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Definition and natural history



The spectrum of nonalcoholic steatosis

Diehl & Day NEJM 2017

The hepatic manifestation of the metabolic syndrome



D’Avola et al., Clin Liver Dis 2016

Natural history of NAFLD



Younossi et al Hepatology 2016

Global prevalence of NAFLD



Rise in Liver Transplant Waiting list for NASH 

Liver transplant wait-listing for NASH continues to rise and expected to 
surpass HCV within 2 years  
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Chronic liver failure 

PIInterferon DAA

Goldberg et al. Gastroenterology 2017



Younossi et al., Hepatology 2019



NAFLD & mortality

Cardiovascular (13-30%)

All cause malignancy (6-28%)

Liver-related death (3-19%)



The risk of incident extrahepatic cancers is higher in
non-alcoholic fatty liver disease than obesity

Allen et al., J Hepatol 2020



Diagnostic strategies



Forms of NAFLD

! “Primary” NAFLD:  Associated with the metabolic syndrome

! “Secondary” NAFLD: Associated with different conditions

Drugs: Steroids, Amiodarone, Tamoxifen, ART, chemotherapy

Metabolic or genetic alterations: Lipodystrophy, Dysbetalipoproteinemia, Weber-
Christian disease

Nutritional: TPN, Rapid weight loss, Bariatric surgery, Starvation

Small bowel diseases: IBD, Bacterial overgrowth

Environmental hepatotoxins: e.g. Petrochemicals

! Steatosis accompanying other forms of liver disease

HCV genotype 3, Wilson’s disease, celiac disease
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Steatohepatitis as a phenotype determined by different 
types of injury



Rinella et al., J Hepatol 2019

The ‘dynamic’ natural history of NAFLD



Modifiers of NASH

Cotter & Rinella, Gastroenterology 2020



All-cause mortality according to NASH and histological severity

Simon et al., Gut 2020



Castera, Liver Int 2020



Noninvasive assessment of advanced fibrosis by 
serum markers

Boursier et al., J Hepatol 2016Vilar-Gomez & Chalasani, J Hepatol 2018



Serra-Burriel, Graupera et al., J Hepatol 2019

VCTE for F≥2 in NAFLD



MRI and NAFLD

Dulai et al., J Hepatol 2016



Primary care/specialist interface in NAFLD

Marchesini & Armstrong,, J Hepatol 2019



Srivastava et al., J Hepatol 2019

Referral model from primary care in the UK 



Srivastava et al., J Hepatol 2019

Referral model from primary care in the UK 



General population:
Advanced liver fibrosis (0·9–2·0%) 
Cirrhosis (0·1–1·7%) 

High-risk population:
Advanced liver fibrosis 0–27·9%
Cirrhosis 2·4–4·0%

Reliance on abnormal liver function tests will miss most patients with 
significant liver injury.



Castera, Liver Int 2020

*Steatosis on ultrasound
OR Abnormal liver tests and metabolic risk factors

Differential approach according to setting



The Fibroscan/AST (FAST) score for NASH + NAS ≥ 4 + F ≥ 2

Boursier et al., J Hepatol 2016Newsome et al. Lancet Gastro Hep 2020



NAFLD and HCC



Anstee et al., Nat Rev Gastroenterol Hepatol 2019

Natural history of fatty liver



Estes et al., Hepatology 2017



Piscaglia et al., Hepatology, 2016

Comparison of HCC on NAFLD or HCV in an
Italian cohort

49% without cirrhosis



NAFLD severity and the burden of HCC

Baffy, 2018



The aMAP risk score predicts hepatocellular carcinoma
development in patients with chronic hepatitis

Fan et al., J Hepatol 2020



Models estimating risk of HCC in patients with alcohol or 
NAFLD-related cirrhosis

Ioannou et al., J Hepatol 2020



Non-invasive stratification of HCC risk in NAFLD using
polygenic risk scores

Bianco et al., J Hepatol 2020



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

Loomba et al., Gastroenterology 2020



Current situation in NASH treatment



Romero-Gomez et al., J Hepatol 2017
Data from Vilar-Gomez et al.





Lassailly et al., Gastroenterology 2020

Bariatric surgery provides resolution of NASH and 
regression of fibrosis



Ongoing phase 3 trials

Population:
" Biopsy-proven NASH patients
" Presence of fibrosis ≥F2

Outcomes:
• Resolution of NASH without worsening of fibrosis
And/or
• Improvement of at least one stage in fibrosis without worsening

of NASH
• Long-term prevention of hard endpoints (death, 

decompensation, OLT)



Primary Outcome
Proportion of Elafibranor treated patients relative to placebo 
achieving resolution of NASH without worsening of fibrosis
[ Time Frame: Measurement at 72 weeks ]

All-cause mortality, cirrhosis, and liver-related clinical outcomes
[ Time Frame: estimated to be 4 years ]

Phase 3 Study to Evaluate the Efficacy and Safety of
Elafibranor Versus Placebo in Patients With

Nonalcoholic Steatohepatitis (NASH) (RESOLVE-IT)



(RESOLVE-IT) has been interrupted following interim results



Primary Outcome
• Superiority of CVC compared to placebo on liver histology at 
Month 12
• Proportion of subjects with improvement in fibrosis by at least 1
stage AND no worsening of steatohepatitis 
• Superiority of CVC on progression to cirrhosis, liver-related
clinical outcomes, and all-cause mortality [ End of Study, estimated
to be 5 years ]

AURORA: Phase 3 Study for the Efficacy and Safety of 
cenicriviroc for the Treatment of Liver Fibrosis in Adults With 

NASH



Marra & Tacke, Gastroenterology 2014

Chemokines and NASH progression



Safety and Efficacy of Selonsertib in Adults With
Nonalcoholic Steatohepatitis (NASH) and Bridging

(F3) Fibrosis (STELLAR 3)

Compensated Cirrhosis (STELLAR 4)

Primary Outcome
≥ 1-Stage Improvement in Fibrosis Without Worsening 
of NASH [ Time Frame: Week 48 ]

Event-Free Survival (EFS) at Week 240 as Assessed by 
Time to the First Clinical Event [ Time Frame: Week 
240 ]



Working Model for Role of ASK1 in NASH 
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STELLAR studies have failed



Multifunctional role of the Farnesoid X Receptor (FXR)

Calkin & Tontonoz Nat Rev Mol Cell Biol 2013



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

Younossi, EASL 2019

• In the Phase 2b FLINT study, the potent FXR agonist OCA
25 mg for 72 weeks improved fibrosis and other histological features of 
NASH

• Month 18 interim analysis of REGENERATE evaluated OCA on liver 
histology in NASH patients with F2/F3 fibrosis
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Primary endpoint (ITT): NASH resolution 
with no worsening of fibrosis

Fibrosis improvement or worsening by ≥1 stage 
(per protocol with post-baseline biopsy)

Primary endpoint (ITT): fibrosis improvement 
by ≥1 stage with no worsening of NASH 
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• 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

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

Younossi, EASL 2019



• 65.6% in OCA 25 mg normalized ALT vs. 37.3% in placebo
• Safety: Increase in LDL-C with both doses of OCA, with an eventual decrease 

over time
• Treatment emergent AEs: Pruritus was reported by 51% of patients with OCA 

25 mg vs. 19% in the placebo group
• Treatment discontinuation was similar in the three groups. More patients in the 

OCA 25 mg group (9%) discontinued due to pruritus. 

First successful phase 3 trial in patients with NASH 
Study is ongoing to confirm benefit on clinically relevant outcomes

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

Younossi, EASL 2019



The GLP-1 agonist semaglutide induces NASH resolution 
but does not improve fibrosis

Newsome et al., NEJM 2020



Synbiotics alter fecal microbiomes, but not liver fat or 
fibrosis, in patients with NAFLD

Scorletti et al., Gastroenterology 2020



Ongoing phase 3 trials for NASH

Jeong, Diabetes & Metabolism 2020 



Pivotal phase 2 trials for NASH

Jeong, Diabetes & Metabolism 2020 



Targets of therapies for NASH and NASH-induced fibrosis.

Qureshi & Neuschwander-Tetri, Exp Opin Invest Drugs 2020




