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Overview

Definition, pathogenesis, prevalence, risk 
factors, and natural history of MASLD

Diagnostic tests to assess fibrosis and identify 
patients at risk of progression to cirrhosis 

Discuss the historical approach to treating 
MASH

Review therapies newly approved for the 
treatment of MASH

Ongoing trials and emerging therapies



Spectrum of Disease

EASL-EASD-EASO Clinical Practice Guidelines for the management of non-alcoholic fatty liver disease. J Hepatol. 2016 Jun;64(6):1388-402. 
4

MASLD
    Hepatic steatosis (upon imaging or     
    biopsy) with at least 1 
    cardiometabolic risk factor and no   
    other causes of steatosis 

• Simple steatosis

Cirrhotic
F4 fibrosis

Fibrotic
≥F2 to ≥F3 fibrosis

Early
F0/F1 fibrosis

HCC

Decompensated 
cirrhosis 

Liver 
Transplantation 
or Liver-related 

Death

Steatosis + lobular 
Inflammation and 
hepatocellular injury 
(ballooning) with varying 
degrees of hepatic fibrosis

MASH
MASL



MASH on Liver Biopsy

Courtesy of liver pathologists Dr. Robert Anders and Dr. Jackie Birkness



Risk factors for MASH

Bansal SK, Bansal MB. Pathogenesis of MASLD and MASH - role of insulin resistance and lipotoxicity. Aliment Pharmacol Ther. 2024 Jun;59 Suppl 1:S10-S22.



Factors Associated with MASLD 

Perumpail BJ et al.  World J Gastroenterology 2017



Pathogenesis of MASH

Rinella ME et al. AASLD Practice Guidance on the clinical assessment and management of nonalcoholic fatty liver disease. Hepatology. 2023; 77(5):1797-1835. 

Insulin resistance is 
nearly universal in 
MASH!



The generation of lipotoxic 
species in MASH

Bansal SK, Bansal MB. Pathogenesis of MASLD and MASH - role of insulin resistance and lipotoxicity. Aliment Pharmacol Ther. 2024 Jun;59 Suppl 1:S10-S22.

The generation of lipotoxic 
species is what drives 
hepatocellular injury and 
fibrosis in MASH



Genetic Risk factors

• Patatin-like phospholipase 3 (PNPLA3)
– I148M polymorphism (G allele)

• TM6SF2 (Transmembrane 6 
superfamily member 2)
– rs58542926 variant

• MBOAT7



Prevalence of Obesity in U.S. in 2022

https://www.cdc.gov/obesity/data/prevalence-maps.html

Overall obesity prevalence: 42%



Prevalence of Steatotic Liver Disease 
and MASLD in the U.S.

Kalligeros, M et al. Prevalence of Steatotic Liver Disease in the United States: Clinical gastroenterology and hepatology. (2023).



MASH is a major cause liver transplant

• MASH-related cirrhosis is 
already the leading 
indication for liver 
transplantation in women 
and those > 65 years of 
age

• The incidence of hepatic 
decompensation, HCC, 
and death related to 
MASH cirrhosis are 
expected to increase 2-3 
fold by 2030

Younossi Z et al; Clin Gastroenterol Hepatol. 2019; 17(4):748-755.e3. 
Rinella ME et al. AASLD Practice Guidance on the clinical assessment and management of nonalcoholic fatty liver disease. Hepatology. 2023
Kwong AJ, Kim WR, Lake JR, et al. OPTN/SRTR 2022 Annual Data Report



Mortality increases by Fibrosis 
Stage in MASH

Dulai et al. Hepatology 2017

We care a lot 
about fibrosis!



Mortality in MASLD

Causes of Death

Cardiovascular

Non-liver MalignancyLiver disease
HCC

Angulo et al. Gastro 2015

Other

Infections

Liver transplant
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Non-invasive scoring algorithms to assess 
fibrosis

FIB-4 index
• Age 
• AST
• Platelets
• ALT

FIB-4 Score Fibrosis Risk
<1.3 Low 
1.3-2.67 Intermediate 
> 2.67 High 

Recommended as a first-line assessment for primary care providers based on simplicity 
and minimal cost 

Rinella ME et al. AASLD Practice Guidance on the clinical assessment and management of nonalcoholic fatty liver disease. 
Hepatology. 2023



Enhanced Liver Fibrosis (ELF)  Test

• Proprietary blood test consisting of 3 elements 
involved in matrix turnover:
– Hyaluronic acid
– tissue inhibitor of metalloproteinase-1
– N-terminal procollagen III peptide

• ELF score ≥ 9.8 reliably identifies patients with MASLD 
at increased risk of progression to cirrhosis and liver-
related clinical events 

Miele L et al. Enhanced liver fibrosis test as a reliable tool for assessing fibrosis in nonalcoholic fatty liver disease in a 
clinical setting. Int J Biol Markers. 2017 Oct 31;32(4):e397-e402. 



Elastography
Vibration Controlled Transient Elastography (Fibroscan)

• Liver stiffness measurement (LSM) < 7 - 8 kPa can be used to rule out advanced 
fibrosis, especially if used sequentially after FIB-4

• LSM 8 - 12 kPa: Moderate to significant fibrosis 
• LSM > 12 kPa: Advanced fibrosis

Rinella ME et al. AASLD Practice Guidance on the clinical assessment and management of nonalcoholic fatty liver disease. Hepatology. 2023; 77(5):1797-1835



MR Elastography (MRE)

Prog Nucl Magn Reson Spectrosc. 2015 Nov;90-91:32-48.

• MRE more sensitive than VCTE in the detection of fibrosis stage ≥ 2
• The most accurate noninvasive, imaging-based biomarker of fibrosis 
• Not first line approach to risk stratification in patients with MASLD due to cost 
• LSM by MRE ≥ 5 kPa suggestive of cirrhosis
• Among patients with cirrhosis, baseline LSM by MRE predicts future risk of incident 

hepatic decompensation and death



Which high risk populations should be 
screened for clinically significant fibrosis?

Patients with 
• Type 2 diabetes mellitus
• Obesity with metabolic complications
• A family history of cirrhosis
• Significant alcohol use

Early identification of at-risk patients allows for 
interventions that may prevent progression to advanced 
liver disease and associated complications 
. 

Rinella ME et al. AASLD Practice Guidance on the clinical assessment and management of nonalcoholic fatty liver disease. Hepatology. 2023; 77(5):1797-1835



Rinella ME et al. AASLD Practice Guidance on the clinical assessment and management of nonalcoholic fatty liver disease. Hepatology. 2023; 77(5):1797-
1835. 
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Goal of MASH Treatment: 
Disease Reversal

• Resolution of MASH without worsening 
of fibrosis

• Improvement in fibrosis by ≥1 stage 
without worsening of MASH



Treatment approach to prior to 2024

Treatment Outcome
Weight loss
            Lifestyle intervention (Diet and   
            exercise)
            Bariatric surgery

10% weight loss improves steatosis, 
steatohepatitis, and fibrosis

Decreases cardiovascular risk 
Targeting Oxidative Stress

Drug Mechanism Trial Primary Endpoint

Vitamin E Anti-oxidant PIVENS
TONIC

> 2 reduction in 
NAS, no worsening 
of fibrosis

Drug Mechanism Trial Primary endpoint

Pioglitazone PPARγ agonist PIVENS and 
others

>2 reduction in NAS, 
no worsening of 
fibrosis

Targeting Insulin Resistance 



Bariatric Surgery

• Bariatric surgery should be 
considered as a 
therapeutic option.
– Metabolic weight loss surgery
– Resolves MASH in majority of 

patients without cirrhosis 
• 72% with loss of hepatic fat!1

• Reversal of fibrosis observed in 6 
months1

– Reduces mortality from CVD 
and malignancy  

Hwang J, et al. Clin Mol Hepatol. 2024
Lassailly G et al. Gastroenterology. 2020 

• Long-term data



Vitamin E and Pioglitazone 

• Pioglitazone – 30mg/45mg
• PPARγ agonist (Type 2 DM)
• Improves liver histology and 

insulin resistance
• Side effects: Weight gain, risk of 

heart failure exacerbation, bone 
loss

• Vitamin E - 800 IU/day
• Improves liver histology in 

nondiabetic adults with biopsy-
proven MASH

• Neither improves hepatic 
fibrosis

Cusi K et al., Ann Intern Med. 2016
Sanyal AJ et al. N Engl J Med. 2010



Overview

Definition, pathogenesis, prevalence, risk 
factors, and natural history of MASLD

Diagnostic tests to assess fibrosis and identify 
patients at risk of progression to cirrhosis 

Discuss the historical approach to treating 
MASH

Review therapies newly approved for the 
treatment of MASH

Ongoing trials and emerging therapies



The Therapeutic targets of MASH

Dufour JF et al.. Current therapies and new developments in NASH. Gut. 2022



Figure 2: Therapeutic horizons in metabolic dysfunction–associated steatohepatitis

Newsome PN, Loomba R.. J Clin Invest. 2025 



Thyroid Hormone Receptor 
Beta-agonism in MASH

Sinha RA et al Nat Rev Endocrinol. 2018
Byrne CD et al., Gut. 2024 

• THR-B agonism:
– Increases beta-oxidation
– Reduces de novo lipogenesis 

(DNL)
– Reduces lipotoxicity



• At 52 weeks, THR-B agonism meaningful 
reverses MASH and fibrosis!

• FDA approval – March 14th, 2024

Harrison S et al. NEJM 2024



Prescribing Resmetirom

• Indication:
– MASH with stage 2/3 

fibrosis
– Minimal to no alcohol use
– No cirrhosis

• Dose:
– 80mg (< 100kg)
– 100mg (>100kg)

• Side effects:
– Diarrhea (#1)
– Nausea
– Pruritus
– Mild ELE after initiation

• Safety 
Considerations:
– Thyroid hormone 

replacement?
– CYP and OATP1B 

interactions



The GLPs

• A long-acting Glucagon-like peptide-1 (GLP-1) analogue that mimics the effects of 
native GLP-1



The GLP Timeline

• 2015: SUSTAIN trials suggest signal for MASH treatment
• 2016: Liraglutide in MASH (LEAN)– Phase 2 trial

Marso S et al, NEJM 2016
Armstrong MJ et al,. Liraglutide safety and efficacy in patients with non-alcoholic steatohepatitis (LEAN): Lancet. 2016 

• 2020: Semaglutide in NASH – Phase 2 trial
• 2025: Semaglutide in MASH – Phase 3 trial 



Newsome PN et al. A Placebo-Controlled Trial of Subcutaneous Semaglutide in Nonalcoholic Steatohepatitis. N Engl J Med. 2021

2020



ESSENCE TRIAL (Phase 3)

Sanyal AJ et al., Phase 3 Trial of Semaglutide in Metabolic Dysfunction-Associated Steatohepatitis. N Engl J Med. 2025 

2025



August 2025

ESSENCE
Secondary 
outcomes



Prescribing Semaglutide in MASH

• Dose:
– Treatment effect only 

clearly seen HIGH 
dose

– 2.4mg/week (start at 
0.25mg – 0.5mg)

• Side effects:
– High incidence of 

nausea, constipation, 
and vomiting

• Concerns:
– Ceiling effect?
– Duration of treatment
– Treatment adherence



2024

• Phase 2 trial
• Dual GLP/GIP agonism



• All 3 doses of tirzepatide show MASH reversal.
• Strong fibrosis signal!

2024



Tirzepatide: Final Verdict?

• Phase 3 is currently enrolling!
• Be patient
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What is on the horizon? 



GLP/glucagon and GLP/glucagon/GIP 
agonism in MASH 

Agent Trial Design Results Upcoming

Cotadutide
2021

Phase 2 
834 patients
14 weeks

¯ AST/ALT
¯ Fib4 scores
¯ Pro-C3

Discontinued

Pemvidutide
2025

Phase 1
94 patients
12 weeks

Significant ¯ 
liver fat 
concentration 
(LFC) on MRI-
PDFF

Expected

Survodutide
2024

Phase 2
293 patients
48 weeks

62% with 
MASH 
improvement
¯ Fibrosis

LIVERAGE,
Phase 3 in 
recruitment

Retatrutide 
(triple)
2024

Phase 2 
98 patients
48 week

Large ¯ LFC
ALT/ELF no 
change

TRIUMPH, 
phase 3 in 
recruitment

Nahra R et al., Diabetes Care 2021
Sanyal et al., NEJM 2024
Harrison et al., Journal of 
Hepatology 2025
Sanyal et al., Nature 2024



The future of PPAR agonism in 
MASH

Agent Trial Design Results Upcoming

Saroglitazar 
(PPARα/γ)
2024

175 patients
24 weeks

ALT/AST
CAP scores
LSM reduction*

Phase 2 
going

Lanafibranor
(PPARδ/α/γ)
2021

Phase 2
247 patients

MASH resolution 
see at higher 
dose (1200mg)

Improvement in 
fibrosis at high 
dose

Phase 3 
ongoing,
Expect in 
fall 2026

Mir B et al., Journal of Clinical and Experimental Hepatology 2024
Sven M et al., NEJM 2021



FGF21 Analogs in MASH

Agent Trial Design Results Upcoming

Efruxifermin 
2024

Phase 2
128 patients
24 weeks

Significant 
improvement in 
resolving both 
MASH and fibrosis

SYNCHRONY
Phase 3 
enrolling

Pegozafermin 
2023

Phase 2
222 patients
24 weeks

Similar to above Phase 3 
enrolling

Harrison S et al., Lancet Gastroenterology and Hepatology 2023
Loomba M et al., NEJM 2023



Many others

• Denifanstat : Fatty acid synthase inhibitor 
being studied in phase 3
– Improved MASH resolution and fibrosis

• Fircostat, Acetyl-CoA carboxylase inhibitor
• GLP and FGF21 combination therapies

Loomba R et al, Lancet Gastroenterol Hepatol. 2024



Summary

• MASLD is everywhere. We need help managing it. 
• Screening for clinically significant fibrosis now recommended for high-risk 

populations (Type 2 diabetes mellitus, obesity with metabolic 
complications, family history of cirrhosis, and significant alcohol use)

• FIB-4 (< 1.3), ELF (< 8), VCTE (LSM < 7), and MR elastography (< 3) 
are outstanding for identifying MASH

• Bariatric surgery should still be considered in patients with morbid 
obesity with high cardiovascular risk

• Resmetirom and Semaglutide have demonstrated efficacy in MASH 
reversal. 

• More treatments are coming. Invite us back in a few years.
• We can prevent the number of patients developing MASH cirrhosis 

and HCC. 



Case presentation: My patient

• 52-year-old man with severe obesity, HTN, and newly 
diagnosed DM (A1c 6.9) referred sonographic evidence of 
steatosis. Chart reviewed showed an elevated AST/ALT 
dating back to 2017. (7 years)

• 6’ 2”, 321lbs, BMI 41, worked at the FDA
• Very unhealthy diet and no exercise (too difficult)
• Little to no alcohol
Labs: AST 44 U/L, ALT 59 U/L, AP 109 U/L, total bilirubin 
0.4 mg/dL, albumin3.9 g/dL, Hb 13.1 g/dL, platelet count 
219 K/cu mm



Case presentation: My patient

• FIB-4: 1.36, indeterminate
• MR elastography (07/2024): 

– Stiffness measurement: 4.1kPa (stage 3 fibrosis)
– Fat quantification: 26%

• Management:
– Started Semaglutide. Uptitrated to 1mg/week. Could not tolerate 

increase due to GERD
– 02/2025: 297lbs (BMI 38.1), AST 37, ALT 51. Started Peloton at 

home. We agreed to start Resmetirom 100mg
– 10/2025: 282lbs (BMI 36.2), AST 29, ALT 36
– 01/2026: AST 24, ALT 33. Repeat MR elastography

• Stiffness measurement: 3.4kPa (stage 1-2 fibrosis)



Thank you


