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Definition and natural history



The spectrum of nonalcoholic steatosis

Type 2 diabetes,
Western diet,
and other factors
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Global prevalence of NAFLD

Worldwide prevalence of
NAFLD is 25%
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Prevalence of NASH in general population is between 1.5-6.5%
Prevalence of NASH among T2DM is 37.3% (24.7-50.0%)

Younossi et al Hepatology 2016




NAFLD spectrum
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Factors associated with NAFLD and NASH progression

Comorbid illness

Genetic factors Environmental factors

« Type 2 diabetes * PNPLA3 » Fructose

« Insulin resistance « TM6SF2 » Cholesterol
« Dyslipidaemia « GCKR » Alcohol

- Obesity « MBOAT7 - Exercise

« Hypertension «HSD17B13 - Coffee

= Hypopituitarism

Powell et al., Lancet 2021




Obstructive
Sleep Apnea

Cerebrovascular
Disease
Gallstone d\ =

Chronic Kidney Polycystic Ovary
Disease : g ¢ Syndrome
Malignancy

Vascular Disease

Younossi et al., Hepatology 2019




Multiple pathways and interactions between different
organs, affect the pathogenesis of NAFLD

Environmental
risk factors

Genetic
predisposition
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Altered organ crosstalk
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Insulin resistance
Metabolic dysregulation

Innate immune activation
Altered gut microbiome
T Lipopolysaccharides

Altered gut permeability

Inflammation
Tissue regeneration
Fibrogenesis
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Cellular stress

Powell et al., Lancet 2021




All-cause mortality according to NASH and histological severity
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Clinical Outcomes in Adults with Nonalcoholic Fatty Liver Disease

MULTICENTER, PROSPECTIVE STUDY

1773 T
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nonalcoholic No, mlld, or 4 4 4 L
fatty liver disease moderate fibrosis Brndglrzl:gagbrosm Cl;l_.__ l:gs 3
(median follow-up, 4 yr) N=1237
Liver-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.

Sanyal et al., N Engl J Med 2021




Diagnostic strategies and referral



Steatohepatitis as a phenotype determined by different
types of injury

Toxic

PNPLA3 Metabolic

PASH MASH TASH
Drug-induced

DASH

Both NASH-
ASH

BASH

Chemotherapy
CASH




‘Positive’ diagnostic criteria for MAFLD

Hepatic steatosis in adults

(detected either by imaging techniques, blood biomarkers/scores or by liver histology)

l

|

Overweight or obesity

Lean/normal weight
(defined as BM| 225 kg/m# in (definad as BMI <25 kgfn? 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:

+ Waist circumference =102/88 cm in Caucasian men and women (or 290/80 cm in Asian men
and women)

+ Blood pressure 2130/85 mmHg or specific drug treatment

* Plasma triglycerides 2150 mg/dl (21.70 mmol'L) or spedfic drug treatment

« Plasma HDL-cholesteral <40 mg/dl (<1.0 mmoliL) for men and <50 mg/dl (<1.3 mmol/L) for
women or specific drug treatment

+ Prediabetes (i.e., fasting glucose levels 100 to 125 mg/d [5.6 to 6.9 mmol'L], or 2-hour post-load

glucose levels 140to 199 mg/d [7.8 to 11.0 mmol] or HbA1c 5.7% to 6.4% [39 to 47 mmal/mol])
+ Homeostasis model assessment of insulin resistance score 22.5

+ Plasma high-sensitivity C-reactive protein level »2 mg/L
-

MAFLD
(Metabolic dysfunction-associated fatty liver disease)

Eslam et al., J Hepatol 2020




Sexual dimorphism in NAFLD

Skeletal muscle

Adipose tissue and : ]
lipotoxicity 6\ < 9
6\> 9 - ‘ ,:ﬁ ﬂ Insulin sensitivity

Visceral adiposity
Adipocyte lypolysis
Androgens/estrogens
Lipotoxic fatty acids
Lower adipokines

Inflammation

32

Macrophage polarization
TLR signaling
Inflammatory response

Fibrosis

3>Q
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Gutdiver axis

32

Microbiota composition
Bile acid profile

Burra et al., Liver Int 2021




Serum biomarkers Elastography techniques

» AST/ALT ratio « FibroTest®

- APRI N ELEIM

- FIB4 + FibroMétre®

» NAFLD fibrosis « Hepascore
score (NFS)

‘Non'Patented” "Patented™

Primary care

Castera, Liver Int 2020



Accuracy of CAP and stiffness measurement in
in patients with Nonalcoholic Fatty Liver Disease

> 450 patients with > Underwent liver biopsy within 2 > Results and conclusions
suspicion of NAFLD weeks of FibroScan o :
prospectively recruited (M or XL probe according to the ¥ v > e CAP fo: steatosis (S>1):
automatic probe recommendation tool) 2 r =AUC = 08710 .62:0.92)
f 5 o - I LSM for advanced fibrosis (F>3):
g Steatosis 2 & > AUC = 0.80 (0.75-0.84)
o sl 8 —
— Fibrosis & LSM for cirrhosis (F=4):
é ) > AUC = 0.89 (0.84-0.93)

T T T T T
1.0 08 06 04 02 0.0

Specificity

[ > Steatosis or probe type had no impact on LSM (multivariable analysis) ]

e

%
(]

gl  CAP (dB/m) >>> CAP and LSM by FibroScan are reliable
biomarkers to non-invasively assess liver
e LSM (Pa) steatosis and fibrosis respectively in NAFLD
é ¢
¢ Gastroenterology

Eddowes et al., Gastroenterology 2019



Validity criteria for the diagnosis of fatty liver by
controlled attenuation parameter

The interquartile range (IQR) reflects the variability of controlled attenuation parameter
(CAP) measurement. A wide IQR was associated with a decline in the accuracy of CAP
for the detection of fatty liver.
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Patients at risk of fatty liver

v
CAP measurement
|
v R’
IQR of CAP 240 dB/mor |IQR of CAP <40 dB/m and
<10 valid measurements 10 valid measurements
v v
Consider alternative
investigations (e.g. MRI Valid results

proton density fat fraction
and liver biopsy)

Wong et al., J Hepatol 2017
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[NAFLD,‘ irrespective} Diagnostic

of liver enzymes?

algorithm

.

FIB-4 <1.30
NFS <-1.455

.

FIB-4 21.30
NFS 2-0.1455

LSM by
FibroScan

|~

LSM <8 KPa

Reassessment by
noninvasive scores at
1- to 3-year follow-up

Specialist Referral:
-In depth assessment of liver disease
-Decision to perform liver biopsy
-Initiate monitoring/therapy

Italian NAFLD Guidelines, 2021




NAFLD and HCV



Negative impact of MAFLD in the SVR population

Clinical

{ Cirrhosis
4 HCC
¥ Liver transplantation

t Survival
Environmental Genetic

“ — -

Improve QOL

Improve functional

e Presence

of MAFLD
Improve productivity Oppose
gain these gains
} Direct burden Post SVR increasesd risk

} Indirect burden

t ICER

A\

Fouad et al., Aliment Pharm Ther 2021




O MAFLD should be incorporated to the glossary of liver diseases either as a
specific liver disease or as comorbid or superimposed disease (with viral
hepatitis, hemochromatosis and PBC among others).

O Patients cured of CHC with MAFLD need monitoring given their risks of
adverse outcomes, including increased risk for new diagnosis of cirrhosis,
development of liver-related complications and HCC as well as extrahepatic-
related complications

O The simplicity of the diagnostic criteria of MAFLD will help raise clinical
awareness and should facilitate the monitoring process. However, the exact
monitoring parameters remain undefined

Modified from: Fouad et al., Aliment Pharm Ther 2021



SVR post DAA

v

C Evidence of cirrhosis (Clinical, imaging, biopsy) )

No »( Vi )

es r

Hepatic Steatosis in adults
(Detected either by imaging, blood biomarkers/scores or by liver histology)

Overweight or obesity
(defined as BMI > 25 kg/m?
in Caucasians or
BMI > 23 kg/m? in Asians)

Type 2 diabetes mellitus
(According to
international criteria)

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

Presence of > two metabolic risk abnormalities:

Waist cil >102/88 cm in C men and women (or = 90/80 cm in Asian
men and women).

Blood pressure >130/85 mmHg or specific drug treatment.

Plasma triglycerides = 150 mg/dL (= 1.70 mmol/l) or specific drug treatment.

Plasma HDL-cholesterol < 40 mg/dL (< 1.0 mmol/L) for men and < 50 mg/dL (< 1.3
mmol/L) for women or specific drug treatment.

Prediabetes (i.e., fasting glucose levels 100 to 125 mg/dL (5.6 to 6.9 mmol/L), or 2-hour
post-load glucose levels 140 to 199 mg/dL (7.8 to 11.0 mmol) or HbA1c 5.7% to 6.4% (39 -
47 mmol/mol)).

Homeostasis model assessment (HOMA) - insulin resistance score > 2.5

Plasma high-sensitivity C-reactive protein (hs-CRP) level > 2 mg/L

\4 + Y
C Presence of MAFLD )

No »( Y

Screen
for HCC

Ultrasound
+ AFP every
six months

A A

 Yes }
( Other HCC risk factors )

Low HCC risk
Screening intervals may be extended

Fouad et al., Aliment Pharm Ther 202




Proportion of patients with de novo HCC

Proportion of patients with de novo HCC according to a
combination of independent risk factors

70 —]| 67 %
One risk factor Two risk factors Three risk factors
B0 — :
50 =
42% ;
40 — i
o i
30 — — :
23% 7904 i
- 19% 19% } 0%
16% 16% i
11%
10 — I
0 n=28 n=14 n=12 n=9 n=12 n=23 n=7 n=6 n=6 ! n=2 n=4
Male DM Albumin=3.5 GRS=0.6 Male + Male + Male + DM + DM + Male + DM Male + DM
(n=61) {(n=90) (n=64) (n=57) D Albumin £3.5 GRS=0.6 Albumin=3.5 GRS=0.6 + GRS=06 + Albumin=3.5
(n=63) (n=35) (n=32) (n=14) (n=14) (n=10) (n=6)

Degasperi et al., Hepatology 2020




NAFLD and HCC
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AGA clinical practice update on screening and
surveillance for HCC in patients with NAFLD

Best Practice Advice 1: Screening for
Hepatocellular Carcinoma Should Be
Considered in All Patients With
Cirrhosis Due to Nonalcoholic Fatty
Liver Disease

Best Practice Advice 2: Patients With
Nonalcoholic Fatty Liver Disease With
Noninvasive Markers Showing
Evidence of Advanced Liver Fibrosis or
Cirrhosis Should Be Considered for
Hepatocellular Carcinoma Screening

Best Practice Advice 3: Patients With
Nonalcoholic Fatty Liver Disease in the
Absence of Advanced Liver Fibrosis
Should Not Be Routinely Considered for
Hepatocellular Carcinoma Screening

Best Practice Advice 4: Adequacy of
Ultrasound in Assessing the Liver
Parenchyma for Mass Lesions Should
Be Documented When Used for
Hepatocellular Carcinoma Screening in
Patients With Cirrhosis Due to
Nonalcoholic Fatty Liver Disease

Best Practice Advice 5: When the
Quality of Ultrasonography Is
Suboptimal for Screening of
Hepatocellular Carcinoma (eg, Due to
Obesity) Future Screening Should Be
Performed by Either Computed
Tomography or Magnetic Resonance
Imaging Scan, With or Without
a-Fetoprotein, Every 6 Months

Loomba et al., Gastroenterology 2020
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NASH limits anti-tumour surveillancein
immunotherapy-treated HCC
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Current situation in NASH treatment



52 weeks of lifestyle intervention

% Weight loss (WL) 5%
NASH-resolution l I
l [
FIBROSIS-regression | |
STEATOSIS improvement 35% | 65% i
. . I [

% Patients achieving WL 70% | 12%

|

Data from Vilar-Gomez et al.

Romero-Gomez et al., J Hepatol 2017




Gastroenterology 2020;m:1-7

AGA Clinical Practice Update on Lifestyle Modification Using Diet
and Exercise to Achieve Weight Loss in the Management of
Nonalcoholic Fatty Liver Disease: Expert Review

Zobair M. Younossi, *“* Kathleen E. Corey,”* and Joseph K. Lim*

"Center for Liver Diseases and Department of Medicine, Inova Fairfax Medical Cam;)us, Falls Church, Virginia; “Betty and Guy
Beatty Center for Integrated Research, Inova Health System, Falls Church, Virginia; *Liver Center, Division of Gastroenterology,
Department of Medicine, Massachusetts General Hospital, Boston, Massachusetts; and “Yale Liver Center and Section of
Digestive Diseases, Yale University School of Medicine, New Haven, Connecticut



REGENERATE: a Phase 3 trial of
obeticholic acid (OCA) for NASH

Primary endpoint (ITT): fibrosis improvement Primary endpoint (ITT): NASH resolution Fibrosis improvement or worsening by 21 stage
by 21 stage with no worsening of NASH with no worsening of fibrosis (per protocol with post-baseline biopsy)
4or #0=0.0002 40, <Worsened Fibrosis || Improved Fibrusis>
p=0.13
L 0CA25mg |
N p=0.04 30 | (n=213) 38.0%
a ] o
.; 5 =0.18
£ 2 231% 3 20 P 0CA10mg
s o (=223  16.6%
° 17.6% X
100
11.9% 10 11.2% 11.7%
Placebo
8.0% (n=220)7 20-9%
0 L L L L L )
Placebo OCA 10 mg OCA 25 mg Placebo OCA 10mg OCA 25 mg 30 20 10 0 10 20 30 40
(n=311) (n=312) (n=308) (n=311) (n=312) (n=308) % Patients

* OCA 25 mg QD met the primary endpoint of improvement in liver
fibrosis with no worsening of NASH

» Although the additional primary endpoint of NASH resolution with no
worsening of fibrosis was not met, resolution of NASH based on the
overall pathologist’'s assessment was more frequent with OCA 25 mg

Younossi, EASL 2019



Aldafermin, a FGF-19 analog, in patients with NASH

24- week, phase 2 study, in 78 patients with biopsy-proven NASH. Key inclusion criteria were NAS score 24,
stage 2 or 3 fibrosis, and absolute liver fat content 28%, measured by MRI-PDFF. Patients were randomly
assigned to s.c PL or aldafermin 1 mg daily for 24 weeks. The primary outcome was change in liver fat
content by week 24. Secondary outcomes were serum markers, fibrosis improvement and NASH resolution.

Fibrosis improvement with NASH resolution with Fibrosis improvement
Liver Fat Content no worsening of NASH no worsening of fibrosis AND
P=.10 P=.20 NASH resolution
Placebo Aldafermin P= 015
I I 0 = |
S 0 40 38% 40 40 1
g 2] 2 301 £ 30 24% £ 30- 229,
2® £ 5| 18% £ 29- 2 204
33 61 —2.7 2 2 9Y, §
85 4. € 10- £ 101 — £ 1o
< [ ] 0%
_1{}_ _?.? c:l T T ﬂ I T 0 T T
L i Placebo Aldafermin Placebo Aldafermin Placebo Aldafermin
P =.002
Trial population: NAS =4, stage 2 or 3 fibrosis
Trial arms: placebo (n=25), aldafermin 1 mg (n=53) GaStrDente_r()lOgy

Harrison e tal., Gastroenterology 2021



The pan-PPAR agonist lanifibranor in NASH

Phase 2b, double-blind, RCT in 247 patients with noncirrhotic, highly active NASH assigned to 1200 or 800 mg of
lanifibranor or PL once daily for 24 weeks. 103 (42%) had T2D and 188 (76%) had significant or advanced fibrosis.

End Puoint

Primary end point: reduction of =2 points
in SAF-A score and no worsening
of fibrasis

Lanifibranor, 800 mg
Lanifibranor, 1200 mg
Secondary end point resolution of NASH
without worsening of fibrosis
Lanifibranor, 800 mg
Lanifibranor, 1200 mg
Secondary end paint: improvement in fibrogis
stage of =1 without worsening of NASH
Lanifibranor, B0O mg
Lanifibranor, 1200 mg
Compasite secondary end point: resolution
of NASH and improvement in fibrosis
stage of =1
Lanifibranor, 800 mg
Lanifibranor, 1200 mg

Placebo

percent of patients with response

33
31

22
22

23
29

Lanifibranor

55

39
49

34

33

Placebo Better

Risk Ratio (95%6 Cl)

1.45 (1.00-2.10)
1.69 (1.12-2.34)

1.70 {L07-2.71)
2.20 (1.49-3.26)

1.15 (0.72-185)
1.68 {1.15-2.46)

2.57 (1.20-551)
3.95 (2.03-7.66)

6.0 20100

Lanifibranor Better

Francque et al., N Engl J Med 2021

Primary end point:

decrease of at least 2
points in the SAF-A
score (ballooning and
inflammation) without
warsening of fibrosis

Secondary end points:

surrogate biomarkers,
resolution of NASH
and regression of
fibrosis.

I




The GLP-1 agonist semaglutide induces NASH resolution

but does not improve fibrosis

A Resolution of NASH with No Worsening of Liver Fibrosis
(primary end point)
Odds ratio, 3.36 (95% CI, 1.29-8.86)

1
Odds ratio, 2.71 (95% Cl, 1.06—7.56)

100 I ]
90 QOdds ratio, 6.87
(95% Cl, 2.60-17.63)
g 80+ P<0.001
| 1
-g 70 s
£ 60
'E 50+
g 40 40 36
g 310
&
20 17
0

Semaglutide, Semaglutide, Semaglutide, Placebo
0.1 mg 0.2mg 0.4 mg (N=58)
(N=57) (N=59) (N=56)

B Improvement in Liver Fibrosis Stage with No Worsening of NASH
(confirmatory secondary end point)

Odds ratio, 1.96 (95% CI, 0.86—4.51)

Odds ratio, 1.00 (95% Cl, 0.43-2.32)
100, I ]
90 Odds ratio, 1.42
(95% Cl, 0.62-3.28)
80— P=0.43
70

60
50 49
40—

30

Percentage of Patients

10

Placebo
(N=58)

0
Semaglutide, Semaglutide, Semaglutide,
0.1 mg 0.2 mg 0.4 mg
(N=57) (N=59) (N=56)

Newsome et al., NEJM 2020
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O PAM-151/Promedior, Roche o Novo Nordisk
@ TERN 201/ tirzepatide/ Eli Lilly
Teins @ licoglifiozin/ |
O cotadutide/A7 Novertis
Apoptosis Inhibitors |

® dapaglifiozin/Az
® IMM-1248/Immuron.

O HM1S211/Hanmi

Glucose Pathway Modulators

Immune Modulators |

| Pre-reg  Phaselll  Phasellb  Phasell

O BFKBBABBA/Genentech O AKR-001/Akera @ BI089-100/Teva, B9bio

O IONIS-DGAT2R/Ionis @ PF-06865571/Pfizer

® aramchol/Galmed
® VK2809/Viking

resmatirom/
Madiigsl @ icosabutate/NorthSea ® TVe2440, ® bulevirtide/MYR
® norursodeoxycholic acid/
Or. Falk ® “epeleut W

Lipid Modulators |

Ahmmune“ cIetis

o)

® CER-209/Cerenis
@ elobixibat/Abirco, LA Pharma

®  Oral
FT 4101/FORMA, Celgene, BMS
O Subcutaneous
O AZD2693 (ION839)/AZ, lonis L Y
® parenteral
Incrotins i

Courtesy of Prof. Marchesini Reggiani




THANK YOU!

“Mr. Osborne, may | be excused?
Mv brain is full.”



