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Learning Objectives

Analyze the natural history and clinical consequences of MASLD to
differentiate disease stages and describe outcomes

Evaluate and apply two evidence-based strategies to improve the detection of
MASLD, MASH, and hepatic fibrosis

|dentify and articulate the pathophysiologic mechanisms that underlie the
development and progression of MASLD

Critically appraise and synthesize safety and efficacy findings from recent
clinical trials of dual GLP-1/glucagon receptor agonists for MASH treatment



Metabolic Dysfunction-Associated
Steatotic Liver Disease (MASLD)




Prevalence of MASLD
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MASLD Affects More than the Liver

Hepatic and extrahepatic adverse Approximate increased risk of new-onset
clinical outcomes adverse clinical outcomes:
Extrahepatic 15
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heart failure, and certain
arrhythmias (atrial fibrillation)

Atrial fibrillation 1.2

Heart failure [ R 5
Cardiovascular
- N 15
disease

Type 2 diabetes 2.2

Chronic kidney disease
(stage =3)

Certain extrahepatic cancers
(e.g., colorectal cancer) = |

\ \ )
4y
Cirrhosis or HCC

Increased risk of HCC/cirrhosis 2-10x

Targher et al. N Engl J Med 2025;393:683-98.



MASLD

MASLD — hepatic steatosis plus =1 trait of metabolic syndrome

BMI = 25 kg/m2 (= 23 in Asian persons), or
waist circumference = 94 cm in men (= 90 MASLD
cm in Asian men) and = 80 cm in women

P

Fasting glucose level 2 100 mg/dL, Iso[a;d ) / ,7( 4
glycatgd hemoglobir? level = 5.7% A1c, or steatoﬁsig/ ] " MAS%;/
established type 2 diabetes W/
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Blood pressure = 130/85 mmHg

Plasma triglycerides level 2 150 mg/dL

Plasma HDL cholesterol < 40 mg/dL for
men and < 50 mg/dL for women

Targher et al. N Engl J Med 2025;393:683-98. Images created with BioRender



Updated Definitions of Steatotic Liver Disease (2024)

Steatotic liver disease (SLD)

Metabolic dysfunction- MetALD Alcohol-associated | | Specific aetiology | | Cryptogenic
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Qadri et al. Diabetologia 2024. 67:961-973.



Contributors to MASLD

+ Fructose * Increased adiposity +  Genetic background and ethnic
c Saturate:d and frans fats * Insulin re_3|stance group, common genetic variants
* Alcohol intake * Type 2 diabetes (e.g., in PNPLA3 and TM6SF2),
¢ Drugs and toxins * Primary hypothyroidism rare genetic variants (e.g., in APOB)
+ Epigenetic factors and gut
microbiome

* Viruses (e.g., hepatis C)
1}]?_';!!1:,’.?
LIVER

Female sex and estrogens
(protective)

Isolated
steatosis

Targher et al. N Engl J Med 2025;393:683-98. Images created with BioRender



Progression of MASLD

MASH MASH with fibrosis

Hepatic
:D decompensation

-

Healthy liver Isolated
steatosis

Cirrhosis

@ ~1-2% / year
a Hepatocellular

| carcinoma (HCC)

Targher et al. N Engl J Med 2025;393:683-98. Images created with BioRender



Progression of Fibrosis in MASH

Cirrhosis

FO MASH F1 MASH F2 MASH F3 MASH F4 MASH
No fibrosis Mild fibrosis Significant fibrosis Advanced fibrosis Cirrhosis

Targher et al. N Engl J Med 2025;393:683-98. Images created with BioRender 14



Typical time to Cirrhosis in MASH

Cirrhosis ":.‘;’ el
(fibrosis stage F4)

From fibrosis stage F1 30-35 years

From fibrosis stage F2 19-20 years

From fibrosis stage F3 5-6 years

Takeaways: (1) Fibrosis is the strongest factor influencing prognosis of MASLD
(2) Nearly 20% of people with MASH are rapid progressors (cirrhosis in 5 years)

Targher et al. N Engl J Med 2025;393:683-98. 15




Prediction of MASLD and MASH Burden in US Adults
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MASLD will increase in prevalence from 33.7% in 2020 to 40% by 2050
MASH will increase from 5.8% in 2020 to 8% of US adults by 2050

Le et al. JAMA Network Open. 2025;8(1):€2454707.



Prediction of Age-Standardized Mortality Rates (ASMR)
from MASLD in the US, 2006-2040

By age By race and ethnicity
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JAMA Network Open. 2025;8(6):€2516367.




Pooled Cause-Specific Mortality in MASLD

Liver-specific 1.75 (95% CI1 0.58-2.91)

Extrahepatic

.. 4.21 (95% CIl 1.94-6.48)
cancer-specific

Cause-specific mortality
(rate per 100 person-years)

Cardiac-specific 5.54 (95% CI1 2.72-8.35)

0 2 4 6 8 10
Mortality rate

Takeaway: Cardiovascular disease is the leading cause of death
in people with MASH

Stefan et al. Lancet Diabetes Endocrinol 2025; 13: 134-48.



Parallel Processes in Progression of ASCVD and MASH
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Finney et al. Front Cardiovasc Med. 2023;10.



Fibrosis Severity Predicts Liver Decompensation and Death

Hepatic Decompensation All-cause Mortality
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Adapted from Sanyal AJ, et al. N Engl J Med 2021;385:1559-1569.



MASLD Is Underrecognized and Underdiagnosed

Asymptomatic or vague/nonspecific symptoms
Often not apparent on clinical exam or routine laboratory testing

People with obesity have ~5x higher risk of developing
MASLD and are ~2x more likely to have at-risk MASH than

those with normal BMI.

MASLD

' ~75%
of people with obesity @

e
MASH
@) 4% 5.5x 2.3X
of people with obesity MASLD risk at-risk MASH

Based on a retrospective analysis of NHANES data from 2017-2020 (N=4580),
obesity was associated with higher risks for MASLD and at-risk MASH

Nielsen et al. J Gen Intem Med. 2022 Aug;37(10):2587-2590.; Schneider et al. EClinicalMedicine. 2023 Aug 9;62:102149.



Our Patient

A 46-year-old, G2P2 woman with a class 2 obesity (BMI 37.7 kg/m?; weight

220 Ibs) is referred by her primary care provider for evaluation and treatment
of the obesity.

The obesity is complicated by prediabetes, dyslipidemia, gallstones, and
metabolic dysfunction-associated steatotic liver disease (MASLD)




Our Patient

She was initially noted to have mildly abnormal liver enzymes at age 28 (in 2007)

AST 42, ALT 37, normal alkaline phosphatase, total bilirubin 1.1, platelets 190,000
No evidence of viral hepatitis A, B, or C
Abdominal ultrasonography revealed mild steatosis and no evidence of gallstones

Additional information:

BMI 29.5 kg/m? , height 5’4", weight 172 Ibs
HbA1c 5.3%

She reported social alcohol intake of about 5 drinks/week



Evaluation and

Screening




Components of MASH Evaluation

Noninvasive

Clinical markers of L :
I?
Who to evaluate™ I::> fibrosis severity ; srsot;riréaélg\:\e?;y I::> Treatment choice

Refer to
hepatologist




Who Should Be Screened?

People with ...
Diabetes
Obesity
Other metabolic disorders
Incidental finding of hepatic steatosis by imaging

Elevated transaminases

Rinella et al. Hepatology. 2023 May 1;77(5):1797-1835.; Kanwal et al. Gastroenterology. 2021;161(5):1657-1669.



How NOT to Screen for MASH

Liver enzymes (transaminases) — too insensitive

40-60% of people with MASLD have normal liver tests

Ultrasound — too nonspecific
Sensitive for liver fat, but ...
Not quantitative

Does not provide information about inflammation, liver cell injury or fibrosis

Assessing degree of fibrosis is essential for identifying high-risk MASH

Schneider et al. eClinicalMedicine. 2023 Aug 9;62:102149.; Nielsen et al. J Gen Intem Med. 2022 Aug;37(10):2587-2590.; Kanwal et al. Diabetes Care.

2021;44(9):2162-2172.; Rinella et al. Gastroenterol Hepatol (N Y). 2014 Apr;10(4):219-27.; Zhang et al. PLoS One. 2021 Jun 3;16(6):e0252164



Fibrosis-4 Index (FIB-4)

Components of FIB-4: FIB-4 Interpretation
Patient age l l
AST <13 1.3 - 2.67 > 2.67
ALT Low risk Indeterminant risk High risk
Platelet count l l l
Repeat in Vibration-controlled Treat MASH
2 years transient or refer to
elastography hepatology
(VCTE)

Note: FIB-4 calculators easily found on web and embedded in most EHRs

Kobayashi et al. Sci Rep. 2022 Oct 28;12(1):18174.; Kanwal et al. Gastroenterology. 2021;161(5):1657-1669.



Continuing with Our Patient

She had 2 children, at age 32 and 35 years. The pregnancies were associated
with substantial weight gain (33 and 39 Ibs, respectively) and complicated by
gestational diabetes that was treated with glyburide during the first pregnancy,
and metformin and insulin during the second.

Eight years ago, at age 38, she had an episode of acute cholecystitis

AST 51, ALT 45, alkaline phosphatase 182 (normal to 100), bilirubin 1.2, platelets
210,000

Ultrasonographic evaluation revealed gallstones and hepatic steatosis. She underwent
laparoscopic cholecystectomy

Intraoperative needle biopsy of the liver revealed moderate MASH (NAS score = 5)
with mild fibrosis (stage F1)



Vibration-controlled transient elastography (VCTE)
(e.g., FibroScan®, others)

Measurement of liver stiffness to estimate severity of liver fibrosis

FIB 4 score 1.3 - 2.67
Indeterminant risk

Elastography Interpretation
I { 1
< 8 kPa 8-12 kPa >12 kPa
Low risk of Intermediate risk of High risk of
advanced fibrosis advanced fibrosis advanced fibrosis
l ]

Repeatin 2 Treat MASH Treat or refer to
years hepatology




Treatment for MASH

Similar to treatment of obesity

Lifestyle-based treatment
Healthy diet

Regular physical activity

Medications
Resmetirom

Semaglutide

Metabolic / bariatric surgery



Continuing with Our Patient

46-year-old with a class 2 obesity (BMI 37.7 kg/m2; weight 220 Ibs) who was
referred by her primary care provider for evaluation and treatment of the
obesity.

She notes that her weight when not pregnant exceeded 200 Ibs for the first time
at age 40. She has continued to gain weight steadily over time, despite 3
serious dietary attempts to lose weight, resulting in transient weight loss of up to
25 |bs.

She continues to drink alcohol socially on the weekends, averaging
approximately 2-3 drinks/week



MASH Treatments
Approved and in Development




Points of Therapeutic Intervention

Improvement in metabolic function
(resmetirom, semaglutide)

.'4 F: { (<~ A % }5 5 | Portal

__ ‘f ;. e { hypertension
@ and hepatic

Healthy liver "~ Isolated - decompensation

steatosis ﬂ

Decreased inflammation and liver cell injury

Decreased fibrosis

Decreased fibrosis

Targher et al. N Engl J Med 2025;393:683-98. Images created with BioRender 34



Goals of Treatment and Assessment of Efficacy

Decrease in major adverse liver outcomes (MALO) and major adverse
cardiovascular events (MACE)

Key therapeutic endpoints (and requirements for FDA approval):

Improvement in MASH without worsening fibrosis

Reduction in inflammation without stability or improvement in fibrosis may reflect progression
toward cirrhosis

Improvement in fibrosis without worsening of MASH

Reduction in fibrosis without stability or improvement in inflammation may reflect liver
heterogeneity or sampling error

Decrease in liver fat content of > 30% is the best early predictor of later
improvement in MASH and fibrosis

Kanwal et al. Gastroenterology. 2021 Nov;161(5):1657-1669.



Mechanistic Targets of Emerging MASH Therapies

Thyroid hormone receptor 3 — receptor highly expressed in liver

Activation stimulates liver mitochondrial activity and lipolysis

GLP-1 receptor

Activation promotes lipolysis broadly, stimulates anti-inflammatory effects and induces
insulin secretion (incretin action)

Glucagon receptor — receptor highly expressed in liver

Activation promotes lipolysis in liver

FGF21 receptor

Activation promotes lipolysis and anti-inflammatory effects in liver

Kanwal et al. Gastroenterology. 2021 Nov;161(5):1657-1669.



Resmetirom

MAESTRO-MASH Trial
52-week phase 3 trial in 966 adults with MASH and F1-F3 fibrosis

m 80 mg Resmetiron
® 100 mg Resmetiron

29.9% m Placebo
25.9% 24.2% 25.9%
. (1]
I 14.2%

MASH resolution with Fibrosis improvement 21 stage without
no worsening fibrosis worsening NAFLD score

P<0.001 for both comparisons with placebo

Harrison et al. N Engl J Med. 2024;390(6):497-509.; Cusi. N Engl J Med. 2024;390(6):559-561.



Semaglutide 2.4 mg

ESSENCE Trial Part 1
72-week phase 3 trial of first 800 participants with MASH and F2 -F3 fibrosis

B Semaglutide

® Placebo
36.8%
22.4%
Resolution MASH Reduction in liver fibrosis
without worsening fibrosis without worsening MASH

Newsome et al. Aliment Pharmacol Ther. 2024 Dec;60(11-12):1525-1533.; Sanyal et al. N Engl J Med. 2025;392(21):2089-2099.



Following Treatment Efficacy with Non-invasive Tests

ESSENCE Trial Part 1

Enhanced Liver Fibrosis (ELF) Score Liver Stiffness Measured by Vibration-
Controlled Transient Elastography
10.2 A 13 -
Placebo —_
© 4
10.0 - & 12
o =< 11- Placebo
O 938 - » -
- 7]
7] o 104 1
9.6 c
S 94 4 n N
5 S
Q
9.2 - Semaglutide 2.4 mg 5 & Semaglutide 2.4 mg
0.0 T T T T 0 T T T
0 24 48 72 0 48 72
Weeks since Randomization Weeks since Randomization

Newsome et al. Aliment Pharmacol Ther. 2024 Dec;60(11-12):1525-1533.; Sanyal et al. N Engl J Med. 2025;392(21):2089-2099.



Current and Emerging Medications for MASH

Resmetirom
Approved
Semaglutide

Tirzepatide
Retatrutide

Investigational Survodutide

Mazdutide

Pegozafermin o



Tirzepatide

SYNERGY-NASH Trial
52-week phase 2 trial in 190 adults with MASH and F2-F3 fibrosis

5 mg Tirzepatide
® 10 mg Tirzepatide
® 15 mg Tirzepatide

m Placebo
62%
56%
51%@51%
41%
30%
Resolution MASH with Decrease 21 fibrosis stage Reduction in liver fat
no worsening fibrosis without worsening MASH

Loomba et al. N Engl J Med. 2024;391(4):299-310.



Survodutide

48-week phase 2 trial of 293 adults with MASH and F1-F3 fibrosis

2.4 mg Survodutide
® 4.8 mg Survodutide
® 6.0 mg Survodutide
m Placebo

62%

Liver fat decline 230% Fibrosis improvement

MASH improvement without
worsening of fibrosis

Sanyal et al. N Engl J Med. 2024;391(4):311-319.



Retatrutide

48-week phase 2 trial in 98 adults with MASLD hepatic fat fraction >10%

Relative Liver Fat Change, % Percent Achieving Normal Liver Fat

0.3 1 mg Retratrutide

4_6_ =4 mg Retatrutide

' 8 mg Retatrutide
L " 12 mg Retatrutide

52 mPlacebo
0 E 0
Week 24 Week 48 Week 24 Week 48

*P<0.05 versus placebo; **P< 0.001 versus placebo

Sanyal et al. Nature Medicine. 2024;301:2037-2048.



Key Takeaways

MASH is a highly prevalent and underdiagnosed complication of obesity
MASH is characterized by hepatic inflammation and cell injury

The leading cause of death in people with MASH is cardiovascular disease
FIB-4 is a simple, accessible test that can be used to screen for MASH

Promising therapeutic targets include receptors for multiple metabolic
hormones, including thyroid hormone, GLP-1, GIP, glucagon and FGF-21

Activation of glucagon receptors appears to preferentially enhance removal of fat
from the liver

Clinical trials for emerging pharmacological treatments of MASH have
demonstrated improvement in both hepatic cell injury and fibrosis
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