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MASLD Epidemiology and Rising Prevalence

Globally, the overall prevalence of MASLD is 32%,

while the prevalence of MASH is between 12% and 14%/

Geographical Differences in the Prevalence of MASLD Worldwide?3

* Prevalence is
significantly higher
among those with T2D
and visceral obesity*”

In one study, ~70% of
patients with T2D have
MASLD (steatosis) and

~15% have clinically
significant liver fibrosis

« Among those with
(stages 2F2),® consistent

obesity, the prevalence

Estimated prevalence

of MASH is 25% to of nonalcoholic fatty with other recent population-
30%, while ~30% to e based studies in the
40% of people with - United States®°
diabetes have MASH#47 30% to 34.9%

25% t0 29.9%

20% to 25%

1. Harrison SA et al. J Hepatol. 2021;75:284-291. 2. Teng ML et al. Clin Mol Hepatol. 2023;29(suppl):S32-S42. 3. Riazi K et al. Lancet Gastroenterol Hepatol.
2022;7:851-861. 4. Younossi ZM et al. Hepatology. 2016;64:73-84. 5. Younossi ZM et al. J Hepatol. 2019;71:793-801. 6. Kim D et al. Hepatol Int. 2019;13:205-213.
7. Kanwal F et al. Clin Gastroenterol Hepatol. 2016;14:301-8.e1-2. 8. Lomonaco R et al. Diabetes Care. 2021;44:399-406. 9. Ciardullo S et al. Diabetes Care.

2021;44:519-525. 10. Barb D et al. Obesity (Silver Spring). 2021;29:1950-1960.
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v El desarrollo de MASLD/MASH involucra

multiples vias moleculares que complejas y que no
han sido completamente dilucidadas

v Las alteraciones fisiopatoldgicas pueden ocurrir
de forma secuencial o paralela y con diferentes
jerarquias dentro del espectro de la enfermedad y a
lo largo del tiempo

v' La heterogeneidad de la enfermedad
probablemente se deba a una contribucion
diferencial de las vias patogénicas

v' El alcohol en incluso en dosis bajas ha sido un
factor confundente en los estudios

Arab JP, Arrese M & Trauner M. Ann Rev Pathol 2018



MASLD/MASH: Complexity/heterogeneity

Genetic Predisposition Actual Disease Course

Complex Interplay between |
Concomitant Diseases

[ Impact of Social Determinants

Intermediate

J Gregory ©2022 Mount Sinai Health System



MASLD: Genetics

Table 2 | Genes involved in pathophysiology of overlap between NAFLD and ALD

Gene Protein name Variant Cytogenetic Pathway Outcomes in NAFLD and ALD

location

PNPLA3 Patatin-like phospholipase rs738409 C>G 22q13.31 Lipid metabolism The risk variant modulates liver fat deposition,
domain-containing 3 disease severity and progression in terms

of inflammation and fibrosis in NAFLD and
ALD166,232

TMBSF2 Transmembrane 6, rs58542926 C>T 19p13.3-p12 Miscellaneous The polymorphism was associated with

superfamily member 2 increased hepatic triglyceride content and
advanced hepatic fibrosis or cirrhosis in NAFLD
and ALD**%

MBOAT7 Membrane-bound rs641738 C>T 19q13.42 Lipid composition of The variant was identified as a risk factor for
O-acyltransferase cell membranes ALD and promotes fat accumulation in the liver
domain-containing 7 and development of NAFLD, inflammation,

fibrosis and HCC due to reduced protein
expression'®#*

GCKR Glucokinase regulator 151260326 T>C 2p23.3 Lipid synthesis The variant decreases circulating fasting

glucose and insulin levels but increases the
production of malonyl-CoA, thereby promoting
hepatic fat accumulation by serving as a
substrate for lipogenesis and by blocking fatty

acid oxidation™®
HSD17B13  17B-hydroxysteroid rs72613567 T>TA 49221 Lipid metabolism HSD17B13 protects against liver inflammation,
dehydrogenase 13 1s62305723 G>A cirrhosis and HCC due to both dysmetabolism

and alcohol; the risk variants are related
to the modulation of inflammation and

fibrogenesis'™
SOD2 Superoxide dismutase 2, rs4880 C>T 6g25.3 Oxidative stress The risk variant was associated with more
mitochondrial advanced fibrosis in NASH**® and may increase
the susceptibility to alcohol-related cirrhosis™’
Genes are ordered according to relevance to clinical practice. ALD, alcohol-related liver disease; HCC, hepatocellular carcinoma; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic Diaz et al Nat Rev Gastroenterol Hepatol. 2023 Dec;20(12):764-783
steatohepatitis. Sookoian et al. Clin Gastro Hepatol 2024




Stressed Adipose Tissue

Normal nutrition
Normal microbiome
Adipocyte growth factors
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Normal adipose
development
Different adipocyte

populations and other
adipocyte precursors

Preadipocyte Mature adipocyte Lipodystrophic Resident Proinflammatory Distinct types of Stromovascular  Insulin
subtypes subtypes adipocytes macrophages (M2) macrophages (M1) macrophages cells receptors
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Stressed Adipose Tissue

Normal nutrition Increased number of
Normal microbiome small adipocytes
Adipocyte growth factors Low inflammation
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@ Normal adipose Adipose
development expansion
Different adipocyte Preadipocyte proliferation
populations and other Adipocyte hyperplasia
adipocyte precursors
Preadipocyte Mature adipocyte Lipodystrophic Resident Proinflammatory Distinct types of Stromovascular  Insulin
subtypes subtypes adipocytes macrophages (M2) macrophages (M1) macrophages cells receptors
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Stressed Adipose Tissue

Normal nutrition
Normal microbiome
Adipocyte growth factors

Increased number of
small adipocytes
Low inflammation
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Healthy adipose expansion

MMCP-1

Metabolically unhealthy obesity

Insulin resistance
Ectopic fat deposits
Metabolic syndrome

Normal adipose

development
Different adipocyte
populations and other
adipocyte precursors

"

Adipose
expansion
Preadipocyte proliferation
Adipocyte hyperplasia

subtypes subtypes adipocytes macrophages (M2) macrophages (M1) macrophages cells

<~ 7§ e e e

Kahn. J Clin Invest. 2019;129:3990. Reproduced in accordance with https://creativecommons.org/licenses/by/4.0/.

Adipose
remodeling
More adipocyte hyperplasia
and hypertrophy
Changing adipose hormones
Inflammation
Preadipocyte Mature adipocyte Lipodystrophic Resident Proinflammatory Distinct types of Stromovascular

v

M di-HOMEs MLeptin PMTNF-a,
J FAHFAs JAdiponectin  |L-1B,

A Exosomal A Other adipose  etc
miRNAs hormones
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Inflamacion en MASLD

Steatotic Liver Diseases

| ) =
. y - -
A - ). -
< G
- N -
N 1 ) ‘."
! 7. w |
= . 5

" Resident/infiltrated

// \immune cells
See e me//*ag/—’“\sf")“ e ~ L
Blood T r AN @

Monocyte ) 2@ Neutrophil
Lymphocyte “ % other cells




Fibrogenesis: Un proceso clave en la progresion de
MASLD

Arrese M, 2024



Fibrosis is the main determinant of clinical outcomes including

mortality

Mortality Outcomes by Fibrosis Stage in Biopsy-Proven Non-alcoholic Fatty Liver Disease. A Systematic Review
and Meta-Analysis of 17,301 Patients

& Cumulative Incidence |'|-| All-Cause Mortality Liver-Related Mortality
- F2 HR: 1.46 (CI: 1.08 - 1.98, p=0.01)
N e F3 HR: 1.96 (Cl: 1.41 - 2.72, p<0.01)
z S
@ n o
3 g F4 HR: 3.66 (Cl: 2.65 - 5.05, p<0.01)
5 §
&~ © F1-F4  HR:1.99 (CI: 1.47 - 2.71, p<0.01)
7 ',/
/ -
e
e F1-F2  HR:1.33(Cl: 1.05 - 1.70, p=0.02)
22 s -Ec““‘;‘: ||:§? Sam e Presence of clinically significant fibrosis (HR: 2.36, —] Clinically significant
Mild o nificant Advanced Cirrhosis 95% Cl: 1.74 - 3.19, p<0.01) and advanced fibrosis (HR: % advanced fibrosis
‘/ 2.84, 95% Cl: 2.18 - 3.70, p<0.01) resulted in an increase ad ris

t-year 01%  03% 0.3% 0.3% in all-cause mortality compared to FOQ.

3year 19%  B84%  88%  13.0% I c""“"‘"’ ?'9"'ﬂ°f'""y ﬂb"’"’»

Syear 33%  14.0%  149%  206%

Clinically significant fibrosis compared to non-clinically L ]

B oo 2w men e an Clinical Gastroenterolog
- 77%  293%  322%  415% and Hepatology

Hagstrém. J Hepatology. 2017,;67:1265. m ed |C| na.uc Cl
Hang Ng et al. Clin Gastroenterol Hepatol. 2023 Apr;21(4):931-939.e5. ’ ’




Low physical activity

Healthy Muscle *Obesity Liver
<_ -Systemic low-grade inflammation
-Oxidative stress

‘Insuline resistance

» Dyslipidemia

4

Sarcopenia

Arrese et al. Metab Target Organ Damage 2022;2:2



Gut Skeletal Muscle
e Dysbiosis e Modulation of Insulin
e Disruption of gut barrier resistance/Myosteat
integrity e Myokine imbalance (i
e Host-Microbiome myostatin)
interactions |

 PAMPS /
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4 Pro-inflammatory (i.e.,
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MASLD Is Part of a Systemic Disease With Strong
Associations With Components of Metabolic Syndrome?

(Predlsposlng factors \

« Obesity/overweight

» T2D or dysmetabolic
syndrome

» Dyslipidemia

» High-calorie/high-
carbohydrate diet

» Sedentary lifestyle

+ Sleep apnea

» Gut dysbiosis

» Epigenetic and

1. Chakravarthy MV, Neuschwander-Tetri BA. Endocrinol Diabetes Metab. 2020;3:e00112.

genetic influences
. J

Metabolic
stress

* Heart failure with preserved <== |‘

* Insulin resistance, leading

to impaired fasting glucose dw====p=
+« MASLD f

+« HCC hn

71

11

Hypertension
Peripheral vascular disease -
Coronary artery disease a

Myocyte dysfunction

ejection fraction

+ B-cell dysfunction
« T2D

+ Inflammation
* Insulin resistance, leading -
to dysregulated lipolysis

« Vascular injury
« Chronic kidney disease -

2. https:/Nliverfoundation.org/liver-diseases/fatty-liver-disease/nonalcoholic-steatohepatitis-MASH/MASH-causes-risk-factors.

PeerView.com/RNX910

(CIrculating factors A

» Cytokines

* Proinflammatory
extracellular vesicles

» Hepatokines

» Adipokines
4 J

PeerView.com

Copyright © 2000-2024, PeerView



nature reviews gastroenterology & hepatology https:/dol.org/10.1038/541575-023-00822-y

Review article |® Check for updates

Theintersection between
alcohol-related liver disease and
nonalcoholicfattyliver disease

Luis Antonio Diaz®', Juan Pablo Arab®'??, Alexandre Louvet ® *°¢, Ramén Bataller’ & Marco Arrese®'

« P Lipopolysaccharides
« M Microbiome-derived products

NAFLD risk factors
Insulin resistance
Diabetes —
Obesity I
Visceral fat D
Unhealthy food = () Impaired lipid g
>y S y . Inflammatory response
geden'tary l'fEStYl;".l. ) handling ‘ @, > « CXCL1 cherr¥|okir'\): upregulation
= eineet:;tsigsfgf:?;sl ity Y 5 « Neutrophil-mediated immunity
pig / ‘ « Macrophage activation
Alcohol intake =
Oxidative
and ER stress
and cell death
Accelerated
fibrosis and
disease

progression
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MetALD: new opportunities to understand the role of

alcohol in steatotic liver disease

Steatotic Liver Disease (SLD)

v V

Metabolic MASLD and increased alcohol intake*
Dysfunction-Associated (MetALD)
Steatotic Liver Disease
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Israelsen et al. Lancet Gastroenterol Hepatol 2023
Wei et al Clinical Gastroenterology and Hepatology 2023

Fibrosis stage " . .
Risk estimates for decompensation

Fa—1— : :
15kPa F I~ 5-year risk: 5-15% E S-year risk: 10-30% E S-year risk: 15-50%
10kPa — ! !
[ B e S eSS e ]
F1 S-year risk: <1% H S-year risk: 1-5% H S-year risk: 2-15%
5kPa = : :

A
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The dynamic spectrum of SLD

| MASLD / MetALD / ALD |

T '——I Obesity, insulin resistance and type 2 diabetes, dyslipidaemia, and hypertension, etc |

Disease drivers

metabolic risk
Genetic risk -——I PNPLA3, MBOAT7, TM6SF2, HSD17B13, etc |
Alcohol use O—T,/,/’—I
<20 g (female) 20-50 g (female) >50 g (female)
<30 g (male) 30-60 g (male) >60 g (male)

Figure: The dynamic spectrum of steatotic liver disease

The graph shows how the disease drivers of SLD (x-axis) and the severity of liver disease (y-axis) determine the risk
of developing decompensated liver disease within 5years. Risk estimates derived from observational studies.®**
ALD=alcohol-related liver disease. F1=fibrosis stage 1. F2=fibrosis stage 2. F3=fibrosis stage 3. F4=fibrosis stage 4.
MASLD=metabolic dysfunction-associated steatotic liver disease. SLD=steatotic liver disease. TE=transient
elastography.
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Ethyl glucuronide in hair detects a high rate of harmful

alcohol consumption in presumed non-alcoholic fatty
liver disease

{ Dual diagnosis: MAFLD/NAFLD +/- ALD

[ Fatty liver disease J [ Methods } ( Results & conclusions }
'~;-:".: 9 8 . . Moderate to excessive alcohol
it / ‘ é * consumption in
" Steatosis ! ]
Questionnaire ~ Sample collection " 28.6% of NAFLD patients
S . Alcohol 7 - \\_25.0% of MAFLD patients
: . 'A‘, = . g
_ =g ﬂ l =

Optimal diagnostic means
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0 Steatohepatitis AUDIT-C GGT
T2DM °

I
o®
<
i

hEtG: AUC 0.927
_© 4+ uEtG: AUC 0.754

SCR for alcohol consumption '/\O +AUDIT-C: AUC 0.733

+ metabolic characterization

( Staufer et al., JHEP 2022. )
DOI: 10.1016/j.jhep.2022.04.040

Staufer K et al. J Hepatol. 2022 May 20:50168-8278(22)00316-6. |C.Cl
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Impact of Longitudinal Alcohol Use Patterns on Long-Term Risk ©
of Cirrhosis Among US Veterans With Steatotic Liver Disease

Robert J. Wong,""* Zeyuan Yang,” Ramsey Cheung,' Ashwani K. Singal,” Albert Do,"
Aijaz Ahmed,' and Aaron Yeoh'

'Division of Gastroenterology and Hepatology, Stanford University School of Medicine, Palo Alto, California; ?Gastroenterology
Section, Veterans Affairs Palo Alto Healthcare )/stem Palo Alto, California; 3University of Louisville School of Medicine; Jewish
Transplant Hospital, Louisville, Kentucky; and “Division of Gastroenterology and Hepatology, University of Califoria San
Francisco School of Medicine, San Francisco, California

Incidence of Cirrhosis
No Alcohol Use: 54%

0.53 per 100 person-years

Low-Risk Alcohol Use 35%
' 0.42 per 100 person-years

High-Risk Alcohol Use 1%

1
1

0.76 per 100 person-years

® ®

@ @ (
1.1 million Veterans with \

steatotic liver disease

Alcohol Use based on AUDIT-C Gastroenterology

CLINICAL RESEARCH RELEVANCE

These data provide important data on the harmful effects
of high-risk alcohol use in patients with steatotic liver
disease, and future studies are needed to evaluate novel
interventions for systematic and timely assessment of
alcohol use with linkage to addiction services for those
with identified high-risk alcohol use.

Gastroenterology 2024;166:1156—-1165




Low-to-moderate alcohol consumption is associated with increased

fibrosis in individuals with metabolic dysfunction-associated

steatotic liver disease

P<0.001 P=0.283 P=0.198 P=0.869

30% g 4-5 95% 14.8% : P=0.005
B ¥
Derivation sample: Spain, '; g P T OO o T oo eoog oAy et
ETHON cohort (n=6,826) < kS |
% 15% %’ 3 5.8% 6.0% ! P=0.011
General  g|p: Fibrosis: 2 R
population 34% 7-6% = == qE, : :‘ -
1 > = o H
8 T 2| 45% 8.6% H P<0.001
= 5% | 8 H
Validation sample: U.S., (%’ S oo SN W
= |
NHANES cohort (n=4,427) o E
§ 1 P<0.001
0% : E :
- Steatotic liver disease was defined as CAP 2275 dB/m = — 114 -359Q 1 P
+ Significant fibrosis was defined as LSM 28.0 kPa 0-4 5-9 10-13¢ ! 21 - 42 g : Drinks/
« Results refers to the derivation cohort Verv low Low 10-20 6 ! i ' week
+ Analysis was performed with Chi2 test v Moderate ! Increased !
MASLD MetALD

Marti-Aguado et al. ] HEP 2024 (IN PRESS)
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DOI: 10.1002/ueg2.12511

ORIGINAL ARTICLE i]"""é“éjournal WILEY

Obesity and harmful alcohol consumption are predictors for
advanced liver disease in the disease management program
for type 2 diabetes

Maurice Michel?® | Michelle Doll*? | Nastasia Albert® | Marc Morgenstern® |
Andreas Behr* | Stefan Maxeiner® | Christian Labenz»?® | Peter R. Galle'? |
Jérn M. Schattenberg?%¢ ©

100
100
90— 50—
81.1
80 80—
70— 68.9 g Tz = 2
5‘3 70 Results: The majority of participants were male (62%), and the median age was
‘q—: é 60— 66 years (interquartile range 59; 71). The median body mass index was 31.1 kg/m?,
g 60— 8 with 58.9% of the participants being obese. Harmful alcohol consumption was
c -
%‘ 50 K4 50 prevalent in 8.0% and 20.0% of the entire cohort and in those with cirrhosis,
E g 40— ? ; .
o 40— o 30 131.1 12.0%, respectively. In multivariable logistic regression analysis, obesity, and
harmful alcohol consumption were associated with the highest odds of fibrosis (odds
30— 20— ratio [OR] 5.198, 95% confidence interval [Cl] 2.269-11.908) and cirrhosis (OR
20— 10— 5.615, 95% Cl 1.274-24.756), respectively.
G . . . .
10— SLD Fibrosis Cirrhosis
00— [ 1Non-obese [ Obese

SLD Fibrosis Cirrhosis
[ Yes [ No
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Individual susceptibility: Cirrhosis

A | Cumulative 10-year incidence rate of cirrhosis

Excessive drinking, obesity, and homozygous carrier of PNPLA3 variant
Excessive drinking, obesity, and heterozygous carrier of PNPLA3 variant

Excessive drinking, obesity, and noncarrier of PNPLA3 variant

Excessive drinking, no obesity, and homozygous carrier of PNPLA3 variant
Excessive drinking, no obesity, and heterozygous carrier of PNPLA3 variant
Excessive drinking, no obesity, and noncarrier of PNPLA3 variant

Nonexcessive drinking, obesity, and homozygous carrier of PNPLA3 variant

Nonexcessive drinking, obesity, and heterozygous carrier of PNPLA3 variant

Participant status

Nonexcessive drinking, obesity, and noncarrier of PNPLA3 variant

Nonexcessive drinking, no obesity, and homozygous carrier of PNPLA3 variant

Nonexcessive drinking, no obesity, and heterozygous carrier of PNPLA3 variant

Nonexcessive drinking, no obesity, and noncarrier of PNPLA3 variant

0 2 4 6 8 10
10-y Rate, %

Kim HS, et al. JAMA Netw Open 2022




Implicancias Clinicas

A Precision Medicine Guided Approach to the
Utilization of Biomarkers in MASLD

Nimish Thakral, MD'® Hailemichael Desalegn, MD, PhD2®  Luis Antonio Diaz, MD3®
Daniel Cabrera, MD, PhD*5®  Rohit Loomba, MD®® Marco Arrese, MD*®  Juan Pablo Arab, MD?7®
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patogenia: medicina de precision
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How much alcohol can my patient without liver disease

drink?

Weighted relative risk of alcohol for all attributable causes, by
standard drinks consumed per day

i
The level of -
consumption that -
minimises health :
loss due to alcohol :

use is zero

0 1 2 3 45 6 7 8 9 10 11 12 13 14 15
Standard drinks daily na.uc.cl

GBD Alcohol Collaborators. Lancet 2018



Implicancias Clinicas: MASLD & OH

Steatotic Liver Disease spectrum

MASLD ALD MASLD + increased Specific aetiology Cryptogenic
alconol intake* of hepatic steatosis fatty liver
» Proper assessment * Comprehensive » Assessment and e Rule out DILI

of alcohol intake and psychiatric management of » Consider monogenic disease (for example,

comorbidities and evaluation of a a potential AUD Wilson disease, hypobetalipoproteinaemia,

management of potential AUD and metabolic inborn errors of metabolism, LALD)

metabolic conditions comorbidities s Consider miscellaneous aetiologies (for example,

{ HCV infection, malnutrition, coeliac disease)
Clinical

approach N 1 [ (

Precision medicine

» Stratification in grade and fibrosis stage

» Consider genetic assessment or polygenic risk scores (that is, PNPLA3, TM6SF2, MBOAT7, GCKR, HSD17B13)
* Mediterranean diet and exercise

* Promotion of abstinence or minimization of alcohol intake <
¢ Specific pharmacological treatments according to aetiology, grade and fibrosis stage




Semaglutide and Tirzepatide reduce EtOH In

o] o271,

e 1. A machine-learning based attribution
mapping of ~ 68,250 posts related to GLP-1
or GLP-1/GIP agonists on the Reddit platform

e 2nd: 153 participants; current alcohol
drinkers; BMI = 30

* Real-world evidence of reduced alcohol
consumption in people with obesity taking
Semaglutide or Tirzepatide medications,
suggesting potential efficacy for treatment in
AUD comorbid with obesity

Quddos F, et al. Sci Rep 2023

Drinks per episode of use

No Medications Before After
starting medications  starting medications

medicina.uc.cl
]




grazzn guyapL
Mh’ QtaCknandmeEﬁ?ka ih tanagraC}gS e tesekkure&lérlm

Paldies mahalo xsana arigato tak i g raué{)J e m CI
XIeXI 7k A|’°H—|E-|' gracies diolchtesekkir ederim kos onom

adankg rima kQSLR FRLICH Ef?r%? igaidl h‘uon}l()Il

dek |r| a C M Otll\l\ an
DZ'QkUJe @ )Ilgac@g%graul terima kasﬂygVALA

hidiady HVA EUXApLOTW ana
Banpnana%“T %!H“&l” %s dekuji dankle e
ac

choukrane St adank
nglya 3%
houkranp ZIQ ‘
narogapA Kyloarallc
Cim f'm mlm. yuh na c}DDﬂ(]d
sh U ran

Xiexié Paﬁ? ny3ayad

falemlnderlt danke

nk u
%@%ﬁq rit
mera
ACiU

medicina.uc.cl



