrosis score

= BARD score



ExTipnon mpoxwpnuévng ivwong (F3/4) oe acBeveic pe MAANH

Parameter
Age, yrs
AST
— FIB-4 score:
NAFLD ALT
. . —
Fibrosis Score: Platelet count, cells x 10°

BMI
Albumin, g/L

Impaired fasting
glucose/diabetes?

NAFLD Cutoff Valuel!] Stage FIB-4 Cutoff Valuel? Stage
< -1.455 FO-F2 <1.45 FO-F2

1.45to 3.25 Indeterminate
> 3.25 F3-F4

-1.455to0 0.676 Indeterminate
> 0.676 F3-F4

1. Angulo P, et al. Hepatology. 2007;45:846-854.
2. Sterling RK, et al. Hepatology. 2006;43:1317-1325.



Bioyia NTTATOG

* AmapaitnTn yia 1n didyvwon NASH
*  NAFLD >5 % nmatokUuTTapa pe otedtwon - mild (5 — 33 %) - moderate (34 - 66 % ) - severe (>66 %)

Neuschwander-Tetri BA, Hepatology 2003

Brunt EM, World J Gastroenterol 2010

*  NAFL
« Steatosis alone plus ONE of lobular or portal inflammation OR ballooning
* NASH

» Steatosis AND
* Lobular or portal inflammation AND
+ Ballooning

* NAS scoring - coBapdTtnta voéoou*

Recommendations B Grade of evidence [l Grade of recommendation

NASH has to be diagnosed by a liver biopsy showing steatosis, hepatocyte ballooning and lobular
inflammation

*Should not be used for initial diagnosis
EASL-EASD—EASO CPG NAFLD. J Hepatol 2016;64:1388-402



Histological Scoring System for Nonalcoholic Fatty Liver Disease (NAFLD)

Components of NAFLD Activity Score (MNAS)Y and Fibrosis Staging

NAS Components (see scoring interpretation]

cells/prominent
ballooning

Item Score Extent Dafinition and Comment
Steatosis ] < 5C%g Refers to amount of surface area involvaed
by steatosis as evaluated on low to medium
power examination; minimal steatosis
[(=35%a) receives a score of 0 to avoid giving
excaess weight to biopsies with wery little fatty
changs
1 S5-33%o
=2 =33-66%0
= = 66%0
Lobular u} Mo Foci Acidophil bodies are not included in this
Inflammation assessment, nor is portal inflammation
1 <2 foci/ 2002
e 2-4 foci/ 200
3 =4 foci/ 200x
Hepatocyte o Mone
BEallooning 1 Few balloon cells The term "few” means rare but definite
ballooned hepatocytes as well as cases that
are diagnostically borderline
b Many Most cases with preminent ballooning alsc

had Mallory's hyalin, but Mallery's hyaline is
not scored separately for the NAS

Fibrosis Stage

(Evaluated separately from NAS)

Fibrosis ] None
1 Perisinusaidal or
pariportal
18 Mild, =zone =, "delicate" fibrosis
perisinuscidal
1B Moderate, zone "dense" fibrosis
=2, perisinuscidal
i Portal/periportal This category is included to accommodate
casas with portal and/or peri portal fibrosis
without accompanying
pericellular/perisinuscidal fibrosis
= Perisinusaidal
and
portal/periportal
= Bridging fibrosis
< Cirrhosis

Total NAS score represents the sum of scores for steatosis, lobular inflammation, and
ballooning, and ranges from 0-8. Diagnosis of NASH [or, alternatively, fatty liver not
diagnostic of NASH) should be made first, then MAS is used to grade activity. In the
reference study, MAS scores of 0-2 cccurred in cases largely considered not dimagnostic of

MNASH, scores of 2-4 were evenly divided among those considered not diagnostic, borderline,

or positive for NASH. Scores of 53-8 occurred in cases that were largely consideraed diagnostic

of NASH.

Kleiner, Hepatology 2005

F1: Perisinusoidal

F2: Perisinusoidal
+ Portal

F3: Bridging Fibrosis

F4: Cirrhosis



2TEATWON

Recommendations B Grade of evidence

US is the preferred first-line diagnostic procedure for imaging of NAFLD, as it provides additional
diagnostic information

Whenever imaging tools are not available or feasible serum biomarkers and scores are an
acceptable alternative for the diagnosis of steatosis

A quantitative estimation of liver fat can only be obtained by *H-MRS. This technique is of value in
clinical trials and experimental studies, but is expensive and not recommended in the clinical

setting

B Grade of recommendation

A 1
B 2
A 1

EASL-EASD—EASO CPG NAFLD. J Hepatol 2016;64:1388-402




Recommendations B Grade of evidence [l Grade of recommendation

Biomarkers, fibrosis scores, and transient elastography, are acceptable non-invasive procedures to

. . . . N . A 2
identify those at low risk of advanced fibrosis/cirrhosis

Biomarkers/scores PLUS transient elastography might confer additional diagnostic accuracy and B 5
reduce need for liver biopsy

Monitoring of fibrosis progression may rely on biomarkers/scores and transient elastography, C 5
although this strategy requires validation

The identification of advanced fibrosis or cirrhosis by serum biomarkers/scores and/or

elastography is less accurate and needs to be confirmed by liver biopsy, according to the clinical B 2
context

In selected patients at high risk of liver disease progression, monitoring should include a repeat C 5
biopsy after >5-year follow-up

EASL-EASD—EASO CPG NAFLD. J Hepatol 2016;64:1388-402



Moavog aAyopiOuog

Exclude

— SMy causes ol slealosis
Significant alcohel consumpbon

Obegity

Type 2 diabates _—— Risk faciora '"T:'"“ “““m'm o ALTIGGT sbromalises
Meltabolic syndrome . secumdiaton =
h %
Rule aul ad
MAFLD fibros
i ' !
MFS: <-1.455 MFS: -1.455-0.672 MFS: *0.672 or 0.12 if =65 y
FIB-4: <1.30 FIB -4: 1.30-3.25 FIB-4: >3250r 20if =65 y
M PV BB -B5% | PP T5-00%
55-58%" 30%° 12-15%"
Lo riskc IF— Intermediate risk o High risk
i H I i
| B e | oo ,.
Consider repaating ) FibroTest: 0.3 FibroTest: 0.7 Consider lver biopay
NF5/FIB-4 avery 2 years i FibroMater: 0.61 FibraMeter: 0.71
i Hepascore: 0.37 Hepascore: 0.7
- WPY >80% PRV B0-80%
ELF test <1035 ELF test =10.35
Imaging meathods (VCTE, MRE)

*Estimated prevalence for low-, intermediate- and high-risk groups
Vilar-Gomez E, Chalasani N. J Hepatol 2018;68:305-15



Oepancio MAZH

v [TpdAnwn voonpdtnTag Kai BvntdTnTac TTou oXETiCeTal HE TO KAPdIAYYEIOKO oUOTNUA
v [TpdAnwn voonpdtnTag Kal BvntdTNTAC TTOU OXETICETAI UE TO ATTAP



OepaTtreia

Weight loss!1-3]

= Lifestyle (diet, physical activity)

= \Weight loss medications . ’
st Obesity CVD Risk
= Bariatric surgery

Treat T2D and CV risk factors!45!

= Hyperglycemia (GLP-1 RA and/or SGLT-2i
Control Reduce yperglyce ( / )
= Hypertension

= Dyslipidemia*

In patients with advanced liver disease,

*NAFLD does not increase statin risk of
choose or dose drugs appropriately.

drug-induced liver injury.!8]

Liver-directed treatment
» Vitamin E (except in diabetes)!®!
» Pjoglitazonel®7]

1. Promrat. Hepatology. 2010;51:121. 2. Vilar-Gomez. Gastroenterology. 2015;149:367. 3. Lassailly. Gastroenterology. 2015;149:379.

4. Musso. Hepatology. 2010;52:79. 5. Ratziu. J Hepatol. 2010;53:372. 6. Sanyal. NEJM. 2010;362:1675. 7. Cusi. Ann Intern Med. ' _ o . E
2016;165:305. 8. Bril. J Clin Endocrinol Metab. 2017;102:2950. Slide credit: clinicaloptions.com
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OAOKANPWHEVN AVTIMETWTTION TTaXVoapKiag, ZA kait NAFLD

e * HmatoAoyog, evOoKpLVOAOYOG, = AAMQYEC otov Tpormo (WNC, EQV
\7} Sratpodoloyoc, YuxoAdyocg armaLteitol papuoKevTIKn Bepareia
: TTOLXUOOPKLOC Kol BOpLOTPLKD
XELPOUPYLKN

= Meiwon Kopdlayyelakou

. = Kota mepintwon avudlapfntka
& KlvdUvVou , ,
avaAoya LE ToV KapdLayyELOKO
— Avtpetwrion Suchuudatpiagkat KivOuvo Kall tn pelwon 2B
UTTEPTAONG. ALOLKOTTN KOTTVIOULATOG, , ,
OVTLOLMOTIETAALOK aywyn " JE MPOXWPNUEVN nratonabeLla
_ EA 5 ] npocoxn otnv enthoyn Kot SoooAoyia
| ’
v— EAgy)xoG Kat Uepaneia avtoapnTikwy Kot tou 2B
v— CUVVOCNPOTHTWV

— sleep apnea kKAt




QappupakeuTikn aywyn - MAZH

Targeting Insulin Resistance

Mechanism of AASLD Recommendation

. i E i
ECIPEUNE Action AR e PR, as NASH Treatment
Metformin Multiple Multiple studies Various Not recommended

. . PIVENS Improvement in NAS > 2 May be used in patients with
Heglizaeie PR e Multiple studies without fibrosis worsening biopsy-proven NASH

: : GLP-1 receptor " Resolution of NASH without ~ Premature to consider GLP-1
Liraglutide : LEAN : : . )

agonist fibrosis worsening receptor agonists

Compound

Targeting Oxidative Stress

Mechanism of Trial Name Primary Endpoint(s) AASLD Recommendation

Action as NASH Treatment

Vitamin E

May be used in nondiabetic
adults with biopsy-proven
NASH

PIVENS Improvement in NAS > 2

Antioxidant TONIC without fibrosis worsening

*Phase llb.

Chalasani. Hepatology. 2018;67:328.




Oepancsia MAZH

Vitamin E (800 1U/day) Pioglitazone
* MBavwc avénon Bvntotntag o > 800 = Oidnua, avénon 2B (~ 2-3 kg o€
IU/day!!] 2-4 yrs)4l

= AU€Enon kwduvou alpoppaywkov AEE 21 = KivSuvoc ooteondpwonc og yuvaikeg !

= Avénpéevocg kivbuvoc kapkivou = Kapkivoc oupodoyou kUotnG ?
NPOOTATN (HR vs placebo: 1.17; 99% Cl: 1.004-

1.36; P =.008)5! — AU€non (6!

— Mn ocvoyetion 78]

lotoAoyika srBefotwpévn MAZH peTA TPOOGEKTIKA EKTINON 0dpeAouc/Kivduvou

1. Miller. Ann Intern Med. 2005;142:37. 2. Schurks. BMJ. 2010;341:¢c5702. 3. Klein. JAMA. 2011;306:1549.
4. Bril. Diabetes Care. 2017;40:419. 5. Yau. Curr Diab Rep. 2013;13:329. 6. Tuccori. BMJ. 2016;352:i1541.
7. Lewis. JAMA. 2015;314:265. 8. Davidson. Diabetes Complications. 2016;30:981.




T2D - NAFLD/NASH

EviAikeg pe ZA kal Trpoutrdpyxouca atherosclerotic cardiovascular disease (ASVCD) R heart
failure (HF) q chronic kidney disease (CKD)I1I:

— GLP-1 RA pe atrodedeiyuévo ogelog (cardiovascular) CV
— SGLT2 pe atmodedelyuévo opelog HF (heart failure) kar CKD (chronic kidney disease)
» Karrolol GLP-1 RAs kai SGLT2 ptropei 6peho¢ oe NAFLD

EviAikeg pe ZA 1Tou atraiteital amrwAegia ZBI:;
— GLP-1 RA pe atroTeAeouaTiKOTNTA OTNV aTTWAEIQ 2B
— SGLT2 inhibitors
» Karrolol GLP-1 RAs kai SGLT2 ptropei 6peho¢ oe NAFLD

American Diabetes Association. Diabetes Care 2019;42(suppl 1):590.




AtTwAs1a 2B kol NAFLD

Outcome Among Patients Patients Sustaining
Achieving Weight Loss Weight Loss at 1 Yrlll

Weight Loss

Fibrosis

> 10%!1! ) <10%
regression
(45% of patients)!!
> 791 NASH resolution 18%

(64% to 90% of patients)*

Ballooning/inflammation improvement

S §o/[1-3] i
2 5% (41% to 100% of patients)

Steatosis improvement

> 20 [1-4]
>3% (35% to 100% of patients*)

Not reported

*Depending on degree of weight loss.
1. Vilar-Gomez. Gastroenterology. 2015;149:367. 2. Promrat. Hepatology. 2010;51:121.

3. Harrison. Hepatology. 2009;49:80. 4. Wong. J Hepatol. 2013;59:536.




AtTTwAsia 2B

Bariatric , _ , . . -
Consider as adjunct if BMI > 40 or if BMI 2 35 with comorbidity (eg, NAFLD)

} Consider as adjunct if BMI > 30 or if BMI = 27 with comorbidity (eg, NAFLD)

——

Diet
Exercise = Fundamental to all obesity management

Behavioral Modification

{

“...we suggest the use of approved weight loss medication (over no pharmacologic therapy)”

Apovian. J Clin Endocrinol Metab. 2015;100:342.




AtTwAsia 2B kair MAANH

= AA\ayn tpornou {wngc, diatta, doknon
= 4
— ®A (BMI > 27)

— XELPOUPYLKN AVTLHETWIILON

AAAayn TpéTTOoU {WAC,

SicuTa, Goknon D apUAKEVTLKN aywyn BapLaTpLlKA XELPOUPYLKN

~ 5% - 8% anwAeLla 2B ~ 8% - 10% amwAeLa 2B 1 ~10% - 30% anwAcLa 2B 2!

1. Garvey. Endocr Pract. 2016;(suppl 3):1. 2. Maciejewski. JAMA Surg. 2016;151:1046.




DapuAKEUTIK aywyn Kol atTTwAsia 2B

Mean Weight Loss,

?
% Total Body Weight Improves NAFLD?

Daily Dose for Weight Loss

Orlistat!-2] 360 mg PO In small studies
. . . . . [2]
Lipase inhibitor 8.78 (8.30 in NASH!?!) but not RCTE!
. [1] _ .
Lorcaserin 20 mg PO 5-HT2c serotor.nn 79 Not studied
receptor agonist
Phentermine/ 7.5/46 mg : .
N or 15/92 mg PO Multiple 9.6-12.4 Not studied
Naltrexone/ 32/360 mg PO : .
bupropiontl! titrated to max SITIERIE 8.1 Mels STEiee
Liraglutide! 3 mg 5C GLP-1 agonist 9.2 (5.5 in NASH*[4)) LEAN study* 14!

titrated to max
*Studied in NASH at 1.8-mg dose approved for diabetes, not 3-mg dose approved for weight loss.

Mean efficacy criterion: significant difference in mean proportion achieving weight loss > 5% drug vs placebo
Categorical efficacy criterion: weight loss > 5% in 2 35% of participants, with a significant and > 2-fold difference in proportion
achieving this in drug vs placebo groups

1. Garvey. Endocr Pract. 2016;(suppl 3):1. 2. Harrison. Hepatology. 2009;49:80
3. Wang. Biomed Rep. 2018;9:90. 4. Armstrong. Lancet. 2015;387:679.




MAANH ka1 Baplatpiki Xe1poupyiIKn

Figure 3. Random effects
meta-analysis forest plot
of NAS before and after
surgery. IV, inverse vari-
ance; Sx, surgery.

Before Bariatric Sx After Bariatric Sx Mean difference Mean difference
Study or Subgroup  Mean SD Total Mean SD_Total Weight IV, Random, 95% CI _Year IV, Random, 95% CI
Liu 2007 487 1.89 39 197 0.58 39 8.9% 2.90 [2.28, 3.52] 2007 e e
Mathurin 2009 1.97 133 362 1.07 1.26 267 9.4% 0.90 [0.70, 1.10] 2009 =
Tai 2012 3.33 1 21 0.857 0.5 21 9.1% 2.47 [1.99, 2.95] 2012 T
Caiazzo 2014 187 146 1201 092 113 578 9.4% 0.95 [0.83, 1.07] 2014 -
Raj 2015 2.6 1.3 30 0.57 0.97 30 9.0% 2.03 [1.45, 2.61] 2015 —
Lassailly 2015 5 0.7 81 1 0.67 81 9.4% 4.00[3.79, 4.21] 2015 >
Schneck 2016 5.11 033 9 0.67 1 9 8.8% 4.44 [3.75, 5.13] 2016 —
Froylich 2016 3.6 1.8 25 1.18 1.49 25 8.4% 2.42 [1.50, 3.34) 2016 ——
Aldoheyan 2017 B 0.5 27 2 0.5 27 9.3% 2.00[1.73, 2.27] 2017 o
Manco 2017 4.15 0.67 20 16 0.99 20 9.1% 2.55 [2.03, 3.07] 2017 o
Schewenger 2018 207 153 42 033 078 42 9%  1.74[1.22,2.26] 2018 =
Total (95% CI) 1857 1139 100.0%  2.39 [1.58, 3.20] <
Heterogeneity: Tau® = 1.81; Chi’ = 759.94, df = 10 (P <.00001); I* = 99% _¢4 _:2 ) i j'

Test for overall effect: Z = 5.79 (P <.00001)

[Baseline] [After Bariatric Surgery]

Yung Lee, Clinical Gastroenterology and Hepatology 2019



Endoscopic duodenal mucosal resurfacing improves hepatic fat fraction, glycaemic

and lipid profiles in type 2 diabetes

High fat/sugar diet leads to duodenal hyperplasia in rodent models. In the foregut of subjects with type 2 diabetes (T2D), abnormal entero-endocrine cell population and
co-expression of glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic peptide (GIP) has been described.

Putative role of duodenal mucosal hyperplasia in metabolic disease

Nutrient-induced stem cell
division! Duodenal endocrine hyperactivity?

Duodenal . .
High fat + Insulin resistance
mucosal
sugar diets syndrome
hyperpla5|a
Can reversal of hyperplasia alone reverse/amellorate insulin resistance?

Aim: Evaluate effect of DMR on glycaemia,
hepatic fat, and mechanistic endpoints

DMR: REVITA single catheter

Schematic of DMR

Endoscopic evaluation  Primary endpoint

-30 days and treatment 24 weeks 48 weeks
Run-in 24 weeks’ foIIow-on>
Confirm blood DMR

stable glucose

control/med

Revita-2 (NCT02879383): multicentre study with early
open-label cohort (training purposes, n=24) and
randomized double-blind cohort (n=108)

— 17/20 (85%) open-label subjects with MRI-PDFF data
had excess baseline liver fat (>5%)

Inclusion criteria: HbAlc 7.5-10%; 24<BMI<40; >1
oral medications

DMR procedure: single catheter

1. O’Brien LE, et al. Cell 2011;147:603-14; 2. Gniuli D, et al. Diabetologia 2010;53:2233-40.

Aithal G, et al. ILC 2019; PS-112



Endoscopic duodenal mucosal resurfacing improves hepatic fat fraction, glycaemic

and lipid profiles in type 2 diabetes

Baseline and 12-week metabolic and glycaemic values*

Indices | _Baseline | 12 weeks | P-value |

HbAlc (%)
Fasting plasma
insulin™ (ulu/ml)
Fasting C-peptide
(ng/ml)

Fasting TGs (mg/dl)
Fasting HDL
(mg/dl)

Ferritin* (ng/ml)
ALT (U/L)
HOMA-IR'

Body weight (kg)

8.4+0.2
13.6+1.8

3.2+x0.3
209.0+32.0
45.7+2.8

90.8 £ 16.6
358+4.1
6.0+0.7
89.7+1.9

7.4+0.2 0.001
9.8+1.1 <0.05
2.7+0.2 0.01

150.0 £ 20.0 <0.01
49.2+3.2 <0.05

69.4 £ 15.5 <0.01
27.2+24 <0.01
4.1+0.6 0.01
86.6+2.0 <0.01

Revita-2 open-label cohort: change over 12 weeks in ALT and liver MRI-PDFF*

ALT (U/L)
N NN W W W W Ww B
A 00 O N b O 0O O

N
N

ALT (U/L): -8.5 * 2.17 (p<0.001)

4 12
Weeks

Absolute MRI-PDFFS: -7.0 £ 1.6 (p<0.001)

25.0%

e 20.0%

15.0%

10.0%

Absolute MRI-PDFF (%

5.0%

0.0%

1 Relative (-35.8% £ 7.8,
p<0.001) fat fraction

Baseline 3 Month

DMR was successfully implemented in T2D subjects with a favourable safety/ tolerability profile

(median procedure time = 45 minutes), and is a promising potential

treatment for T2D and NAFLD/NASH. Randomized cohort data will follow later this year

*Values are all mean ( SEM); n=24 unless indicated; Th=22; ¥n=23; SSubset of 17 subjects with excess baseline liver fat by MRI-PDFF.

Aithal G, et al. ILC 2019; PS-112



Pegbelfermin (BMS-986036) o€ aoBeveic pe MAZH

Pegbelfermin (BMS-986036), a PEGylated fibroblast growth factor 21 analogue
Randomised, double-blind, placebo-controlled, phase 2atrial
N=75, (25, 10 mg/d - 24, 20 mg/w - 26 placebo),

2nMavTIKN peiwon absolute hepatic fat fraction pe 10 mg daily (—6-8% vs —1-3%;
p=0-0004) kau 20 mg weekly (-5-2% vs —1-3%; p=0-008) vs placebo.

"Hmag Baputntag AE,
Si1appoia ot 8/49 (16%) pegbelfermin vs 2/26 (8%)

vauTia 7 (14%) pegbelfermin vs 2 (8%)

‘Ox1 6avarol, diakotrég Adyw AE, ZAE

Sanyal A, Lancet. 2019

104

elire

8 - p=0-008*
= I 1
&= p=0-0004"
L= f 1
= 0 f
2= L |
E ]' -13%
< .

I l

J_ 52%

6-B%
-10 —= T N T 1
10 mig once a day (n=13) 30 mg once aweak [n=27) Placebo (n=25)

Absolute change in
hepatic fat fraction

Relative change in

hepatic fat fraction
C
1010
B0
FE
€
2
2
== 204

=30% relative reduction

p=0-03181
1

p=0-02131

|
l

56% S54% Z24%

=20% relative reduction

HH
|

6% | | 73% | | 40%

=10% relative reduction

3% % 52%

0

T T 1
1mg 20mg Pacsbo
ONcE ONce
aday  awesk

T T 1
10mg 20mg Placbo

once Once
aday awesk

T T 1
10mg 20mg Placebo
once onee
aday aweek




KaBnuepiviy Xprion aoctripivng OXETICETAI NE MEIWMEVO KiVOUVO

TTPOOOOV TNG ivwong og acBeveic ye MAANH

N = 361 ue Bloyia, 2006-2015, £éAeyxog kaBe 3—12

” 7 Gray P-value <.0001
0.020+
151 aotmi pIivn Kder] MEPIVA B Non-regular aspirin use?

[l Daily aspirin use?

o
o
—_
i

2 UYKPITIKA JE PN TOKTIKA AW aoTmipivng JIKpoTepa TToocooTd MAZH
(adjusted odds ratio, 0.68; 95% CI, 0.37-0.89) kai ivwoncg (adjusted
odds ratio, 0.54; 95% ClI, 0.31-0.82).

baseline FO—F2 (n [ 317), 86 Trpoxwpnuévn ivwon o 3692 py).

Probability
(cases/100 person-years)
o o
o o
g 3

KaBnuepivr xprion aoTrpivng MIKPOTEPN TTBavoeTNTa AVATITULNG
TTpoxwpnuévneg ivwone [aHR], 0.63; 95% CI, 0.43-0.85).

2uoxETion e Tn diapkela (adjusted P trend[.026), peyaAUuTepo OPENOG ME 0.000 : . . l :
4 A TepIooOTEPQ £TN XPAONS acTrpivns (aHR, 0.50; 95% Cl, 0.35-0.73). . S S ) T G 10
Xprion NSAIDs &ev GXETIOTNKE PE TOV KiVOUVO QVATITUENG Cidiymegti noey 05 127 120 100 o7 82
TTPOXUL)pr]IJéVﬂg ivwong (aHR, 093, 95% CI, 081—105) Non-regular use: 184 173 159 144 127 108

H xpnon aomipivn oXeTiETAI HE MIKPOTEPN TTIOAVOTNTA

Simon TG, Clin Gastroenterol Hepatol. 2019

avatTugng poxwpnuévng ivwong (Gray P value <.001)



FDA: Liver Histologic Improvement Endpoints
Likely to Predict Clinical Benefit

NASH Resolution Fibrosis Improvement

= Resolution of steatohepatitis on = |mprovement 2 1 fibrosis stage

overall histopathologic reading 4
an

and
= No worsening of steatohepatitis

= No worsening of liver fibrosis

1. FDA. Draft Guidance. Noncirrhotic Nonalcoholic Steatohepatitis With Liver Fibrosis: Developing Drugs for Treatment Guidance for Industry. December 2018.




Examples of NASH Treatments in Phase Il or Il

THR-B:  MGL-3196, VK2809

Investigations NAELD
‘ !
Normal Liver Steatosis (NAFL) Steatohepatitis (NASH) Cirrhosis
Insulin resistance . . . . Cell death . .
. . Lipotoxicity and Inflammation and . Fibrogenesis and
and/or lipid .. . . .. (apoptosis and
. oxidative stress immune activation . collagen turnover
metabolism I necrosis)
| | 1 A | I | . | I | . 1
PPARy: Pioglitazone PPAR0/d: Elafibranor CCR2/5: Cenicriviroc (inflammatory target but affects fibrosis)
GLP-1: Liraglutide, PPARa/y: Saroglitazar AOC3: BI-1467335 ASK1: Selonsertib (cell death target but affects fibrosis)
semaglutide Pan-PPAR: Lanifibranor P2X7R: SGM-1019 Caspase:  Emricasan Galectin: GR-MD-02
SGLT: Empagliflozin, FGF19: NGM282 TLR-4:  JKB-121/122 LOXL2: Simtuzumab
licogliflozin, FGF21:  Pegbelferim
cgnag.llfl.ozm FXR: OCA, cilofexor,
DPP-4 Sitagliptin tropifexor, nidufexor Some agents have multiple targets
ACC: GS-0976, PF-05221304 ppc: MSDC-0602K
SCD1: Aramchol TGR-5: |NT-767/777 . . o . E
ASBT: Volixibat Slide credit: clinicaloptions.com



http://www.clinicaloptions.com/

Examples of NASH Treatments in Phase Il or Il

Investigations

NAFLD

THR-B:  MGL-3196, VK2809

A
. ° e ® ° ° ‘
Normal Liver Steatosis (NAFL) Steatohepatitis (NASH) Cirrhosis
Insulin resistance . . . . . .
. . Lipotoxicity and Inflammation and . Fibrogenesis and
and/or lipid .. . . .. (apoptosis and
. oxidative stress immune activation . collagen turnover
metabolism I necrosis)
| | 1 A | I | . | I | . 1
PPARYy: Pioglitazone PPARa/d: Elafibranor CCR2/5: Cenicriviroc (inflammatory target but affects fibrosis)
GLP-1: Liraglutide, PPARa/y: Saroglitazar AOC3: BI-1467335 ASK1: Selonsertib (cell death target but affects fibrosis)
semaglutide Pan-PPAR: Lanifibranor P2X7R: SGM-1019 Caspase:  Emricasan Galectin: GR-MD-02
SGLT: Empagliflozin, FGF19: NGM282 TLR-4:  JKB-121/122 LOXL2: Simtuzumab
Iicogliﬂozin, FGF21: Pegbelferim |:| Not di f q Effects of Belapectin, an Inhibitor of Galectin-3, in .
canaglifozin FXR: OCA, cilofexor, et R b O i
2224 225252’”PF_05221304 . f\;‘;gieg%%;&d ufexor Some agents have multiple targets or fbrosis ii%"ﬁﬁteeddmhhSfc”éﬁ‘é?”é;i?r‘éfﬁrﬁ0'332‘320
SCD1: Aramchol TGR-5:  INT-767/777 , o Reco
ASBT: Volixibat Slide credit: clinicaloptions.com
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O¢epancsia MAZH

NAFLD

THR-B:

MGL-3196, VK2809

A
. . e ® \
Normal Liver Steatosis (NAFL) Steatohepatitis (NASH)
Insulin resistance . . . . Cell death . .
. . Lipotoxicity and Inflammation and . Fibrogenesis and
and/or lipid .. . . .. (apoptosis and
. oxidative stress immune activation . collagen turnover
metabolism I necrosis)
| | N A | I | . | I | . 1
PPARy: Pioglitazone PPAR0/d: Elafibranor CCR2/5: Cenicriviroc (inflammatory target but affects fibrosis)
GLP-1: Liraglutide, PPARa/y: Saroglitazar AOC3: BI-1467335 ASK1: Selonsertib (cell death target but affects fibrosis)
semaglutide Pan-PPAR: Lanifibranor P2X7R: SGM-1019 Caspase:  Emricasan Galectin: GR-MD-02
SGLT: Empagliflozin, FGF19: NGM282 TLR-4:  JKB-121/122 LOXL2: Simtuzumab
licogliflozin, FGF21:  Pegbelferim
canagliflozin FXR: OCA, cilofexor, L] Phase
DPP-4 Sitagliptin tropifexor, nidufexor Some agents have multiple targets
ACC: GS-0976, PF-05221304 pipc: MSDC-0602K
SCD1: Aramchol TGR-5: |NT-767/777 . . o . E
ASBT: Volixibat Slide credit: clinicaloptions.com
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O¢epamneia MAZH — MeA€tec paonc Il

Primary Endpoint(s)

CCR2/5

Cenicriviroc : AURORAL! 2000 > 1 stage fibrosis improvement with no NASH worsening 12 mos
antagonist
Elafibranor PPARo/o agonist RESOLVE-ITIZI 2000 Resolution of NASH with no fibrosis worsening 72 wks
> 1 stage fibrosis improvement with no NASH worsening;
. . (3]
Obeticholic - REGENERATE 951 resolution of NASH with no fibrosis worsening 18 mos
Scid FXR agonist
REVERSE[*] 900 > 1 stage fibrosis improvement with no NASH worsening 18 mos
: : MAESTRO-
Resmetirom THR-B agonist NASHL! 2000 Resolution of NASH 52 wks
Aramchol SCD1 inhibitor ARMORIE] 2000 2 1stage ﬂbr.OSIS |mprovement WIFh no.NASH el 52 wks
resolution of NASH with no fibrosis worsening
Phase llI/1V studies use adaptive design
= Histologic endpoints for Subpart H conditional approval
= Clinical endpoints for full approval 5

1. NCT03028740. 2. NCT02704403. 3. Younossi. Lancet. 2019;394:2184. 4. NCT03439254. 5. NCT03900429. 6. NCT04104321. Slide credit: clinicaloptions.com
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MeAETec paong 3

OCALIVA (OCA), Laboratory :
INTERCEPT

Type of drug : FXR Agonist

Clinical trials advancement : Ongoing
Phase 3

The drug got the Breakthrough Therapy
Status granted by the FDA

Estimated Time to market in months :
42

ELAFIBRANOR (GFT505), Laboratory :

GENFIT

Type of drug : dual PPAR alpha delta
agonist

Clinical trials advancement : Ongoing
Phase 3

The drug got the Fast Track Status
granted by the FDA

Estimated Time to market in months :
42

CENICRIVIROC (CENICRIVIROC), Laboratory
: ALLERGAN

Type of drug : CCR2CCRS5 Antagonist

Clinical trials advancement : Recruiting Phase
3

The drug got the Fast Track Status granted by
the FDA and is eligible for Subpart H on
intermediate results of Phase 3

Estimated Time to market in months : 33

RESMETIROM (MGL 3196), Laboratory :
MADRIGAL

Type of drug : THR-8 Agonist

Clinical trials advancement : Recruiting Phase
3

and is eligible for Subpart H on intermediate
results of Phase 3

Estimated Time to market in months : 35

BELAPECTIN (GR MD 02), Laboratory :

GALECTIN

Type of drug : Galectin Inhibitor
Clinical trials advancement : Initiating Phase 3

The drug got the Fast Track Status granted by the
FDA

Estimated Time to market in months : 72

ARAMCHOL (ARAMCHOL), Laboratory : GALMED

Type of drug : FABACs
Clinical trials advancement : Initiating Phase 3

The drug got the Fast Track Status granted by the
FDA

Estimated Time to market in months : 55

IMM124E (IMM124E), Laboratory : IMMURON

Type of drug : anti-LPS antibodies and adjuvants
Clinical trials advancement : Initiating Phase 3

The drug got the Breakthrough Therapy Status
granted by the FDA

Estimated Time to market in months : 56
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Positive topline results from a 24-week, randomized, double-blind, placebo-

controlled, multicenter, phase 2 study of aldafermin in patients with NASH

BACKGROUND & AIMS

« Aldafermin (NGM282) is an engineered
FGF19 analogue
— Significantly inhibited bile acid synthesis,
reduced hepatic fibrosis, inflammation and
steatosis in previous 12-week NASH trials
« AIM: to report the primary and key results
from the 24-week study with paired liver
biopsy

* Inclusion criteria: biopsy-proven NASH*

* Primary endpoint: change in LFC from baseline to Week 24

- Histological endpoints:

— Improvement in liver fibrosis by =1 stage with no worsening
of NASH

— Resolution of NASH with no worsening of fibrosis®

METHODS

78 subjects
(from 9 US study sites)

PBO (n=25)

Aldafermin (n=53)
1 mg SC QD

* Subjects underwent MRI-PDFF and liver
biopsy at baseline and Week 24

*NAS >4, stage 2-3 fibrosis, absolute LFC >8%; "NASH CRN criteria;

RESULTS

At Week 24, treatment with aldafermin resulted in
statistically significant reductions in LFC

PBO Aldafermin p value
(n=25) (n=52%)
A Absolute MRI-PDF, % -2.7 (1.3) -7.7 (0.8) 0.002
% Subjects with d 5% absolute 24 68 <0.001
A Relative MRI-PDFF, % -13.1 -38.8 0.008
% Subjects with d 30% relative 29 66 0.004

Shown are LS mean (SE) or % subjects

*One patient did not have any post-baseline measurements and was excluded from efficacy analysis as pre-specified in the statistical analysis plan

Harrison SA, et al. DILC 2020; LBO01



Positive topline results from a 24-week, randomized, double-blind, placebo-

controlled, multicenter, phase 2 study of aldafermin in patients with NASH

RESULTS (CONT.)
* At Week 24, more subjects on aldafermin showed improvements in fibrosis and NASH
* ALT, AST and fibrogenesis biomarkers declined rapidly and significantly from baseline with aldafermin

PBO Aldafermin p value
(n=25) (n=52)

% Subjects achieving 21 stage improvement in fibrosis with no worsening of NASH 18 38 -
% Subjects achieving NASH resolution with no worsening of fibrosis 9 24 -
% Subjects achieving 21 stage improvement in fibrosis AND resolution of NASH with no

: : . 0 22 0.015
worsening of fibrosis
A Absolute ALT, U/L -15.9 (3.5) -36.6 (2.4) -
A Absolute AST, U/L -8.5(3.6) -19.0 (2.4) -
A Pro-C3, ng/mL -0.9 (1.1) -5.5(0.7) -

Shown are LS mean (SE) or % subjects

* Aldafermin was well tolerated, with any SAEs unrelated to study drug

CONCLUSION

* In patients with NASH, aldafermin therapy resulted in a statistically significant reduction in LFC and robust improvement in
fibrosis and NASH histology compared with PBO. Aldafermin 1 mg maintained a durable response for 24 weeks, with a
favourable tolerability and safety profile

Harrison SA, et al. DILC 2020; LBO01



Effects of cotadutide on biomarkers of NASH in overweight or obese subjects with

T2DM: a 54-week analysis of a randomized phase 2b study

BACKGROUND & AIMS

« Cotadutide is a dual-receptor agonist with

METHODS

GLP-1 and glucagon activity Placebo
— Significantly decreased hepatic fat in obese or _
overweight T2DM subjects in an exploratory Cotadutide 100 g SC QD
analysis of a phase 2a study
834 subjects* @ Cotadutide 200 ng SC QD

- AIM: to evaluate the effects of cotadutide at _
Week 54 on hepatic parameters and
metabolic profiles of obese or overweight Open-label _

_ _ Liraglutide 1.8 mg SC QD
subjects with T2DM

Cotadutide 300 ng SC QD

« Changes from BL to Week 54 analyzed:
— Change in body weight (secondary endpoint)
— Change in ALT, AST, and GGT (post hoct)
— Change in NFS and FLI (post hoc¥)
— Changes in pro-C3 levels (post hoc)

*NCT03235050; *Per protocol population; *As-treated population
Nahra R, et al. DILC 2020; AS076



Effects of cotadutide on biomarkers of NASH in overweight or obese subjects with

T2DM: a 54-week analysis of a randomized phase 2b study

RESULTS

 Significant reductions in body weight were observed with cotadutide 300 ug vs liraglutide (p=0.009)*
* 0.4% fall in pro-C3 for cotadutide 300 pg vs an 8% rise for liraglutide and a 13% rise for placebo

*  Numerical reductions in ALT, AST, and GGT levels were observed with all cotadutide doses
* Greatest ALT reductions were in 4th quartile: changes® vs placebo were —12.3 (p=0.259), -27.1 (p=0.002), and FERRERIE0Ne[0kb

COT 100 pg (n=76) COT 200 pg (n=202) COT 300 pg (n=189) Liraglutide (n=104) Placebo (n=93)
ALT BL, U/L* 33.5(21.6) 32.1(18.1) 33.2(18.7) 32.8(18.2) 30.7 (19.2)
A At Week 54, %" -7.5(-16.4, 1.3) -12.0 (-17.4, -6.6) -14.1(-19.8, -8.6) -3.2(-10.8, 4.3) 0.9 (-7.1,9.0)
p-value vs placebo / liraglutide 0.165/0.467 0.009/0.063 0.003/0.023 0.461 /- -
AST BL, U/L* 24.8 (12.3) 24.1 (13.3) 25.1(17.4) 24.6 (11.9) 23.7 (11.5)
A At Week 54, %" -1.8 (19.8, 6.3) -6.2 (-11.2, 1.3) -9.1 (-14.3,-4.0) 0.4 (-6.5, 7.2) 5.7 (-1.7, 13.0)
p-value vs placebo / liraglutide 0.182 / 0.695 0.009/0.129 0.001/0.030 0.302/ - -
GGT BL, U/L* 40.3 (40.9) 42.5(32.1) 45.1 (48.8) 48.1 (49.5) 41.5 (30.1)
A At Week 54, %" -10.5 (-26.8, 5.7) -1.5(-11.5, 8.4) -12.2 (-22.5, -1.9) -10.5 (-24.4, 3.3) 12.5(-2.3, 27.2)
p-value vs placebo / liraglutide 0.040/1.000 0.123/0.300 0.007 / 0.853 0.026/ - -
* Clinically significant reductions were observed at Week 54 in NFS (p<0.001) for all cotadutide doses and in FLI (p=0.010) for cotadutide 300 pg
vs placebo
CONCLUSION

* Reductions in body weight and ALT with cotadutide 300 ug and improvements in fatty liver index (FLI) and NFS support
prospective clinical trials with cotadutide for a NASH indication

18Nl icant reductions were observe or a oses Vs placebo (p<0. ; mean 1or 7 change rrom (] ; ean
*Signifi ducti bserved for all d lacebo (p<0.001); LS for % change from BL (95% Cl); *Mean (SD)
Nahra R, et al. DILC 2020; AS076
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A new definition for metabolic dysfunction-associated fatty liver
disease: An international expert consensus statement

Mohammed Eslam"*', Philip N. Newsome”*', Shiv K. Sarin®, Quentin M. Anstee”,
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The outdated NAFLD/NASH acronyms, the criteria for diagnosis and a lack of adequate consideration of
heterogeneity in risk profiles and treatment responsiveness represent barriers that hamper progress towards
effective treatments. The consensus group has suggested an acronym (MAFLD) that we believe more accurately
reflects current knowledge of fatty liver diseases associated with metabolic dysfunction that should replace
NAFLD/NASH. In addition, we have identified gaps in current knowledge and highlight new strategies and
tools to overcome the challenges



Hepatic steatosis in adults
(detected either by imaging techniques, blood biomarkers/scores or by liver histology)

Overweight or obesity Lean/normal weight
(defined as BMI 25 kg/m? in (defined as BMI <25 kg/m® in Caucasians
Caucasians or BMI 223 kg/m? in Asians) or BMI <23 kg/m? in Asians)

If presence of at least two metabolic risk abnormalities:

The two most important and significant differences between
MAFLD and NAFLD are, MAFLD diagnosis does not require
exclusion of patients with alcohol intake, or other chronic liver

diseases and the presence of metabolic abnormality is

(Metabolic dysfunction-associated fatty liver disease)

[ MAFLD

Fig. 1. Flowchart for the proposed “positive” diagnostic criteria for MAFLD.



From NAFLD to MAFLD: Implications of a premature change in terminology

Zobair M Younossil?, Mary E. Rinella3, Arun Sanyal?, Stephen A. Harrison®, Elizabeth Brunt®, Zachary Goodman?-?,

David E. Cohen’, Rohit Loomba?

Summary

Although we are in agreement that metabolic fatty liver disease (MAFLD) may more accurately and positively
reflect the relevant risk factors better than the age-old term non-alcoholic fatty liver disease, (NAFLD), the
term still leaves a great deal of ambiguity. A name change will be appropriate when informed by a new
understanding of the molecular basis of the disease entity, insights that fundamentally change risk
stratification or other important aspect of the disease. We may be on the cusp of this, but we are not here
yet.

Hepatology. 2020






