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The spectrum of NAFLD



Pathogenesis of NAFLD

Lonardo, Nascimbeni et al. Hepatology. 2019 Oct; 70(4): 1457–1469.

Genetic and 
epigenetic factors
(PNPLA3, TM6SF2, 
MBOAT7, APOB, …)

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=30924946


Worldwide prevalence of 
NAFLD among people with 

obesity is 90%

Prevalence of NASH in general population is between 1.5-6.5%
Prevalence of NASH among T2DM is 24.7-50%
Prevalence of NASH among obesity is 14-47%

Younossi, Hepatology. 2016;64:73-84
Younossi, J Hepatol. 2019;70:531-544

Global epidemiology of NAFLD and NASH



Natural history of NAFLD

Liver-related events:

Extra-hepatic events:

Angulo, Gastroenterology. 2015;149:389-97
Rinella, Hepatology. 2016;64:19-22
Younossi. Clin Gastro Hepatol. 2020 



Dulai, Hepatology. 2017;65:1557-65
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Liver-related Mortality

All Cause Mortality

Incident fatal and non-fatal CV events

NAFLD severity drives morbidity and mortality



NAFLD risk stratification –  Screening for NASH with advanced fibrosis

Castera, Gastroenterology 2019;156:1264-81
Kanwal, Gastroenterology 2021; 161: 1657–1669

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=34602251


NAFLD/NASH management

Kanwal, Gastroenterology 2021; 161: 1657–1669

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=34602251


NAFLD/NASH and pharmacological targets

Konerman, J Hepatol. 2017;68:362-75
Dufour, Gut. 2022 Oct; 71(10): 2123–2134

ACC: acetyl-CoA carboxylase; DGAT: diacylglycerol acyltransferases; EMM: endogenous metabolic modulator; FASN: fatty acid synthase; FGF: 
fibroblast growth factor; FXR: farnesoid X receptor; GIP: glucose-dependent insulinotropic polypeptide; GLP: glucagon like peptide;  PPAR: 
peroxisome proliferator-activated receptors; SEFA: structurally engineered fatty acid; THR: thyroid hormone receptor

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9484366/


Therapeutic mechanisms of GLP1RAs on NASH

Lee et al, Int. J. Mol. Sci. 2023;24:9324
Petrovic et al, Curr. Issues Mol. Biol. 2023;45:4544–4556



The milestone for GLP1RAs on NASH: the LEAN TRIAL

Armstrong et al. Lancet. 2016;387:679-690



Post-hoc analysis of semaglutide trials on liver 
enzymes and markers of inflammation

Weight management trial (NCT02453711): 
957 subjects from a phase 2, randomised,
double‐blind, multinational, placebo‐ and
active‐controlled dose‐finding trial of semaglutide
in combination with both dietary and exercise
counselling. Semaglutide was given once daily for
52 weeks at subcutaneous doses of 0.05, 0.1, 0.2,
0.3 or 0.4 mg to individuals with obesity of
non‐endocrine origin (body mass index ≥30 kg/m2 )
without diabetes.

Cardiovascular outcomes trial (SUSTAIN‐6;
NCT01720446):
3297 subjects from a phase 3, randomised,
double‐blind, multinational, placebo‐controlled trial of
semaglutide given for the treatment of type 2
diabetes. Semaglutide was given once weekly at
subcutaneous doses of 0.5 or 1.0 mg/week for 104
weeks to individuals at least 50 years of age with type
2 diabetes and a haemoglobin A1c level ≥7%, at high
risk for, or with a prior history of, cardiovascular
events and/or who had chronic kidney disease

Newsome et al. Aliment Pharmacol Ther. 2019;50:193–203



Post-hoc analysis of semaglutide trials on ALT levels

Newsome et al. Aliment Pharmacol Ther. 2019;50:193–203

Ratios unadjusted
Ratios adjusted for 

change in body weight



Semaglutide and NASH: 
magnetic resonance imaging clinical trial

72-week randomised, double-blind, 1:1 placebo-
controlled trial with once-daily subcutaneous 
semaglutide 0.4 mg (n = 34) or placebo (n = 33). 

67 subjects with liver stiffness 2.50-4.63 kPa by 
magnetic resonance elastography (MRE) and liver 
steatosis ≥10% by MRI proton density fat fraction 
(MRI-PDFF). 

The primary endpoint was change from baseline to 
week 48 in liver stiffness assessed by MRE. 

Steatosis

Fibrosis

Flint et al. Aliment Pharmacol Ther. 2021;54:1150–1161



Semaglutide and NASH: 
phase 2 liver biopsy clinical trial

72-week, double-blind phase 2 trial involving patients with biopsy-
confirmed NASH and liver fibrosis of stage F1-F2-F3.

320 patients were randomly assigned, in a 3:3:3:1:1:1 ratio, to
receive once-daily subcutaneous semaglutide at a dose of 0.1, 0.2,
or 0.4 mg or corresponding placebo.

The primary end point was resolution of NASH with no worsening
of fibrosis. The confirmatory secondary end point was an
improvement of at least one fibrosis stage with no worsening of
NASH. (only for F2-F3 patients)

Newsome et al. N Engl J Med 2021;384:1113-24



Semaglutide and NASH: 
phase 2 liver biopsy clinical trial - Efficacy

Newsome et al. N Engl J Med 2021;384:1113-24



Semaglutide and NASH: 
phase 2 liver biopsy clinical trial – Safety and QoL

Newsome et al. N Engl J Med 2021;384:1113-24
Romero-Gomez et al. Aliment Pharmacol Ther. 2023;58:395–403.



Semaglutide and NASH-CIRRHOSIS: 
phase 2 liver biopsy clinical trial

48-week double-blind, placebo-controlled phase 2 trial.

71 patients with compensated biopsy-confirmed NASH-
related cirrhosis and body-mass index (BMI) of 27
kg/m² or more were randomly assigned (2:1) to receive
either once-weekly subcutaneous semaglutide 2·4 mg
or placebo.

The primary endpoint was the proportion of patients
with an improvement in liver fibrosis of one stage or
more without worsening of NASH after 48 weeks.

Loomba et al. Lancet Gastroenterol Hepatol 2023; 8: 511–22



Research Study on Whether Semaglutide Works in People With
Non-alcoholic Steatohepatitis (NASH) (ESSENCE) - ClinicalTrials.gov
ID NCT04822181

• 1200 pts

• NASH with NAS ≥4 and F2-3

• Semaglutide 2.4 mg/week vs. placebo

• 72 weeks: Resolution of steatohepatitis and no worsening of liver
fibrosis; Improvement in liver fibrosis and no worsening of
steatohepatitis

• 240 weeks: Time to first liver-related clinical event

Semaglutide and NASH: 
ongoing phase 3 liver biopsy clinical trial



Semaglutide and NAFLD in real-life

Volpe et al. Nutrients 2022, 14, 4673



A glimpse into the future: 
COMBINATION THERAPY

Phase II, open-label, proof-of-concept trial.

108 patients with NASH (F2–F3 on biopsy, or MRI-
proton density fat fraction [MRI-PDFF] >10% and liver
stiffness by transient elastography >7 kPa) were
randomised (1:1:1:1:1) to 24 weeks’ treatment with
semaglutide 2.4 mg once weekly as monotherapy or
combination therapy with cilofexor 30 mg (SEMA + 
CILO 30), or cilofexor 100 mg (SEMA + CILO 100), or 
firsocostat 20 mg (SEMA + FIR) or cilofexor 30 mg 
plus firsocostat 20 mg (SEMA + CILO + FIR).

The primary endpoint was safety. All efficacy
endpoints were exploratory

CILOFEXOR: non-steroidal agonist of farnesoid X receptor 
(FXR) that inhibits lipogenesis, gluconeogenesis and bile acid 
synthesis
FIRSOCOSTAT: acetyl-coenzyme A carboxylase (ACC) inhibitor 
that reduces hepatic de novo lipogenesis

MRI steatosis

Liver stiffness improvement (>25% relative reduction)

Alkhouri et al. Journal of Hepatology 2022;77:607–618



A glimpse into the future: 
DUAL/TRIPLE INCRETINS AGONISTS

Phase IIa, randomized, active-comparator-controlled,
parallel-group, open-label study.

145 participants with an MRI-PDFF liver fat content
(LFC) of >10% at screening were randomized 1:1 to
efinopegdutide 10 mg or semaglutide 1 mg, both
administered subcutaneously once weekly for 24
weeks.

The primary efficacy endpoint was relative reduction
from baseline in LFC (%) after 24 weeks of treatment.

EFINOPEGDUTIDE: glucagon-like peptide-
1 (GLP-1)/glucagon receptor co-agonist

Romero-Gomez et al. Journal of Hepatology, October 2023;79:888–897
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