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Fatty Liver Disease: Alcoholic and Nonalcoholic

Fatty Liver Disease
25% hepatic steatosis

Alcoholic (ALD) No(rll\lil\cl::cl)_rlljc;”c



ALD or NAFLD: How Do You Know?

A standard drink of beer, distilled spirits, and wine
each contain the same amount of alcohol.

Dose of Alcoho| b

Standard Alcoholic Drink = 10 g of alcohol




Metabolic Syndrome

* Insulin Resistance

» Dyslipidemia

* Hypertension

\ Y

NAFLD




Comorbidities Associated With NAFLD:
Global Prevalence Among NAFLD Patients

NAFLD is Associated With a High Burden of Metabolic Comorbidities
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Adapted from Younossi ZM, et al. Hepatology. 2016;64:73-84.



Estimated Global Prevalence of NAFLD: 25%

24% 24%

27°%
32% &

13%

31%

Meta-analysis: NAFLD diagnosed by imaging
(US, CT, MRI/SPECT; n=45 studies)

Younossi ZM, et al. Hepatology. 2016;64:73-84.



Burden of NAFLD Among Young Adults in the US

 National Health And
Nutrition Examination
Survey (NHANES) database

e 14,371 subjects

e Age 18-35

e Three study periods:
e 1988-1994

* 1999-2004
* 2005-2010

Abou Mrad R., Alkhouri N., et. al. Hepatology. 2016.



Young Kids, Old Bodies




The NAFLD Spectrum

NAEL — Early NASH — Fibrotic —

(F2-F3)



The NAFLD Spectrum (con’t)

= —  Fibrotic
NAFL —r Early NASH — (F2-F3) —
Normal Inflammation
Activity
Steatosis Ballooning



Four Stages of Fibrosis

Periportal OR Periportal AND
Perisinusoidal Perisinusoidal

Bridging Fibrosis Cirrhosis



NASH is the Most Common Indication for Liver
Transplantation (LT) in Women in the U.S.

Noureddin M, Alkhouri N et al. AJG. 2018



Weight Loss Through Lifestyle Modification in NAFLD

> 10% FIbFOS.IS < 10%
regression

(45% of patients)!!

NASH resolution
> 79 )
> 7% (64% to 90% of patients)* e

> 59 Ballooning/inflammation improvement

(o)
(41% to 100% of patients)* 30%

Steatosis improvement

> 20,
2 3% (35% to 100% of patients)*

Not reported

*Depending on degree of weight loss.

Vilar-Gomez. Gastroenterology. 2015;149:367.



Weight Management Spectrum for NAFLD

Traditional PDT for Weight AOMs EndoBariatric Bariatric
Lifestyle Loss - Oral Procedures sSurgery
Intervention - Injectable



Is NASH Reversible with Bariatric Surgery?

_ Primary outcome
* French single-center study of pZ0.00l

bariatric surgery in severely ,

Resolution of NASH According
to Weight Loss

obese patients with biopsy- 100+
confirmed NASH (N = 180) 100+
80 - 30 -
° At 5 yrs. post surgery, 64 of o 84.4% S 60-
94 patients (84%) had NASH S 40- '
resolution with no worsening 40 4 T 0.
of fibrosis 0_.
20 0-5 5-10 >10
* NASH improvement . BMI Loss, kg/m?
fssrsr‘.elated with Welght Baseline 5 years after surgery . Resolution of NASH without

fibrosis worsening
No NASH and/or

fibrosis worsening . NASH and/or fibrosis worsening

I NASH and/or
fibrosis worsening
Lassailly. Gastroenterology. 2020;159:1290.



Current Pharmacologic Treatments for
NASH



e 247 non-diabetic patients with NASH
e Pioglitazone: 30 mg/d
e Vitamin E: 800 I1U/d
e Placebo

* Primary outcome: Improvement in histologic features of NASH

Sanyal AJ et al. N Engl J Med. 2010



Resolution of NASH with Vitamin E and Pioglitazone

m Treatment

B Placebo
100 -
80 -  Vitamin E: Increased overall mortality/
50 - P =.001 hemorrhagic stroke/prostate cancer
P=.05 47 * Pioglitazone: Weight gain, fluid retention-
407 36 . . HF?/ Increased risk of bladder cancer/
20 osteoporosis/
O =1

Vitamin E Pioglitazone 30
800 IU/day mg/day WE DON’T USE PIOGLITAZONE

Sanyal A et al. NEJM 2010



AASLD: Current Pharmacologic Treatment for

Metformin

Pioglitazone

Liraglutide

NASH

Multiple Multiple studies Various Not recommended

Improvement in NAS > May be used in patients
: PIVENS ) : . : :
PPARYy agonist : : 2 without fibrosis with biopsy-proven
Multiple studies )
worsening NASH

GLP-1 receptor Heseluiien 6if Kb Premature to consider

agonist =2 tideu fll_or05|s GLP-1 receptor agonists
worsening

Vitamin E

Improvement in NAS > May be used in
2 without fibrosis nondiabetic adults with
worsening biopsy-proven NASH

Targeting PIVENS
oxidative stress

*NOT FDA-APPROVED

Chalasani. Hepatology. 2018;67:328.



Future Treatments for NASH



The Adult NAFLD Spectrum and Target Population

Fibrotic NASH
NASH (F2- Cirrhosis

F3)

Simple ——  Early
Steatosis NASH

Risk of severe liver disease
compared to controls'!

120 -

104.5

100 -

80 -

60 -

Hazard ratio

40 -

20 -

FO F1 F2 F3 F4

95% Cl (0.90-4.10) (0.84-3.24) (3.10-9.70) (7.90-25.8) (57.2-191.1)

Fibrotic NASH = NAS of 4 or higher + F2 or higher

Hagstrom H et al. J Hepatol 2017;67:1265



FDA Efficacy Endpoints for Phase 3 Trials:
Liver Histologic Improvement

Fibrosis Improvement

=  |Improvement 2 1 fibrosis stage
and

= No worsening of steatohepatitis

BOTH

1. US FDA. Draft Guidance. Noncirrhotic NASH With Liver Fibrosis. December 2018.



Noninvasive Tests (NITs) to Assess Treatment Response

Liver Fat Fraction ALT/ AST
(MRI'PDFF) e >17 U/Lreduction

predicts histologic

= >5% absolute/ > 30% response

relative reduction
associated with
improvement in NAS

Loomba. Gastroenterology. 2019;156:88.
Patel. Therap Adv Gastro 2016;9:692.



GLP-1:

GLP-1/GR/GIP

SCD1:
SGLT1/2:

FGF21:

THR-B:

FGFR1/KLB
MPC

Mixed ag-antag
GR and antag MR

Fatty acid

FASN Inh
GHRH analog
Berberine/UDCA
DGAT2
Inhib./ACCi
DGAT2 Inhib.
AAs

Targeting Pathophysiological Processes

NORMAL LIVER

Semaglutide

MEDI0382, BI456906,
Tirzepatide, Cotadutide,
HM15211

Aramchol

Licogliflozin

Efruxifermin, BIO89-100

Resmetirom,
VK2809

BFKB8488A, MK-3655

MSDC-0602K, PXL065

Miricorilant

Icosabutate

TVB-2640

Tesamorelin

HTD1801

Ervogastat/Clesacostat

I0N224

AXA1125

Targets related to

lipotoxicity &
oxidative stress

STEATOSIS

VLV Lanifibranor

PPARa/y: Saroglitazar

MPC MSDC-0602K, PXLO65

FXR: OCA evpoot, Tern-

101

FGF19: Aldafermin

Testosterone
prodrug

LPCN 1144

* Phase 3 drugs in red

Targets related to
inflammation and
immune activation

Fibrotic NASH

>

Cyclo Inh CRV431

CIRRHOSIS

Cyclo Inh CRV431

* Some drugs have pleiotropic effects

| Galectin Belapectin
Cyclo Inh CRV431
JNK Inh. CC-90001

GLP1 ag +
ACCi + + Cilofexor
FXR

Semaglutide + Firsocostat




Resmetirom (MGL-3196): selective thyroid hormone
receptor-beta agonist

MRI-PDFF MRI-PDFE
Liver Biopsy ~ PK assessment MRI-PDFF Liver Biopsy MRI-PDFF

''''' ) S S S S Y Wi

Screening DI W2 wa W8 W12 W24 W36 Extension W12



Resmetirom significantly decreases hepatic fat in NASH patients at week 12
MRI-PDFF, and was associated with NASH resolution at week 36 biopsy

Fat Reduction at week 12 MRI-PDFF

Relative Change in MRI-PDFF (%)

Placebo

n=38

p=0.02*"

.|

p<0.0001

MGL-3196
n=78
p<0.0001

High MGL-
3196

n=44
p<0.0001

Low MGL-
3196

n=34
p<0.0001

p<0.0001

-22.5

*p<0.02

80

70

60

50

40

20

10

230% Fat Reduction (%)

High MGL- Low MGL-

Placebo MGL-3196 3196 3196

p<0.0001

p<0.0001

*p<0.04
41.2

Harrison SA,

NASH Resolution at week 36 biopsy

... Alkhouri N et al. Lancet 2019. 2012-2024



Lanifibranor: A pan-PPAR agonist

Francque S et al. Nature Rev Gastroenterol Hepatol 2020



Lanitibranor: Signiticant improvements in both
resolution of NASH and regression of fibrosis

Francque S, ... Alkhouri N, et al. AASLD 2020



Semaglutide (GLP1 agonist): Efficacy and safety
of once-daily SQ

Trial objective: To compare the effect of three different doses of semaglutide subcutaneous (s.c.) once daily

versus placebo on histological resolution of NASH

03mg | Semaglutide 0.4 mg once daily

Matched placebo

Eligible patients

Biopsy confirmed NASH

NAS > 4 Semaglutide 0.2 mg once daily
Fibrosis stage 1, 2 or 3 Matched placebo

BMI > 25 kg/m? 3:1:3:1:3:1
0.0smg | Semaglutide 0.1 mg once dail
HbA,. < 10%
Matched placebo

| I | | | N . 7 weeks
| | | | | T .
0 4 8 12 16 72 Follow-up
Liver biopsy 72 weeks of treatment Liver biopsy

plus nutritional and physical activity counselling

Primary endpoint: Confirmatory secondary endpoint:

Resolution of steatohepatitis and no worsening in liver Improvement in liver fibrosis and no worsening
fibrosis in patients with baseline fibrosis stage 2 or 3 in steatohepatitis with baseline fibrosis stage 2 or 3

BMI, body mass index; HbA,,, glycated hemoglobin; NAS, non-alcoholic fatty liver disease activity score; NASH, non-alcoholic steatohepatitis.

Newsome P et al. NEJM 2021



Resolution of steatohepatitis and no worsening
in liver fibrosis

Patients with fibrosis stage 2 or 3 at baseline

p=0.0100
100+ p=0.0359
;\? 80 - p<00001
o 58.9
= 60
o
S 40.4
.5 40 - 35.6
S
2 90 17.2
= i
0- -
Semaglutide 0.1 mg Semaglutide 0.2 mg Semaglutide 0.4 mg Placebo
(n=57) (n=59) (n=56) (n=58)

Data based on in-trial period. Two-sided p-values from a Cochran-Mantel-Haenszel test. Patients with missing data handled as non-responders. p<0.05
signifies statistical significance.

Newsome P et al. NEJM 2021



REGENERATE Study: Interim Efficacy Analysis at 18
Months

. . . Primary Efficacy Endpoints (ITT
Fibrosis improvement (>1 stage) and no Y Y =nap (7D
[ Obeticholic acid 10 mg (n=312)

worsening of NASH in patients (obeticholic [ Obeticholic acid 25 mg (n=308)
acid versus placebo) [Mriacebo (n=311)

w
o
[ ]

N
ol
L

23%"

10 mg: 18% versus 12% (P<0.05) < 20 |
25 mg: 23% versus 12% (P=0.0002) versus Y e
placebo 8157
= 12% 119  12%
% 10 8%
Pruritus: 50% in the OCA 25 mg N
arm

Worsenlng Ilpld prOflle: Increase |n 0- Fibrosis Improvement NASH Resolution With

(21 Stage) With No Worsening No Worsening of Fibrosis

LDL and decrease in HDL of NASH
Cho I eCyStitiS/ ?H epatOtOXi Clty Younossi Z, et al. Lancet 2019. 2184-2196



Ruling Out the Presence of
Advanced Disease by PCPs



Advanced Fibrosis (F3-F4) Increases the Risk of
Liver-Related Morbidity and Mortality

Risk of severe liver disease Liver-related mortality rate ratio?
compared to controls?

120 -

104.5

100 -

80 -

60 -

Hazard ratio

40 -

20 -

F F1 F2 F3 F4 95% confidence intervals (0.17-11.95) (1.67-54.93) (2.92-95.36) (3.51-510.34)
95% confidence intervals (0.90-4.10) (0.84-3.24) (3.10-9.70) (7.90-25.8) (57.2-191.1)

l | |
EARLY ADVANCED

EARLY ADVANCED FIBROSIS FIBROSIS
FIBROSIS FIBROSIS

1. Hagstrom H et al. J Hepatol 2017;67:1265 —1273; 2. Dulai PS et al. Hepatology 2017;65(5):1557-1565.



Simple NITs to Rule Out Advanced Disease (F3-F4)

Serologic Imaging
 Simple Scores * Proprietary predictive * Elastography
* FIB-4 Index Scores —VCTE (Fibroscan)
* NAFLD Fibrosis Score (NFS) || _ FiproSURE™, Liver FASt™ ||  — ARFI
* AST/ ALT ratio _ELF _ SWE
* APRI
— Velacur

Alkhouri N et al. Gastroenterol Hepatol 2012;8(10):661-668




“Simple Scores” for Predicting Advanced (F3-4) Fibrosis

NAFLD Fibrosis Score FIB-4 Score
e =-1.675+0.037 x Age + 0.094 x BMI + 1.13 x e =(Age * AST) / (Platelets * Sqgrt (ALT))
IFG/diabetes + 0.99 x AST/ALT ratio - 0.013 x . .
Platelets - 0.66 x Albumin. e Ascore of less than 1.3 excludes fibrosis (NPV 95%)
e A score greater than 3.25 predicts fibrosis (PPV
e Ascore of less than -1.455 excludes fibrosis (NPV ~70%)
88-93%).

e Ascore of greater than 0.676 predicts fibrosis (PPV
82-90%).

Low Cutoff (NPV) High Cutoff (PPV)

Low Probability of F3/4

PCP Management

Angulo et al. Hepatology. 2007; Sterling et al. Hepatology. 2006; McPherson et al. Gut. 2010



Enhanced Liver Fibrosis (ELF™) Test for prognosis jn="s .
advanced NASH

Procollagen Il amino _ - _
terminal peptide (PIIINP) Tissue inhibitor metalloproteinase-1

(TIMP-1)

Hyaluronic acid

Markers of extracellular matrix Marker of ECM repair inhibition:
(ECM) synthesis: Elevated levels impair fibrolysis and
Elevated levels associated with increase fibrosis

increased ECM deposition and
fibrogenesis
Fully Automated: ELF Score Calculated and Reported

ELF score*" =2.278 + 0.851 In (C,;,) + 0.751 In (Cpynp) + 0-394 In (Crippp.1)

I WNr/ il I "W IVIIEIWA

Score shown is for the test run on the ADVIA Centaur XP system.
Arpino V, Brock M, Gill SE. The role of TIMPs in regulation of extracellular matrix proteolysis. Matrix Biol 2015;44-46:247-54.

Rosenberg WM, Voelker M, Thiel R, et al. Serum markers detect the presence of liver fibrosis: a cohort study. Gastroenterology 2004;127:1704-13.



Prospective Evaluation of a Primary Care Referral
Pathway

Srivastava A, ... Rosenberg W. J of Hepatol 2019. 71: 371-378



HCV Overview

Virology
Epidemiology
Transmission
Natural History
Testing
Treatment



Hepatitis C Virus (HCV)

e Single-stranded RNA virus

e Result in both acute and chronic
hepatitis

e HCV is a blood-borne infection



6 HCV Genotypes

Others
3%

GT3
6%

GT 1 accounts

for 78% of
HCV infections




Hepatitis C- The Numbers

71 million 2.2 million

people worldwide people in US

#1

blood-borne infection in US O FDA-approved

indication for liver transplantation vaccines
cause of liver cancer in US




Rates of Reported Acute Hepatitis C,
by Race/Ethnicity — United States, 2002-2017

3.5 -

= N N w
U o U o

=
o

Reported cases/100,000 population

0.5

Year

—o—American Indian/Alaska Native —m—Asian/Pacific Islander Black, Non-Hispanic White, Non-Hispanic —#=Hispanic

Source: CDC, National Notifiable Diseases Surveillance System.



Natural History of HCV

Acute Infection,
20-30% with symptoms

Clearance of HCV RNA, Fulminant Hepatitis,
15%-25% Rare

Chronic Infection,
75%-85%

Extrahepatic
Manifestations

Chronic Active
Hepatitis

Cirrhosis,
10%-20% over 20 years

HCC, 1%-4% per year

Decompensated Cirrhosis,
5-year survival rate of 50%

Chen & Morgan. 2006.



HCV Can Be Cured in Most Patients: SVR

Treatment Goal:
SVR!

Treatment Goal:
Life-long viral suppression?

Host Cell

Proviral DNA

@\/)
Host DNA
Vol

{Ieus

Treatment Goal:
Life-long viral suppression?

1. Soriano V, et al. J Antimicrob Chemother. 2008;62:1-4;
2. Swain MG, et al. Gastroenterology. 2010;139:1593-1601.



Which Patients

Should
We Screen?



AASLD/IDSA HCV Guidance Document
Recommendations for Screening

* One-time, routine, opt out HCV testing is recommended for all
individuals aged 18 years and older.

e One-time HCV testing should be performed for all persons less
than 18 years old with behaviors, exposures, or conditions or
circumstances associated with an increased risk of HCV
Infection (e.g. Injection drug use).

 Annual HCV testing is recommended for all persons who inject
drugs and for HIV-infected men who have unprotected sex with
men.

Available at: www.hcvguidelines.org. Accessed January 21, 2020.



Linkage to
Care



Under-Diagnhosis:
The Largest Gap in the Cascade of Care

100%
100% A
80% -
60% -
40% A
% 16%
20% 9%
0% , N
Chronic HCV Diagnosed and HCV RNA Underwent Prescribed HCV ~ Achieved Cure
Infection Aware Confirmed Disease Staging Treatment
Access to Complete
Antibod Confirmatory Linkage to Access to Treatment
ody Testing HCV Provider DAAs Retained
Testing in Care

+ 8 &

Terrault NA. Hepatitis C elimination: challenges with under-diagnosis and under-treatment [version 1; peer review: 2 approved]. F1000Research 2019, 8(F1000 Faculty Rev):54
(https://doi.org/10.12688/f1000research.15892.1)



https://doi.org/10.12688/f1000research.15892.1

The AASLD/IDSA Recommendation
for Linkage to Care

All persons with current active HCV infection should be linked to
a practitioner who iIs prepared to provide comprehensive
management

Available at: www.hcvguidelines.org. Accessed March 13, 2018.



HCV Management
and
Treatment Update



HCV Cure Rates Now Exceed 95%

34 Gen
2" Gen DAAs
DAAs IFN-Free
100% A IFN-Free Regimens
Regimens
o Telaprevir or
80% - Boceprevir +
-)ED PeglFN/RBV
IS
o 60% -
G:_) PeglFN/
8 RBV
40% A IFN/RBV
20% -
0% -
1991 1998 2001 2011 2013 2014+
Year

*Cure rates based on data from clinical trials



Approved DAAs from Multiple Classes:
Combination All-oral Regimens for HCV

5 NTR Structural proteins Nonstructural p 3'NTR
-.-"" ’; -
_==" Envelope »-  Metalloprotease
==~ Glycoproteins P Serine protease RNA S~
»’ RNA helicase  cotactors Polymerase

Capsid |

NS3/4A
Protease
Inhibitors

-previr
Grazoprevir

NSSA
Inhibitors

Polymerase
Inhibitors
Tarik Asselah
-asvir -buvir
Ledipasvir Sofosbuvir



HCV Drugs YOU Need [0 Know
About In 2023

Protease | polymerase  NSSA - go gy, Contra
inhibitors inhibitors inhibitors indications
Harvoni ® Sofosbuvir Ledipasvir 1,4,5,6
Epclusa ® Sofosbuvir Velpatasvir 1-6 (2,3)
Vosevi ® Voxilaprevir Sofosbuvir Velpatasvir 1-6 CTPC
Mavyret ®  Glecaprevir Pibrentasvir 1-6 CTPC




Data on
Approved
Therapies



Velpatasvir (NS5A)/Sofosbuvir (NS5B) x
12 Weeks (ASTRAL 1): GT1-6

" 68% treatment-naive;
32% TE (IFN based +/- 89 g3 9 100 100 100

97

100 A

RBV +/- Pl)

®79% White, 10% Asian, 80 1
8% Black

®34% GT1a, 19% GT1b
®19% cirrhotic

¥ Considerations 2o -

SVR12 (%)

40 -

" DDIs (eg, amiodarone, PPIs)

® Renal impairment Total 17a 1 2 4 5 6

Genotype

Feld et al. N Engl J Med. 2015; 373: 2599-607.



Glecaprevir (Pl)/Pibrentasvir (NS5A) X 8 or
12 Weeks (ENDURANCE-1): GT1

¥ 62% treatment-naive

" 38% treatment-experienced

® Previously failed PEG +/- RBV or
PEG/RBV +/- SOF

® 5% HIV coinfected

¥ 79% White, 10% Asian, 8% Black
" 43% GT1a

® 15% F2-F3

® Considerations

® DDIs (e.g., atazanavir, rifampin)

® Hepatic impairment (Child-Pugh C)

Zeuzem et al. N Engl J Med. 2018 Jan 25;378(4):354-369. doi: 10.1056/NEJM0a1702417.

% Patients with SVR12

100+

co
o
1

[21]
o
1

B
o
[

N
o
1

o
1

99 997 99 997 100 100 100 100
351 |[xcl3ss  JEEM 18 JREN 2
352 KKSl 334 Gl 18 1 2

Overall Mono- Co SOF-

infected infected experienced
B 8 Week 12 Week



HCV Treatment and Drug Use

® Prospective RCT in patients with
high HCV treatment adherence
despite drug use

® ~60% of patients had
positive urine test
for 21 of 8 drug classes

® Amphetamines, barbiturates,
benzodiazepines, cannabinoids,
cocaine, opiates, phencyclidine,
propoxyphene

" 6/18 (2%) with recurrent viremia
had evidence
of reinfection

GT, genotype; RCT, randomized controlled trial.
Dore G, et al. Ann Int Med. 2016;165(9):625-634.

SVR12, %

100 -

80 -

60 -

40 -

20 A

SVR12 Rates Among Patients with High

HCV Treatment Adherence

91 92 93 24

All GT GTla GT1b GT4 GT6



Antiviral Therapy Guidelines in PWUD

AASLD/IDSA

Recent/active IDU
should not be seen as

contraindication to
HCV therapy*

1. www.hcvguidelines.org; 2. EASL. J Hepatol. 2015.

EASL

Treatment should be
prioritized in those at
risk of transmitting HCV
including active PWUD?



HCV Treatment and ORT

SVR12 Rates By Treatment Regimen

96
97
100 - o4
X 80 A
= 60 -
o
> 40 4
(Vs]
20 -
0 A
Ombitasvir/paritaprevir/ Ledipasvir/sofosobuvir Sofosbuvir/velpatasvir3
dasabuvir/ribavirin? + ribavirin?

® Patients on stable regimen of ORT

® Methadone vs. buprenorphine: No difference in antiviral efficacy, pharmacokinetics, no dose
adjustments?

" No difference in efficacy, adherence, adverse events vs. non-ORT?3

1. Lalezari. J Hepatol 2015; 2. Grebely. Clin Inf Dis. 2016; 3. Grebely. Clin Inf Dis. 2016.



IDSA/AASLD Guidance Document Remains Current
and Best Resource (www.hcvguidelines.org)




Thank You!
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