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Definition and (new) nomenclature



Normal

NONALCOHOLIC FATTY LIVER DISEASE (NAFLD)
« Steatosis (>5% of hepatocytes)
 Evidence for minimal (<20g/d) alcohol consumption

 Exclusion of other causes of liver disease



Natural history of NAFLD

Fibrosis progression rate in
NASH: 1 stage per 7 years

20% of patients are fast progressors:
to cirrhosis in 10 years

30-40% of patients
with cirrhosis die
from liver disease

20% stage 3
over 2 years

20-30%
over 3 years

20% over
2 years

:

Risk of death in NASH
1— Cardiovascular disease
2— Cancer

3— Liver

Multiple sources: 40+ studies

Loomba et al., Cell 2021




NAFLD spectrum

e N

Al

NAFL NASH Compensated Decompensated
cirrhosis cirrhosis

progression _

Hepatocellular
carcinoma

Factors associated with NAFLD and NASH progression

Comorbid illness Genetic factors Environmental factors
- Type 2 diabetes « PNPLA3 « Fructose

« Insulin resistance « TM6SF2 « Cholesterol

- Dyslipidaemia « GCKR « Alcohol

« Obesity « MBOAT/ - Exercise

« Hypertension «HSD17B13 - Coffee

« Hypopituitarism

Powell et al., Lancet 2021




Trends in MASLD prevalence

Change in NAFLD prevalence (%) _

“——— -3% 54% 112%

'

Country with prevalence increased

1990 to 2010  Niger
2010to 2019  Afghanistan, Chad, Guinea, Mozambique, Sierra Leone, Uganda
1990 to 2019 All other countries

|

Wong et al., J Hepatol 2023




Implications of the increase in MASLD

Increased rates of
diabetes type 2 and
chronic kidney disease

Global increase in
incidence of obesity =
and other risk factors

Increased rate of
cirrhosis and liver-
related events

Increased rate of
NAFLD and NASH

Approved treatments
to reduce CVD risk
mitigates CVD
incidence

NASH-specific
treatments reducing
risk for disease
progression?

Stable or decreasing
rate of cardiovascular
disease

—

Wong et al., J Hepatol 2023




All-cause mortality according to NASH and histological severity
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Clinical Outcomes in Adults with Nonalcoholic Fatty Liver Disease

MULTICENTER, PROSPECTIVE STUDY

1773 o 2N Fibrsi Stage

Adults with F0,to F2 F3

nonalcoholic No, mild, or .. f : i

fatty liver disease moderate fibrosis Bndgl;ligbmsm Cl;r: l:z): r

(median follow-up, 4 yr) N=1237

Liver-related events rate per 100 person-yr
Variceal bleeding 0.00 0.06 0.70
Ascites 0.04 0.52 1.20
Encephalopathy 0.02 0.75 239
Hepatocellular carcinoma 0.04 0.34 0.14

032 0.89  FEEN1.76

Increasing fibrosis stage is associated with increased risks of liver-related complications and death.

Sanyal et al., N Engl J Med 2021



Frequency
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o
o
o

0.25

\

0.00

2002-2003  2006-2007  2010-2011 2014-2015  2018-2019  2022-2023  2026-2027 2030-2031
2004-2005 2008-200¢ 2012-2013  2016-2017  2020-2021 2024-2025  2028-2029 2032-2033

Two-year period

Svegliati Baroni, Vitale et al., Gut 2022




Forms of NAFLD

v “Primary” NAFLD: Associated with the metabolic syndrome

v “Secondary” NAFLD: Associated with different conditions

Drugs: Steroids, Amiodarone, Tamoxifen, ART, chemotherapy

Metabolic or genetic alterations: Lipodystrophy, Dysbetalipoproteinemia, Weber-
Christian disease

Nutritional: TPN, Rapid weight loss, Bariatric surgery, Starvation

Small bowel diseases: IBD, Bacterial overgrowth

Environmental hepatotoxins: e.g. Petrochemicals

v’ Steatosis accompanying other forms of liver disease

HCV genotype 3, Wilson’s disease, celiac disease




‘Positive’ diagnostic criteria for MAFLD

Hepatic steatosis in adults

(detected either by imaging techniques, blood biomarkers/scores or by liver histology)

l

|

(defined as BM| 225 kg/m? in

Overweight or obesity Lean/normal weight
Caucasians or BMI 223 kg/m? in Asians)

(defined as BMI <25 kg/n# in Caucasians
or BMI =23 kg/m? in Asians)

e

If presence of at least two metabolic risk abnormalities:

* Waist circumference 2102/88 cm in Caucasian men and women (or 290/80 cm in Asian men

and women)

Blood pressure 2130/85 mmHg or specific drug treatment

Plasma triglycerides =150 mg/dl (21.70 mmolL) or spedfic drug treatment

Plasma HDL-cholesterol <40 mg/d| (<1.0 mmol/L) for men and <50 mg/dl (<1.3 mmoal/L) for

women or specific drug treatment

+ Prediabetes (i.e., fasting glucose levels 100 to 125 mg/dl [5.6 to 6.9 mmol/L], or 2-hour post-load
glucose levels 140to 199 mg/dl [7.8 to 11.0 mmol] or HbA1c 5.7% to 6.4% [39 to 47 mmol/mal])

« Homeostasis model assessment of insulin resistance score 22.5

+ Plasma high-sensitivity C-reactive protein level »2 mg/L
\

MAFLD
(Metabolic dysfunction-associated fatty liver disease)

Eslam et al., J Hepatol 2020




New nomenclature for steatosis

Steatotic Liver Disease

(SLD)

S

l
1

I
\
\

Y

\

A

A

Metabolic
Dysfunction-Associated
Steatotic Liver Disease

(MASLD)
g Metabolic N
Dysfunction-Associated
Steatohepatitis
\ (MASH) 4

RS

1
1

MASLD and increased alcohol intake*

(MetALD)
MASLD ALD
predominant predominant
140/210 210 280 350/420
Weekly alcohol intake (g)
MASLD ALD

predominant

predominant

20/30

50/60|

30 40

Average daily alcohol intake (g)

Alcohol-
associated
(Alcohol-related)
Liver Disease
(ALD)

N

Specific aetiology SLD ] [ Cryptogenic SLD

7

e ™
Drug-Induced
— Liver Injury
(DILI)
. J
4 . )
Monogenic
== . *%
diseases
G J
( \
L Miscellaneous™**
. J

Rinella et al., J Hepatol 2023




New nomenclature for steatosis

Steatotic Liver Disease
(Hepatic steatosis identified by imaging or biopsy)

Adult criteria Paediatric criteria
[ Does the patient meet any of At least 1 out of 5: At least 1 out of 5:
the cardiometabolic criteria?* [] BMI =225 kg/m?[23 Asia] OR WC >94 cm (M) 80 cm [] BMI 285" percentile for age/sex [BMI z score >+1] OR
J (F) OR ethnicity adjusted equivalent WC >95" percentile OR ethnicity adjusted equivalent
[:] Fasting serum glucose 25.6 mmol/L [2100 mg/dl] OR
[[] Fasting serum glucose 25.6 mmol/L [100 mg/di] OR serum glucose 211.1 mmol/L [2200 mg/dl] OR
2-hour post-load glucose levels =7.8 mmol/L 2-hour post-load glucose levels 27.8 mmol [140 mg/dl]
[2140 mg/dl] OR HbA1c 25.7% [39 mmollL] OR OR HbA1c 25.7% [39 mmol/L] OR
Yes No type 2 diabetes OR treatment for type 2 diabetes already diagnoseditreated type 2 diabetes OR
treatment for type 2 diabetes
I D Blood pressure 2130/85 mmHg OR [:] Blood pressure age'<13 yr, PP =95 percentile OR
specific antihypertensive drug treatment 2130/80 mmHg [whlmgvar is Igwer); agg 213 yr,
t Are there any other causes of steatosis? J t Are there any other causes of steatosis? ] :;2‘;:;;'"”9 ORpedhclanthypenonsivoldug
] Plasma triglycerides 21.70 mmol/L [150 mg/dl] OR [] Plasma triglycerides age <10 yr, >1.15 mmol/L
lipid lowering treatment [=100 mg/dI]; age 210 yr, 21.70 mmol/L [2150 mg/dI] OR
No Yes No Yes lipid lowering treatment
[[] PlasmaHDL-cholesterol =1.0 mmol/L [40 mg/dI] (M) |:| Plasma HDL-cholesterel =1.0 mmel/L [40 mg/dl] OR
| and 1.3 mmol/L [50 mg/dl] (F) OR lipid lowering treatment
lipid lowering treatment
; . MetALD or ALD .
Metabolic Dysfunction e Other specific
Associated Steatotic of :Ie::oho:gintake] or Cryptogenic SLD** aetiology SLD
Liver Disease other combination ryptog (e.g. DILI, monogenic,
(MASLD) > ALD)
aetiology

Rinella et al., J Hepatol 2023




Alcohol consumption in presumed NAFLD

Dual diagnosis: MAFLD/NAFLD +/- ALD

Fatty liver disease | Methods | Results & conclusions

. . Moderate to excessive alcohol
é * consumpfion in
Steatosis ]
Questionnaire S
‘\L

ample collection {é 28.6% of NAFLD patients

25.0% of MAFLD patients

@i
2 || == ﬂ l == /
—
{E’E} : ] Optimal diagnostic means
-~/ Steatohepatitis AUDIT-C 'ég,‘,’ hE1G
oM " cOT uEtG FAEE
ANI =

hEtG: AUC 0.927
A+ uEtG: AUC 0.754

SCR for alcohol consumption Tt + AUDIT-C: AUC 0.733

+ metabolic characterization

Staufer et al.,
DOI: 10.1016/j jhep.2022.04.040

Staufer et al., J Hepatol 2022



Possible changes and pitfalls with the new nomenclature

« Patients - stigma removed?

 Primary care physicians - enforce screening of
significant fibrosis

« Drug trials - challenges of MetALD
« Awareness -> stimulate changes in public heath policies

Younossi, EASL 2019




Diagnostic strategies and referral



— &

Eﬂ;:zmxﬂs#

inflammation)|

Slow Rapid
progressors progressors
(?7 years) (?5-6 years)

Early. fibrosis

\

Death/transplantation/ C——

complications

J

Hardy et al. Annu Rev Pathol 2017



Serum biomarkers Elastography techniques

« AST/ALT ratio « FibroTest®

- APRI ¢ ELM

- FIB4 + FibroMétre®

» NAFLD fibrosis - Hepascore
score (NFS)

‘No ented " Patented

Primary care

Castera, Liver Int 2020



Primary care/specialist interface in NAFLD

P e e R R el 'S

. Surrogate markers for advanced

E fibrosis

' Clinical/Biochemical
« Step 1: FIB-4 or NFS

(Community 4 » NAFLD M~ Advanced
F—_———— 00000 fibrosis (F3/F4)
i | oo SO it
-————— 00000
00000 (| .. ..edforlFTe GEEEDP || _ _ _ _ _
W | oo TIENE e
]

hS o = = =

Continuous care

* Intense lifestyle/diet
* Met Syn.
management®

* LTx assessment

1
:
1
: If indeterminate score _ _
""' - * + Liver biopsy
0000 E « Step 2: ELF or Fibrometer « + Clinical trial
""' ' Imaging « Cirrhosis:
.+ Elastography - HCCl/variceal
00000 E * CAP (steatosis) surveillance
1

Follow-up at 3-5 years (repeat step 1)
e s s T s T s s s s s s s s s n s s nn s e J\\ J

fifii

Marchesini & Armstrong,, J Hepatol 2019



FIB-4 =

Age (years) x AST (U/L)

Platelet Count (10%/L) % /ALT (U/L)




NAFLD,! irrespective Dia gn ostic
of liver enzymes? 3 |go rithm
+ +
FIB-4 <1.30 FIB-4 21.30
NFS <-1.455 NFS 2-0.1455

LSM by
FibroScan

s

-

/ LSM <8 KPa LSM 28 KPa
) i Specialist Referral: k
Reassessment by . :
2 : -In depth assessment of liver disease
noninvasive scores at . : .
-Decision to perform liver biopsy
1- to 3-year follow-up .\ e
y \ -Initiate monitoring/therapy y

Iltalian NAFLD Guidelines, 2021




Prevalence of NAFLD, advanced fibrosis, cirrhosis
and HCC in people with type 2 diabetes

Type 2 Diabetes
Age 2 50 years

Prospectively recruited participants
underwent a research examination
with laboratory and clinical
assessment to rule out other causes
of liver disease.

Fibroscan
VCTE MRI-PDFF MRE

The prevalence of NAFLD,
advanced fibrosis and cirrhosis
were 65%, 14% and 6%

respectively.

Obesity significantly increased
the risk of advanced fibrosis

Prevalanoe 3%

= 5 B ¥ & B &

Prevalence %

o R & W

65,3
M=322

Amaong 29 particlpants with
cirrhosis, two had HCC and one
had 1ﬂlblultlar adanocircingma

T

|
|
59% |
14.0% N=23 |

wo |

MNAFLD

Advanced Fibrosis Cirrhosis

=002

.| I| B Obese (MN=2BE1)

O Non-obese (N=209]

Advanced Fibrosis

Ajmera et al., J Hepatol 2022




Performance of selected biomarker panels
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FM-VCTE: > stage 2 \

100 4
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%

40 4

20

FM-VCTE: > stage 3
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0.03 0.140.24 0.35 0.46 0.57 0.68 0.78 0.89 1
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= Sensitivity
= Specificity

NIS4: > stage 2

0 0.1 0.22 0.33 0.44 0.56 0.67 0.78 0.89

Cutpoint

1

ELF: stage 4

7 8 9 0 n

Cutpoint

100 4

%

FM-VCTE: stage 4

0.03 0.14 0.24 0.35 0.46 0.57 0.68 0.78 0.89
Cutpoint

1

yal et al., Nat Med 2023




Study algorithm for the detection of MASH-cirrhosis

d

G Perform VCTE
Calculate Agile3+
and Agile4

Q Blood sampling
Calculate FMV3G
and CMV3G

9 Final Diagnosis

FM/CM classification

Agile3+/4 classification

Agile3+ Agile3+ Agile3+
<0.451 0.451-0.678 20.679 Agiled
D >0.474
STOP
-y
FMV3G Liver Liver Liver
<0.31 biopsy biopsy biopsy
FMV3G Liver
0.31-0.76 biopsy Fa% et
FMV3G Liver
>0.76 biopsy 4
CMV3G
50.40 F34 F34

—

Liver
biopsy

F3-4

b

Patients (n)

Patients (n)

Fibrosis

1000% |
stage
Emz
‘ F3
o HF4
800% |
400% !
200% !
0o%

Liver
N

Diagnosis of the study algorithm

Fibrosis
stage
[lFo-2
EF3
WFr4

1000%

600%

400%

Liver F3.4
biopsy

Diagnosis of the study algorithm

Boursier et al., Nat Commun 2023



CirrhoMeterV36

FibroMeterV3¢

0.76
0.7
0.6
0.5

0.4

0.3

0.2

0.1

0.0

1.0
0.9+
0.8
0.7
0.6 —
0.5
0.4 —
0.3
0.2
0.1
0.0

Risk prediction charts for MASH-cirrhosis

Probability of cirrhosis

0.0

5%

S
01 02 03 04 05 06 0678
I A N N B |
N A B B B B
———F—4—t—1—F—1
Ag|le3+ 00 01 02 03 04 05 06 07 08 09
Agiled

CirrhoMeterV3¢

FibroMeterV36

1.0
0.9—
0.8
0.7 —
0.6
0.5—
0.4 —
0.3
0.2
0.1
0.0—

| I I PR N PN N RN N P

Probability of advanced liver fibrosis

w

30% — 40% — SO0% — 60% — 70%
—

0%
— o o

05 06 0678
|

Agile3+

Agiled

Boursier et al., Nat Commun 2023



Ferritin levels predict outcomes in MASLD

Hazard Ratio
tn

0.5

Events
- Liver-related

HCC
-»- Cardiovascular

-« Extra-hepatic
Cancer

- Mortality

43 72 103.1
(10%) (20t) (30%")

134 171 215.5
(40™) (50t) (60%)

Ferritin (percentiles)

272 366.4 535.2
(70lh) (80“’\) (golh)

Armandi et al., Gut 2024



Current situation in NASH treatment



52 weeks of lifestyle intervention

% Weight loss (WL) 59%

NASH-resolution
FIBROSIS-regression

STEATOSIS improvement
% Patients achieving WL

Data from Vilar-Gomez et al.

Romero-Gomez et al., J Hepatol 2017




Gastroenterology 2020;m:1-7

AGA Clinical Practice Update on Lifestyle Modification Using Diet
and Exercise to Achieve Weight Loss in the Management of
Nonalcoholic Fatty Liver Disease: Expert Review

Zobair M. Younossi, *** Kathleen E. Corey,”* and Joseph K. Lim*

'Center for Liver Diseases and Department of Medicine, Inova Fairfax Medical Camfus, Falls Church, Virginia; 2Betty and Guy
Beatty Center for Integrated Research, Inova Health System, Falls Church, Virginia; ~ Liver Center, Division of Gastroenterology,
Department of Medicine, Massachusetts General Hospital, Boston, Massachusetts, and “Yale Liver Center and Section of
Digestive Diseases, Yale University School of Medicine, New Haven, Connecticut



Best Practice Advice 2: Among patients with
NASH, weight loss of 25% total body weight
(TBW) can decrease hepatic steatosis, weight
loss of 27% TBW can lead to NASH resolution,
and weight loss of 210% TBW can result in
fibrosis regression/stability.

5.1) Si suggerisce che i soggetti con NAFLD, inclusi quelli con /ean-NAFLD (non obesa), siano

|||||

abituale per una perdita di peso del 10%, associata a un miglioramento dell'istologia, inclusa la
fibrosi (Forza Raccomandazione Condizionata - Qualita evidenza Bassa).



Best Practice Advice 4: Adults with NAFLD
should follow the Mediterranean (Med) diet or a
diet of similar design and minimize saturated
fatty acid intake, specifically red and processed
meat, and commercially-produced fructose
consumption.

5.2) Nei pazienti con NAFLD si suggerisce che I'approccio dietetico sia mirato a favorire I'aderenza
ail principi della dieta Mediterranea, compreso un ridotto apporto di zuccheri raffinati e industriali,
che sono stati associati alla riduzione del contenuto di grassi epatici e alla riduzione del rischio

cardiovascolare (Forza Raccomandazione Condizionata - Qualita evidenza Molto Bassa).



Aerobic exercise ¢

1. Activation of lypolysis
2. Up-regulation of UCP-1 and PPARy

3. Alteration in adipocytokine

Resistance exercise

1. Hypertrophy of type Il muscle fibers
2. Activation of GLUT4, AMPK, and caveolins

3. Alteration in myokines

[ NAFLD ]

I I I Improvement

| Normal Liver ]

Hashida R et al, J Hepatol
2017



Bariatric surgery provides resolution of NASH and
regression of fibrosis

Evolution of Fibrosis after Histological Evolution of NASH and
Bariatric Surgery Fibrosis after Bariatric Surgery

 p<.001 . p<.001

Resolution of NASH according to
weight loss

100% 100% 1 == ST
80% 1 K g B et S
60% 80% 90.5% SCY B BRIV e
60% , N s 5L
50% i R
40% - 2
20% + o \ % ;
i 0 ¢ e : L(_ Ly
0-5 kg/m*  5-10 kg/m? >10 kg/m? Baseline 1year 5 years
BMI loss Brunt Fibresis Score A: Upper panel
. H&E staining,
Resoluti f NASH
oo sk v Ly e
S, - ': F1 - Fa4 B: Lower panel
andior norosis s
e B - swered o | Gastroenterology

Lassailly et al., Gastroenterology 2020



NASH: whom to treat

* Biopsy-proven NASH patients
* Presence of fibrosis 2F2
 Early-stage NASH with risk of fibrosis progression
(age >50 years; diabetes, MetS, increased ALT)
» Active NASH with high necroinflammatory activity
* NASH cirrhosis may be an indication for selected drugs



Pioglitazone, Vitamin E, or Placebo for Nonalcoholic Steatohepatitis

» 247 non-diabetic adults with NASH ‘PIVENS’ Trial
« 30mg Pioglitazone
p = 0.001
« 800IU Vitamin E ibs NNT 4.2
* Placebo _40 - e
» Liver biopsy at 96 Weeks § 15 | NNT 6.9
« Both agents improved steatosis & g 30
inflammation scores § 25
e« Only Vitamin E reduced ballooning
u |
« Neither agent reduced fibrosis g :Z ‘:
« BUT resolution of NASH in 30-40% of g .
patients treated R s |
« High-dose vitamin E linked to increased all-
cause mortality, hemorrhagic stroke and P, itamin g
prostate cancer Plogisnns

Sanyal N Engl J Med 2010; 362:1675-1685



REGENERATE: a Phase 3 trial of
obeticholic acid (OCA) for NASH

* In the Phase 2b FLINT study, the potent FXR agonist OCA
25 mg for 72 weeks improved fibrosis and other histological features of NASH

« Month 18 interim analysis of REGENERATE evaluated OCA on liver histology
in NASH patients with F2/F3 fibrosis

Placebo (QD)

Target ~2400 patients
Randomization 1:1:1 OCA 10 mg (QD)
OCA 25 mg (QD)
C C O...........//( ................... o ............. ,4( .......... O Months
0 18 48 EOS
Biopsies 4 A A A
A Event driven
- Month 18 Interim Analysis A

Primary Endpoints
Fibrosis Improvement by 21 Stage NASH Resolution
with No Worsening of NASH with No Worsening of Fibrosis

Study success was defined as achievement of one of these two primary endpoints

Younossi, EASL 2019



Long-Term Pioglitazone Treatment for Patients With Nonalcoholic
Steatohepatitis and Prediabetes or Type 2 Diabetes Mellitus: A
Randomized Trial

00 5 (] Placebo
. iy [C] Pioglitazone
T 80 - |
P =0.004
§ P = 0.007 —
60 -
3 | P =0.18
£ W
=
wv
-
2 20
<
o
0
Steatosis  Inflammation  Ballooning Fibrosis

* In patients with paired biopsies (n = 82)

Cusi et al, Ann Intern Med 2016




Flzure 2. Liver fat and insulin sensitivity before and after 18 mo of pioglitazone or placebe in patients with nonalcoholic
staatohepatitis and prediabetes or type 2 diabetes mellitus.

A Livar Triglycerids Content

5

Trglyoerich Contnt, %

. Muscla Insulin Sensitivity

12 -
w

R mgpdor LA par mvin
L2l
1

-

Flacabo

E. Hapatic Insulln Sansitivity

Tabde 3. Metabolic and Hepatic Characteristics After 18 mo of Pioglitazone Treatment

758 1
.
g ]
g 35 - Battar
o ] P o= L
Wiorza
o I T
i 1B

D. Adiposs Tissue Insulln Sensitity

#
5
i
5: - Bathar
E ’ ] P 000
Worse
o T T
0 18
—— Piogifarons

Characaristic Mean Valua After 18 meo (5D} Traatmant Differenca PYaluc®
[95% O
Pilarahio Pioglitazons
Waight, kg R.L{1ED 9.4 (18 25(04m 45 0030
Aoy mass indas, by 464050 345 4.8 [ECE{ERE TR 1] e
Tatal body fat by DXA, % 6B Em 21 3) i 00
Fasting plasma ghoose kval 0.030
mmioil EA{LT £ 0B -DA{-1.1 1o 0.1}
magddi 119 (34) 11014 -11{-191m -2}
2.h plasma glucos: kvl il ]
mmolfl 120438 &AM =2.7{-1.810 -1.8)
mgdiL HEE 17370 —48 {50 to —-28)
Hemoglabin &, kevel, &
Pafticerts withaut T208 EB{D3) E& 03 -1 0.3 1o D.0Y 024
Pafticarits with TZ0M EL0LT £3 [0 =0E{-1.1 o -0.2) 0.00s
Fasting plasma insulin iewal 0.0
ool 102 {9E) 48 190 -3 {-T21o0l
il 17 (1E) ElE) -8 {-12 1)
Free fattyacid level, mmodl LR )] 0.3E D& —0.04 0.4 1o DUDE] 0ag
Livsear fart coarimnt, 5 11{n 751 -7 =100 -4) i), D]
fspartato amindtrarsforasa lowal, L 3I8431) o m =14{-22 1o -£&) 0.0
Alznine aminobransferssa lewal, U 44431 A —-24{-1L o -13 il 00
Trighpreride lavel DLgE
mmolfl 1.7 (DB 1.4 D =0 {-1.040 -0.1)
mgddil 14978 137 153 -E0{-92 10 -9}
Tatal chobestanal lowd 0.532
mmoifl 319405 41005 D0 —0.5 4o DLE)
magddi 149 (3&) 153 (34 1{-1010 19
DL chalesterol keeal 0ES
mmolfl 2040 230 01 =0.3 4o DLE)
mgdiL 928 B4 (73] 5{-1311033)
HDL cholestamd lavw i) 00
mmoifl 10§03 1.4 D3y 00T 1 O3
magddi a0 (% A4 1 TEY ]

Cusi et al, Ann Intern Med 2016



PPAR agonists and MASLD

VLDL

secretion {D

Systemic CRP
haemostasis and SAA
inflammation Fibrinogen

B

PPARa agonism
PPARB/d agonism
PPARYy agonism

Heart and
vasculature

Steatosis
Lipid and lipoprotein metabolism
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|

FFA uptake wieh Lipoprotein
Y uptake
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TNFa
"®. TG IL-1B derived ~ Immune-
‘. i macrophages inflammatory
R response
<_K_, DNL o — Inflammation
FFA @ Peroxidised PPARB/S
lipids
Acute phase Hepatokines TGF-B Kupffer cell PPARyY
response ]
B S—

Collagen deposition
Fibrosis

A

Hepatocyty %

Stellate cells
Liver
Hepatokines
Vas°‘("‘E°}“’1e pe)p“des FV(I‘;FD2L1 PPARa agonism
= > > PPARB/d agonism
VLDL Myokines
FGF21 4 y|L_5 Skeletal muscle
— Bile
Ad"i_(’j:lznes Insulin acids
Inflammatory Glucagon | | FOF19 Bile acids
cytokines PAMPs
DAMPs
Inflammatory
cytokines
VLDL
FGF21 /
GLP-1
2 GIP Gut and microbiome
Adipose tissue Pancreas PPARa agonism

PPARP/S agonism
PPARy agonism

PPARa agonism

PPARy agonism
PPARYy agonism

Staels et al., J Hepatol 2023



The pan-PPAR agonist lanifibranor in NASH

Phase 2b, double-blind, RCT in 247 patients with noncirrhotic, highly active NASH assigned to 1200 or 800 mg of
lanifibranor or PL once daily for 24 weeks. 103 (42%) had T2D and 188 (76%) had significant or advanced fibrosis.

End Point

Primary end point: reduction of =2 points
in 3AF-A score and no worsening
of fibrosis

Lanifibranar, 800 mg
Lanifibranor, 1200 mg

Secondary end point resolution of NASH
without worsening of fibrosis

Lanifibranaor, 800 mg
Lanifibranor, 1200 mg
Secondary end point: improvermnent in fibrozis
stage of =1 without worsening of NASH
Lanifibranor, 800 mg
Lanifibranor, 1200 mg

Composite secondary end point: resolution
of MASH and improvement in fibrosis
stage af =1

Lanifibranor, 800 mg
Lanifibranor, 1200 mg
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Lanifibranor

Risk Ratio [95% CI)
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0.6 08 1.0 20 30 40 B0 20100
Placebo Better Lanifibranor Better

Francque et al., N Engl J Med 2021

Primary end point:

decrease of at least 2
points in the SAF-A
score (ballooning and

inflammation) without
worsening of fibrosis

Secondary end points:

surrogate biomarkers,

resolution of NASH
and regression of

fibrosis.
I




A Placebo-Controlled Trial of Subcutaneous Semaglutide in
Nonalcoholic Steatohepatitis

A Resolution of NASH with No Worsening of Liver Fibrosis
(primary end point)

Odds ratio, 3.36 (95% Cl, 1.29-8.86)
[ I
Odds ratio, 2.71 (95% Cl, 1.06—7.56)

100+ [ 1
90— Odds ratio, 6.87
(95% ClI, 2.60-17.63)
. 307 P<0.001
£ 60 °°
G
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S 40
£ 40+
S
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20 17
104
0
Semaglutide, Semaglutide, Semaglutide, Placebo
0.1 mg 0.2 mg 0.4 mg (N=58)
(N=57) (N=59) (N=56)

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

Odds ratio, 1.96 (95% Cl, 0.86-4.51)
[ I
Odds ratio, 1.00 (95% Cl, 0.43-2.32)

100+ | 1
904 Odds ratio, 1.42
(95% Cl, 0.62—3.28)
" 80 P=0.48
5 7 | |
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Semaglutide, Semaglutide, Semaglutide, Placebo
0.1 mg 0.2 mg 0.4 mg (N=58)
(N=57) (N=59) (N=56)

Newsome P et al, NEJM 2021




Incretins and MASLD

PKA/PLC phosphorylation
4 Mitochondrial turnover
4 Mitochondrial function

¥ Oxidative stress

Brain
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¥ Food intake
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¥ Inflammation

¥ Stellate cell activation
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4 Fibrosis

Brainstem

+ Adipokine secretion

t WAT storage capacity % Insulin secretion

(high glucose)
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4 Insulin secretion
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Inhibition of lipogenesis for the treatment of MASLD

PF-06427878} TG . _ ﬂ _
IONIS-DGAT2rx ! FA-CoA Fasting state: i Fed state:
Ervogastat. —1(DGAT Net glucose export | Net glucose uptake
- I
ION224' '\ { Plasma glucose {Plasma fructose Plasma glucose
__‘ DAG MAG I | l
Monounsaturated MGAT ﬁ
FA-CoA < FA-COA ..., Glucose | Fructose Glucose
Aramchol —{| SCD 4 PF-6835919 ! l
I Lilly KHKi 1 and 2 | €57 SCK
TVB-2640 - Glucose-6-P ] F1P x Glucose 6-P
FAS a 2 ,/ | o
e glycolysis g /
o gluconeogenesis I &
PE-051751 5'7' ‘E Malonyl CoA— C,P,T1 Glycogen, lactate, (GKR ‘
MK-4077 ! / q pyruvate, amino acids
Firsocostat I~ ——1 I,' B-oxidation
Clesacostat : / \
. Acetyl-CoA /' Mitochondria Hepalaoyle

Esler & Cohen, J Hepatol 2023



Thermogenesis
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Randomized, Controlled Trial
of the FGF21 Analogue Pegozafermin in NASH

Loomba Retal. DOI: 10.1056/NEJMoa2304286

CLINICAL PROBLEM

For patients with nonalcoholic steatohepatitis (NASH),
the development of clinically significant fibrosis is asso-
ciated with worse liver-related outcomes (e.g., progression
to cirrhosis and hepatocellular carcinoma), cardiovascular
events, and death. No pharmacologic treatment has been

approved for NASH. ' 15 mg 30 mg 44 mg
Weekly Weekly Every 2 Wk

Pegozafermin

CLINICAL TRIAL

Placebo Weekly or Every 2 Wk

Design: A phase 2b, multicenter, double-blind, 24-week,

randomized, placebo-controlled trial assessed the efficacy
and safety of pegozafermin — a long-acting glycopegy-
lated fibroblast growth factor 21 (FGF21) analogue —
in adults with biopsy-confirmed NASH and moderate

Fibrosis Improvement without Worsening of NASH

or severe fibrosis. 100-

Intervention: 222 patients were assigned to receive subcu- :‘2}

taneous pegozafermin (15 or 30 mg weekly or 44 mg once F w0

every 2 weeks) or placebo (weekly or once every 2 weeks). s

The primary end points, evaluated at week 24, were an im- [ ot 22 26 2

provement in fibrosis (defined as a reduction by 21 stage % 20

on a scale of 0 to 4) without worsening of NASH and $ 10 7

NASH resolution without worsening of fibrosis. o |
Pegozafermin Pegozafermin Pegozafermin Placebo

15 mg Weekly 30 mg Weekly 44 mg Every 2 Wk
RESULTS

Efficacy: Treatment with the weekly 15-mg or 30-mg dose
or every-2-week 44-mg dose of pegozafermin led to greater NASH Resoluti ithout W ing of Fibrosis
improvements in fibrosis than placebo.

100
Safety: The most common adverse events were nausea,
diarrhea, and injection-site erythema. No adverse events
with a severity above grade 3 or deaths were reported.

23 26
LIMITATIONS AND REMAINING QUESTIONS

20
10
= Patients with newly diagnosed type 2 diabetes, or any o

illness that might affect the results of the trial or pose Pegozafermin  Pegozafermin  Pegozafermin Placebo
an additional risk to the participant, were excluded. 13mgWeekly. 30mpWeeky :44angEvery 2 Wk

Percentage of Patients
&

2

Most of the patients were White, limiting the general-
izability of the data.
CONCLUSIONS

= Longer-term data on safety and noninvasive biomarker In patients with biopsy-confirmed NASH, pegozafermin

assessments are needed.

treatment either weekly or every 2 weeks led to improve-
ments in fibrosis over 24 weeks.

Links: Full Article | NEJM Quick Take | Editorial

oomb al. NEJM 2023
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Resmetirom (MGL-3196) for the treatment of non-alcoholic steatohepatitis

Figure 2: changes in deiodinase type 1 and deiodinase type 3 in chronic liver injury drives intrahepatic hypothyroidism
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iodinase type 1; DIO3 = deiodinase type 3; 113 = reverse triiodothyronine; 13 = tritodotfyronine; T4 = thyraxine: TRH =

thyroid-releasing hormane; TSH = thyroid-stimulating
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