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The MAFLD Continuum 

Fat infiltration ≥ 5% with 
necroinflammation and 

hepatocellular injury 
(ballooning, hepatocyte 

degeneration, Mallory bodies, 
or megamitochondria)

Steatohepatitis
“NASH”

Increasing fibrosis, leading 
to cirrhosis

Cirrhosis

HCC

Normal Liver

Fat infiltration ≥ 5% 
without ballooning, with 
or without inflammation

Steatosis
“NAFL”

MAFLD

Chalasani. Hepatology. 2018;67:328.



Metabolic Consequences of MAFLD
Cusi. Gastroenterology. 2012;142:711.





 Patients with T2DM and normal AST or ALT evaluated for liver triglyceride content by H-MRS, insulin 
sensitivity, and adipose tissue insulin resistance (N = 103) 
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36%

P = .001

Obese by BMI (kg/m2)

Nonobese
(n = 31)

30.0-34.9
(n = 34)

35.0-39.9
(n = 29)

≥ 40.0
(n = 9)

36%

68%

90%

Portillo-Sanchez. J Clin Endocrinol Metab. 2015;100:2231. Stål. World J Gastroenterol. 2015;21:11077.

Prevalence of MAFLD and NASH in Patients With T2DM 
and Normal Plasma AST or ALT
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 Prevalence of MAFLD 
in overall cohort: 50%

‒ Among these 
patients, prevalence 
of NASH: 56% 



Bril F, Cusi K. Diabetes Care. 2017;40:419.

Advanced Fibrosis in Patients With vs Without T2DM 
By Diagnostic Approach

 Meta-analysis (N = 3229)
Pooled results of patients with and without T2DM  
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Goals of NASH Treatment

Prevent liver-related morbidity and 
mortality

Prevent cardiovascular morbidity and 
mortality



No need to diagnose NASH

if there are no treatments . . .

5/45Wrong!





Liver-directed treatment
 Vitamin E (except in diabetes)[6]

 Pioglitazone[6,7]

Treat T2D and CV 
risk factors[4,5]

 Hyperglycemia 
(GLP-1 RA 
and/or SGLT-2i)

 Hypertension
 Dyslipidemia*

Approaches for Currently Available Treatments

Weight loss[1-3]

 Lifestyle (diet, physical 
activity)

Weight loss medications
 Bariatric surgery

Control
Obesity

Reduce 
CVD Risk

Target
NASH

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. 2016;165:305.
8. Bril. J Clin Endocrinol Metab. 2017;102:2950.

*MAFLD does not increase statin 
risk of drug-induced liver injury.[8]

In patients with advanced liver disease, 
choose or dose drugs appropriately.

No FDA-approved therapies for NASH (Off label)

Currently available therapeutics with proven efficacy





Exercise retards hepatocarcinogenesis

Vigorous physical exercise (5 day/w) (n=415) decreases risk of HCC (RR 0.56) 
(Behrens et al. Eur J epidemiology 2013  







Weight Loss
Outcome Among Patients

Achieving Weight Loss
Patients Sustaining 

Weight Loss at 1 Yr[1]

≥ 10%[1] Fibrosis 
regression

(45% of patients)[1]

< 10%

≥ 7%[1] NASH resolution
(64% to 90% of patients)*

18%

≥ 5%[1-3] Ballooning/inflammation improvement
(41% to 100% of patients)* 30%

≥ 3%[1-4] Steatosis improvement
(35% to 100% of patients*)

Not reported

Percentage of Weight Loss Associated With Histologic 
Improvement in MAFLD

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.

*Depending on degree of weight loss.







Therapies used to control risk factors associated with development of nonalcoholic steatohepatitis. 
†Investigational agents currently in Phase III clinical trials. CCR = C–C motif chemokine receptor; 

FXR = farnesoid X nuclear receptor; GLP-1 = glucagon-like peptide-1; PPAR = peroxisome proliferator–activated 

receptor; SCD-1 = stearoyl-CoA desaturase-1; THR-β = thyroid hormone receptor-β.



Targeting Pathophysiologic Processes

Steatohepatitis (NASH) CirrhosisNormal Liver Steatosis (NAFL)

Targets related to 
insulin resistance 

and/or lipid 
metabolism

Targets related to 
lipotoxicity and 
oxidative stress

Targets related to 
inflammation and 
immune activation

Targets related to 
cell death 

(apoptosis and 
necrosis)

Targets related to 
fibrogenesis and 

collagen turnover

PPARγ: Pioglitazone PPARα/∂: Elafibranor
GLP-1: Liraglutide, 

Semaglutide
FXR: OCA, GS-9674,

Tropifexor   
ACC: GS-0976 FGF19: NGM282
SCD1: Aramchol Vitamin E
FGF21: BMS-986036
THR-β: MGL-3196, VK 2807

CCR2/5: Cenicriviroc
TLR4: JKB-121

ASK1: Selonsertib Galectin: GR-MD-02

MAFLD
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PIVENS: 96-Wk Results of Pioglitazone and Vitamin E
in Patients With NASH
 Double-blind, placebo-controlled, randomized phase III study in adults with biopsy-proven 

NASH and no diabetes or cirrhosis (N = 247)
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Sanyal. NEJM. 2010;362:1675.

43
34 31 31

35
44

21

Placebo (n = 83)
Vitamin E 800 IU QD (n = 84)
Pioglitazone 30 mg QD (n = 80)

Histologic Features
of NASH

Steatosis Fibrosis Lobular
Inflammation

Hepatocellular
Ballooning

Resolution 
of NASH
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Pioglitazone in NASH and Prediabetes or Type 2 
Diabetes: 18-Mo Outcomes 
 Randomized, placebo-controlled, double-blind phase IV study of patients with NASH and 

prediabetes or type 2 diabetes mellitus (N = 101)[1]

N=101

Primary Endpoint

P = .001
P < .001

Cusi. Ann Intern Med. 2016;165:305.
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(No Worsening of Fibrosis)

Resolution of NASH ≥ 1-Point Improvement 
in Fibrosis

58
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51

19

39

25

Placebo (n = 51)
Pioglitazone 45 mg QD (n = 50)

n = 9 29 10 26 13 20

P = .130



Safety and Tolerability of Recommended Therapies 
(Off Label)

Vitamin E (800 IU/day)

 Possible all-cause mortality risk at 
> 800 IU/day[1]

 Increased hemorrhagic stroke risk[2]

‒ Also shows reduced ischemic stroke risk

 Increased prostate carcinoma risk
(HR vs placebo: 1.17; 99% CI: 1.004-1.36; 
P = .008)[3]

Pioglitazone

 Edema, weight gain (~ 2-3 kg over 
2-4 yrs)[4]

 Risk of osteoporosis in women[5]

 Equivocal bladder cancer risk

‒ Increased in some studies[6]

‒ No association in most studies[7,8]

Use of these agents should be personalized for selected patients 
with histologically confirmed NASH after careful consideration of risk/benefit ratio

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. 



 MAFLD patients at high risk for 

CVD morbidity & mortality. 

 Aggressive modification of CVD 

risk factors is considered in all 

patients with MAFLD

 Caution in patients with 

decompensated cirrhosis





Metformin

• Metformin is associated with 
improvement in insulin 
resistance, 
aminotransferase levels, and 
no effect on liver histology

Small, open-label, or 
non-randomized 

published trials in both 
diabetic and non-

diabetic patients with 
biopsy-proven MAFLD





α-glucosidase inhibitors

• Miglitol reduce aminotransferase levels,
hepatic steatosis, and histological
inflammation after 12 months of therapy.

In a small pilot 
study of diabetic 

patients with 
biopsy-confirmed 

NASH

• Acarbose has been shown to reduce serum
ammonia level as well as to improve
intellectual function and mild hepatic
encephalopathy.

A randomized, 
placebo-

controlled trial



Sulfonylureas and glinides

revealed 3 folds increase in HCC

development amongst patients with

T2DM treated with sulfonylureas,

possibly as a result of hyperinsulinemia.

Meta-analyses 
several case-
control studies

Expert opinions advise that insulin secretagogues be 

avoided or used with extreme caution in patients with 

CLD/ESLD.



DPP-4 inhibitors

• Reduction in intrahepatic lipid content
in diabetic patients with clinical MAFLD.

• Improvements in hepatic steatosis and
ballooning in patients with biopsy-proven
NASH irrespective of DM status.

two open-label 
trials of 

sitagliptin



Insulin

suggest an association between insulin

therapy and HCC development amongst

patients with T2DM
Observational   

studies

Expert opinions advise to reserve insulin therapy in

patients with CLD to those who are unable to

receive or inadequately managed by other

antihyperglycemic medications







LEAN: 48-Wk Results of Liraglutide vs Placebo in 52 Overweight Patients With NASH
It is premature to consider GLP-1 agonists to treat patients with MAFLD or NASH. (AASLD 
2018)

Randomized, double-blind phase II study[1] 

Primary Endpoint[2]:
Histologic Improvement
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1. Armstrong. BMJ Open. 2013;3:e003995. 2.Armstrong. Lancet. 2016;387:679. 3. Armstrong. EASL 2015. 
Abstr G01.



Newsome. NEJM. 2021;384:1113.

Semaglutide (GLP-1 agonists) in NASH: Primary Endpoint at 72 Wk

Randomized, double-blind, multicenter phase II trial in 320 adults with BMI 
>25 kg/m2 and biopsy-proven NASH or fibrosis (F1, F2, F3)

Primary outcome: NASH Resolution With No Fibrosis Worsening
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OR: 2.71 (95% CI: 1.06-7.56)OR: 3.36 (95% CI: 1.29-8.86)



Prevention of Fibrosis Progression

 Secondary endpoint of phase II study of semaglutide in NASH

Newsome. NEJM. 2021;384:1113.

Semaglutide 0.4 mg
(n = 82)

Semaglutide 0.1 mg
(n = 80)

Semaglutide 0.2 mg
(n = 78)

Placebo
(n = 80)

Change in Fibrosis Stage

31.3%

37.5%

12.5%

18.8%

46.3%

36.3%

7.5%

10.0%

32.1%

42.3%

17.9%

7.7%

42.7%

36.6%

15.9%

4.9%

WorseningMissingNo changeImprovement



Tirzepatide



Tirzepatide significantly decreased NASH-related 

biomarkers  and increased adiponectin in patients with 

T2DM.



 Tirzepatide 10 mg and 15 mg were found to reduce liver fat
content by more than half (by 8.09%, from a baseline of
15.71%) after 1 year of treatment. The active comparator,
insulin degludec, reduced fat levels by 3.38%.

 These results position tirzepatide as a promising future
treatment for MAFLD.



-Sodium/glucose transpot protein 2 inhibitors: glucose-

lowering effect by SGLT2 inhibition which acounts for 

~90% of glucose reabsorbed by kidney & weight loss.





SGLT-2i treatment contributes to alleviation of MAFLD :

-by reduction of hyperglycaemia, improvement of systematic insulin resistance, elevation of caloric loss and 

reduction of body weight mostly due to glycosuria. 

- A hepatoprotective effect through reduction of hepatic de novo lipogenesis, hepatic inflammation, apoptosis, ER-

stress, oxidative stress, and increase of hepatic beta-oxidation. Reduced activation of hepatic satellite cells and 

p53/p21 pathways by SGLT-2i leads to amelioration of hepatic fibrosis and HCC development. 
GNG: Gluconeogenesis; HSC: Hepatic stellate cells; ROS: Reactive oxygen species; ER-stress: Endoplasmic reticulum stress. 



Recent randomized controlled trials of biopsy-proven 
MAFLD including anti-diabetic agents in recruitment 

Name Design 
Estimated 

enrollment 
Start date Completion date 

DEAN 
Dapagliflozin 10 mg/d versus 

placebo 
100 patients March 20, 2019 June, 2022 

SYNERGY-NASH 
Tirzepatide 5, 10, 

15 mg/week versus placebo 
196 patients November 19, 2019 June, 2022 

REALIST 

Dulaglutide

1.5 mg/week + dietversus

dietary monitoring only 

93 patients September 1, 2019 March 30, 2024 

COMBAT_T2_NA

SH 

Empagliflozin

10 mg/d + semaglutide

1 mg/week versus 

empagliflozin versus 

placebo 

192 patients March 26, 2021 December 2023 

AIM 2 
Pioglitazone 15 mg/d versus 

placebo 
138 patients December 15, 2020 February 29, 2024 



Conclusion







REGENERATE: Study Design
International, randomized, double-blind phase III study of FXR agonist obeticholic acid

Patients with biopsy-confirmed 
NASH, fibrosis stage 2/3, 
MAFLD activity score ≥ 4

(target N ~ 2400)

OCA 10 mg QD
(n = 312)

Placebo QD
(n = 311)

OCA 25 mg QD
(n = 308)

Younossi. EASL 2019. Abstr GS-06. Ratziu. EASL 2016. Abstr THU-488.

Mo 18
Interim Analysis (Histology)

 Primary endpoint at interim analysis by paired biopsy: either fibrosis improvement by ≥ 1 
stage without NASH worsening or NASH resolution without fibrosis worsening

Stratified by T2DM, treatment with 
thiazolidinediones or vitamin E

End of Study
(Event Driven)



REGENERATE Primary Endpoint: Fibrosis Improvement

 Study met fibrosis primary endpoint at 18 mos (ITT) 

Younossi. EASL 2019. Abstr GS-06.

Fibrosis Improvement by ≥ 1 Stage With No NASH Worsening 
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So, MAFLD may be the upcoming concern in 
management of type 2 DM
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NASH patient

No cirrhosis

Metformin

Non obese

Pioglitazone

Obese

Incretin based 
therapies SGLT-2 I

Compensated 
Cirrhosis

Metformin

Alpha 
glucosidase

inhibitor

Decompensated 
cirrhosis

Short acting 
insulin

• SU and glinides can be used with 

caution if no cirrhosis and should 

be stopped if there is cirrhosis

• Insulin is reserved only with 

failure of non-insulin therapy 



NASH patient

No cirrhosis

Metformin

Non obese

Pioglitazone

Obese

Incretin based 
therapies SGLT-2 I

Compensated 
Cirrhosis

Metformin

Alpha 
glucosidase

inhibitor

Decompensated 
cirrhosis

Short acting 
insulin

• SU and glinides can be used with caution if no cirrhosis 

and should be stopped if there is cirrhosis

• Insulin is reserved only with failure of non-insulin therapy 

MAFLD patient

No cirrhosis

Metformin

Non obese

Pioglitazone

Obese

Incretin based 
therapies SGLT-2 I

Compensated 
Cirrhosis

Metformin

Alpha 
glucosidase

inhibitor

Decompensated 
cirrhosis

Short acting 
insulin

• SU and glinides can be used with caution if no cirrhosis 

and should be stopped if there is cirrhosis

• Insulin is reserved only with failure of non-insulin therapy 



Liver-directed treatment
 Vitamin E[9]

 Pioglitazone[9,10]

 Liraglutide (not recommended by AASLD, 
but some evidence from LEAN)[11]

Treat metabolic syndrome[4,5]

 Hypertension

 Dyslipidemia*

 T2D

Other approaches
 Metformin[7,8]

 Simvastatin[8]

Approaches for Currently Available Treatments

 Case: 45-yr-old patient with type 2 diabetes and NASH and F3 fibrosis asks to 
discuss therapeutic options

Weight loss[1-3]

 Diet

 Exercise

 Bariatric surgery

Control
Obesity

Reduce 
CVD Risk

Target
NASH

Reduce
HCC Risk

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. Bril. J Clin Endocrinol Metab. 2017;102:2950. 7. Zhang. Scand J 
Gastroenterol. 2013;48:78. 8. Chen. Medicine (Baltimore). 2015;94:e1013. 9. Sanyal. NEJM. 2010;362:1675. 10. Cusi. Ann InternMed. 
2016;165:305. 11. Armstrong. Lancet. 2016;387:679.

*MAFLD does not increase statin risk of drug-induced liver injury.[6]



Emerging Treatment Options 
for NASH





Targeting Pathophysiologic Processes

Steatohepatitis (NASH) CirrhosisNormal Liver Steatosis (NAFL)

Targets related to 
insulin resistance 

and/or lipid 
metabolism

Targets related to 
lipotoxicity and 
oxidative stress

Targets related to 
inflammation and 
immune activation

Targets related to 
cell death 

(apoptosis and 
necrosis)

Targets related to 
fibrogenesis and 

collagen turnover

PPARγ: Pioglitazone PPARα/∂: Elafibranor
GLP-1: Liraglutide, 

Semaglutide
FXR: OCA, GS-9674,

Tropifexor   
ACC: GS-0976 FGF19: NGM282
SCD1: Aramchol Vitamin E
FGF21: BMS-986036
THR-β: MGL-3196, VK 2807

CCR2/5: Cenicriviroc
TLR4: JKB-121

ASK1: Selonsertib

MAFLD

Galectin: GR-MD-02

Bold: Phase III



FDA: Liver Histologic Improvement Endpoints Likely to 
Predict Clinical Benefit

NASH Resolution
 Resolution of steatohepatitis on 

overall histopathologic reading

and

 No worsening of liver fibrosis

Fibrosis Improvement
 Improvement ≥ 1 fibrosis stage

and

 No worsening of steatohepatitis

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



NASH Treatments in Phase III 
Investigations



Examples of NASH Treatments in Phase II or III 
Investigations

Steatohepatitis (NASH) CirrhosisNormal Liver Steatosis (NAFL)

Targets related to 
insulin resistance 

and/or lipid 
metabolism

Targets related to 
lipotoxicity and 
oxidative stress

Targets related to 
inflammation and 
immune activation

Targets related to 
cell death 

(apoptosis and 
necrosis)

Targets related to 
fibrogenesis and 

collagen turnover

PPARγ: Pioglitazone
GLP-1: Liraglutide,

semaglutide
ACC: GS-0976,PF-05221304
SCD1: Aramchol
FGF21: BMS-986036
THR-β: MGL-3196, VK2809

Galectin: GR-MD-02

MAFLD

Bold = phase III
Some agents have multiple targets 

PPARα/∂: Elafibranor
PPARα/∂/γ: Lanifibranor
FXR: OCA,

GS-9674,
tropifexor  

FGF19: NGM282
MPC: MSDC-0602K

CCR2/5: Cenicriviroc (inflammatory target but affects fibrosis)

ASK1: Selonsertib (cell death target but affects fibrosis)
Caspase: EmricasanP2X7R: SGM-1019



NASH Treatments Currently in Phase III Investigations

Phase III/IV studies use adaptive design

 Histologic endpoints for Subpart H conditional approval

 Clinical endpoints for full approval

1. NCT03028740. 2. NCT02704403. 3. NCT02548351. 4. NCT03439254. 5. NCT03053050. 6. NCT03053063. 

Agent MoA Trial N Primary Endpoint(s)
Time 
Point

Cenicriviroc CCR2/5 antagonist AURORA[1] 2000 ≥ 1 stage fibrosis improvement with no NASH worsening 12 mos

Elafibranor PPARα/σ agonist RESOLVE-IT[2] 2000 Resolution of NASH with no fibrosis worsening 72 wks

Obeticholic 
acid

FXR agonist
REGENERATE[3] 2370

≥ 1 stage fibrosis improvement with no NASH worsening;
resolution of NASH with no fibrosis worsening

18 mos

REVERSE[4] 540 ≥ 1 stage fibrosis improvement with no NASH worsening 12 mos

Selonsertib ASK1 inhibitor
STELLAR 3[5] 808 ≥ 1 stage fibrosis improvement with no NASH worsening;

event-free survival
48 wks

STELLAR 4[6] 883 NASH with compensated cirrhosis 240 wks





Effect of New Antidiabetics on Steatosis in Different Organs of Obese 

Rats and Nerve Conduction Velocity

Abdelaziz M. Hussein1, Elsayed A. Eid2, Ahmed Abdulatif Mosa2, Omar A. Ammar3, Nehal H. M. Abdel-
Halim1, Yomna M. Yehia1, Hossam Arafa Ghazi4, Sherif Arafa5, Mohamed Elbasiony4,6 

1Department of Medical Physiology, Mansoura Faculty of Medicine, Mansoura, Egypt

2Department of Internal Medicine, Faculty of Medicine, Delta University for Science and Technology, Gamasa, Egypt

3Basic Science Department, Delta University for Science and Technology, Gamasa, Egypt

4Department of Internal Medicine, Faculty of Medicine, Mansoura University, Mansoura, Egypt

5Department of Cardiology, Faculty of Medicine, Mansoura University, Mansoura, Egypt

6Egyptian liver research institute, Sherben, Egypt



Key Take-Away Slide



MAFLD is a global epidemic & more frequent among diabetics & the 
commonest liver disease worldwide.

 Life style modification is corner stone in management of MAFLD.

 Strive for weight loss in patient tailor and individualized approach.

 In absence of FDA approved therapies for NASH, utilize available therapies 
for primary and secondary benefits.

Aggressively treat /optimize all metabolic risk factors

 Reduction of cardiovascular risk is essential in patients with MAFLD 
(dyslipidemia, hypertension, DM, smoking) 

 Treatment will probably be based on a combination of therapies in  addition 
to lifestyle modification. 



Let’s have Hope 









Cenicriviroc



Cenicriviroc: CCR2/CCR5 Inhibitor

Friedman. Hepatology. 2018;67:1754. 

CCR2/CCR5 inhibitor blocks binding
of inflammatory macrophage to hepatic stellate cell

Inflammatory 
macrophage

Hepatic
stellate cell

Inflammatory response 
to hepatocyte injury

Fibrogenesis
x



CENTAUR: Cenicriviroc vs Placebo in Patients With 
NASH at Yr 1 and 2
 International, randomized, double-blind, phase IIb study in pts with NASH, NAS ≥ 4 and F1-F3 

fibrosis (N = 289)[1]

1. Friedman. Hepatology. 2018;67:1754. 2. Ratziu. EASL 2018. Abstr GS-002. 

Cenicriviroc 150 mg PO QD
Placebo

Primary Endpoint
at Yr 1[1]

≥ 2 Point NAS 
Improvement 

and No Fibrosis 
Worsening

≥ 2 Stage Fibrosis 
Improvement 
and No NASH 

Worsening
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*Subset achieving ≥ 1-stage 
improvement in fibrosis at Yr 1.



CENTAUR: Cenicriviroc Safety at Yr 2

 No clinically meaningful difference in 
overall incidence of AEs vs placebo

 Most AEs mild to moderate

 No deaths or study drug related, 
treatment-emergent serious AEs

 Drug-related AEs of grade ≥ 2 in ≥ 2% 
of patients occurred in 8.3% and 5.0% 
in cenicriviroc and placebo arms, 
respectively

 Serious AEs or ALT elevation no 
higher in cenicriviroc vs placebo arm

Ratziu. EASL 2018. Abstr GS-002.



Elafibranor



Elafibranor

PPARα

 Fatty acid oxidation
 TG lowering
 HDL raising
 Inflammation

Liver

PPARδ

 Lipoprotein metabolism
 Glucose homeostasis
 Energy metabolism
 Inflammation

Slide courtesy of Bart Staels, MD

Elafibranor: PPARα/δ Agonist 



GOLDEN-505: Elafibranor vs Placebo in Patients With 
NASH at Wk 52
 Double-blind, placebo-controlled, randomized, international phase IIb study in patients 

with noncirrhotic NASH (N = 276)

‒ Primary endpoint: resolution of NASH without fibrosis worsening at Wk 52

Elafibranor 80 mg PO QD (N = 93)
Elafibranor 120 mg PO QD (N = 89)
Placebo (N = 92)

Ratziu. Gastroenterology. 2016;150:1147.
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GOLDEN-505: Correlation Between NASH Histology and 
Fibrosis at Wk 52, Tolerability
 Changes in hepatocyte ballooning and lobular 

inflammation correlated with changes in fibrosis 
stage (P = .04 and P < .001, respectively)[1]

‒ Changes in steatosis did not correlate with changes 
in fibrosis stage

 Liver enzymes, lipids, glucose profiles, and 
markers of systemic inflammation significantly 
lower in elafibranor 120-mg group vs the placebo 
group[2] 

 Elafibranor well tolerated; no weight gain or 
cardiac events[2] 

 Mild, reversible increase in serum creatinine 
(effect size vs placebo: increase of 4.31 ±
1.19 mmol/L; P < .001)[2] 

1. Ratziu. AASLD 2016. Abstr LB-37. 2. Ratziu. Gastroenterology. 2016;150:1147. 

Fisher test, P < .001
N = 237
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Obeticholic Acid

Farnesoid X receptor agonists



Obeticholic Acid: FXR Agonist

 FXR central to multiple key pathways in animal models

1. Cariou. Diabetes Metab. 2008;34:685. 2. Calkin. Nat Rev Mol Cell Biol. 2012;13:213. 3. Verbeke. Hepatology. 2014;59:2286.

↑ Cholesterol

↓ Bile acids

CYP7a1

↓ Fibrosis

↓ Hepatic 

triglycerides

↑ Glucose tolerance
Multiple mechanisms

via ↓ SREPB-1C

R
X

R

via ↑ β-oxidation

↓ Stellate cell 
activation

via ↑ iNOS↓ Portal 
pressure

FXR agonist
(eg, obeticholic acid)



FLINT: Obeticholic Acid vs Placebo in Noncirrhotic 
Patients With NASH at Wk 72

 Double-blind, placebo-controlled, randomized, international phase IIb study in patients with NASH or 
borderline NASH confirmed by entry biopsy, NAS ≥ 4 (individual scores each ≥ 1), no cirrhosis (N = 283)

Obeticholic acid 25 mg PO QD
Placebo

Neuschwander-Tetri. Lancet. 2015;385:956.
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FLINT: Safety/Tolerability of Obeticholic Acid at Wk 72

 Clinical AEs generally mild to moderate, 
similar in the 2 groups for all symptoms 
except pruritus 

 33/141 (23%) of patients in obeticholic acid 
arm developed pruritus vs 9/142 (6%) in 
placebo arm (P < .0001)

‒ Pruritus more severe in the obeticholic acid 
group

‒ Led to the use of antipruritic medications 
short periods of withholding treatment in 
some patients

‒ Treatment discontinuation in n = 1 patient in 
obeticholic acid group

 Liver enzymes, body weight, systolic blood 
pressure improved significantly with 
obeticholic acid vs placebo

 Higher TC, higher LDL-C, lower HDL-C with 
obeticholic acid vs placebo

‒ Reversed after treatment discontinuation

Neuschwander-Tetri. Lancet. 2015;385:956.



Selonsertib



Selonsertib: ASK1 Inhibitor

ASK1: Apoptosis
Signal-Regulating Kinase

 Activated by oxidative 
stress

 Promotes cell death, 
fibrosis, and inflammation 
via JNK and p38 MAPK

 ASK1-/- mice are normal, 
protected in models of 
liver injury and fibrosis

Stellate Cell 
↑ Activation
↑ Collagen production

Macrophage
↑ Cytokine secretion
↑ Inflammation

Hepatocyte
↑ Apoptosis/necrosis
↑ Mitochondrial ROS

ROS

Oxidized

ASK1

Trx

JNK

p38

Oxidative 
Stress

P

P

P
ASK1

Trx

Loomba. Hepatology. 2018;67:549.



 Open-label phase II study in patients 
with biopsy-proven NASH, NAS ≥ 5, 
F2-F3 fibrosis (N = 72)

 Improvement in fibrosis associated 
with:

‒ Reduction in liver stiffness by MRE

‒ Reduction in collagen content and 
lobular inflammation on liver biopsy

‒ Improvements in serum biomarkers of 
apoptosis and necrosis 

Selonsertib: ASK1 Inhibitor in Patients With NASH at 
Wk 24

Loomba. Hepatology. 2018;67:549.
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Selonsertib: Safety and Tolerability at Wk 24

 Most AEs mild to moderate

‒ 3 led to discontinuation in both 
selonsertib arms (worsening 
schizophrenia, numbness of 
face/upper extremities, 
elevated liver enzymes)

 5 patients with serious AEs, 
all in selonsertib arms

Most Common AEs

AE, n (%)

Selonsertib 
18 mg 

Simtuzumab
(n = 32)

Selonsertib 
6 mg 

Simtuzumab
(n = 30)

Simtuzumab 
(n = 10)

Headache 9 (28) 4 (13) 0 

Nausea 6 (19) 4 (13) 0

Sinusitis 4 (13) 3 (10) 1 (10)

Nasopharyngitis 3 (9) 4 (13) 0

Upper abdominal 
pain

5 (16) 1 (3) 0

Fatigue 5 (16) 1 (3) 0



Investigational NASH Treatments
in Phase II Trials



NASH Trial Endpoints



FDA: Liver Histologic Improvement Endpoints Likely to 
Predict Clinical Benefit

NASH Resolution
 Resolution of steatohepatitis on 

overall histopathologic reading

and

 No worsening of liver fibrosis

Fibrosis Improvement
 Improvement ≥ 1 fibrosis stage

and

 No worsening of steatohepatitis

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



Konerman. J Hepatol. 2018;68:362.

Endpoints for Outcome Measures in NASH

 Hard endpoints and clinical 
endpoints may be challenging to 
measure owing to:

‒ Slow disease progression

‒ Liver biopsy limitations

 Surrogate endpoints used for 
conditional approval 

 Change in fibrosis stage

 Change in ballooning

 Change in necroinflammation

 Change in weight/BMI

 Impact on lipids

 Improvement in IR

 Reduction in liver fat content

Inflammatory

Fibrosis

Metabolic

 Progression to cirrhosis

Clinical

Outcomes

 All-cause mortality

 Liver-related mortality, 
hepatic decompensation

Hard Endpoints



Endpoints for Outcome Measures in NASH

Konerman. J Hepatol. 2018;68:362.

Surrogate Endpoints
in Early-Phase Studies 

MRI-PDFF, multiparametric MRI, CAP

A1C, fasting glucose, HOMA-IR

CTP and MELD scores, HVPG

VCTE and MRE, wet biomarkers*

*eg, pro-C3, FIB-4, NFS, ELF.

Multiparametric MRI, liver enzymes

VCTE and MRE, wet biomarkers*
 Change in fibrosis stage

 Change in ballooning

 Change in necroinflammation

 Change in weight/BMI

 Impact on lipids

 Improvement in IR

 Reduction in liver fat content

Inflammatory

Fibrosis

Metabolic

 Progression to cirrhosis

Clinical

Outcomes

 All-cause mortality

 Liver-related mortality, 
hepatic decompensation

Hard Endpoints



Konerman. J Hepatol. 2018;68:362.

Endpoints for Outcome Measures in NASH Depend 
on Agent’s Target(s)

ASK1 inhibitors
CCR2/5 inhibitors
FXR agonists
Galectin 
inhibitors

PPAR agonists
FXR agonists
THR-β agonists

Example 
Agents†

*eg, pro-C3, FIB-4, NFS, ELF. †Some agents have multiple targets.

P2X7R inhibitors

Surrogate Endpoints
in Early-Phase Studies 

MRI-PDFF, multiparametric MRI, CAP

A1C, fasting glucose, HOMA-IR

CTP and MELD scores, HVPG

VCTE and MRE, wet biomarkers*

Multiparametric MRI, liver enzymes

VCTE and MRE, wet biomarkers*
 Change in fibrosis stage

 Change in ballooning

 Change in necroinflammation

 Change in weight/BMI

 Impact on lipids

 Improvement in IR

 Reduction in liver fat content

Inflammatory

Fibrosis

Metabolic

 Progression to cirrhosis

Clinical

Outcomes

 All-cause mortality

 Liver-related mortality, 
hepatic decompensation

Hard Endpoints



NASH Clinical Trial Endpoints in Early Phase II 
Development

ALT
 10 U/L reduction in ALT associated 

with histologic improvement or 
resolution of NASH[1]

 ≥ 17 U/L reduction predicted 
histologic response[2]

1. Vuppalanchi. Clin Gastroenterol Hepatol. 2014;12:2121. 2. Loomba. Gastroenterology. 2019;156:88.
3. Middleton. Gastroenterology. 2017;153:753. 4. Patel. Therap Adv Gastro 2016;9:692. 

Liver Fat Fraction
(MRI-PDFF)

 ≥ 5% absolute reduction associated 
with improvement in steatosis[3]

 ≥ 30% relative reduction associated 
with improvement in MAFLD 
activity score without fibrosis 
worsening[4]



ALT: Correlation With Histologic Response 

 Logistic regression model of factors associated with histologic response in 
a 72-wk study of obeticholic acid in adults with NASH (N = 283)

‒ Histologic response: decrease in NAS by ≥ 2 points with no fibrosis worsening

Loomba. Gastroenterology. 2019;156:88. 

ALT Decrease ≥ 17 U/L as Predictor of Histologic Response

ALT Decrease at Wk 24 (≥ 17 U/L vs < 17 U/L)

Odds Ratio (95% CI)

P < .0001

1 10 3020



Liver Fat by MRI-PDFF: Correlation With Steatosis Grade 
at Baseline and After Treatment

Median values given with IQRs, dots are outliers.

Middleton. Gastroenterology. 2017;153:753.
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Phase II NASH Therapies With Biopsy Data

Agent MoA N Primary Endpoint
Time 
Point

Aramchol
[1,2]

SCD1 
inhibitor

24
7

Percent change in the liver triglycerides 
concentration

52 wks

GR-MD-
02[3]

Galectin-3 
inhibitor

16
2

Reduction of hepatic venous pressure 
gradient (HVPG)

1 yr

MGL-
3196[4]

THR-β 
agonist

12
5

Change in hepatic fat fraction assessed by 
MRI-PDFF

12 wks

NGM282[

5,6]

FGF19 
analogue

25
0

Change in hepatic fat fraction assessed by 
MRI-PDFF

12 wks

1. Ratziu. AASLD 2018. Abstr LB-5. 2. NCT02279524. 3. NCT02462967. 4.NCT02912260. 5. NCT02443116. 6. Harrison. Lancet. 2018;391:1174.



Example 1 of Liver Fat Endpoint: Aramchol

Ratziu. AASLD 2018. Abstr LB-5.

Aramchol

Wk 52 Outcome, % (n/N) Placebo 400 mg 600 mg 

P Value
(600 mg vs 
Placebo)

≥ 5% absolute reduction in liver fat content
by MR spectroscopy

24.4 (10/41) 36.7 (33/90) 47.0 (39/93) .0279

Resolution of NASH without worsening fibrosis 5.0 (2/40) 7.5 (6/80) 16.7 (13/78) .051

≥ 1 stage fibrosis improvement without worsening 
NASH

17.5 (7/40) 21.3 (17/80) 29.5 (23/78) .211



Example 2 of Liver Fat Endpoint: MGL-3196

Harrison. AASLD 2018. Abstr 14.

Change in Fibrosis or NASH by Biopsy, % Placebo MGL-3196 P Value

Reduction in fibrosis score ≥ 1 point
 Second harmonic generation score
 Pathology score

12
23

32
29

.03
NS

Resolution of NASH 6 27 .02

*P < .0001 vs placebo.

MGL-3196*

Change in Liver Fat Content by 
MRI-PDFF, %

Placebo
(n = 38)

All Patients
(n = 78)

High Exposure
(n = 44)

Wk 12 Wk 36 Wk 12 Wk 36 Wk 12 Wk 36

Relative -10 -8 -36 -37 -42 -49

Absolute -1.6 -2.3 -7.6 -8.5 -8.8 -9.4

≥ 30% relative reduction 18 30 60 68 75 77

Histology endpoints validate liver fat endpoints



 Potentially entering phase III in 2019

Phase II NASH Therapies With Biopsy Data

Agent MoA N Primary Endpoint Time Point

GR-MD-02[1] Galectin-3 
inhibitor

162 Reduction of hepatic venous pressure gradient (HVPG) 52 wks

Aramchol[2,3] SCD1 inhibitor 247 Change in liver triglycerides by MR spectroscopy 52 wks

MGL-3196[4] THR-β agonist 125 Change in hepatic fat fraction by MRI-PDFF 12 wks

NGM282[5,6] FGF19 
analogue

250 Change in hepatic fat fraction by MRI-PDFF 12 wks

1. NCT02462967. 2. Ratziu. AASLD 2018. Abstr LB-5. 3. NCT02279524. 4. NCT02912260. 5. NCT02443116. 6. Harrison. Lancet. 2018;391:1174.











EASL–EASD–EASO Clinical Practice Guidelines for the 

management of non-alcoholic fatty liver disease

Journal of Hepatology Volume 64 Issue 6 Pages 1388-1402 (June 2016) 



Rationale for combination therapy to treat non-

alcoholic steatohepatitis (NASH). 

Jean-François Dufour et al. Gut 2020;69:1877-1884



Summary

 Multiple pharmacologic targets in development for NASH

 2 FDA approvable histologic endpoints for phase III trials

‒ Resolution of NASH without worsening of fibrosis

‒ Improvement of fibrosis without worsening of NASH

 Depending on MoA, various noninvasive surrogate markers in early-
phase development

 Appropriately powered, dose-ranging phase II studies with paired liver 
biopsies required prior to phase III

 Adaptive trial design provides opportunity to speed drug development






