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The spectrum of MAFLD

Chinese Medical Journal135(10):1163-1171, May 20, 2022.



Diagnostic criteria for metabolic (dysfunction)-associated fatty liver disease

AJGP Vol. 50, No. 10, October 2021 



Assessment algorithm for a patient presenting with 
MAFLD

* Evaluate alcohol intake, medications, risk factors for viral hepatitis, and iron overload. CKD = chronic kidney disease; CVD = cardiovascular disease; FIB-4 = Fibrosis 4; 

HbA1c = glycated haemoglobin; MAFLD = metabolic (dysfunction)-associated fatty liver disease; OSA = obstructive sleep apnoea.

https://www.gesa.org.au/resources/clinical-practice-resources/metabolic-dysfunction-associated-fatty-liver-disease-mafld-consensus-statement/



Weight loss produces disproportionately greater 
loss of intra-abdominal and liver adipose tissue

Ryan, D.H. Diabetes Spectrum 2020 May; 33(2): 117-124



Anti-obesity pharmacotherapies for MAFLD

Semaglutide – weekly GLP-1 RA

Tirzepatide – weekly GLP-1 / GIP agonist

Survodutide – weekly GLP-1 / glucagon agonist

Resmetirom – thyroid hormone receptor β-agonist 



CNS: 
• ↑ Energy expenditure
• Appetite regulation

Islets: 
• ↑ Insulin secretion

Stomach:
• Delayed gastric emptying 

Liver:
• ↑ Glycogenolysis
• ↑ Gluconeogenesis
• Improvements in lipid metabolism

GIP / GLP-1 / Glucagon Receptor Agonists1,2

CNS=Central Nervous System; GIP=Glucose-dependent Insulinotropic Polypeptide; GLP-1=Glucagon-like Peptide-1.

GIP GLP-1 Glucagon

Adipose:
• ↑ Insulin sensitivity
• Improvements in lipid metabolism

CNS:
• Appetite
• Decrease in nausea

Islets:
• ↑ Insulin secretion
• ↑ Glucagon secretion

CNS:
• Appetite

Islets:
• ↑ Insulin secretion
• ↓ Glucagon secretion

Stomach:
• Delayed gastric emptying

© 2023 Eli Lilly and Company 

1. Hædersdal S, et al. Nat Rev Endocrinol. 2023;19(6):321-335. 2. Hammoud R, Drucker DJ. Nat Rev Endocrinol. 2023;19(4):201-216.
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72-week randomised, placebo-controlled trial

*Resolution of steatohepatitis defined by the NASH clinical research network (CRN) as no more than mild residual inflammatory cells (0–1) and no ballooning (0). Fibrosis was graded on the NASH CRN fibrosis 
scale from 0 to 4. Primary analysis to assess efficacy in patients with stage 2 and 3 fibrosis. †Worsening of steatohepatitis as defined as an increase of at least one stage of either lobular inflammation or 
hepatocyte ballooning according to NASH CRN criteria. 
BMI, body mass index; HbA1c, glycated haemoglobin; NAFLD, non-alcoholic fatty liver disease; NAS, NAFLD activity score; NASH, non-alcoholic steatohepatitis OD, once-daily. 

Trial objective
To compare the effect of semaglutide versus placebo on histological
 resolution of NASH

Key endpoints
• Primary: Resolution of steatohepatitis and no worsening in liver fibrosis in subjects 

with fibrosis*

• Confirmatory secondary: Improvement in liver fibrosis and no worsening in 
steatohepatitis†

Duration 72 weeksRandomisation (3:1:3:1:3:1)

Liver biopsy Treatment maintenance

56 weeks

Liver biopsy

Semaglutide 0.2 mg OD

Corresponding placebo

Semaglutide 0.4 mg OD

Corresponding placebo

Corresponding placebo

Semaglutide 0.1 mg OD
Follow up 

7 weeks

320 patients

• Age 18–75 years
• NAS ≥4
• NASH fibrosis stage 1, 2 or 3
• BMI >25.0 kg/m2

• HbA1c ≤10% 
• No chronic liver disease other than NASH

Dose 
escalation
16 weeks

End of trial

87% had a biopsy at 

week 72

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

Sema-NASH phase 2: trial design



Semaglutide 
0.1 mg

Semaglutide 
0.2 mg 

Semaglutide 
0.4 mg 

Placebo Total

N (%) N (%) N (%) N (%) N (%)

Age (years), mean (SD) 55.2 (10.9) 58.1 (9.9) 54.3 (10.2) 52.4 (10.8) 55.0 (10.6)

Sex, female, N (%) 51 (63.8) 52 (66.7) 47 (57.3) 44 (55.0) 194 (60.6)

Type 2 diabetes, N (%) 49 (61.3) 51 (65.4) 49 (59.8) 50 (62.5) 199 (62.2)

Body weight (kg), mean (SD) 98.4 (21.1) 97.1 (22.0) 96.6 (20.1) 101.3 (23.3) 98.4 (21.7)

Body mass index (kg/m2), mean (SD) 36.1 (6.4) 35.6 (6.1) 35.2 (6.6) 36.1 ( 6.6) 35.8 ( 6.4)

Fibrosis stage (0–4), n (%)

1 23 (28.8) 19 (24.4) 26 (31.7) 22 (27.5) 90 (28.1)

2 18 (22.5) 18 (23.1) 14 (17.1) 22 (27.5) 72 (22.5)

3 39 (48.8) 41 (52.6) 42 (51.2) 36 (45.0) 158 (49.4)

Hepatocyte ballooning (0–2), n (%)

1 58 (72.5) 47 (60.3) 55 (67.1) 58 (72.5) 218 (68.1)

2 22 (27.5) 31 (39.7) 27 (32.9) 22 (27.5) 102 (31.9)

Lobular inflammation (0–3), n (%)

1 30 (37.5) 32 (41.0) 40 (48.8) 33 (41.3) 135 (42.2)

2 47 (58.8) 44 (56.4) 37 (45.1) 46 (57.5) 174 (54.4)

3 3 (3.8) 2 (2.6) 5 (6.1) 1 ( 1.3) 11 ( 3.4)

Steatosis (0–3), n (%)

1 21 (26.3) 21 (26.9) 31 (37.8) 17 (21.3) 90 (28.1)

2 42 (52.5) 43 (55.1) 31 (37.8) 46 (57.5) 162 (50.6)

3 17 (21.3) 14 (17.9) 20 (24.4) 17 (21.3) 68 (21.3)

Total NAFLD activity score (0–8), mean (SD) 4.9 (0.8) 4.9 (0.9) 4.8 ( 0.9) 4.9 ( 0.9) 4.9 ( 0.9)

Data based on full analysis set. N, number of patients; %, percentage of subject; NAFLD, non-alcoholic fatty liver disease; SD, standard deviation..

Baseline characteristics

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



40.4%
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p=0.0359

p≤0.0001

Semaglutide 0.1 mg
(n=57)

Semaglutide 0.2 mg
(n=59)

Semaglutide 0.4 mg
(n=56)

Placebo
(n=58)

Subjects with fibrosis 2 or 3 at baseline

Primary endpoint resolution of steatohepatitis with 
no worsening in liver fibrosis met for all doses

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



Data based on in-trial period. Two-sided p-values from a Cochran-Mantel-Haenszel test. Patients with missing data handled as non-responders. p<0.05 signifies statistical significance. 

p=0.4814

p=1.0000

p=0.1155

100

P
ro

p
o

rt
io

n
 o

f 
p

at
ie

n
ts

 (
%

)

Semaglutide 0.1 mg
(n=57)

Semaglutide 0.2 mg
(n=59)

Semaglutide 0.4 mg
(n=56)

Placebo
(n=58)

80

60

40

20

0

32.8

42.9

32.2

49.1

Subjects with fibrosis 2 or 3 at baseline

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

Secondary endpoint improvement in liver fibrosis 
and no worsening in steatohepatitis not met



Data based on in-trial period, all randomised subjects. *Estimates taken from an ANCOVA with missing data multiply imputed from placebo group.  ANCOVA, 
analysis of covariance; OD, once-daily; sema, semaglutide..
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Change in body weight



Data based on in-trial period. HbA1c data from subjects with type 2 diabetes. Lipid data from all randomised subjects. ETD, estimated treatment difference; HbA1c, glycated haemoglobin; HDL, high-
density lipoprotein; VLDL, very-low-density lipoprotein. Newsome PN et al. N Engl J Med 2020. doi: 10.1056/NEJMoa2028395.
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Changes in lipids in all randomised 
subjects

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

Change in HbA1c and lipids



Conclusions
• Compared with placebo, semaglutide resulted in:

• Significantly higher percentage of patients with NASH resolution without worsening of 
fibrosis

• No difference in the percentage of patients with  improvement in fibrosis without 
worsening in NASH 

• Fewer patients with worsening of fibrosis

• Improvements in fibrosis biomarkers

• Treatment with semaglutide led to improvements in multiple metabolic 
characteristics, including body weight, HbA1c, and lipid profile 

• The safety profile of semaglutide was consistent with that seen in patients with 
type 2 diabetes and obesity with no new safety concerns

Newsome PN et al N Engl J Med 2021; 384: 1113 - 24
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Semaglutide is not approved for treatment of NASH

*With a score of ≥1 for both lobular inflammation and hepatocyte ballooning; †Worsening of NASH defined as an increase of at least one stage of either lobular inflammation, hepatocyte ballooning or steatosis. BMI, body mass index; HbA1c , glycated 

haemoglobin; MRE, magnetic resonance elastography; MRI-PDFF, magnetic resonance imaging proton density fat fraction; NAS, non-alcoholic fatty liver disease activity score; NASH, non-alcoholic steatohepatitis; OW, once weekly; R, randomised. s.c.

subcutaneous.
Loomba R et al. Lancet Gastroenterol Hepatol. 2023. doi:10.1016/S2468-1253(23)00068-7.

Primary endpoint: At least one stage improvement in liver fibrosis 
with no worsening of NASH after 48 weeks†

Secondary endpoints: Liver histology, liver imaging, markers of liver 
injury and function, cardiometabolic parameters, exploratory 

biomarkers and safety

Screening

6 weeks prior 
to randomisation

Dose escalation 

Week 0 to 16

Target dose

Week 16 to 48
Follow-up 

7 weeks

Semaglutide 2.4 mg s.c. once weekly

Placebo

Total duration: 48 weeks

R

2:1

N=71

• Age 18–75 years  
• NAS ≥3*

• NASH fibrosis stage 4

• BMI ≥27.0 kg/m2

• No chronic liver disease other 

than NASH

Liver biopsy

MRI-PDFF and MRE

Inclusion criteria

Semaglutide NASH phase 2 in F4c: trial design

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



No statistically significant difference in improvements in liver fibrosis and NASH 
resolution between semaglutide and placebo treatments

P-values are two-sided and taken from a Cochran-Mantel-Haenszel test stratified by baseline diabetes status. Patients with missing outcomes were imputed as non-responders. CI, confidence interval; 
n, number of patients; NASH, non-alcoholic steatohepatitis; OR, odds ratio.
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and no worsening of NASH

Key secondary endpoint:
Resolution of NASH

Primary and secondary histological endpoints not met

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



Semaglutide significantly reduced body weight and improved glycaemic control

Sema 2.4 mg Placebo

ETD=–8.75 [–12.41; –5.09]* p<0.0001

Time since randomisation (weeks)

90

85

0 4824

95

B
o

d
y 

w
ei

gh
t 

(k
g)

12

100

45

24

42

23

43

22

46

23

Sema 2.4 mg

Placebo

Body weight

Time since randomisation (weeks)

0 48

6.5

6.0

24

7.0

H
b

A
1

c
(%

)

12

7.5

8.0

45

50

55

60

65

H
b

A
1

c (m
m

o
l/m

o
l)

35

18

32

18

33

18

34

18

ETD=–1.63 [–2.20; –1.06]* p<0.0001

HbA1c

Number of observations per treatment group and visit is presented in the lower part of the plot. Error bars show the standard error of the mean for observed values. *ETDs with 95% confidence intervals and 

two-sided p-values are from the same analysis. Missing data were imputed from the observed data in the placebo group using the same ANCOVA model but without treatment as factor. ANCOVA, analysis 

of covariance, ETD, estimated treatment difference; HbA1c , glycated haemoglobin; sema, semaglutide. 

Change in body weight and HbA1c

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



Conclusions
• Although the primary endpoint was not met, semaglutide 2.4 mg appeared safe and 

was well tolerated in patients with NASH and compensated cirrhosis

• Consistent with the observed effects in other trials and disease areas, favourable 
effects of semaglutide were observed on cardiometabolic parameters in this patient 
population

• No new safety concerns for semaglutide were identified, providing evidence that 
semaglutide is safe to use in patients with compensated liver cirrhosis 

 

• Raises questions

• Is it too late to intervene when cirrhosis is present?

• Was the weight reduction insufficient?

• Was the length of the trial insufficient?

Loomba R et al Lancet Gastroenterol Hepatol 2023; 8: 511–22 
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STUDY DESIGN

Key inclusion criteria 
■ Adults aged 18-80 years
■ BMI ≥27 kg/m2 and ≤50 kg/m2 

with or without T2DM
■ Diagnosis of MASH, F2-3 fibrosis 

and NAS of ≥4, with ≥1 point for 
steatosis, ballooning, and lobular 
inflammation

NAS = NAFLD activity score; QW = once 
weekly.

Loomba R et al N Engl J Med 2024; 391:299 - 310

Primary  endpoint

• Resolution of steatohepatitis without worsening of liver 

fibrosis at 52 weeks

Secondary  endpoint

• Improvement of at least 1 liver fibrosis stage without 

worsening in steatohepatitis



PRIMARY ENDPOINT: Resolution of MASH and no worsening 
of fibrosis met for all doses

Data are estimates; risk differences with 95% CI are presented. The CIs are not adjusted for multiple comparisons and should not be used to infer definitive treatment effects. Proportion 

estimate and risk difference are estimated based on logistic regression modelMASH = metabolic dysfunction-associated steatohepatitis; N = number of participants in the analysis population.

Treatment Regimen Estimand

Loomba R et al N Engl J Med 2024; 391:299 - 310



Data are estimates; Risk differences with 95% CI are presented. The CIs are not adjusted for multiple comparisons and should not be used to infer definitive treatment effects. Proportion estimate and risk difference are estimated based 

on logistic regression model. MASH = metabolic dysfunction-associated steatohepatitis; N = number of participants in the analysis population.

SECONDARY ENDPOINT: ≥1 stage decrease in fibrosis and no 
worsening of MASH met for all doses

Treatment Regimen Estimand

Loomba R et al N Engl J Med 2024; 391:299 - 310



Body weight change at 52 weeks in overall population, 
T2DM population, and non-T2DM population 

Baseline values are means ±SD. Data are estimates; differences versus placebo shown with 95% CI. The CIs are not adjusted for multiple comparisons and should not be used to infer definitive treatment effects. T2DM = type 2 

diabetes mellitus; CI = confidence interval.

Overall population T2DM Non-T2DM

Overall baseline mean: 99.8±21.5 kg Overall baseline mean: 97.5±20.9 kg Overall baseline mean: 103.0±22.1 kg 

Results are consistent with those seen at 52 weeks in phase 3 T2DM and obesity trials

Loomba R et al N Engl J Med 2024; 391:299 - 310



SAFETY

■ Adverse events were reported in 92.3% of tirzepatide-treated participants and in 83.3% with placebo

➢ The most common adverse events with tirzepatide were gastrointestinal and most (96%) were mild to moderate 

in severity

➢ Treatment discontinuation due to an adverse event occurred in 4.2% of participants with both tirzepatide and 

placebo

➢ Serious adverse events: 9 (6.3%) participants in tirzepatide groups and 3 (6.2%) in the placebo group 

■ Progression to cirrhosis: 4 (2.8%) tirzepatide-treated participants and 2 (4.2%) in the placebo group

■ No participants developed hepatic decompensation

■ There was no evidence for drug-induced liver injury

■ Gallbladder-related adverse events: 4 tirzepatide-treated participants (2.8%) and 1 on placebo (2.1%)

■ No cases of acute pancreatitis were reported

Loomba R et al N Engl J Med 2024; 391:299 - 310



SUMMARY & CONCLUSIONS 

■ In this Phase 2 study of patients with biopsy-confirmed MASH and stage 2 or 3 fibrosis

➢ 44-62% of participants treated with tirzepatide achieved MASH resolution compared to 

9.8% of those treated with placebo

➢ 51-55% of tirzepatide-treated participants achieved ≥1-stage fibrosis improvement without 

worsening of MASH compared to 30% of those treated with placebo

■ The histology findings are supported by changes in biomarkers of MASH and fibrosis

■ In a MASH population the safety profile was generally similar to that observed in phase 3 trials 

in T2DM and obesity 

➢ The most common adverse events with tirzepatide were gastrointestinal, and most were 

mild to moderate in severity 

■ Larger and longer trials are needed to further assess the efficacy and safety of tirzepatide for 

treatment of MASH

Loomba R et al N Engl J Med 2024; 391:299 - 310
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Study design

Sanyal AJ, et al. N Eng J Med. 2024;391:311–319



Primary endpoint resolution of steatohepatitis with 
no worsening in liver fibrosis met for all doses

Sanyal AJ, et al. N Eng J Med. 2024;391:311–319

Paired biopsy results



Secondary end point improvement in fibrosis by at 
least 1 stage

Sanyal AJ, et al. N Eng J Med. 2024;391:311–319



Further endpoints – resolution of MASH

Sanyal AJ, et al. N Eng J Med. 2024;391:311–319

Paired biopsy results



Other clinical endpoints at 48 weeks

Sanyal AJ, et al. N Eng J Med. 2024;391:311–319







Resmetirom was superior to placebo with respect to 
NASH resolution and improvement in liver fibrosis 
by at least one stage.

Harrison SA, et al. N Eng J Med. 2024;390:497–509



Key learning points
NAFLD/MASLD is strongly linked to 
cardometabolic disease, Type 2 diabetes 
and obesity

Incretin therapies have shown promise in 
NAFLD/MASLD/NASH

Combination therapies may lead to 
better outcomes

• drugs targeting underlying metabolic 
abnormalities could play a more significant role 
in the earlier stages of disease

• drugs specifically targeting liver inflammation 
and collagen deposition are needed when 
significant damage has already occurred
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