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What kind of organ is the liver? Where is it located?
What is its function?

P THE METABOLIC
FACTORY

™ The liver is often referred to as the

4 body s metabolic factory. This is because

' the liver breaks down things that enter

. e the body, like food and liquids, and converts
" them into forms that the body can use.

Liver

right lobe Ieft“llot;e
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What is non-alcoholic fatty liver disease or NAFLD? What is the difference

between NAFLD and non-alcoholi steatohepatitis (NASH)?

NAFLD
A
|
Normal Liver Steatosis Steatohepatitis Cirrhosis
“NAFL” “NASH”

Fatty liver with trivial or no Fatty liver with significant Increasing fibrosis
inflammation and no inflammation and leading to cirrhosis,
hepatocyte ballooning hepatocyte ballooning hepatocellular carcinoma
. €80 18 \
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The body harbours different types of fat or adipose tissue.

Swollen fat cells V : p
with insufficient J é(\
\ Vv 4 [ Inmune cells J

oxygen supply
accumulation

>/§

Types of fat or
adipose tissue

Inside the
muscle

Inside the liver

Subcutaneous -

Intra-abdominal
or visceral

Lipid accumulation
and liver damage

L
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What is the cause of NAFLD/NASH? How do you get it?




NAFLD as a Complex Disease Trait: Genetic and

Environmental Modifiers

Environment
Sedentary lifestyle
Snacking, fast food

w
\:‘ Saturated fats
Steatosis Trans fats
Processed red meat
\\
Genes \4\ _ ]
PNPLA3 Epigenetics
TM6SF2 NASH Gut microbiome
GCKR %,
SOD2 \A\
MBOAT7
Cirrhosis
& and Liv(}.
%@
A
Cotter. Gastroenterology. 2020;158:1851. Krawczyk. Gastroenterology. 2020;158:1865.



+ Obesity

+ Metabolic syndrome
* Insulin resistance
+ Type 2 DM

+ Dyslipidemia

* Hypertension
+0OSA

+ PCOS

* Hypopituitarism

+ Low GH

* Low testosterone

+ Thyroid disease

« LAL-D

+ Iron overload

* Psoriasis

+ Osteoporosis

* PNPLA3

+ TM6SF2

« A1AT Pi*Z

+ HSD17B13

« LYPLALA1

+ GCKR

* MBOAT

* DNA methylation

* Chromatin remodeling
* Non-coding RNAs

Comorbidities m Microbiome products

- ETOH
« Lipopolysaccharide
+ Reactive oxygen species

« Cholesterol oxidation
products

* Butyrate

* Acetate

* Phenylacetate

+ Secondary bile acids
+ Choline deficiency

Nutrition and behavior

- Alcohol
« Cholesterol
* Fructose

Black = association with evolving evidence

Red = established association

Bold = drives NASH progression

Cotter and Rinella, Gastroenterology 2020
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What is the impact in terms of liver disease?
What will happen to me?




Editorial JOURNAL
ol O ORHEPATOLOGY
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A changing landscape of liver transplantatlon' I(lng HCV
is dethroned, ALD and NAFLD take over!

Norah A. Terrault'*, Georges-Philippe Pageaux”*

1Gastroenterology/Hepatology, University of California San Francisco, CA, USA; 2Hepatology and Liver Transplantation Unit, CHU Saint
Eloi, Montpellier University, 34295 Montpellier, France

(_See Articles pages 810-817 and pages 966—968j
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Patients with NASH Progress to Cirrhosis at Much Higher Rate

Isolated Steatosis (NAFL)
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Rinella ME, JAMA 2015



The different subtypes of NAFLD and their relationships with

the severe consequences of the disease.

NAFLD




O O C G o
0339 33’3&@3(7)6?

333)8866]?(;];08@0(\7)

L' L

Non-alcoholic fatty liver disease can evolve from just a fatty
liver to severe liver disease, over different stages of severity

(no or mild

NAFL
Simple fatty liver
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How does NAFLD affect general health?
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In which stage of NAFLD do problems occur?

Diet-induced obesity

Metabolic stress
Systemic inflammation and fibrosis

h

Arteries Heart Liver Pancreas
(Hypertension, (HFPEF) (NAFLD) (T2DM)
CVD, CAD, PVD)

qo\ and Ln/@b
S ©
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Impact of the NAFLD/NASH on health-related quality of life

Imaging
f@p @ éE Depression
Blood Test
_ Obesity
Diabetes
Medication
Alcohol
Hospital
¢ 204 Live, Cost
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How frequent are the complications?

HCC

Steatosis Cirrhosis

— i h

12—400/\ /

NASH *
F1-F2 fibrosis Advanced
\> F3 fibrosis

5-10%

<

YGLC
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Who should be screened?
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Who Is at Risk for NASH and Advanced Hepatic Fibrosis?

Risk Factors for NAFLD!!

Type 2 diabetes
Obesity
Dyslipidemia
Metabolic syndrome

Polycystic ovary syndrome
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Relatives of Relatives of Relatives of
Non-NAFLD Patients With Patients With
Controls NAFLD but NAFLD Cirrhosis
No Advanced

Fibrosis

e Risk of advanced fibrosis higher in first-degree
relatives of patients with NAFLD cirrhosis!Z]

1. Chalasani. Hepatology. 2018;67:328. 2. Caussy. J Clin Invest. 2017;127:2697.
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Type 2 Diabetes and Fatty Liver Disease:
“Bidirectional Association”

Type 2
Diabetes

Bril. Diabetes Care. 2017:40;419.
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The Liver and Cardiometabolic Risk Reduction in T2DM

NAFLD Promotes:

Worse insulin resistance

A Risk of atherogenic dyslipidemia

A\ Risk of T2DM, A\ difficult to manage

Type 2 A Risk of CVD

Diabetes

American Diabetes Association
recommendation for NAFLD:

Diabetes Promotes:

A Risk of Steatohepatitis Recom-menda-tion ol ,
A\ Risk of Cirrhosis * Patients with T2DM or prediabetes

and elevated liver enzymes (ALT) or
fatty liver on ultrasound should be
evaluated for presence of NASH and

A\ Hepatocellular Carcinoma

d 1 . . .
ST liver fibrosis.
g X
Vr

Budd & Cusi K,Current Diabetes Reports 2020; Oct 5;20(11):59.
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How can screening be done?

ULTRASOUND OF THE LIVER
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BMI (Body Mass Index)

Table 2. International classification of adult underweight,

[

rw/‘:?‘ X overweight and obesity according to body mass index.’
' Classification International Asian’

h ‘ J \ \ | “ : ‘ Underweight <185 <18.5
;‘ e “ \ “ | ‘ \ | [ / / Normal range 18.5-24.9 18.5-22.9
; ;“j | \‘ \ \ | ‘ ‘\;\ ‘ | “ W Overweight 25.0-29.9 23.0-24.9
e W I b\ ‘Iﬁ"‘ ‘_ I L I | Obese class | 30.0-34.9 25.0-29.9
| N | b i -l R I > | Obese class Il 35.0-39.9 >30.0

AN Lde o L oab 4 e 3 ‘ ‘ Obese class III >40.0

[ | | o [ | [ [ | I ‘ I | N

L ‘\ | ‘ﬁ \‘ e R TR “ a The classification for adult Asians was proposed by WHO in

| | | bl Rl s It 04 || || 2000. Howeverl, the WHO Expert Consultation recommended to

Lo || “ ‘ \ [ o [ [ keep the international classification for all populations in 2004
; /1‘ ‘ \ G S /) i ) because of significant heterogeneity across Asian countries. That

' i said, many studies from Asia still adopt the lower body mass

index cut-offs according to the proposal in 2000.
BMI
<18.5 18.5-24.9 25-29.9 30-34.9 35-39.9 >4(
Underweight Normal Overweight | | Class | obesity | |Class Il obesity] |Severe obesity

ang

s

YGLC
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Waist Size Matters

Waist circumference measurement

) Incorrect

' Correct
at the belly button

.

Abdominal Obesity Measurement Guidelines

Organization Measurement used
American Heart
Association, National o

Waist circumference
Heart, Lung and Blood
Institute (10)
International Diabetes o

Waist circumference

Federation (11)

World Health Organization

Waist-to-hip ratio
(12)

Definition of abdominal
obesity

Women: > 88 cm (35
inches), Men: > 102 cm (40
inches)

Women: > 80 cm (315
inches), Men: > 90 cm (35.5
inches)Different cut-points
for different ethnic groups

Women: > 0.85, Men: > 0.9

< L V&Cé
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What About “Lean” NASH?

* Definitely occurs
— Role of lifestyle modification?

* Improvement in Asian individuals with BMI < 25 kg/m? (1]
* Prevalence depends on definition of “lean”

— BMI < 25 kg/m? but abdominal adiposity?!?!
— BMI < 23 kg/m? in Asian individuals
 PNPLA31148M allele likely plays a major role in lean NAFLD!3!

1. Wong. J Hepatol. 2018;69:1349. 2. Younossi. Medicine. 2012;91:319. 3. Younes. Semin Liver Dis. 2019;39:86.
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Liver Biopsy: The Imperfect Gold Standard

* Limitations
— Invasive
— Painful
— Expensive
— Morbidity/mortality
— Sampling variability
— Observer variability
— Expertise to perform

Sampling variability:
Same biopsy may give
2 different grades of liver
S and Ljy, 1 1
s e,%% fibrosis

3 o

— Impractical for population screening

VGLC Rockey. Hepatology. 2009;49:1017. Kleiner. Hepatology 2005;41:1313.
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* Measures 1D velocity of low-frequency shear wave

* Directly related to tissue stiffness (fibrosis)
— The stiffer the liver, the faster the shear

wave propagates RS
* Quick, bedside test (~ 5 mins) |
* Limited by obesity, food intake i ™
. . &
operator experience -

Ribs

Fibroscan®
Probe

: ’ Elastic Shear
Wave l
Sonographic ]
Transducer \ ) BIAGEES

Y Sigrist. Theranostics 2017;7:1303.
YGLC
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NAFLD Fibrosis Score and FIB-4 Score

Online Calculators Easily Interpret Noninvasive Tests

* Based on age, platelet count, AST, ALT + other lab values

10:48
Fibrosis-4 (FIB-&) Index for Liver Fibrosis

Noninvasive estimate of liver scarring in HCV and HBV patients, to assess need for

NAFLD (Non-Alcoholic Fatty Liver Disease) Fibrosis Score

Estimates amount of scarring in the liver based on several laboratory tests
biopsy.

Pearls/Pitfalls v )
When to Use v Pearls/Pitfalls v

Age

Use with caution in patients <35 or
»>65 years old, as the score has been
shown to be less reliable in these

patients

Impaired fasting
glucose/diabetes

AST

Norm:1-40
Aspartate aminotransferase

AST Norm: 1-40

Platelet count Norm: 150 - 350

ALY Norm:1-35 AT
. Norm:1-35
Alanine aminotransferase

Platelet count Norm: 150 - 350 Platelet count Norm: 150 - 350

Albumin Norm: 35-55 Albumin Norm: 35-55

Available at: https://www.mdcalc.com.



Noninvasive Tests Exclude or Determine Advanced

Hepatic Fibrosis
C Qo "' C C COC CcO o
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= FIB-4 recognized by AASLD as useful in identifying patients with a
higher likelihood of F3 or F3-F4l1]

Cutoff Scores for Measurement of Advanced Hepatic Fibrosis!?3!

FIB-4:<1.3 FIB-4: > 2.67
NFS: <-1.455 NFS: > 0.675

\ 4

Absence of advanced fibrosis Indeterminate Presence of advanced fibrosis

& and LIV@.
g &
3 2 1. Vallet-Pichard. Hepatology. 2007;46:32. 2. Alkhouri. Gastroenterol Hepatol (N Y). 2012:8:661.

3. Shah. Clin Gastroenterol Hepatol. 2009;7:1104.



Different tests & Different strategies
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Non-Invasive Tests (NITs)
Test 1

(‘ Absence of advanced fibrosis I Unclear result IPresence of advanced ﬁbrosis)

Test 2 . )

(c Absence of advanced fibrosis I Unclear result T Presence of advanced fibrosis )

Test 3 . .

Absence of advanced fibrosis UnclearI Presence of advanced fibrosis

< L V&Cé

(=]

=0 2
Ay



C C O C C C "l
33&')886’) GG’JQQU)‘)GU)(? DLW MOO0I

Should tests be repeated over time?




cepcﬂmcgameog
What are the symptoms?
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Should All NAFLD/NASH be treated?

< L V&Cé

(=]

=0 2
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FO (no fibrosis) F1 F2 F3 F4 ( = cirrhosis)
Least severe > Most severe

@ Overall Mortality
<, HR1.24,C1:1.13 - 1.34

/ -
Cardiovascular Disease
}f Mortality
HR128CI103 153

| —
&
2
a
=
g
@
:
7}
°
o
®
Q
o
o
w
=

Cancer-related Mortality '
?HR:1.27,Cl: 1.01 - 1.54 )

/
/ |
Liver-related Mortality | |
HR:2.76,CI: 1.07 - 7.13 ‘

N\ Cardiovascular Events (HR:1.49, CI:1.34-1.64)
[ U2 Heart Failure (HR:1.67, Cl: 1.58-1.76)

1.68)

Peripheral Artery Disease (OR:1.32, C1:1.05-1.68)



Optimal Multidisciplinary Model (NAFLD/NASH Board)

Complex Lipid
management

Metabolic

Management of
diabetes and other
metabolic
comorbidities
Assessment of other

endocrine drivers (e.g.

hypopituitarism,
hypothyroidism) as
needed

~
~

NAFLD Patient

Liver risk stratification
Exclusion of other liver
disease

Focus on liver directed
therapy

Identify relevant
comorbid disease

»nmeoulciom mq&éé
y L L o L

(risk stratification) Psychology
A
~
\\\\\ A
\\
~
\~ !
~ 1

Behavioral
therapy

*  Optimization
of underlying
psychiatric
disease

Assess current dietary
practice patterns
Determine weight
history and set goals
Assess need for
behavioral intervention
Develop dietary
treatment plan with
discrete goals and
regular follow up

Rinella M. EASL The International Liver Congress™ 2021
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NAFLD Patient

!

v
\vj)

Assessment Treatment
*  Liver risk stratification * Liver directed therapy (Lifestyle, off
*  Exclusion of other liver diseases label use of meds with possible
* Identify relevant comorbid disease benefit (e.g. GLP-1, SGLT2i)
*  Other endocrine drivers (eg. *  Develop dietary treatment plan with
Hypopituitarism, hypothyroidism) discrete goals and regular follow up
*  Assess current dietary patterns *  Optimization of diabetes and other
*  Determine weight history metabolic comorbidities
o and Live, *  Assess need for behavioral *  Weight loss medications
g; (3% intervention *  Referral for bariatric surgery
A

Rinella M. EASL The International Liver Congress™ 2021



Risk Stratification of Patients with NAFLD

Clinical Assessment for NASH + Advanced Fibrosis

\ 4 4
Low Suspicion ? Intermediate to High Suspicion?
* No MetS features * Normal ALT *  MetS *  Normal ALT
e BMI<30 * No Family h/o e T2DM * Family h/o
* NFS<-1.455 * FIB4<1.3 * Dyslipidemia *  Persistently AN ALT
* Hypertension * Age>50
‘1’ * NFS>0.676 * FIB4>2.67
Treat as low-risk: ‘y
Monitor for new risk factors - p— Assessment of Liver Stiffness
%
32025:32300scenalun >
g2 33006 3

¥
C C cCO ~ O *

C C '
iy, ~— ©00G303§203 (?/30
&5
) =
g

Cotter and Rinella M, Gastroenterology 2020



Approaches for Currently Available Treatments
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Treat T2D and CV risk

factors®>

REdUC.e K = Hyperglycemia (GLP-1 RA and/or SGLT2i)
CVD Ris = Hypertension  ® Smoking cessation

Weight loss?-3
= Lifestyle (diet, physical activity) Control

» Antihyperglycemic agents that promote .
weight loss (GLP-1 RA and/or SGLT2i) Obesity

= Bariatric surgery = Dyslipidemia* (statin)

Potentially
Reduce

Other approaches End-Stage
= Statin (reducing portal hypertension)® Complications
= Metformin’-2(conflicting data on HCC risk)

Target Liver-directed treatment
NASH = Vitamin E®

= Pioglitazone®10

*NAFLD does not increase statin risk of drug-induced liver injury.?

In patients with advanced liver disease, choose or dose drugs
appropriately.

&4 1. Promrat. Hepatology. 2010;51:121. 2. Vilar-Gomez. Gastroenterology. 2015;149:367. 3. Lassailly. Gastroenterology. 2015;149:379.
%D 4. Musso. Hepatology. 2010;52:79. 5. Ratziu. J Hepatol. 2010;53:372. 6. Tsochatzis. Hepatology. 2017;66:697. 7. Zhang. Scand J Gastroenterol.

2013;48:78. 8. Chen. Medicine (Baltimore). 2015;94:€¢1013.°9. Sanyal. NEJM.2010;362:1675. 10. Cusi. Ann Intern Med. 2016;165:305. 11. Bril. J Clin

Endocrinol Metab. 2017;102:2950.



( Overweight/obesity NAFLD) ( Non-obesity NAFLD |

Weight
reduction

* The more severe the liver disease is, the higher the goals
are in terms of weight loss

» Healthy diet with caloric restriction tailored for
your preferences

+ 3-5% reduction of weight even within the normal BMI range
(especially if recent weight gain occurred or if abdominal
obesity is present)

[ Lifestyle advice for ALL patients with NAFLD ]

oC C C
Gfoocmsca)omeeoo[glgc
L JL o

Non-recommended foods/

Recommended foods . !
Minimize consumption

Recommended activity

Ultra-processed
food

-—

/%\__
Saturated fats
and cholesterol

@ Mediterranean diet
7 -

Processed meat

wg High fat/
sugared

&
X

Sweets dalry products
Whole
grains . .
rich in fiber Menta-l well be-lng management s
» Aerobic exercise 23 days/week
Fish (=150 min/week moderate intensity)
* Resistance exercise 22 days/week :
» Reduce sedentary behaviour Sugar-sweetened Alcoholic
beverages beverages
( N\
& and Live,. » Reduce added sugar (e.g. by reducing sweets, processed foods, « Increase n-3 fatty acids found in fish, and walnuts; utilize
5 Q, sugared dairy products, efc.) olive oil over other oils more often
%f) % « Avoid sugar-sweetened beverages * Minimize “fast food” and ultra-processed food
V7\

« Reduce saturated fat and cholesterol (e.g. by eating low fat meat

and low fat dairy products)

-

Home-cooked meals are preferable
Try to follow the Mediterranean dietary pattern




Meta-analyses of coffee consumption impact on

NAFLD and liver fibrosis

e 11 studies, varying designs

< L V&Cé
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Study

Zelber-sagi et al.
Funatsu et al.
Imatoh et al.

D Catalano et al.
V Wendy et al.
CRUHL etal.
Birerdinc et al.

NAFLD TE seTE

-0.33 0.4817
-0.30 0.0992
-0.53 0.2256

0.02 0.1556
0.00 0.0484

-0.80 0.1244
-0.07 0.0175

Risk Ratio

i

la)

Liver flbr%l§@%

Zelber-sagi et al.
Anty et al.
Bambha et al.
Soleimani et

C

#x)ed effect model

Random effects model

12

-0.45 0.1655
-0.97 0.3647

Heterogeneity: 2= =84%, r =0.0624,

Residual heterogeneity: I =82%,p <

1

O

0.0

+ I Q D,

Pooled RR value 0.77 (95% CI 0.60—0.

95@@&) (random)

[0 28 1.85]
! [0.61; 0.90]

0.1%

2.5%
059 [0.38:092  0.5%
102 [075 138  1.0%
100 [0.91:1.10] 10.5%
045 [0.35:057)  1.6%
093 [0.90;096] 80.0%

068 [052:08)  1.3%
075 [0.58,097] 1.4%
064 [046;089  0.9%

038 [0.19;0.78] 0.2%

Weight

2.8%
11.3%
7.2%
9.4%
12.6%
10.4%
13.0%

10.0%
10.2%
9.1%
4.2%

Pooled RR 0.68 (95% CI 0.68-0.79)

<001 '

01

1

2

5

0.91 [0.88; 0.94] 100.0%

073 [061;087]

100.0%

Hayata U., Annals of Hepatology 2021
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All coffee types decrease the risk of adverse clinical

outcomes in chronic liver disease

All coffee :
_ o CLD & 0.79[0.73, 0.87]
e 494,585 UK Biobank participants CLD or steatosis . ; 0.81[0.75, 0.87]
HCC 63———| 0.79[0.53, 1.16]
Death from C (0 Ge——| 0.51[0.39, 0.67]

* Linkage to hospital, death and Dec@,e.@;?goé) |
cancer records CL i 0.80 [0.70, 0.91]
r steatg®i — 0.85 [0.76, 0.94]
’ %’ &1 1.00[0.59, 1.72]
. - @ Deglifyom CLD — : 0.36 [0.21, 0.62
e Adjusted HRs: age, sex, 8)0@ (W : [ ]

. . . (7.} dbnt coffee
deprivation, smoking status, ¢%9 V\o Qcio . 0.85 [0.77, 0.93]
dia betes’ ethnicity' alcohol CLD or steatosis ek 0.86 [0.79, 0.93]
HCC —_— 0.86 [0.57, 1.30]
.\ C 009 Death from CLD —_— 0.65 [0.49, 0.86]
\p ,9@ Ground coffee
’S)c ,.5'0 CLD —— 0.65 [0.57, 0.74]
CLD or steatosis s A 0.65[0.59, 0.73]
'% HCC : - 0.66 [0.38, 1.17]
d,p% Death from CLD  ———— 0.39 [0.26, 0.59]
& and LJV(}. 0 | [ | |
5 S & 0.2 0.5 1 2
3 e Favours coffee  HR  Favours no coffee

Kennedy OJ., BMC Public Health 2021



Mediterranean Diet Pyramid

Every
meal

& and Lj Ve
5 ¢
2
Vr

YGLC

[Mediterranean diet pyramid J

Potatoes <3 s

White meat2 s
Fish/Seafood 22 s

Dairy 2 s
(preferably low fat)

Olives/Nuts/Seeds 1-2 s

Fruits 1-2 Vegetables 22 s
Variety of colours/textures
(Cooked/raw)

Regular physical activity
Adequate rest
Conviviality

Sweets <2 s

Red meat <2 s
Processed meat <1 s

Eggs 24 s
Legumes 22 s

Herbs/Spices/Garlic/Onions
(less added salt)

Variety of flavours

Olive ol
Bread/Pasta/Rice/Couscous

Other cereals 1-2 s
(preferably whole grain)

Water and herbal
infusions

Biodiversity and seasonality
Traditional, local and
eco-friendly products

Culinary activities



Weight Loss Through Life-style Modification Reduces NASH

@ @5[‘} 8Samas Fibrosis
| 2 09329 (45%) Weight Loss > 10%

NASH resolution (64-90%) Weight Loss > 7%

Ballooning/Inflammation
(41-100%) Weight Loss = 5%

Steatosis

i 0
(35-100%) Weight Loss > 3%

< = Liv‘}‘%
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=0 2
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Vilar-Gomez. Gastroenterology. 2015. Promrat. Heapatology. 2010. Harrison. Hepatology. 2009. Wong. J Hepatol. 2013.



Alternatives Anti-Obesity Approaches

0$632¢0003$25:600
) (bl
FDA Approved Anti-Obesity Drug Bariatric Endoscopy Bariatric Surgery




Pharmacotherapy Targeting Weight Loss and

Insulin Resistance (Off Label)

Mechanism Compound Weight Loss Trial in Outcome
of Action NASH/NAFLD
GLP-1RA Exenatide + PhaS&&O Improvement of hepatic
steatosis by US
Laraglutide + @I’rlal

Semaglutide

SGLT2 Canagliflozen

Empagliflozin

Approved for Obesity

Q

C

Phase 2b
Approved for Obe5|t§ ?dgw

Q

0

K\

++ \9 Multiple studies

o

+ Multiple studies

Resolution of NASH without
worsening fibrosis

Resolution of NASH without
worsening fibrosis

Improvement in liver TG by
1H-MRS; improvement in
steatosis biomarkers

Improvement in liver fat by
MRI-PDFF
Improvement in CAP and
liver stiffness by TE

& and Lj Ve
s %
&
5 2

NEJM. 2021;384:1113. 4. Cusi. Diabetes Obes Metab. 2019;21:812.
YGLC 5. Kuchay. Diabetes Care. 2018;41:1801. 6. Taheri. Advanc Ther. 2020;37:4697.

Shao. Diabetes/Metabolism Research Reviews. 2014;30:521. 2. Armstrong. Lancet. 2016;387:679-690. 3. Newsome.



Systemic effects of GLP1-RA

8c6m°£°6m° GLP].'RA\ 39 N °Q)(7SG (75960)
? R’ ° 8. 2R SPPReq
Heart
Kidney % 2 Platelets
\ ol %
1 Natriuresis 1 cardioprotection J Coagulation

f Diuresis

J Blood Pressure eé Y Postprandial 0
V.‘: - ’

lipids A,
GLP-1 e

Blood Intestine
Vessel

J Body Weight J Glucose | Hypoglycemia

J Inflammation S%os,  a-Cell
’ ~ e et Glucagon
e e Secretion
> and Live, ' ﬁ p-Cell
5 <, oo A Insulin Secretion
2 % Fat 4 Insulin Biosynthesis
b & other tissues ¢ Apoptosis

YGLC Drucker. Cell Metab 2016



From Stressed Adipocytes to Hepatic Lipotoxicity, Inflammation,

and Cirrhosis

Insulin-resistant
adipose tissue

Excess delivery
of dietary fat

Excess f .

production of
fat from sugars

4 Lipolysis (AFFA)
4 Adipocytokines
¥ Adiponectin

Mitochondrial e — c
dysfi on
( pyr— 32306|MPC
Activation of o
Increased acid-derived '"":{‘.",'J,’:“;’y
fatty acid metabolites £ L Co 00 C
supply mmeooo?m

Insulin
resistance

4Gluco!
producti

Neuschwa

YGLC

Lifestyle modification: || Improve IR: Improve disposal: Antifibrotics:
= Decreased intake = PPAR-ydrugs = PPARaq, PPARS drugs inflammation: — Galectin drugs
* Increased disposal = Exercise =  THR-B drugs = Chemokine receptor » od] = FXRdrugs
(exercising muscle, =  ACCi, DGATi drugs blockers = ACCidrugs
FGF21, SGLT2i, GLP-1) = FXRdrugs = ASK-1inhibitors
& T Tve, = Caspase inhibitors o T e
5 < % LDL-C
2 %
2 ¢ G



Pharmacologic Therapy for NASH

No FDA approved drugs for NASH Available Therapies for Off-Label Use
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Vitamin E Reduces NAS and Fibrosis in NAFLD

* Meta-analysis of N = 1317 patients with NAFLD in 15 RCTs
— Study limitations: variations in definition of NAFLD; moderately small sample sizes

Studies

Harrison 2003
--Subgroup 6 mo

Zohrer 2017
-Subgroup 12 mo
Brill 2019
--Subgroup 18 mo
Sanyal 2010

Dufour 2006
--Subgroup 24 mo

Lavine 2011
Nobili 2008
--Subgroup 24 mo

Overall (I?=77.09%; P = 0)

-0.250 (-0.770, 0.270)
-0.250 (-0.770, 0.270)

-0.170 (-0.411, 0.071)
-0.170 (-0.411, 0.071)
-0.300 (-0.802, 0.202)
-0.300 (-0.802, 0.202)
-0.200 (-0.439, 0.039)
-0.570 (-0.743, 0.397)

-0.395 (-0.757, -0.033)

-0.100 (-0.439, 0.239)
0(-0.138, 0.138)
-0.014 (-0.142,0.114)

-0.224 (-0.426, 0.023)

Vitamin E vs Placebo (MD, 95% Cl)

Fibrosis

R WYY

3

Fibrosis Mean Difference

-2

-1

0

1

2

3

Studies
Aller 2015

Vitamin E vs Placebo (MD, 95% Cl)

--Subgroup first 3 mo

Zohrer 2017
--Subgroup 12 mo

Brill 2019

--Subgroup 18 mo

Sanyal 2010

Dufour 2006
--Subgroup 24 mo

Nobili 2008
Lavine 2011

--Subgroup 24 mo

Overall (P=

97.53%; P=0)

-0.600 (-1.771, 0.571)
-0.600 (-1.771, 0.571)

-1.700 (-2.090, -1.310)
-1.700 (-2.090, -1.310)

0 (-0.190, 0.190)
0 (-0.190, 0.190)

-1.400 (-1.639, -1.161)

-1.700 (-3.525, 0.125)

-1.405 (-1.642, -1.168)

-4.000 (-4.548, -3.452)
-1.100 (-1.872, -0.328)
-2.563 (-5.405, 0.279)

-1.503 (-2.495, -0.510)

5 0
NAS Mean Difference

* Most promising patient for vitamin E treatment: an obese patient aged 15-50 yr,
baseline AST >50 IU/L, daily intake of 400-800 IU vitamin E, liability to lose 5-10 kg
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Abdel-Maboud. Therap Adv Gastroenterology. 2020;13:1756284820974917.
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Vitamin E Improves Transplant-Free Survival and Hepatic

Decompensation in NASH

* Single-center study of patients with biopsy-proven NASH and bridging fibrosis or cirrhosis

(N = 236) followed for median 5.62 yr

Transplant-Free Survival

s, 01 2 3456 7 8 910

VGLC Vilar-Gomez. Hepatology. 2020;71:495.

Hepatic Decompensation
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=S . &

E 801 7 § 'é 80" Cox model adjusted P = .044
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Examples of NASH Treatments in Phase Il or lll Investigations

Normal Liver

Steatosis (NAFL) Steatohepatitis (NASH) Cirrhosis

Cell death

Insulin re5|:¢,t.:mce Lipotoxicity and Inflammation and .
and/or lipid . . . .. (apoptosis and
. oxidative stress immune activation .
metabolism | necrosis)
| \ A | I | - \
PPARy: Pioglitazone PPARQ,/0: Elafibranor CCR2/5Cenicriviroc (inflammatory target but affects fibrosis)
PPARa/y: Saroglitazar AOC3: BI-1467335 Selonsertib (cell death target but affects
GLP-1: Liraglutide, Pan- Lanifibranor P2X7R: SGM-1019 Caspase: Emricasan GalectinGR-MD-02
semaglutide PPAR: TLR-4: JKB-121/122 :
SGLT: Empagliflozin, FGF19: NGM282 LOXL2: Simtuzumab
licogliflozin, FGF21: Pegbelferim
canagliflozin FXR: OCA, cilofexor, Some agents have multiple targets
DPP-4 Sitagliptin tropifexor,
ACC:  GS-0976, PF- nidufexor C C ~ C
) 05221304 MPC:  MSDC-0602K o S
g : 03DV 630332 OVCO)D
55CD1:  Aramchol TGR-5:  INT-767/777 (o)
“ASBT:  Volixibat THR-B: MGL-3196,
YGLC VK2809
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The Global NAFLD Policy Review and Preparedness Index: Are

Countries Ready to Address this Silent Public Health Challenges?

NAFLD preparedness index scores for 102 countries

About a third of countries (n = 32/102)
scored zero on the preparedness index. -
No country had a national or sub-national -~
strategy for NAFLD.

NAFLD was rarely mentioned in the

strategies of related conditions such as
diabetes.

Only 32 countries had national NAFLD

clinical guidelines.

A comprehensive NAFLD public health
response is lacking in all 102 countries.

Lazarus JV et al. J Hepatol 2021



