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New Targets and 
Treatments for NASH



Potential Therapeutic Targets in NASH

Adapted from Rotman et al. Gut. 2017;66:180–90

ACC, acetyl-CoA carboxylase; DNL, de novo lipogenesis; FGF21, fibroblast growth factor 21; FXR, farnesoid X receptor; ; GLP-1RA, glucagon-like peptide-1 

receptor agonist; MPC’ mitochondrial pyruvate carrier; NASH, non-alcoholic steatohepatitis; PPAR’ peroxisome proliferator-activated receptor; RXR, retinoid X receptor.
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▪ NASH and fibrosis must be evaluated independently, as treatment may 
have different effects on each

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

US FDA. Draft Guidance. Noncirrhotic Nonalcoholic Steatohepatitis With Liver Fibrosis: 
Developing Drugs for Treatment Guidance for Industry. December 2018.
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Cusi K. Gastroenterology 2012, 142:711-25

Rationale for PPARs in NASH
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Novel GLP-1RAs for NASH
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Tirzepatide versus Semaglutide Once weekly in 
Patients with 

Type 2 Diabetes

Frías, Juan P., et al. New England Journal of Medicine 385.6 (2021): 503-515.



Data are LSM (SE) over time and at 52 weeks. Estimated treatment differences (ETD) at 52 weeks are LSM (95% CI); mITT (efficacy analysis set). MMRM analysis. ††

p<0.01; ††† p<0.001 vs. baseline within treatment group. ∝ represents the mean value at baseline for the respective group.

Tirzepatide 5 mg Tirzepatide 15 mgTirzepatide 10 mg Insulin Degludec

SURPASS-3: Tirzepatide vs. Basal Insulin 
Change from Baseline in Weight after 52 Weeks of Treatment



SURPASS-3: Tirzepatide vs. Basal Insulin 
Change from Baseline in Liver Fat Content after 52 Weeks of Treatment

Data are LSM (SE) at 52 weeks. Estimated treatment differences (ETD) at 52 weeks are LSM (95% CI); mITT (MRI analysis set). ANCOVA analysis. † p<0.05; ††† p<0.001

vs. baseline within treatment group. ∝ represents the mean value at baseline for the respective group.

(Presented at the annual European Association for the Study of Diabetes meeting, Gastaldelli, Cusi et al, September 2021)



SURPASS-3: Tirzepatide vs. Basal Insulin
Liver Fat Content Before and After 52 weeks of Tirzepatide 5 mg/week 

in a 59 year old male on metformin + SGLT-2i
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Cotadutide, a dual GLP-1 and glucagon 
receptor agonist

Nahra, Rajaa, et al. Diabetes Care 44.6 (2021): 1433-1442.



Cotadutide, a dual GLP-1 and glucagon receptor agonist



PROXYMO Study Design



Effect of Cotadutide on 
Hepatic Steatosis



Overall Adverse Events 
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Potential Therapeutic Targets in NASH
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Aldafermin (NGM282; FGF-19 analog):
24-week RCT in patients with nonalcoholic steatohepatitis

Harrison S, et al. Gastroenterology 2021

Conclusion: Aldafermin reduces liver fat content with a trend towards resolution of NASH and 
fibrosis improvement.
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FALCON Phase 2b Program in Advanced NASH 



Primary Endpoint
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Thyroid hormone receptor (THR)-β-selective agonists



Harrison et al, Lancet. 2019;394:2012-24

Resmetirom (MGL-3196) for the treatment of non-alcoholic steatohepatitis: a 
multicentre, randomized, double-blind, placebo-controlled, phase 2 trial



Harrison et al, Lancet. 2019;394:2012-24

Conclusion: Resmetirom reduces liver fat 
content and improves histology.

Resmetirom (MGL-3196) for the treatment of non-alcoholic steatohepatitis: a 
multicentre, randomized, double-blind, placebo-controlled, phase 2 trial
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Targeting the FGF21 Pathway in NASH

Geng L, et al. Nature Reviews Endocrinology 2020;16:654–667.
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Can we Reduce Fibrosis Progression (or induce regression)? 



Pathogenesis of Liver Fibrosis in NASH

Benedict M, Zhang X. World J Hepatol. 2017;9(16):715-732; Bedossa P. Liver Int. 2017;37(suppl 1):85-89; Younossi ZM, et al. Hepatology. 2011;53(6):1874-1882.
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DAMP, danger-associated molecular patterns; ECM, extracellular matrix; IL-1β, interleukin-1beta; PAMP, pathogen-associated molecular patterns; 

PDGF, platelet-derived growth factor; TGF-β, transforming growth factor beta; TNF, tumor necrosis factor; TNF-β, tumor necrosis factor-beta.  



Abenavoli L, et al. Pharmaceuticals. 2018;11(4); Adorini L, et al. Drug Discov Today. 2012;17:988-997; Makri E, et al. World J Gastroentrol. 2016;22:9039-9043.

Key FXR Pathways Described in Multiple Animal Models



Mechanisms of Action of Obeticholic Acid FXR Agonists

Schaap FG et al. Nat Rev Gastroenterol Hepatol. 2014 Jan;11(1):55-67. 



Mechanisms of Action of Obeticholic Acid in NASH 
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Konerman MA et al. J Hepatol. 2018;68:362-365.



Safety and Efficacy of Tropifexor in Patients with NASH: 
48-week results from FLIGHT-FXR study

Jean Lucas K, et al. AASLD 2020. #139

Liver fat content (MRI-PDFF) at Week 48 - Significant decrease with tropifexor vs placebo
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Conclusion: modest effect of tropifexor on NASH resolution or on fibrosis
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TANDEM study: Effects of tropifexor plus cenicriviroc (CVC) 
combination therapy on steatosis and fibrosis

Anstee QM, et al. AASLD 2021. #O142

Patients (%)

▪ Combination TXR + CVC was safe and well tolerated

▪ Pruritis most common TEAE (up to 40% with TXR)

▪ Combination therapy with TXR + CVC failed to achieve 

primary histologic endpoint(s)
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Safety and Efficacy of Combination Therapies:
Semaglutide, Cilofexor, and Firsocostat in patients with NASH

Alkhouri N, et al. AASLD 2020. #LO2
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Conclusion: Future opportunities in the combination of ”metabolic” and “antifibrotic” drugs 

(although this division is arbitrary)
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Potential Therapeutic Targets in NASH

Adapted from Rotman et al. Gut. 2017;66:180–90

ACC, acetyl-CoA carboxylase; DNL, de novo lipogenesis; FGF21, fibroblast growth factor 21; FXR, farnesoid X receptor; ; GLP-1RA, glucagon-like peptide-1 

receptor agonist; MPC’ mitochondrial pyruvate carrier; NASH, non-alcoholic steatohepatitis; PPAR’ peroxisome proliferator-activated receptor; RXR, retinoid X receptor.
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Resolution of NASH* with no worsening of fibrosis:
Current and new agents in phase 2 or 3

Cusi K (unpublished, 2020)
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*Resolution of NASH defined as a ballooning score of 0 and an inflammation score of 0-1 without worsening of fibrosis. 
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Take Home 
Message:

Management
Considerations 

and 
Targets in NASH

Stefan N, Cusi K. 
Lancet Diabetes Endocrinol. 2019;7:313-

324.



• The obesity and diabetes epidemics will worsen in the coming 
decade and will fuel the epidemic of NASH and liver cirrhosis 

• Cirrhosis may be prevented by early diagnosis (i.e., 
combining blood tests and imaging) and early treatment in 
primary care and endocrinology/diabetes clinics

• Many treatments to reverse NASH and/or fibrosis are in 
development, but treatment today should focus on:

– Lifestyle changes that promote weight loss in people who are 
overweight or obese

– Pharmacological treatments that reverse obesity (like GLP-RAs) or 
dysfunctional adipose tissue/insulin resistance (like pioglitazone).

Take Home Messages: Treatment of NASH in 
2022

Cusi K, 2022 (unpublished)


