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NASH: who to treat?
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Goals of therapy

* Improve all cause mortality, quality of life and
functional outcomes:
— cardiovascular outcomes
— liver related outcomes
— cancer related outcomes
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Thiazolidinediones for NASH
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Sanyal et al, NEJM 2010



Mitochondrial target of thiazolidinediones
(mTOT)

Effects on pathways that
impact NASH and Diabetes

Glucose
(glycolysis)
Liver (directand indirect effects on multiple cell types)
- Hepatocytes
- —p Loctate = Reduced lipid storage, increased fat oxidation
(fermentation) » Improved insulin sensitivity
Cytosol = Decreased glucose production
- Stellate cells
= Reduced inflammation
Mito = Reduced stimulifor scarring
Macrophages
- = Reduced inflammation
Muscle
PC PDH = Decreased fat content
» |ncreased insulin sensitivity
Oxaloacetate Acetyl-CoA
{gluconeogenesis (OXPHOS) Fat

or anaplerosis . . . . .
P ) = Decreased inflammation, increased adiponectin

*= |ncreased insulin sensitivity

Pancreas
=  Preservation of b-cell phenotype

Chen et al, J Biol Chem. 2012 287(28):23537-48.



Improvement of NASH by
PPARaO/0 activation

Metabolic Syndrome

v

T Visceral and

Macrophages liver fat & Hepatocytes
inflammation
Inflammatory Metabolic FA and lipoprotein
Cytokines Control metabolism

Tailleux, Wouters & Saels BBA 2012 ;1821:809-18



PrimaFy outcome (based on FDA definition)

Efficacy on NAS>4 at various stage of fibrosis

All NAS24
(FO-F1-F2-F3)

NAS>4
(F1-F2-F3)

NAS24
(F2, F3)

FAS, N=234

EES, N=202

FAS, N=204

EES, N=176

FAS, N=118

EES, N=99

12%

15%

* comparison Elafibranor-120 mg vs Placebo

3-52
[1-32,9-40]
3-26
[1-17, 9-02]

3.75
[1-39,10-12]

0-009

3.22
[1-15, 8-99]
18-46
[4-80,70-96]
10-59
[2:52,44-50]

0-0001

The 120 mg dose was effective in subpopulations of patients with any fibrosis
(F1-F3), as well as in those with moderate or advanced fibrosis (F2-F3)

Ratziu et al, Gastroenterology 2016
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Effect of OCA on steatohepatitis

% of Patients w/ Improvement MOCA  [IPbo
P=0.0002 P=0.001 P=0.006 P=0.03 P=0.004 P=0.08 P=0.90
0,61
0,53
0,45 0,46

0,38

0,35

0,35

0,31

D,22

0,21

0,12 0,13

1: Data from Tetri et al. The Lancet. Published online November 7, 2014.
2: All p-values compared to placebo. P-value calculated with the Cochran-Mantel-Haenszel test, stratified by clinic and diabetes
status.



http://download.thelancet.com/pdfs/journals/lancet/PIIS0140673614619334.pdf?id=iaaRISr4kX7QHhp1cyvMu
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A model for how NASH may affect LDL-C
mediated atherogenesis

Min et al, Cell Metabolism, 2012



LIN 452: first human experience
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* Rationale: to de-risk the FXR pathway
* Single ascending dose and Multiple ascending dose

* Safe, well tolerated and transient dose-dependent increase in FGF-19,
a marker of intestinal FXR engagement noted without LDL-C rise

Abstract # 32: Badman et al, Novartis Institutes for Biomedical Research, AASLD



FGF19 is a Key Component of the Gut-Liver
Axis in Regulating Metabolism

J Bile Acid Synthesis
V' Lipid synthesis

1 Protein synthesis
1 Liver regeneration

EF1a |— FeF1s —ENGEE

‘ One-time injection of AAV via tail vein
e —.

ﬂ (24 or 52 weeks)

Control FGF19




Primary Endpoint Met with Clinically Meaningful Changes in
Liver Fat Content

Absolute Change Relative Change

]

-0,9

-0,7

-47,3

-11,9

-60,8

p=0.112 p =0.146

p <0.001 0 <0.001

p < 0.001 p < 0.001

Decreases in liver fat strongly correlate with a reduction in ALT, AST and C4
Harrison et al, EASL 2017
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Liraglutide improved NASH in a multicenter, double-
blinded, randomised, placebo-controlled phase Il trial

Primary endpoint: NASH resolution with

no worsening of fibrosis Secondary endpoints

Patients, %

N *p<0.05 vs placebo

" Liraglutide, a long-acting GLP-1 agonist dosed once daily

SC, with overall benefits in T2DM

More diarrhea with liraglutide

Armstrong MJ, et al. EASL 2015, Vienna. #G01



Liraglutide improves MACE

A Primary Outcome

Hazard ratio, 0.87 (95% Cl, 0.78-0.97)
P<0.001 for noninferiority
P=0.01 for superiority

Placebo

Liraglutide
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No. at Risk

12 18 24 30 36 42 48 54
Months since Randomization

Liraglutide 4668 4593 4496 4400 4280 4172 4072 3982 1562 424

Placebo

4672 4588 4473 4352 4237 4123 4010 3914 1543 407

B Death from Cardiovascular Causes
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Patients with an Event (%)

209 Hazard ratio, 0.78 (95% CI, 0.66-0.93)
P=0.007
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No. at Risk

Liraglutide 4668 4641 4599 4558 4505 4445 4382 4322
4672 4648 4601 4546 4479 4407 4338 4267 1709 465

Placebo

T T T T T T T 1
6 12 18 24 30 36 42 48 54

Months since Randomization

1723 484

Marso et al, N Engl J Med. 2016 Jul 28;375(4):311-22



https://www-ncbi-nlm-nih-gov.proxy.library.vcu.edu/pubmed/27295427
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Fatty acid-bile acid conjugate (Aramchol) Phase lla Trial

Mechanism of action: SCD1 inhibition

*Results: Liver fat change by NMRS *

P for trend = 0.02

0,06

-0,03

-0,13

* Magnetic resonance spectroscopy (MRS) is generally considered the clinical gold-standard noninvasive technique for in vivo fat and metabolite
quantification. It is routinely used for measuring liver fat. (Houchun H. et al. Obesity 2010;18(4):841-7.)

Galmed 3 11.Safadi R. et al. Clinical Gastroenterology and Hepatology 2014; 12(12):2085-91
Pharmaceuticals
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file:///Users/alexandrestachowiak/Desktop/DIAS_mention/Day1/Nash-session/Maya%5C11.PhaseIIa%20Paper.pdf
file:///Users/alexandrestachowiak/Desktop/DIAS_mention/Day1/Nash-session/Maya%5C11.PhaseIIa%20Paper.pdf
file:///Users/alexandrestachowiak/Desktop/DIAS_mention/Day1/Nash-session/Maya%5C11.PhaseIIa%20Paper.pdf

Fibroblast Growth Factor 21 (FGF21)

FGF21

* Non-mitogenic hormone

* Important regulator of energy metabolism
* FGF21 has a short half-life (1-2 hours)

Adipocytes
1 Adiponectin
Reduces steatosis,
inflammation, and fibrosis
Beneficial metabolic effects Anti-fibrotic
4 Insulin sensitivity §B26163 (biomarker of fibrosis)

J Lipogenesis & improvement in lipids

FGF21 may have direct and indirect beneficial effects on non-alcoholic steatohepatitis (NASH)
and NASH-related hepatic fibrosis

Owen BM, et al. Trends Endocrinol Metab. 2015; 26(1):22-29;

Gimeno RE, Moller DE. Trends Endocrinol Metab. 2014; 25(6):303-11;
Polyzos SA. Et al. Diabetes Obes Metab. 2010;12(5): 365-83;

Kharitonenkov A and Larsen P, Trends Endocrinol Metab. 2011;22(3):81-86;
Charles E. et al. Hepatology 2016;64(Suppl):17A.

FGF, fibroblast growth factor; HDL, high density lipoprotein; LDL, low density lipoprotein.



Absolute Improvement in Hepatic Fat Fraction
(MRI-PDFF) at Week 16
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BMS-986036 QD and QW treatment compared with placebo significantly reduced hepatic fat fraction J

*Inferential statistical analyses were conducted using a MMRM and not adjusted for multiple comparisons; Cl, confidence interval; MRI-PDFF, magnetic resonance imaging-proton density fat-fraction;
+1 patient in each group completed treatment but did not have adequate MRI-PDFF scans at baseline and Week 16. MMRM, mixed effects model for repeated measures; QD, once daily; QW, once weekly. 2

2
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GS-4997, an Inhibitor of Apoptosis Signal-Regulating Kinase (ASK1),
Alone or in Combination with Simtuzumab for the Treatment of

Nonalcoholic Steatohepatitis (NASH): A Randomized, Phase 2 Trial

* GS4997 (2 doses) + Sim vs Sim alone

* 2:2:1:1:1 randomization, Stratified by diabetes
* NASH, NAS > 5, F2-3

43
8 mg £ SIM ©6mgtSIM M SIM
37

30

30

20

Percent of Subjects

7
11/30 | 8/27 | 2/10 3 - 2/10
1/30
Fibrosis Fibrosis Progression to
Improvement Improvement Cirrhosis

without NASH Worsening *

Loomba et al, Hepatology 2017
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Percent of Subjects (%)

Cenicrivaroc for NASH
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Sanyal et al, AASLD 2016
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Rational approach to therapeutics for NASH

4
Targets:
Mainly anti-fibrotic Metabolic
&% 3 Inflammation
©
17 Fibrosis
2
©
3
a 2
1 Mainly metabolic +
Inflammatory

Disease activity (NAS)
28



Results:

Evo

Lassailly et al, Gastroenterology. 2015 Aug;149(2):379-88

Fibrosis improves after bariatric surgery

p<0.003

3.75%
7.5%

21.25%

40%

27.5%

2.5%
7.5%

13.75%

32.5%

43.75%

m4

3

w2

M1

mo

ution of Fibrosis after surgery

Metavir scale.



Effect of endoscopic duodenal mucosal
resurfacing on glycemic control

Van Baar et al, MS submitted



Early-stage NAFLD _ Late-stage NAFLD >
Steatosis alone NASH stage 1-3 fibrosis * m

Lifestyle intervention
(optimize body weight, fitness, sleep, stress)

Bariatric Surgery

(Proximal gastric bypass, Gastric sleeve etc)

Pharmacological therapy
(vitamin E, glitazones, future therapies)

Screening for HCC

* Biopsy confirmed but may change to non-invasive profile and oesc?phageal
varices

Rinella and Sanyal, Nature Reviews March 2016
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