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Changes in Nomenclature: MASLD



• The updated forecast estimates a higher increase in MASLD 
population and larger number of MASH cases relative to our 
2017 forecasts (Figure 1).

• In 2022, an estimate 26 million people had MASH in the U.S., 
forecasted to grow to 40 million by 2044, and 2.5 million 
people had cirrhosis due to MASH. 

• MASLD is estimated to cost the U.S. health system $13.2B 
annually and increasing to $16.8B (Figure 2) 



Screening, Awareness and Educations
– Starting From Primary Care Clinic



AGA/AASLD Guideline 



Cost-Effectiveness of Identifying High-risk Non-Alcoholic Fatty 
Liver Disease (NAFLD) Patients in the United States (U.S) 

• A cost-utility model for patients seen at primary 
care or endocrinology practices consists of a 
decision tree and Markov model. 

• If patients had type 2 diabetes (T2D), 
prediabetes (Pre-D), or ≥2 other components 
of metabolic syndrome (≥2-MS) without any 
other causes of liver diseases (viral hepatitis, 
alcoholic liver disease, excessive alcohol use), 
they entered a decision tree with 6 NIT 
screening strategies using first line FIB4 and 
second line NIT testing. Markov model was 
used to simulate the natural history of 
NAFLD/NASH

• Costs and health effects of 6 screening 
strategies were compared to no screening FIB4+any NIT  is saving in long-

term health cost than no screen

Zobair M. Younossi et al.



AASLD/AGA MASLD Practice Guidance for Screening Diabetics 
Factors Associated With Advanced Fibrosis, Implications for Care Delivery, and Cost-Reduction Using 
Age-Adjusted FIB-4 Cut-offs 

• Calculate FIB-4 scores in 
Mount Sinai’s diverse urban 
DM population engaged in 
Primary Care

91% of cirrhotic may be undiagnosed Rohit R. Nathani et al.



Pre- Intervention Survey and Assessment 
A pre-intervention PCP survey to ascertain MASLD 
knowledge and management patterns. 

Intervention Implementation 
An 18-month intervention implementing the FIB-4 risk-
stratification referral algorithm in primary care. 

• Identified all adults with diabetes in PC, age < 75, 
excluding those with other common liver diseases. 

• Over 18-months, PCPs received an electronic medical 
record (EMR) notification for each patient 18-75 years 
old with diabetes (DM) and either a: 

• Low-risk Fib-4 (<1.3) Manage in primary care OR 

• High-risk Fib-4 (>2.67) Refer to hepatology 
Post-Intervention Survey After One Year 
• A post-intervention PCP survey one year later. 

• Pre-and post survey responses were compared using 
two-sample z-tests. 
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Improving Primary Care Provider Awareness and Use of  FIB-4 Risk-Stratification 
for Metabolic-Dysfunction Associated Steatotic Liver Disease (MASLD)
Max L Goldman, MD1,2; Rena K Fox, MD2; Danielle Brandman, MD, MAS, FAASLD3; Delia Falliers4; Kendall Islam, BS5; Janet N Chu, MD, MPH, MAS2

BACKGROUND
• Nearly 25% of US adults have MASLD with 1 in 4 

having at least moderate fibrosis at diagnosis.
• Early detection in the primary care (PC) setting is ideal 

in order to implement early interventions to prevent 
advanced progression.

• AASLD guidance recommends primary care providers 
(PCPs) perform FIB-4 risk assessment to determine 
need for specialist referral

• However, few PCPs are aware of or use FIB-4 in 
managing those at risk of MASLD, and it is unclear 
whether PCPs would adopt FIB-4 in their practice.

Aim
• To evaluate PCP knowledge and use of FIB-4 before 

and after implementation of AASLD’s FIB-4 risk-
stratification algorithm in a large, academic PC setting.

METHODS
Three-Part Study Design

CONCLUSIONS
• Implementing a FIB-4 risk stratification 

algorithm in primary care substantially 
impacted PCP management of MASLD.

• PCPs demonstrated significantly improved 
awareness of FIB-4, knowledge of its 
components and uses.

• Importantly, PCPs continued to incorporate 
FIB-4 risk stratification into their specialty 
referral decision-making over a year after 
the intervention.

• This led to appropriate referral of patients 
at high risk for fibrosis to hepatology, while 
continuing PCP management of low-risk 
patients.

• PCPs introduced to FIB-4 based risk 
stratification adopt the strategy, resulting in 
improved practice patterns.

Figure 1. Study flow diagram, including PCP surveys prior to 
and after a FIB-4 risk-stratification algorithm implementation
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1 A pre-intervention PCP survey to ascertain 
MASLD knowledge and management patterns.

2 An 18-month intervention implementing the FIB-4 
risk-stratification referral algorithm in primary care.

• Identified all adults with diabetes in PC, age < 75, 
excluding those with other common liver diseases.

• Over 18-months, PCPs received an electronic 
medical record (EMR) notification for each patient 
18-75 years old with diabetes (DM) and either a:
o Low-risk Fib-4 (<1.3)      Manage in primary care
               OR
o High-risk Fib-4 (>2.67)       Refer to hepatology

3 A post-intervention PCP survey one year later.
▪ Pre-and post survey responses were compared 

using two-sample z-tests.

Figure 2.  Difference in PCP knowledge and use of  FIB-4 based risk stratification before and after 
implementation of  the AASLD’s a referral algorithm in primary care.

RESULTS
• There were 88 of 115 pre-intervention and 69 of 119 post-

intervention PCP survey respondents.
• Among post-survey respondents, 64% had received 

messages for low-risk patients and 54% for high-risk 
patients during the intervention.

• Comparing post- to pre-intervention survey responses:
o PCP knowledge of fibrosis as a predictor of cirrhosis 

improved (86% vs.76%, p=0.02)
o PCP knowledge of FIB-4 components increased (46% 

vs. 25%, p=0.003) 
o Significantly more PCPs reported applying FIB-4 for 

patients with elevated LFTs (59% vs. 16%, p<0.001)
• Post-intervention, 46% of PCPs reported that their likelihood 

of managing MASLD patients with low FIB-4 in primary care 
and/or appropriately referring patients with high FIB-4 to 
hepatology had increased.
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Pre- Intervention Survey and Assessment

Intervention Implementation

Post-Intervention Survey After One Year

PARTICIPANTS
1) Surveyed 115 PCPs pre-intervention and 119 post-

intervention at a large, academic medical center, treating:

2)  26,602 adult PC patients, actively receiving care, of whom
• 3,297 had DM, with 269 excluded for HBV, HCV, ETOH
• Yielding 3,028 PC DM patients without other liver disease

Implementing a FIB-4 risk stratification 
algorithm in primary care substantially 
impacted PCP management of MASLD. 



How We Can Do Better: Electronic Reminder? 
RHM Alert?

Zhang X et al. Gut. 2023.



Clinical, Biological and Imaging Predictors of At-Risk MASH: Combined Data 
From Multiple Therapeutic Trials Including More than 6,000 Patients 

• 8 therapeutic non-cirrhotic trial 

• 6558 patients

• 2385 MRI-PDFF

• 2514 fibroscan

• 2277 liver bx

• 5514 lab data

Ø Middle aged patients with multiple 
comorbidities (type 2 DM);  exclude:  
Fibroscan <8.5Kpa, AST<20

Ø If HbA1C<6.5%, AST>=40, FAST>=0.67

Ø If HbA1C>=6.5%, AST>=30, FAST>=0.50

Screen failure rate for 
biopsy proven NASH 
trial 75-85% 

SA Harrison et al.



Development and Validation of the NAFLD (MASLD) Familial Risk 
Score to Detect Advanced Fibrosis: A Prospective, Multicenter Study 

• First-degree relatives of NAFLD 
patients with advanced fibrosis are 
at higher risk of NAFLD with 
advanced fibrosis 

Total 87 probands with advanced fibrosis

Daniel Q Huang et al.





Non-Invasive Testing and 
Artificial Intelligence 



• 4 non-invasive tests (NIT) and associated cut-off 
values to rule-in and rule-out presence of “at-risk 
NASH”: 

FAST (FibroScan-AST) 

MAST (Magnetic Resonance Imaging based score)  

MEFIB (Magnetic Resonance Elastography + FIB-4) 4 

cT1 (Iron-corrected T1, Liver MultiScan) 

170 patients (40.6% females; mean ± SD age 55.9 ±
6.0 years; mean ± SD BMI 33.1 ± 4.9 kg/m2) who 
underwent a prospective LB and had all four NITs 
available were included in this analysis with a 
prevalence of at-risk NASH patients at 11.8% 

Mazen Noureddin1, Naim Alkhouri2, Cassandra Chaldaureille3, Julie Foucquier3, Véronique Miette3, Laurent Sandrin3, Céline Fournier-Poizat3, Stephen A. Harrison4
(1) Houston Liver Institute, (2) Arizona Liver Health, (3) Echosens, (4) University of Oxford

1
The recently published AASLD practice guidance1 on the management of NAFLD patients 
recommend 4 non-invasive tests (NIT) and associated cut-off values to rule-in and rule-out presence 
of “at-risk NASH”: FAST (FibroScan-AST) 2, MAST (Magnetic Resonance Imaging based score) 3, 
MEFIB (Magnetic Resonance Elastography + FIB-4) 4 and cT1 (Iron-corrected T1, Liver MultiScan) 5. 

2
Aim 

Method

Results

The aim of this study was to compare the performances of FAST, MAST, MEFIB and cT1 using 
liver biopsy (LB) as the reference in a population with low prevalence of at-risk NASH patients.

5
Conclusions
MAST and FAST have demonstrated superior performance in the identification of at-risk NASH 
patients. However, factors such as cost, and their correlation with histological changes and liver-
related outcomes over time should be carefully considered when determining the optimal tests. 
Furthermore, the potential benefits of sequential testing warrant further investigation to establish 
their efficacy and reliability.

6
References
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Introduction 
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Head-to-head comparison of FAST, MAST, MEFIB and cT1 in identifying 
at-risk NASH patients in a low-prevalence population

1. Rinella, M. E. et al. AASLD Practice Guidance on the clinical assessment and management of nonalcoholic fatty liver disease. Hepatology 77, 
1797–1835 (2023).
2. Newsome, P. N. et al. FibroScan-AST (FAST) score for the non-invasive identification of patients with non-alcoholic steatohepatitis with 
significant activity and fibrosis: a prospective derivation and global validation study. Lancet Gastroenterol. Hepatol. 5, 362–373 (2020).
3. Noureddin, M. et al. MRI-based (MAST) score accurately identifies patients with NASH and significant fibrosis. J. Hepatol. 76, 781–787 (2022).
4. Jung, J. et al. MRE combined with FIB-4 (MEFIB) index in detection of candidates for pharmacological treatment of NASH-related fibrosis. Gut 
70, 1946–1953 (2021).
5. Schaapman, J. J., Tushuizen, M. E., Coenraad, M. J. & Lamb, H. J. Multiparametric MRI in Patients With Nonalcoholic Fatty Liver Disease. J. 
Magn. Reson. Imaging 53, 1623 (2021).

Patient Population
• Adult patients (18y - 80y) were prospectively enrolled predominantly at the time of referral for 

routine colon cancer screening in the San Antonio (Texas) area and without :
• Prior history of liver disease
• Documented/Medication-induced NAFLD
• Alcohol ingestion above the accepted NAFLD range

Assessment of “At-risk NASH”
• Patients with LSM by VCTE≥7 kPa, MRE≥3 kPa, MRI-PDFF ≥5%, or cT1 ≥ 780 ms were 

proposed a LB 
• LB were assessed by two expert pathologists in a double-blind manner with consensus, using 

the NASH CRN scoring system. 
• At-risk NASH was defined by NAS ≥4 with at least 1 in steatosis, ballooning, lobular 

inflammation and fibrosis stage F≥2.
• Diagnostic performances were assessed using Receiver Operating Curve (ROC).

FAST MAST MEFIB cT1

AUC [95% CI] 0.86 
[0.78;0.94]

0.91 
[0.85;0.98]

0.52 
[0.48;0.57]

0.77 
[0.67;0.87]

Rule-out cut-off < 0.35 ≤ 0.165 MRE < 3.3 kPa & FIB-4 < 1.6 < 825 ms
Number of patients (%) 133 (78%) 168 (99%) 146 (86%) 114 (67%)

Se / Sp 0.65 / 0.84 0.1 / 1.0 0.45 / 0.9 0.70 / 0.72
NPV 0.95 0.89 0.92 0.95

Indeterminate zone
Number of patients (%) 31 (18%) 0 (0%) 23 (14%) 35 (22%)
Rule-in cut-off ≥ 0.67 ≥ 0.242 MRE ≥ 3.3 kPa & FIB-4 ≥ 1.6 ≥ 875 ms
Number of patients (%) 6 (4%) 2 (1%) 1 (<1%) 21 (12%)

Se / Sp 0.25 / 0.99 0.1 / 1.0 0.05 / 1.0 0.3 / 0.90
PPV 0.83 1.0 1.0 0.29

Well-classified* 94% 89% 93% 84%

AUC: Area Under the ROC Curve; CI: confidence interval; Se: sensitivity; Sp: specificity; 
NPV: negative predictive value; PPV: positive predictive value.
* Among classified patients
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170 patients (40.6% females; mean ± SD age 55.9 ± 6.0 years; mean ± SD BMI 33.1 ± 4.9 kg/m²) who 
underwent a prospective LB and had all four NITs available were included in this analysis with a prevalence of 
at-risk NASH patients at 11.8%. 

Table & Figure: Performance characteristics of FAST, MAST, MEFIB and cT1 for identification of at-risk NASH.

Ø FAST outperformed cT1 in terms of: 
• AUROC (p=0.045), 
• percentage of patients without at-risk 

NASH below the rule-out cut-off 
(specificity) 

• positive predictive value (PPV) for patients 
with a score above the rule-in cut-off. 

Ø MAST outperformed FAST, MEFIB and cT1 in 
terms of AUROC (p=0.031, p<1.10-4 and 
p=0.003, respectively). 

Ø Sensitivity of MAST and MEFIB at rule-out 
and rule-in cutoffs numerically lower (0.10 
and 0.05) than FAST (0.25) but higher 
specificity (1.00).

Ø Rate of at-risk NASH patients with a score 
above the high cut-off higher for FAST 
compared to MAST and MEFIB. 

Ø Percentage of well-classified patients 
significantly higher for FAST compared to cT1 
(p=0.015).   

Ø Percentage of patients in the indeterminate 
zone significantly lower for MAST (0%) than 
FAST (18%), MEFIB (14%) and cT1 (22%) 
(p<1.10-4 in all cases). 

47

MAST and FAST have demonstrated superior 
performance in the identification of at-risk NASH 



Machine Learning Score Improves Classification of Individuals With Indeterminate 
Non-Invasive Risk of Incident Cirrhosis into Low or High Risk Groups 

• The prevalence of MASLD is >30% in the general population: 
FIB-4 Indeterminate range (25-40%) 

• Machine learning algorithms >stratify risk of liver related 
events (LREs)

• Adults with MASLD diagnosed 2010-2020 (n=28,684)
Case-control definition

– Case = incident cirrhosis <10 years from index date 

– Control = no cirrhosis, >10 years of follow-up          
Predictors/features: age, sex, race/ethnicity, metabolic 
comorbidities, common laboratory values 

Combining ELM with FIB4 can reduce the 
indeterminate-risk population and decrease 
need for second-line testing --- readily-available 
values, implementation cost would be minimal 

Vincent Chen et al.



Pipelines of Clinical Trials for 
MASH Treatment 



TRIPLE HORMONE RECEPTOR AGONIST RETATRUTIDE RESOLVES STEATOSIS IN 
>85 % OF SUBJECTS WITH MASLD AND OBESITY IN ASSOCIATION WITH 
IMPROVED METABOLIC HEALTH 

• Semaglutide (GLP-1a): WL 10–15%

• Tirzepatide (GIP/GLP-1a): WL ~20%

• Retatrutide (tri-agonists of the GIP, 
GLP-1, and glucagon (GCG) 
receptors)

• Near-maximal liver fat reductions were 
achieved at ~20% reduction in body weight 

• ~40% reductions in both abdominal 
subcutaneous and visceral adipose tissue 

Arun J Sanyal et al.



Icosabutate in NASH/MASH With Fibrosis: Results From a Randomized, 
Multicentre, Double-Blind, Placebo Controlled, Phase 2 b Trial (ICONA) 

• Icosabutate, dual FFAR1/FFAR4

• Free-fatty acid receptor (FFAR)1 

• FFAR4 (b-arrestin2)

• PPAR-a (partial agonist) 

Targeting at Fatty acid metabolism 
and insulin resistance

Superior Effect in Type 2 Diabetes

Harrison SA et al.



Positive Results From the ALPINE-4 study: A Randomized, Double-Blind, Placebo-
Controlled, Multicenter, Phase 2b Trial Evaluating Multiple Doses of the FGF19 Analogue 
Aldafermin in Patients With Compensated Cirrhosis Due to NASH/MASH 

Aldafermin, an FGF19 Analog, 
Improve insulin resistance
Reduce De Novo Lipogenesis 

• Significant in Enhanced Liver Fibrosis (ELF) score reduction 
• Significant, dose-dependent improvements (Pro-C3, ALT, AST) 
• Not significant in histology MASH fibrosis regression

Mary E. Rinella et al.



Fibrosis Improvement With Pegozafermin Treatment in 
MASH Patients With F4 Fibrosis 

FGF21 Analog
Direct effects on fibroblasts
Anti-inflammatory
Regulate oxidative stress and apoptosis
Reduce hepatic steatosis
glycoPegylation of FGF21 > Pegozafermin

Reclassify 14 patients from F2/3 to F4

Need to be validated in a dedicated study of 
patients with compensated cirrhosis 

Rohit Loomba et al.



RELATIONSHIP OF NON-INVASIVE MEASURES WITH HISTOLOGICAL RESPONSE 
IN PATIENTS WITH NONALCOHOLIC STEATOHEPATITIS AND FIBROSIS: 52-WEEK 
DATA FROM THE PHASE 3 MAESTRO-NASH TRIAL 

• Resmetirom is an oral, liver-directed THR-β 
selective agonist in development for NASH 

• Two doses: 80mg, and 100mg 
• Week-52 data
• NASH resolution with at least a 2-point 

reduction in NAS and no worsening of fibrosis 
• AND ≥1 stage fibrosis improvement with no 

worsening of NAS 

• MRI-PDFF response was highly associated with 
both fibrosis improvement and NASH resolution; 
higher levels of PDFF reduction were associated 
with a greater biopsy response for both fibrosis 
and NASH resolution endpoints 

• SHBG increase, was associated with a higher 
biopsy response 

Rohit Loomba et al.



Maximal the Available Treatments to Improve 
the Outcome Among Patients With MASLD



AN AGE-STATIN INTERPLAY IN PREVENTING THE DEVELOPMENT OF CIRRHOSIS 
IN A 10-YEAR COHORT OF PATIENTS WITH NONALCOHOLIC FATTY LIVER 
DISEASE (NAFLD) 

• Assess age-/sex-disparities in the association 
between statin use and the incidence of 
cirrhosis in patients with NAFLD 

• National Archives Veterans’ Medical and 
Health Records 01/01/2007-12/31/2009

• Eligible patients with NAFLD for 10-year 
follow-up N=344,975

• Statin use at baseline was associated with 
reduced risk of incident cirrhosis

• Higher cumulative dose and longer 
duration of statin use associated with a 
stronger protective effect 

Georgia Sofia Karachaliou et al.



Daily Aspirin Therapy for the Treatment of Metabolic Dysfunction-Associated 
Steatotic Liver Disease: A Randomized Controlled Trial 

• Aspirin (ASA) exerts anti-inflammatory and 
antitumor effects in liver 

• Double blinded randomized single-center trial

• 40 ASA and 40 placebo, 6 month follow up. 

• Change from baseline to month 6 
in hepatic fat fraction (HFF) 
assessed by magnetic resonance 
spectroscopy (MRS) 

ASA 81mg daily reduced liver fat content 
by MRS-HFF compared to placebo (10% 
mean absolute reduction) 

Tracey G. Simon et al.



Patients were randomly assigned in a 1:1 ratio to receive oral vitamin E (300mg about 450 IU) or placebo. 

Primary endpoint was improvement in hepatic histology after 96 weeks of treatment. 

vitamin E (58 patients) or placebo (66 patients) 
Histologic improvement: NAS score reduction



My Favorites – Bariatric Data, Lean 
MASH, Genetics 



Resolution of MASH With No Worsening of Fibrosis After Bariatric 
Surgery Improves 15-Year Survival: A Prospective Cohort Study 

• Resolution of MASH without worsening of fibrosis 
or improvement in fibrosis as acceptable surrogate 
endpoints to assess the prevention of cirrhosis and 
liver-related mortality 

• The study examined the effects of histological 
progression of MASH and fibrosis on long-term 
survival following bariatric surgery 

Resolution of MASH with no worsening of fibrosis is a reliable 
surrogate endpoint in the context of bariatric surgery. Guillaume Lassailly et al.



MORTALITY, HEPATIC DECOMPENSATION, AND CARDIOVASCULAR OUTCOMES IN 
LEAN VS. NON-LEAN MASH CIRRHOSIS: A VETERANS AFFAIRS COHORT STUDY 

• Lean status in MASH on key adverse events: -
Cardiovascular, hepatic decompensation, 
mortality 

• Lean less likely to be screened

Study Method

• Design: retrospective cohort study using 
VOCAL cohort :U.S. Veterans Affairs (VA) 
data: Newly diagnosed compensated cirrhosis: 
2008-2021 

• Primary exposure: Lean status BMI (<25 or 23 
Asians),12 months prior to cirrhosis diagnosis 

• Primary outcome: Hepatic Decompensation 
(Ascites, HE, EVB, SBP) 

• Secondary outcomes:
- MACE (MI, A.fib, heart failure, stroke, cardiac 
arrest) - All-cause mortality 

• Lean status is associated with increased all-cause mortality and 
decreased MASH cirrhosis decompensation 

• Lean individuals at equally high risk of adverse CV events

Basile Njei et al.



Negative Impact of PNPLA3 rs738409 C>G Is Significantly Modified by Dietary 
Factors, Caffeine and Non-Heavy Alcohol Consumption in the US Population 

• Patatin-like phospholipase domain protein 3 
(PNPLA3) polymorphism (rs738409 C>G) is a 
major genetic determinant of CLD and its 
complications 

• Environmental/dietary factors may exacerbate 
or attenuate the effect. 

• The study cohort comprised 39,695 persons 
aged ≥2 months enrolled in the Third National 
Examination and Nutritional Health Survey 
(NHANES III), a complex, multistage clustered 
probability sample that represents the US 
population from 1988 to 1994. 

• 7,159 participants aged >12 years had DNA 
specimens available and were genotyped for 
PNPLA3 rs738409. 

• PNPLA3 rs738409 is associated with an increased risk of LRD in the 
US population. 

• Light-to-moderate alcohol intake, BMI, and higher consumption of 
cholesterol are positively associated with LRD in the US population. 

• Higher consumption coffee/tea (≥ 3 cups/day) and MUFA (%) (top 
quartile) were associated with lower risk of LRD. 

• The risk of LRD due to PNPLA3 rs738409 could be attenuated or 
exacerbated in the presence of certain environmental factors. 

Eduardo Vilar-Gomez et al.



MACHINE LEARNING PREDICTS DIETARY PATTTERNS 
ASSOCIATED WITH FATTY LIVER DISEASE PROTECTION 

• Large prospective cohort study conducted in 
UK : Around 500,000 participants ; Age 37 –
73 years:  Recruited 2006 – 2010 

• Using a random forest classifier to find the 
strongest associations with steatosis (MRI 
fat>=5%) for 63 nutrients

• Manganese showed the strongest association

Food Rich in Mn
Nuts
Seeds
Dark Chocolates
Whole wheat bread
Crustaceans and Mollusks
Fruit and Vegetables (especially organic)

S. Schophaus et al.
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