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% Why Should You Care About Hepatic
o Steatosis (NAFLD/MASLD)?

It is very common: estimated prevalence 25% worldwide (and increasing)
It is most often undiagnosed

It is a major risk factor for hepatic cirrhosis, hepatocellular carcinoma, and
liver failure --> liver transplantation

It is a marker and risk factor for atherosclerotic cardiovascular disease
(ASCVD) risk

The leading cause of death is ASCVD

Arterioscler Thromb Vasc Biol. 2022;42:e168-e185. DOI: 10.1161/ATV.0000000000000153
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Definitions and Terminology
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& Definitions and Terminology

oHs0 “Fatty liver” is not recommended due to the pejorative nature

NAFLD (Non-alcoholic fatty liver disease) includes everything from simple hepatic
steatosis to advanced cirrhosis, excluding “excess” alcohol intake

* Hepatic steatosis = excess deposition of triglycerides in the liver

* NAFL is defined as > 5% fat content without evidence of hepatic injury

* NASH (Nonalcoholic steatohepatitis): > 5% fat content with histological evidence of
hepatocellular inflammation + fibrosis stages 0-4

oHs “Fatty liver” is not recommended due to the pejorative nature
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NAFLD (Non-alcoholic fatty liver disease) includes everything from simple hepatic
steatosis to advanced cirrhosis, excluding “excess” alcohol intake

* Hepatic steatosis = excess deposition of triglycerides in the liver

* NAFL is defined as > 5% fat content without evidence of hepatic injury

* NASH (Nonalcoholic steatohepatitis): > 5% fat content with histological evidence of
hepatocellular inflammation + fibrosis stages 0-4

MAFLD = metabolic-associated fatty liver disease. Consists of hepatic steatosis and
one or more of overweight/obesity, type 2 diabetes, or evidence of metabolic
dysregulation (not universally adopted)

Proposed New Terminology 2023
MASLD = metabolic dysfunction-associated steatotic liver disease (AASLD,June 2023)
MetALD = MASLD + alcohol intake> 140 g/wk in women and > 210 g/d in men
MASH = metabolic dysfunction-associated steatohepatitis (new NASH)

Ann Hepatol 2023;29:101133; Hepatology 2023;7:1966-1986, J. Hepatol 2023;79:1542-1556
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What is NAFLD/MASLD?

Refers to abnormal accumulation of triglycerides in the liver
(> 5% fat content) in the absence of high intake of alcohol
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Histology of Hepatic Steatosis
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NAFLD/MASLD
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https://www.hepatitis.va.gov/HEPATITIS/course/ World J Gastroenterol. 2014;20(27):9026-9037. doi:10.3748/wjg.v20.i27.9026
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Hepatology 2015;62(3):964-967. doi:10.1002/hep.27839
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Normal Hepatic Lipid Droplet Biology

1

(opreay) - Anabolism

Functions of Lipid Droplets
Triglyceride storage
Source of FAs for oxidation
Substrate for VLDL synthesis
Membrane trafficking
Cell signaling
Steroid metabolism

& Uedroplet
%, ) Not an inert lipid depot

cioec|f’ !

.8 Key Pathways for
0, o s ) Depletion of Lipid Droplets
A Lﬂp\famgi?d Fatty acid oxidation

VLDL production

Hepatology 2015;62(3):964-967. doi:10.1002/hep.27839
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Normal Hepatic Lipid Droplet Biology
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Functions of Lipid Droplets
Triglyceride storage
Source of FAs for oxidation
Substrate for VLDL synthesis
Membrane trafficking
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& Normal Hepatic Lipid Droplet Biology
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Video showing dynamic
nature of lipid droplets

Lipid droplet-lysosome interaction in hepatocyte-pnas.2011442117.sm0%.mov

8.3 minute recording accelerated to 12 seconds (41.5-fold increase)

P

[ LysoTracker
[ BODIPY-FL-C,,

Lipid droplets - green
Lysosomes - pink

PNAS 2020;117(51):32443-32452
https://doi.org/10.1073/pnas.2011442117
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% Lipid Droplets Interact with Other Organelles

OHSU

Lipid Droplets @

Mitochondria Golgi Lysosomes

Int Rev Cell Mol Biol 2018;337:83-110
doi:10.1016/bs.ircmb.2017.12.007
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o4 Stages of Fibrosis in NAFLD

opent

INAFLD

% Non-alcohol related  Ama
fatty liver disease

If you think you may be at any stage of NAFLD talk to a doctor.

1ance by eating well, moving more

Cirrhosis can lead
to liver cancer or

weight. You can stop things
se and even repair some of the damage.

; = y
RS win  (NAS
‘NASH'with  (NB @
‘mildfibrosis \moderate fibrosis 2
Fibrosis stage 0 to 1 Fibrosis stage 2 Fibrosis stage 3 Fibrosis stage &

Your liver is very scarred

Little or no scarring Some scarring
and may not work well

Lots of scarring

leads to liver d R iring this d can cause scarring (fibrosis)

The amount of scarring is strongly linked to how serious your liver disease is.

*Non-alcohol related steatohepatitis Jan 2022

https://britishlivertrust.org.uk/
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& Prevalence of NAFLD

o It is very common: estimated prevalence 25% worldwide (and increasing)

More than 50% of patients with type 2 diabetes

Wide geographic and ethnic variation in prevalence (2016 to 2018)
Africa (13.5%)
United States (24%)
Europe (23%)
East Asia (27%)
Mexico, Central and South America (31%)
Middle East (32%)
South Asia (33%)

Arterioscler Thromb Vasc Biol. 2022;42:e168-e185. DOI: 10.1161/ATV.0000000000000153
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& Prevalence of NAFLD

Within the United States: 2014 data from MESA study (12.5 to 33%)
Hispanic 21%
Mexican origin 33%
Puerto Rican origin 18%

Dominican origin 16%
White 12.5%
Black 11.6%

World J Gastroenterol. 2014;20:4987-4993. doi: 10.3748/wjg.v20.117.4987
Arterioscler Thromb Vasc Biol. 2022;42:168-e185. DOI: 10.1161/ATV.0000000000000153
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Prevalence of NAFLD, Advanced Fibrosis, Cirrhosis and
%‘) Hepatocellular Carcinoma in Patients with Type 2 Diabetes:
o A Prospective Study (n = 501)

65% 14% 6%
NAFLD  Advanced Cirrhosis

w [ fibrosis
N2z
P
Type 2 Diabetes The prevalence of NAFLD, § -
dh d fibrosis and cirrh
= 50 years o
AES L were 65%, 14% and 6%
respectively. = et
Prospectively recruited participants i) ,T‘ weze |
underwent a research examination Loz
with laboratory and clinical NAFLD Advanced Fibrosis Cirrhosis.
assessment to rule out other causes 18%
of liver disease. 0_r-.coz
* = Obese (N=281)
a8 @ Non-obese (N=205)

3

8%

Obesity significantly increased  « &
the risk of advanced fibrosis H
E 10

e | VeTE e (e

1 Hepatol. 2023 Mar;78(3):471-478. doi: 10.1016/j.jhep.2022.11.010
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Advanced Fibcotis
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Risk Factors for NAFLD

Insulin resistance, visceral adiposity,
IGT/diabetes, and hypertriglyceridemia are
key factors in most cases

IR

OHSU

ralance batween hepati trglyc-

Genstic faciors

Famiy history of NAFLD

Lipoeystrophy. Variants in several genes

Hypobetalpaprote

GOHR

Lysosomal ack MBOATY

PNPLAZ
TMESF2

Protects against NASH

spolipopratsin B; and NAFLD, nonalecholic fatty liver disease.

Arterioscler Thromb Vasc Biol. 2022;42:¢168-e185. DOI: 10.1161/ATV.0000000000000153
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Risk Factors for NAFLD

Insulin resistance, visceral adiposity,
IGT/diabetes, and hypertriglyceridemia are
key factors in most cases

Genstic faciors

Matabolic/endocrine

Insuin resistance

RS

impaired glucose teferance and diabotes

Hypertiglycerdemia, particularly with imbalance between hepatc rglyo-
ende production and clearance

Viacaral adiposiy

Metabiolic syndrome

Folyoystic ovarian ayndrame

Ghronic kidney disease Famiy history of NAFLD

Lipoeystrophy. Variants in several genes

Hypobetalipopr:

Lysosomal acid

GOHR

Dafocts in mitochondral fatty acid axdation (congenital and acairad)
Drugs
Aicahol

Amicdarane

Aspirin (ag, Reye syndrame)

Corticasteraids

Lonitapde

S Genetic predisposition may
ol b s explain > 50% of cases

Raveree transcriptass inhibitore
Tamaxfan

Tetracycline

Valproic acd

Arterioscler Thromb Vasc Biol. 2022;42:¢168-e185. DOI: 10.1161/ATV.0000000000000153

25

%9 PNPLA3 Gene Variant is Associated with Increased Risk of
NAFLD, NASH, Alcohol-Related Liver Disease, Cirrhosis, Liver Cancer

OHSU

NASI ALD

AH
NAFLD H Cirrhosis o ’j{g{g:ﬁggye Degradation
Accumulation of PNPLA3
reduces ATGL activity
PNPLA3(148M)
rs738409
Steatosis Liver injury  Fibrosis

ATGL = adipose triglyceride lipase

Front. Med 17 December 2019 | https://doi.org/10.3389/fmed.2019.00304
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Abnormal Hepatic Lipid Droplet Biology
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Normal Variant

%9 PNPLA3(148M) Gene Variant Inhibits Activation of ATGL in Lipid Droplets
OHSU

@ PNPLA3(WT)

PNPLA3 PNPLA3 (148M)
€ PNPLA3(148M)
O CGI-58 .
@ ATGL (inactive)
@€ ATGL (activated)
L|po|ysus Lipolysis

ATGL = adipose triglyceride lipase
CGI-58 is also known as a/R hydrolase domain-containing 5 (ABHD5)
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Hobbs et al. Hepatology 2019;69(6):2427-2441. doi: 10.1002/hep.30583
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Estimated Prevalence of NAFLD Worldwide is Proportional to
the Distribution of PNPLA3 Genotypes
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Nature Reviews | Gastroenterology & Hepatology
Nat Rev Gastroenterol Hepatol 2018;15:11-20
https://doi.org/10.1038/nrgastr.2017.109
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Arteriosclerosis, Thrombosis, and Vascular Biology

81K

AHA SCIENTIFIC STATEMENT

Nonalcoholic Fatty Liver Disease and
Cardiovascular Risk: A Scientific Statement From
the American Heart Association

P. Barton Duelt, MD, Chair; Francine K. Welty, MO, Vice Chair; Michael Miller, MD; Alan Chait, MD; Gmesice Hammond, MD, MPH;
Zahid Ahmad, MD; David E. Cohen, MD, PhD; Jay D. Horton, MD; Gregg S. Pressman, MD; Peter P. Toth, MD, PhD; on behalf of the
American Heart Association Council on Arteriasclerosis, Thrombosis and Vascular Biology; Council on Hypertension; Council on the.
Kidney in Cardiovascular Disease; Counil on Lifestyle and Cardiometabolic Health; and Gouncil on Peripheral Vascular Disease

ABSTRACT: Nonalcoholic fatty liver disease (NAFLD) is an increasingly common condition that is believed to affect >25%
of adults worldwide. Unless specific testing is done to identify NAFLD, the condition is typically silent until advanced and
potentially ireversible liver impairment occurs. For this reasan, the majority of patients with NAFLD are unaware of having
this serious condition. Hepatic complications from MAFLD include nanalcoholic steatohepatitis, hepatic cirhosis, and
hepatocellular carcinoma. In addition to these serious complications, NAFLD is a risk factor for atherosclerotic cardiovascular
disease, which is the principal cause of death in patients with NAFLD. Accardingly, the purpose of this scientific statement
is o review the underlying risk factors and pathophysiology of NAFLD, the associations with atheroscleratic cardiovascular
disease, diagnostic and screening strategies, and potential interventions.

Key Words: AHA Scientific Statements ® cardiovascular diseases ® diabetes melitus ® hepatocytes ® hypertriglyceridemia
 insuin resistance W mataboic syndrome @ nonalcoholic fatty iver diseasa W trighycenides

Arterioscler Thromb Vasc Biol. 2022;42:¢168-e185. DOI: 10.1161/ATV.0000000000000153
Originally published 14 Apr 2022
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%) Goals of the AHA Scientific Statement on

NAFLD and Cardiovascular Risk

Bring attention to the high prevalence and underdiagnosis of NAFLD, a risk factor for ASCVD
Review underlying risk factors and pathophysiology of NAFLD

Highlight the evidence demonstrating associations between NAFLD and ASCVD

Recognize that ASCVD is the principal cause of death in patients with NAFLD

Review potential diagnostic and screening strategies

Discuss potential interventions (but no treatment guidelines)
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Table 2. Summary of Studies That Evaluated the Association Between NAFLD and ASCVD Risk

Reference :‘-::a Patients, n Type of study
oMy |mwesraw Usoms | 2009 Grossantond | 0% 1491 610 0 i oo e e zoas|  NAFLD s associated
Hamaguehi et al* 2007 Ultrasound 1637 Prospactive HR, 4.1 for nonfatal CVD events Wi t h ri s k o f .
Santos et al.*” 2007 Urasound 505 Cross-sectional | OR, 1.73 for coronary calcification .
Haring et o 2008 Utrasound 4160 Prospective | HR, 6.22 for all-cause and GVD mortalty Ml
Assy etal® 2010 cr 61 Cross-sectional | OR, 2.0 for coronary calgification
Chen etal® 2010 Utrasound/CT | 205 Cross-sactional | OR, 246 for CAC >100 CVD events
Wiong st 2011 Unssowna_Jor2 Prospocive | O 231 .
—re Unnssound [543 Crosersocional | OF, 76 or CAD, PAD, and coebrovascuer disoae i ypo 1 dbotes CVD mortality
Xemai o 2012 Ussowa | 40m Grosssocional | OF, 132/0r CAGS10 CAC
Zhou et al* 2012 Uttrasound 3543 Prospective OR 3.0 for CVD mortality
Stepanova and Younossi** 2012 | Ultrasound 20050 Prospective OR, 1.23 for CVD events C I MT
Malingor ot al7 2015 or 014 Gross soctional | OR, 1.20 for GAG score >901h parcentie for age Carotid p la que
Mantevani ot al.* 2016 Uttrasound 288 Retrospective | OR, .73 for incident cardiovascular svents in type 1 disbetes.
Pais et al ¥ 2016 Fatty Liver Index | 6671 Retrospective | NAFLD severity correlates with CIMT and carotid plaque severity
Zhou etal 2018 Ultrasound/CT | 8346 (6 studies) | Meteranalysis | OR, 2.20 for incident CVD in patients with diabetes
Kapuria et al # 2018 Ultrasound/CT | 42410 (12 studies) | Meta-analysis | OR. 1.64 for higher CAC scores
e x| 2554 Rorospecive._| NAFLD coroted wi GIN, GAC, and cartd place

tes atherosclerotic cardiovascular disease; CAC, coronasy artery calcium; CIMT, carotid intima-media thickness; CT, comput fpmogepty ol
vascular disease; HR, hazard ratio; NAFLLD, nonalcoholic fatly ver disease; OR, odds rati; PAD, peripheral artery disease; an s
Arterioscler Thromb Vasc Biol. 2022;42:e168-e185. DOI: 10. 1161/ATV0000000000000153
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Table 2. Summary of Studies That Evaluated the Association Between NAFLD and ASCVD Risk

NAFLD
Reference diagnosis | Patients, n Type of study
Jopsen et al> 2003 Utrasound | 1804 Retrospeciive | OR, 2.1 for GVD martalty
Targher et a* 2007 Unrasound | 2838 Grosssectional | OR. 1.48 for GAD, PAD, and cerebrovascular cisease i type 2 diabetes
Hamaguehi et al * 2007 Utrasound | 1637 Prospective | HR, 4.1 for nonfatal CVD events
Santos etal.” 2007 Utrasound | 505 Gross-seciional | QR 1.7 for coronary calcifcation
Haring et ol 2009 Utrasound | 4180 Prospective | HR, 6.22 for allcause and GVD mortality
Assy etal” 2010 ot 61 Cross-sectional | OR 2.08 for coronary calcification
Chen etal* 2010 Ulrasound/CT | 295 Cross sactional | OR, 2.46 for CAC>100
Wong ot al" 2011 Utrasound | 812 Prospective | OR 231
Targher et al.% 2012 Utrasound | 343 Gross-sectional | OR, 76 for CAD, PAD, and corebrovascuiar disease n type 1 diabetes
Kim et al,* 2012 Utrasound__| 4023 Cross-sectional | OR, 1.32 for CAC>10.
Zhou etal* 2012 Utrasound | 3543 Prospective | OR. .0 for CVD mortalty
Stepanova and Younossiy 2012 | Utrasound | 20050 Prospective | OR, 1.23 for CVD events
Ekstodi et al.# 2015 Uverbiopsy | 220 Retrospective | HR, 1.5 for CVD mortaly
Melinger ot al” 2015 ot 3014 Cross-soctional | OR, 1.20 for GAG score >80th percentie for age
Mantovani ot 1% 2016 Utrasound | 286 Rerospective | OR 673 for incident cardiovascular avents in type 1 diabetes
Pais etal ? 2016 Fatty Livr Index | 6671 Retrospective | NAFLD severiy corrlates with CIMT and carotid plague severiy
Yoshitaka et al#* 2017 Utrasound | 1647 Prospective | HR, 10.4 in nonoverweight, 3.1 in overweight for incident cardiovas
culr events
Mahiood Hadad et al' 2017 | Ulrasound | 25837 (11 studies) | Metaranalysis | RR, 1.77 for incident CVD, 1.43 for cardiovascular mortalty
Zhou etal® 2018 Ulrasound/CT | 8346 (6 studies) | Mete-analysis | OR, 220 for incident CVD in patients with diabetes:
Kapura et 2018 Ulrasound/CT | 42410 (12 studes) | Meta-analysis | OR 1.64 for higher CAC scores
Utrasound | 111492 Retrospective | HR, 154 for myocardial infarction
Fatty Liver Index | 2564 Retrospectve | NAFLD correlated with GIMT, GAG, and carotid piaque

tes atherosclerotic cardiovascular disease; CAC, coronasy artery calcium; CIMT, carotid intima-media thickness; CT, comput fpmogepty ol
vascular disease; HR, hazard raio NAFLD, nonilcohlic fatly vr disease; OR, odds ratio: PAD, perphera artry dsease: an s
Arterioscler Thromb Vasc Biol. 2022;42:e168-e185. DOI: 10. 1161/ATV0000000000000153

NAFLD is associated
with risk of:

MI

CVD events

CVD mortality

CAC

CIMT

Carotid plaque

NAFLD is probably an
independent risk factor
for ASCVD (despite
many risk factors in
common)

%9 Fibrosis Stage Predicts CVD Risk and Mortality in
o Biopsy Proven NAFLD After up to 33 Years

€ 5 Total number of deaths
8 ;i
0 Log-ank st 5001
=3
Tabe 4. Hazard Ratios for Causes of Death n the Entre Cohor and In Histopathological Subgyoups Compared WIth the S
Ref ice Population [HR (95% CI)] Q
oo oot =7 |Weosmzn=ra| 7 wesamznm _r |wsosmsn-m | 2
el oy 0 0| 1507 05 s 05209 0072 | 32 @214t |00 -
Cotonseser desse sz 00| 1906220 05 13072269  05% | 435020829 |coo0r H
=]
2
8
S
o 10 20 30
Years
Number at risk
Controls 2286 2085 1818 387
Fibrosis<3 198 184 156 28
Fibrosis>2 25 21 13 0
Controls ~ ====- Fibrosis<3

+ Fibrosis>2

Hepatology 2015 May;61(5):1547-54. doi: 10.1002/hep.27368
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Diagnosis of NAFLD/NASH

Diagnostic Tools Imaging Tools

AST/ALT useful if elevated Hepatic u|trasonography

(requires > 20% fat content)

Vibration-controlled transient
elastography

(discriminates grades of steatosis)

Hepatic CT imaging

(quantitative assessment of fat content in mod. to severe disease)

MRI imaging - Best modality/expensive

(distinguishes histological grades of stenosis)

NAFLD fibrosis score (online tool)
Fibrosis-4 index (FIB-4)

(age, BMI, glucose, platelets, albumin, AST/ALT ratio)
Enhanced liver fibrosis (ELF) score

Liver biopsy (gold standard)

37

Positives {n)

FGBIJII
=F3 les!

Age (years) AST Level (U/L)

FIB-4 = =

Platelet Count (10°/L)
ALT (urL)
x

0.00 - 1.29 Low risk for advanced liver fibrosis
1.30 - 2.67 Indeterminate risk for advanced liver
fibrosis
>2.67 High risk for advanced fibrosis and
for developing of other liver related
events

"
e
BO-
80

ey
q‘“’ \g?é. e?
S

The relatively low diagnostic accuracy of Fib-4, mandates the use of 2 cutoff points to rule in (>
2.67) or rule out (< 1.30) advanced fibrosis and leaves up to 50% of all patients in an indeterminate
gray area.

J Clin Endocrinol Metab 2022;107,e2008-e2020

11/15/2024

Composite scores

- Fibrosis-4 index

- AST to platelet
ratio index

- NAFLD fibrosis
score

Liver imaging
-VCTE

+ ARFI imaging
* MR imaging

- SWE

81K

Staging of
fibrosis

Direct biomarkers
+ Leptin

+ Laminin

- Procollagen

- Fibronectin

Liver biopsy
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ation and Referral to GlI

Management Repeat risk

by PCP assessment
q2-3 years

Consider If NAFL
GlfLiver established,
Referral return to PCP
ferer 0
GlfLiver SheC b

asappropriate

Best Practice for ALL NAFLD Patients Regardless of Fibrosis Stage

Viral
Hepatitis
Immunization

Referral to L
MOV
Management
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%9 The Fibrosis-4 Index (FIB-4) can be Incorporated into the EMR

A simple test such as FIB-4 that is embedded within electronic medical records
together with a clinical care pathway to refer to hepatology can efficiently screen and
risk-stratify patients and prevent future cirrhosis in many people with obesity or
T2DM—within seconds.

-
[
Bl oo

A Simple Test to Identify the Risk of NASH and Cirrhosis
in People With Obesity or Diabetes: The Time to Screen Is
Now

Kennoth Cusi'
Division of

Diabetas

%9 Non-Invasive Assessment of Liver Fibrosis by
= Vibration-Controlled Transient Elastography (VCTE)
Ribs Liyer
Probe N
o | \\ i P N;»f;‘:‘% Elstcshear
S || i~ / (), “eem g
Explored

Transducer

Stiffer, less elastic tissue increases the speed of shear wave propagation

Clin Gastroenterol Hepatol. 2015;13:27-36. doi: 10.1016/j.cgh.2014.04.039 Diagn Interv Imaging. 2013;94:515-34. doi: 10.1016/j.diii.2013.02.005

41

Magnetic Resonance Elastography

RS

F1

no liver fibrosis mild fibrosis significant fibrosis advanced fibrosis cirrhosis

AJR Am J Roentgenol 2024;222:e2329437. doi: 10.2214/AJR.23.29437
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p7) Potential Interventions for
%ﬁ NAFLD(MASLD)/NASH(MASH)

Key Interventions (all are challenging!)

Dietary modification (reduce hyperglycemia, reduce
hypertriglyceridemia, reduce insulin resistance, reduce caloric intake,
reduce intake of high-fructose foods, simple carbohydrates).

Alcohol avoidance (even modest intake can aggravate NAFLD)

Increase physical activity

Weight loss > 5-10%

p7) Potential Interventions for
%ﬁ NAFLD(MASLD)/NASH(MASH)

Weight loss >10% over one year was associated with
NASH resolution in 90%
Regression of hepatic fibrosis in 45%
Gastroenterology. 2015;149:367-378. €365
Bariatric surgery (well proven intervention for MASLD/MASH):
Absolute 10-year risk in 1158 pts (650 surgery, 508 control) with

12.4% decrease in major liver outcomes (progression to cirrhosis,
diagnosis of HCCa, liver transplantation or liver-related death)
13.9% decrease in MACE

JAMA. 2021 Nov 23;326(20):2031-2042. doi: 10.1001/jama.2021.19569

biopsy-proven fibrotic nonalcoholic steatohepatitis without cirrhosis :
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& Potential Pharmacologic Interventions for
. NAFLD(MASLD)/NASH(MASH)
Drug Therapy

Diabetes-related medications: metformin (not recommended for NAFLD), pioglitazone (variable
effects), GLP-1 RAs, saroglitazar (PPAR- o/y agonist)?, GLP-1/GIP dual RAs?, pemafibrate.
Vitamin E 800 1U/d can be considered for biopsy-proven NASH
Leptin in lipodystrophy
Sebelipase alpha in lysosomal acid lipase deficiency (LALD)
FXR agonists: obeticholic acid (CDCA-derivative for biliary cirrhosis). Ongoing trials in NASH
Many experimental agents: many too toxic or ineffective
Pentoxifyline: 4 TNF-au production. 4 NAFLD activity score, AST/ALT. Steatosis unchanged
Lanifibranor. Phase 3 PPAR-0./8/y agonist. Top dose 4 NASH and fibrosis stage 48-49%
Arachidyl amido cholanoic acid: FA-bile acid conjugate, downregulates hepatic stearoyl-
CoA desaturase 1 activity, granted fast-track designation by FDA for NASH, phase 3
Bempedoic acid?? Thyroid receptor agonists
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& Potential Pharmacologic Interventions for
= NAFLD(MASLD)/NASH(MASH)
Drug Therapy
Diabetes-related medications without proven benefit
metformin
sulfonylureas
DPP4 inhibitors
SGLT-2 inhibitors
insulin
48



& Potential Pharmacologic Interventions for

NAFLD(MASLD)/NASH(MASH)

Drug Therapy
GLP-1 and GLP-1/GIP receptor agonists: some are effective for weight loss (all SQ), prevention

of ASCVD (liraglutide, semaglutide, dulaglutide), and treatment of NAFLD/MASLD (liraglutide,
semaglutide, tirzepatide, exenatide, dulaglutide)
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A Placebo-Controlled Trial of Subcutaneous Semaglutide
in Nonalcoholic Steatohepatitis

320 patients with biopsy-confirmed NASH and liver fibrosis stage F1, F2, or F3 treated for 72 weeks
with semaglutide 0.1, 0.2, or 0.4 mg SQ daily vs placebo

A Resolution of NASH with No Worsening of Liver Fibrosis

B Improvement in Liver Fibrosis Stage with No Worsening of NASH
(primary end point)

(confirmatory secondary end point)

Odds ratio, 3.36 (95% Cl, 1.29-8.86) Odds ratio, 1.96 (95% Cl, 0.86-4.51)

1 r 1

Odds ratio, 2.71 (95% Cl, 1.06-7.56) Odds ratio, 1.00 (95% Cl, 0.43-2.32)
1 [ —

100 100
9. Odds ratio, 6.87 % Odds ratio, 1.42

(95% C1,2.60-17.63)

. (95% C1, 0.62-3.28)
P<0.001

Not significant P-0.48

Percentage of Patients
Percentage of Patients

Placebo

i i Placebo
02 0.4mg (N=58) 01mg 02mg 0.4mg (N=58)
(N=57) (N=59) (N=56) (N=57) (N=59) (N=56)

0.1mg

N Engl J Med 2021;384:1113-1124. DOI: 10.1056/NEJM0a2028395
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& Potential Pharmacologic Interventions for
4 NAFLD(MASLD)/NASH(MASH)

Drug Therapy
GLP-1 and GLP-1/GIP receptor agonists: effective for weight loss and benefit for MASLD
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No Benefit on NASH from Semaglutide 2.4 mg SQ

- Weekly for 48 wks in Patients with NASH-F4

71 patients with biopsy-confirmed NASH-related cirrhosis (fibrosis stage 4) and BMI > 27 kg/m2

Improvement in liver fibrosis and no worsening of NASH Liver steatosis assessed by MRI-PDFF

B
i Worsening of NASH Resolution of NASH n Placebo
_ 100
£ 0R028 OR197 & W
£ (95% (1 0-06-1-24) (95% €1 0-56-7-91) 2 FTR 067 (95% CI 051-088)"
E’L 60 p=0-087 p=029 E 8 p=0.0042
o S
5 40 — 16 (34%) 2 5
% 5(21%)
g 07 smw) v Semaglutide 2-4 mg
£ [—]
O il 1 T Tl 1 : Y ‘8
Semaglutice Placebo Semaglutide  Placebo L 24 4
2.4 mg group group 2-4 mg group group 47 39 38
20 18 20
Weeks

The Lancet Gastroenterology & Hepatology 2023;8(6):511-522

52




81K

The NEW ENGLAND
JOURNAL o MEDICINE

ESTARLISHED [ 1813 NOVEMBER 24, 2022 vOL. 387 NO.33

Triglyceride Lowering with Pemafibrate to Reduce
Cardiovascular Risk

D.J

Blom, E

a

ABSTRACT

BAckGRAUND
High iyceride levels are associated with increased cardiovascular risk, but
whether reductions in these levels would lower the incidence of cardiovascular
events is tai i

ceptor & madulator, reduces triglyceride levels and improves other lipid levels.
METHODS

[acpieiemc = NUNEIG BV L5 RS

Pemafibrate

Selective PPARa modulator with multiple activities

RESULTS -

Amang 10,497 patients (66.9% with previous cardiovascular disease), the median  EFTYTE

N EnglJ Med 2022;387:1923-1934
DOI: 10.1056/NEJMo0a2210645
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i ing with to Reduce Cardi Risk

O Pradbn At sl DOL 101055 NEMeaZ2 10545

21K
=
-
7

Nonfatal MI, Ischemic Stroke, Coronary Revascularization, or Death
HR, 1.03; 95% CI, 0.91-1.15; P=0.67

ooy
g 109 :
£ (572/5240) (560/5257)
£ 10 ""
s ||
Pemafibrate Placebo
Venous Thromboembolism Nonalcoholic Fatty Liver Disease
HR,205/95% C1,135-3.17; 0001 HR, 078;95% C1,063-036; Po002

21% decrease
38
0-757 (200/5257)
(35/5257)
Placebo Placebo

N EnglJ Med 2022;387:1923-1934
DOI: 10.1056/NEJM0a2210645
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Daily aspirin associated with a reduced risk of hepatocellular
carcinoma in patients with non-alcoholic fatty liver disease: a
population-based cohort study

Teng-Yu Lee,*" Yao-Chun Hsu ™"/ Heiv ) Ho,' jow-Town Lin ¥iju Chen "™ and Chun-Ying W'

Whole Cohort High Risk Cohort (age > 55 yr, T ALT)
A n = 33,484 on aspirin B n = 7048 on aspirin
n = 55,543 untreated n = 7140 untreated
. — wee P <omi
i ]
Fi0 H
H g
£ £

o z 4 6 6 w0
Fotamay Fatows,

P sk y—r.

Unresis SEMG SI0 st NS 279 S Umeeed 7O ETM sM v @ 20

Tesed 4B WG STI NG M2 0160  Tewss 08 G0 &T 4y MM 2

Fig 2: Cumulative incidence development after i nting for
patient mortality or liver transplantation 2s a competing risk. () The whole patient cohort; (8) The high.k patient cohorl. Follow-up
from the Soth day after dady aspirn therapy in the treated group and the matched index dite i the untreated group. Treated patients
were those who continuously received dally 2spirin therapy for 90 days er more; untreated patients were those wha had not received anti-
pltalet therapy cumulatively 20 days.

EClinicalMedicine (Lancet) 2023 Jun 29;61:102065. doi: 10.1016/j.eclinm.2023.102065
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Resmetirom is FDA-Approved for NASH with
Moderate to Advanced Liver Fibrosis

Liver-targeted thyroid hormone
receptor-B (THR-B) agonist

/ Press Annou ts
atiens wih Liver Scaring Due to Fatty Liver Disease

FDANEWS RELEASE NASH Resolution 21 stage fibrosis improvement m

FDA Approves First Treatment e oom o T oy g
. . . . n318 =316 =321 n=318 n=316 n=321 n318 n=316 =321
for Patients with Liver Scarring Padr paoin Posow pason pason pasr

Due to Fatty Liver Disease

fowe  Post inlniesn Emal | 8Pt

220 220
© o press Announcenents 1edlate Release: & &
WMarch 14,2024 &10 £10
Espafiol
Today, the U.S. Food and Drug Administration approved Rezdiffra 0
N EnglJ Med 2024;390:497-509
AEs: diarrhea, nausea, pruritus, vomiting, constipation, abdominal pain, dizzi possible hepatotoxicity, gallstones
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APhase 3, i Controlled Trial of
in NASH with Liver Fibrosis

Harison Shetal, DOK 10.056/NEJMo12309000
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A Patient Guide to Fatty Liver Disease

What are NAFLD and NASH?
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Summary
%9 Key Take-Home Messages

OHSU

*NAFLD is common, occurring in about 25% of individuals worldwide. Rates are increasing everywhere

*Most NAFLD is undiagnosed. Normal AST/ALT do not r/o NAFLD. Hepatic U/S is useful if positive. Liver biopsy gold
standard.

*Noninvasive diagnostic options such as FIB-4 and vibration-controlled transient elastography (VCTE) are available

*Risk factors include insulin resistance, IGT/diabetes, obesity (especially visceral adiposity), metabolic syndrome, and
dyslipidemia (hypertriglyceridemia, increased free fatty acids)

*Genetic factors (monogenic or polygenic) modulate the risk of development of NAFLD and progression to NASH

*Most patients with hepatic steatosis do not progress to NASH, cirrhosis, or hepatocellular carcinoma, but a subgroup will
*NASH contributes to increased ASCVD risk, due in part to risk factors in common.

*NAFLD is a risk enhancer when ASCVD risk is assessed in patients

*Key Interventions: Dietary modification, increased exercise, weight loss 5-10%, alcohol avoidance, treat risk factors (e.g.
increased TG)

*GLP-1 receptor agonists modestly improve NAFLD in association with improved glycemia, weight loss, and reduced risk of
ASCVD events (liraglutide, semaglutide, dulaglutide)

*Novel experimental drug therapies are in development, but most have modest efficacy. Toxicity is a problem for some.

* Resmetirom is the first FDA-approved treatment for MASH 3/14/2024
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