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NAFLD Presentation

Symptoms

_ o Common scenarios
Usually asymptomatic; majority

discovered by chance Statin monitoring

Fatigue frequently present “Annual reviews” in T2D/lipid/

I e hypertension clinics
Often an “incidental finding

Medical insurance/occupational health

Incidental abnormal LFTs checks

Incidental “bright liver” on imaging

Incidental hepatomegaly

De Alwis. Dig Dis. 2016;34:19. Slide credit:



http://www.clinicaloptions.com/

What is nonalcoholic fatty liver disease (NAFLD)?

NAFLD is a general term for a range of conditions characterized by extra fat in liver cells that is not
caused by alcohol. It's normal for the liver to contain some fat. However, if more than 5 percent of the
liver’s weight is fat, it's considered a fatty liver (steatosis). There are two different types of nonalcoholic
fatty liver disease:

*Simple fatty liver

In this form of NAFLD you have fat in your liver, but little or no inflammation of the liver or damage to
liver cells. Your healthcare provider may refer to this as nonalcoholic fatty liver (NAFL). Typically, this
form does not progress to cause liver damage.

*‘Nonalcoholic steatohepatitis (NASH)
This is the more severe form of NAFLD in which you have hepatitis — meaning swelling or inflammation
of the liver — and liver cell damage, in addition to fat in your liver. Inflammation and liver cell damage
can cause fibrosis, or scarring, of the liver.
* Fibrosis
This fibrosis can progress to cirrhosis, where hard scar tissue replaces an increasingly larger
amount of soft healthy liver tissue. Cirrhosis from NASH typically takes years of damage to
develop.



https://liverfoundation.org/for-patients/about-the-liver/the-progression-of-liver-disease/medical-terminology/#1504177159540-9e332dd3-2085
https://liverfoundation.org/for-patients/about-the-liver/the-progression-of-liver-disease/medical-terminology/#1504176700985-64308381-8812

TABLE 2.

NAFLD and Related Definitions

NAFLD Encompasses the entire spectrum of FLD in individuals
without significant alcohol consumption, ranging from fatty
liver to SH to cirrhosis

NAFL Presence of 5% HS without evidence of hepatocellular
injury in the form of ballooning of the hepatocytes or evidence
of fibrosis. The risk of progression to cirrhosis and liver failure is
considered minimal.

NASH Presence of 5% HS with inflammation and hepatocyte
injury (ballooning) with or without fibrosis. This can progress to
cirrhosis, liver failure, and rarely liver cancer.

NASH cirrhosis Presence of cirrhosis with current or previous
histological evidence of steatosis




Definitions of NAFLD, NAFL and NASH

NAFLD
» Excessive hepatic fat accumulation with IR
* Steatosis in >5% of hepatocytes*
* Exclusion of secondary causes and AFLDT

NAFL
* Pure steatosis NASH HCC

» Steatosis and mild lobular inflammation

Early Fibrotic Cirrhotic
FO/F1 fibrosis >F2 to =F3 fibrosis F4 fibrosis

Definitive diagnosis of NASH requires a liver biopsy

*According to histological analysis or proton density fat fraction or >5.6% by proton MRS or quantitative fat/water-selective MRI; E As L
TDaily alcohol consumption of 230 g for men and 220 g for women
EASL-EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388—402

The Home of Hepatology
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AFLD, alcoholic fatty liver disease; HCC, hepatocellular carcinoma; IR, insulin resistance; MRI, magnetic resonance imaging; MRS, magnetic resonance spectroscopy; NAFL, non-alcoholic fatty liver; NASH, non-alcoholic steatohepatitis


Spectrum of NAFLD and concurrent disease

Sub-classification of NAFLD* Most common concurrent diseases

NAFL AFLDT

» Pure steatosis Drug-induced fatty liver diseaset

« Steatosis and mild lobular HCV-associated fatty liver disease (GT 3)f
inflammation Otherst

NASH . Haemochromatosig |

+  Early NASH (no or mild fibrosis) * Autoimmune hepatitis

. Fibrotic NASH (significant/advanced | * Coeliac disease
fibrosis) « Wilson disease

. NASH cirrhosis . A/hypc?-b.etallipoproteinaem.ia_ lipoatrophy
* Hypopituitarism, hypothyroidism
HCC? « Starvation, parenteral nutrition
* Inborn errors of metabolism
— Wolman disease (lysosomal acid lipase deficiency)

*Also called primary NAFLD and associated with metabolic risk factors/components of MetS: 1. Waist circumference 294/280 cm for Europid men/women; 2. Arterial pressure

=130/85 mmHg or treated for hypertension; 3. Fasting glucose 2100 mg/dI (5.6 mmol/L) or treated for T2DM; 4. Serum triacylglycerols >150 mg/dl (>1.7 mmol/L); 5. HDL

cholesterol <40/50 mg/dI for men/women (<1.0/<1.3 mmol/L); TAlso called secondary NAFLD. Note that primary and secondary NAFLD may coexist in individual patients. Also

NAFLD and AFLD may coexist in subjects with metabolic risk factors and drinking habits above safe limits; ¥Can occur in the absence of cirrhosis and histological evidence of EAS L
NASH, but with metabolic risk factors suggestive of “burned-out” NASH

EASL-EASD-EASO CPG NAFLD. J Hepatol 2016:64:1388—402 The Home of Hepateloey
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AFLD, alcoholic fatty liver disease; GT, genotype; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HDL, high-density lipoprotein; MetS, metabolic syndrome; NAFL, non-alcoholic fatty liver; NASH, non-alcoholic steatohepatitis; T2DM, type 2 diabetes mellitus


TABLE 1.

Common Causes of Secondary HS

Macrovesicular steatosis

- Excessive alcohol consumption

- Hepatitis C (genotype 3)

- WD

- Lipodystrophy

- Starvation

- Parenteral nutrition

- Abetalipoproteinemia

- Medications (e.g., mipomersen, lomitapide, amiodarone, methotrexate,
tamoxifen, corticosteroids)

Microvesicular steatosis

- Reye’s syndrome

- Medications (valproate, antiretroviral medicines)

- Acute fatty liver of pregnancy

- HELLP syndrome

- Inborn errors of metabolism (e.g., lecithin-cholesterol acyltransferase
deficiency, cholesterol ester storage disease, Wolman’s disease)




There are also some less common reasons why you
may get NAFLD or NASH, including...

*Rapid excessive weight loss
Certain infections like hepatitis C
*Medical conditions that cause your body to use or store fat improperly
*Taking certain medications, such as:
» Glucocorticoids
« Synthetic estrogens
« Amiodarone (Cordarone, Pacerone)
« Methotrexate (Rheumatrex, Trexall)
« Tamoxifen (Nolvadex, Soltamox)
*Exposure to certain toxins
*Polycystic ovarian Syndrome (PCOS) a health condition that can affect a woman’s menstrual
cycle, fertility and hormones




Diagnosis: protocol for evaluation of NAFLD

 Incidental discovery of steatosis indicates comprehensive evaluation
— Family and personal history of NAFLD-associated diseases
— Exclusion of secondary causes of steatosis

-AVEY Variable
Initial evaluation 1. Alcohol intake: <20 g/day (women), <30 g/day (men)
2. Personal and family history of diabetes, hypertension and CVD
3. BMI, waist circumference, change in body weight
4. Hepatitis B/hepatitis C virus infection
5. History of steatosis-associated drugs
6. Liver enzymes (ALT, AST, GGT)
7. Fasting blood glucose, HbA1c, OGTT, (fasting insulin [HOMA-IR])
8. Complete blood count
9. Serum total and HDL cholesterol, triacylglycerol, uric acid
10. Ultrasonography (if suspected for raised liver enzymes)
Extended* 1. Ferritin and transferrin saturation
evaluation 2. Tests for coeliac and thyroid diseases, polycystic ovary syndrome
3. Tests for rare liver diseases (Wilson, autoimmune disease, AATD)

*According to a priori probability or clinical evaluation EAS L

EASL-EASD-EASO CPG NAFLD. J Hepatol 2016:64:1388—402 The Home of Hepateloey
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AATD, α1-antitrypsin deficiency; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CVD, cardiovascular disease; GGT, gamma-glutamyl transpeptidase; HbA1c, glycated haemoglobin; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; OGTT, oral glucose tolerance test



Liver biopsy

Liver biopsy is essential for the diagnosis of NASH
— Clinical, biochemical or imaging measures cannot distinguish NASH from steatosis
NAFL encompasses
— Steatosis alone plus ONE of lobular or portal inflammation OR ballooning
NASH requires
— Steatosis AND
— Lobular or portal inflammation AND
— Ballooning
NAS scoring indicates disease severity”

Recommendations

NASH has to be diagnosed by a liver biopsy showing steatosis, hepatocyte ballooning A 1
and lobular inflammation

EASL

*Should not be used for initial diagnosis
The Home of Hepatology

EASL-EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388—-402
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NAFL, non-alcoholic fatty liver; NASH, non-alcoholic steatohepatitis; NAS, NAFLD Activity Score

Image from Journal of Hepatology 2013 vol. 59 :131–137
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Histological F atures of NAFLD and NASH

Slide courtesy of Quentin Anstee, PhD, FRCP. Slide credit:


http://www.clinicaloptions.com/

‘ NAFLD/NASH Closely Associated With
Visceral Obesity, Insulin Resistance

Risk Factors

Obesity, T2D, dyslipidema, metabolic syndrome
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Chalasani N, et al. Hepatology. 2012, 55»2(:052023“' Cusi K, Gastroenterology. 2012;142:711-7258
"Non-alcoholic fatty liver disease1” by Nephron - Own work. CC-5A-3.0 via Wikimedia Commons.
"Liver stealosis fatty change”™ by Laboratory of Experimental Pathology, Division of Intramural Research, NIEHS
(NIH) via Wikimedia Commaons.




Non-invasive assessment of steatosis

« Steatosis should be documented whenever NAFLD is suspected
— Predicts future T2DM, cardiovascular events and arterial hypertension

— Quantification of fat content is of limited clinical relevance
» Except as a surrogate of treatment effectiveness

B Grade of evidence [ Grade of recommendation

Recommendations

US is the preferred first-line diagnostic procedure for imaging of NAFLD, as it A 1
provides additional diagnostic information

Whenever imaging tools are not available or feasible serum biomarkers and scores are an B 5
acceptable alternative for the diagnosis of steatosis

A quantitative estimation of liver fat can only be obtained by 'H-MRS. This technique is of
value in clinical trials and experimental studies, but is expensive and not recommended in A 1
the clinical setting

EASL

The Home of Hepatology

EASL-EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388—-402
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Transient elastography - Fibroscan

* First quantitative method - introduced in 2003
* The technique has been inspired from a device used
to measure the Camembert cheese elasticity




Elastography indications
for chronic hepatitis

« Initial staging (indication for treatment or
not)

« Estimation of the complications (EV,
HCC)

* Monitoring of the fibrosis (natural history
or treated patients)

« Estimating the risk of developing
complications
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Serum-Based Single Tests for Identifying
Patients With NAFLD at Increased Risk for
Worse Outcomes

Test Variables Included

FIB-4[a] Age, ALT, AST, platelet count
A APRI[b] AST, platelet count
E NAFLD fibrosis Age, ALT, AST, platelet count, BMI,
i score[c,d] albumin, impaired fasting glucose/diabetes
11:1 BARDJ¢] ALT, AST (AST/ALT ratio), BMI, T2D
Comih — ELF™[a’ TIMP-1, PIIINP, HA

g



Screening, prevalence and incidence

« NAFLD is the most common liver disorder in Western countries, affecting 17—46% of adults’

— Parallels the prevalence of metabolic syndrome (MetS) and its components, which also increase the
risk of more advanced disease

— NAFLD is also present in 7% of normal-weight (lean) individuals?

Recommendations B Grade of evidence [ Grade of recommendation

Patients with IR and/or metabolic risk factors (i.e. obesity or MetS) should undergo

procedures for the diagnosis of NAFLD A 1

Screen individuals with steatosis for secondary causes of NAFLD, including a careful
assessment of alcohol intake. Always consider the interaction between moderate amounts A 1
of alcohol and metabolic factors in fatty liver

Identify other chronic liver diseases that may coexist with NAFLD as these might result in
more severe liver injury

1. Vernon G, et al. Aliment Pharmacol Ther 2011;34:274-85; 2. Younossi ZM, et al. Medicine 2012;91:319-27; FHAfHStIL
EASL-EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388—402 e Home o Heparology
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How common is NAFLD and NASH?

NAFLD is the most common chronic liver
condition in the United States. It’s estimated
that about 25 percent of adults in the U.S. have
NAFLD. Of those with NAFLD, about 20 percent
have NASH (5% of adults in the U.S.). Most
people with NAFLD have simply fatty liver.

The reason some people with NAFLD have
simple fatty liver and others get NASH isn’t
known, although research suggests that certain
genes may play a role.




The Burden of NAFLD Among Americans

T R, Ay

85 million have NAFLD [] 100 million by 2030
17 to 25 million have NASH [] 43 million by 2030

Shetty A, Syn W-K.. Fed Practitioner. 2019:36:14-19.



Prevalence of NASH* in the
adult population of the United States’

19.4% | 9.8%

Hispanics Caucasian

* Non-Alcoholic Steatohepatitis | ' Extracted from Williams CD. et al. Gastroenterology, 2011

Learn more about NAFLD & NASH on the-nash-education-program.com ; KSH

EDUCATION

#NASHedu W @NASH_Education in @ The NASH Education Program PHGERAN

A GENEIT INITIATIVE




Pathogenesis of NAFLD and NASH

Obesity,

3 insulin resistance @Y Steatosis [] lipotoxicity
4 Lipolysis [] FFA

-
.0

Mitochondrial
Y dysfunction

A Endothelial reticul
stress

Unfolded protei

response
Stellate cell
actlvatlon
. 4

Apoptosis

Fibrosis
Cirrhesis
HCC 4

Inflammation




Pathogenesis: lifestyle and genes

« A Western diet/lifestyle has been associated with weight gain and obesity, and NAFLD'

High calorie intake
Excess (saturated) fat ———— Obesity
High fructose intake —— NAFLD

Sedentary behaviour

Recommendation B Grade of evidence [ Grade of recommendation

Unhealthy lifestyles play a role in the development and progression of NAFLD.

The assessment of dietary and physical activity habits is part of comprehensive NAFLD A 1
screening
1. Barrera F, George J. Clin Liver Dis 2014;18:91-112; EAS L

EASL-EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388—402 The Home of Hepatology



Pathogenesis: lifestyle and genes

« Several genetic modifiers of NAFLD have been identified’
— A minority have been robustly validated

« PNPLA3 I148M and TM6SF2 E167K carriers have a higher liver fat content*
— Increased risk of NASH
— NAFLD not systematically associated with features of IR

Recommendation B Grade of evidence [ Grade of recommendation

Genotyping may be considered in selected patients and clinical studies but is not B 5
recommended routinely

*Grade of evidence B, grade of recommendation 2 EAS L
1. Anstee QM, et al. Nat Rev Gastroenterol Hepatol 2013;10:330—44; o e
EASL-EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388—402 e ome ol Hepatology
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Proteasome .
Autophagy ~ Degradation

The frequency of PNPLA3(148M) variant
ranges from 17% in African Americans, 23%
in European Americans, to 49% in
Hispanics in the Dallas Heart Study. Due
to high prevalence of obesity and alcohol
consumption in modern societies, the
PNPLA3(148M) gene variant and
environment interaction poses a serious
concern for public health, especially chronic
liver diseases including alcohol-related liver

disease (ALD) and nonalcoholic fatty liver
disease (NAFLD).




Proteasome .
Autophagy Degradation

PNPLA3—A Potential Therapeutic Target for
Personalized Treatment of Chronic Liver Disease

Xiaocheng Charlie Dong*

Center for Diabetes and Metabolic Diseases, Department of Biochemistry and Molecular
Biology, Indiana University School of Medicine, Indianapolis, IN, United States —| Lipid droplet
Patatin-like phospholipase domain-containing protein 3 (PNPLA3) is a lipid droplet-
associated protein that has been shown to have hydrolase activity toward triglycerides
and retinyl esters. The first evidence of PNPLA3 being associated with fatty liver disease
was revealed by a genome-wide association study (GWAS) of Hispanic, African
American, and European American individuals in the Dallas Heart Study back in 2008.
Since then, numerous GWAS reports have shown that PNPLA3 rs738409[G] (148 M)
variant is associated with hepatic triglyceride accumulation (steatosis), inflammation,
fibrosis, cirrhosis, and even hepatocellular carcinoma regardless of etiologies including
alcohol- or obesity-related and others.




NASH ALD AH

Cirrhosis
NAFLD HCC

PNPLA3(148M)
rs738409

Steatosis Liver injury  Fibrosis
PNPLA3(148M) is associated with a wide-spectrum of
chronic liver diseases. Hepatic accumulation of
PNPLA3(148M) protein leads to triglyceride
accumulation, liver injury, and fibrosis. With different
etiologies, this may lead to the development of various
liver disorders including NAFLD, NASH, ALD, alcoholic
hepatitis (AH), cirrhosis, and HCC.




Multiple organs are likely to be involved in NAFLD

« Pathogenesis of NAFLD probably involves inter-organ crosstalk
— Adipose tissue, pancreas, gut, and liver

na
Nobili, V et al. J Hepatol 2013;58:1218-29 EAS L

Copyright © 2013 European Association for the Study of the Liver Terms and Conditions The Home of Hepatology
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DAMP, damage-associated molecular pattern; FFA, free fatty acid; HSC, hepatic stellate cell; PAMP, pathogen-associated molecular pattern

Image sourced from Nobili et al. J Hepatol 2013;58:1218-1229 

http://www.elsevier.com/termsandconditions

Who is at risk for developing NAFLD and NASH?

Researchers do not know the exact cause of nonalcoholic fatty liver disease. They do
know that you’re more likely to develop NAFLD — either simple fatty liver or NASH — if you:

Are overweight or obese

Have type 2 diabetes or pre-diabetes

Have abnormal levels of fats in your blood, which may include high levels of triglycerides,
high levels of “bad” (LDL) cholesterol, or low levels of “good” (HDL) cholesterol

Have metabolic syndrome. This is a mix of conditions linked to being overweight or obese,
and makes you more likely to get type 2 diabetes and heart disease. In order to be
diagnosed with metabolic syndrome, any three of the following conditions must be
present:

Large waist size

High blood pressure

High blood sugar (glucose)

High levels of triglycerides in your blood

Low levels of “good” (HDL) cholesterol in your blood




List of well-established risk factors for NAFLD*:!

- Ethnicity « ALT and AST level

+ Genetic variation . Metabolic syndrome (any
related to PNPLA3 three of the five features):

+ Obesity » Impaired fasting glucose

- Type 2 Diabetes * Raised triglyceride level

- Dyslipidemia D

» Increased waist circumference

- Hypertension » High blood pressure

Insulin resistance

*Non-Alcoholic Fatty Liver Disease | ' Extracted from AASLD Practice Guidance. Hepatology, 2018 and Younossi Z. et al. Nat Rev Gastroenterol Hepatol. 2018

Learn more about NAFLD & NASH on the-nash-education-program.com - EASH

#NASHedu W @NASH_Education  in @ The NASH Education Program PROGRAM

AGENETT INITIATIVE




Lipids induce hepatic IR and inflammation

Serine/ . Less efficient insulin signalling ] p
sphingosine (‘ TS [(decreased p-Akt or decreased IRS-2-P) > QRHiin rosiatanty

(and palmitate)

LCFAs from T
adipose I » Decreased mTORC-2 activity
tissue/TGRLPs ncrease
- PKCe T
sl mTOR/Rictor

dissociation

;

LPA——» PA ——— DAG

S

Glicerol 3P Induced Cyp2E1/
serine kinases
(JNK, IKKB)
Increased lipid
peroxidation/
oxidative stress

Glucose/fructose

Liver
Byrne CD, Targher G. J Hepatol 2015;62:S47—64 EAS L

Copyright © 2014 European Association for the Study of the Liver Terms and Conditions The Home of Hepatology

v

[mﬂammation] Lipid iy N Fatty acid
droplet ' glycerol



Presenter
Presentation Notes
AGAT, acylglycerol- cyltransferase; AGPAT, acylglycerol phosphate acyltransferase; CGI-58, comparative gene identification-58; CYP 2E1, cytochrome P450 2E1; DAG, di-acylglycerol; DGAT, di-acylglycerol acyltransferase; IKKb, IjB kinase b; IR, insulin resistance; IRS-2-P, insulin receptor substrate-2 phosphorylation; JNK, c-Jun N-terminal kinase; LPA, lysophosphatidic acid; GPAT, glycerol-3-phosphate acyltransferase; LCFA, long-chain fatty acid; MAG, mono-acyl glycerol; mTOR, mechanistic target of rapamycin; mTORC-2, mechanistic target of rapamycin complex-2; PA, phosphatidic acid; PAP, phosphatidate phosphohydrolase; PKCe, protein kinase Ce; TAG, tri-acylglycerol; TGRLP, triglyceride-rich lipoprotein; VLDL, very-low-density lipoprotein

Lipid-induced mechanisms contributing to hepatic insulin resistance and inflammation in NAFLD
Synthesis of lipid intermediates from long-chain fatty acids (LCFAs), e.g., ceramide, lyso-phosphatidic acid, phosphatidic acid (PA), di-acylglycerol (DAG), tri-acylglycerol (TAG) and very-low-density lipoprotein (VLDL) secretion. Synthesis of various species of DAG in particular may promote hepatic insulin resistance and inflammation. Synthesis of ceramide may also increase resistance to insulin action by decreasing efficient insulin signaling. (AGAT, acyl glycerol acyl transferase; AGPAT, acylglycerol phosphate acyltransferase; CGI-58, Comparative Gene Identification-58; Cytochrome P450 2E1; CYP 2E1; DGAT, di-acyl glycerol acyl transferase; IKKβ, IκB kinase β; IRS-2-P, insulin receptor substrate-2 phosphorylation; JNK, c-Jun N-terminal kinase; LPA, lysophosphatidic acid; GPAT, glycerol-3-phosphate acyltransferase; MAG, mono-acyl glycerol; mTOR, mechanistic target of rapamycin; mTORC-2, mechanistic target of rapamycin complex-2; PA, phosphatidic acid; PAP, phosphatidate phosphohydrolase; PKCε, protein kinase Cε; TGRLPs, triglyceride-rich lipoproteins).

From: Byrne CD and Targher G. J Hepatol 2015;62:S47-S64
Copyright © 2014 European Association for the Study of the Liver Terms and Conditions
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Common related metabolic disorders

 NAFLD is closely associated with:

— IR in the liver as well as adipose and muscle tissue

— MetS

» Three of: impaired fasting glucose or T2DM, hypertriglyceridaemia, low HDL-C,* increased waist
circumference, high blood pressure

All components of MetS correlate with liver fat content:

Evaluate risk of NAFLD in patients with MetS
Evaluate MetS in patients with NAFLD

*Gender-adjusted; Tethnicity-adjusted EAS L

EASL-EASD-EASO CPG NAFLD. J Hepatol 2016:64:1388—402 The Home of Hepateloey
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Common related metabolic disorders

* Inindividuals without diabetes, HOMA-IR can be considered as a surrogate for IR

HOMA-IR:
Fasting glucose (mmol/L) + insulin (mU/ml)
22.5
Recommendations B Grade of evidence Il Grade of recommendation
HOMA-IR can be recommended if proper reference values have been established A 1

HOMA-IR is of limited use for NAFLD diagnosis in patients with metabolic risk factors. It
could confirm altered insulin sensitivity, thereby favouring a diagnosis of IR-associated B 2
NAFLD in cases of diagnostic uncertainty*

During follow-up, HOMA-IR might help identify patients at risk of NASH or fibrosis
progression in selected cases. Improvement of HOMA-IR during weight loss may indicate C 2
metabolic improvement

*E.g. US-defined steatosis with normal body weight EAS L

EASL-EASD-EASO CPG NAFLD. J Hepatol 2016:64:1388—402 The Home of Hepateloey
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HOMA-IR

HOMA-IR stands for Homeostatic Model Assessment of Insulin Resistance. The meaningful part
of the acronym is the IR “Insulin Resistance” part. This calculation marks for both the presence
and extent of any insulin resistance that you might currently express. You can visit
TheBloodCode.com to plug in your values and get the calculation. It is a terrific way to reveal
the dynamic between your baseline (fasting) blood sugar and the responsive hormone insulin.

Low HOMA-IR means that you are sensitive to insulin. A small amount of the hormone insulin is
doing the trick to keep your blood sugars in good balance.

High HOMA-IR relates to your level of insulin resistance. The higher the number, the more
resistant you are to the message of insulin. If you are above 2, your self-prescribed diet and
fitness habits will bring your number down into the lower insulin-sensitive range.ll

EASL
The Home of Hepatology


https://www.thebloodcode.com/homa-ir-know/#_edn1

Common related metabolic disorders

* Inindividuals without diabetes, HOMA-IR can be considered as a surrogate for IR

HOMA-IR:
Fasting glucose (mmol/L) + insulin (mU/ml)
22.5
Recommendations B Grade of evidence Il Grade of recommendation
HOMA-IR can be recommended if proper reference values have been established A 1

HOMA-IR is of limited use for NAFLD diagnosis in patients with metabolic risk factors. It
could confirm altered insulin sensitivity, thereby favouring a diagnosis of IR-associated B 2
NAFLD in cases of diagnostic uncertainty*

During follow-up, HOMA-IR might help identify patients at risk of NASH or fibrosis
progression in selected cases. Improvement of HOMA-IR during weight loss may indicate C 2
metabolic improvement

*E.g. US-defined steatosis with normal body weight EAS L

EASL-EASD-EASO CPG NAFLD. J Hepatol 2016:64:1388—402 The Home of Hepateloey
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HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; IR, insulin resistance; US, ultrasound


Common related metabolic disorders: T2DM

* Irrespective of liver enzymes, diabetes risk and T2DM are closely associated with:
— Severity of NAFLD
— Progression to NASH
— Presence of advanced fibrosis
— Development of HCC

Recommendations B Grade of evidence I Grade of recommendation
In individuals with NAFLD, screening for diabetes is mandatory, by fasting or random A 1
blood glucose or HbA1c...

...and if available, by the standardized 75 g OGTT in high-risk groups B 1
Look for NAFLD in patients with T2DM, irrespective of liver enzyme levels, due to high A 5

risk of disease progression

EASL

EASL-EASD-EASO CPG NAFLD. J Hepatol 2016:64:1388—402 The Home of Hepateloey
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Metabolic Syndrome

Criterion Definition

Abdominal «  Waistline []35 in (89 c¢cm) for women
obesity or 40 in (102 cm) for men

Serum TG level [J150 mg/dL (1.7
mmol/L)

Dyslipidemia g L HDL-C level <40 mg/dL (men)
or <50 mg/dL (women)

Elevated

FBS* []100 mg/dL (5.6 mmol/L)

Hypertension =+ []130/85 mm Hg

*Or being on medicine to treat high blood sugar.
NIH website. Metabolic syndrome. 2019.




Type 2 diabetes & NASH™:

People living with type 2 diabetes
are ot hngher I'IS|( of NASH

*Non-Alcoholic Steatohepatitis | ! Extracted from Leoni S et al. World J Gastroenterol 2018 (AASLD Practice Guidance 2018)

Learn more about NAFLD & NASH on the-nash-education-program.com
#NASHedu . 4 @NASH_Education in @ The NASH Education Program




Adults diabetes is expected to grow
5% worldwide by 2035.

Itis PI'Ojected 1iale1dthe increase of
T2D prevalence will increase the

future clinical burden of NASH*.!

*Non-Alcoholic Steatohepatitis | ! Extracted from Younossi Z_, et al. Diabetes Care, Oct 2019

Learn more about NAFLD & NASH on the-nash-education-program.com . E\SH
EDUCATION

#NASHedu . @NASH_Education in @@ The NASH Education Program IFROHRAN




Natural history and complications: progression

* In general, NAFLD is a slowly progressive disease, both in adults and in children

— Rate of progression corresponds to 1 fibrosis stage every 14 years in NAFL and every 7 years
in NASH

— Rate of progression is doubled by arterial hypertension’
— Progression of fibrosis is more rapid in about 20% of cases'’

Recommendations B Grade of evidence [ Grade of recommendation

NASH patients with fibrosis associated with hypertension should receive closer monitoring
because of a higher risk of disease progression

« Paediatric NAFLD is of concern
— Potential for severe liver-related complications later in life
— NASH-related cirrhosis has been reported as early as 8 years of age

1. Sing S et al. Clin Gastroenterol Hepatol 2015;13:643-54; FHAfHStIL
EASL-EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388—-402 e ome ot epatoogy
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Natural history and complications: CVD

* Prevalence and incidence of CVD is higher in NAFLD than in matched controls
— Driven by the association between NAFLD and MetS components

« CVD should be identified in NAFLD, regardless of traditional risk factors
« CVD and metabolic risk factors are also reported in adolescents and children with NAFLD

B Grade of evidence [ Grade of recommendation

Recommendations

Screening of the cardiovascular system is mandatory in all individuals with NAFLD
L : A 1
because CV complications frequently dictate the outcome

EASL

The Home of Hepatology

EASL-EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388—-402


Presenter
Presentation Notes
CV, cardiovascular; CVD, cardiovascular disease; MetS, metabolic syndrome


7:45 PM Wed Sep 9

<

NAFLD and CV Mortality

* Twice as likely to die

of CVD than liver disease[a]
*>65% increased risk

of developing both fatal

and nonfatal CV events[b]




Cardiovascular Disease/Type 2 Diabetes

The association between NAFLD and NASH with both
cardiovascular disease and type 2 diabetes is
bidirectional. This means that people with
cardiovascular disease and/or type 2 diabetes are more
likely to have NAFLD and NASH. And conversely, people
with NAFLD or NASH are more likely to have
cardiovascular disease and/or type 2 diabetes. In fact,
cardiovascular disease is the most common cause of
death in people who have either form of NAFLD.




Natural history and complications: HCC

« Cumulative incidence of NAFLD-associated HCC varies according to study population
« Large number of NAFLD cases at risk of HCC makes systematic surveillance
largely impracticable
— PNPLA3 rs738409 C>G gene polymorphism is associated with increased HCC risk
— However, HCC surveillance in NAFLD is not yet considered cost effective

Recommendations B Grade of evidence [ Grade of recommendation

Although NAFLD is a risk factor for HCC, which may also develop in the pre-cirrhotic
stage, and the risk is further increased by the presence of the PNPLA3 rs738409 C>G
polymorphism, no recommendation can be currently made on the timing of surveillance
and its cost effectiveness

EASL

The Home of Hepatology

EASL-EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388—-402
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Progressive liver disease in NAFLD

Visceral ectopic fat, adipose tissue inflammation and type 2 diabetes

Poor nutrition

(e.g., high fat, high 1
carbohydrate, high

fructose) LCFAs, hyperinsulinaemia
Genetic factors
(e.g., PNPLA3

genotype)

Adipocytokines

Inflammation/fibrosis,
cirrhosis and HCC

LCFAs/
DAGs
| ceramides
TAGs Di-P PA

s, insulin resistance,
increased collagen matrix
carbohydrate, high

PrimarY\
bile acids fructose)

Intestine (dysbiosis) < Genetic factors

Secondary
bile acids

Poor nutrition
(e.g., high fat, high

Byrne CD, Targher G. J Hepatol 2015;62:S47—64 EAS L

Copyright © 2014 European Association for the Study of the Liver Terms and Conditions The Home of Hepatology
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Presentation Notes
DAG, di-acylglycerol; Di-P PA, di-palmitoyl phosphatic acid; HCC, hepatocellular carcinoma; LCFA, long-chain fatty acid; TAG, tri-acylglycerol

The influences of visceral ectopic fat accumulation, adipose tissue inflammation, type 2 diabetes, diet and intestinal dysbiosis to promote the development of progressive liver disease in NAFLD
Visceral ectopic fat accumulation, which often occurs with inflammation and type 2 diabetes, causes resistance to insulin action and hepatic necro-inflammation (by Kupffer cell activation) with activation of hepatic stellate cells and increased production of collagen matrix and progression of liver disease. Progression of liver disease over an ill-defined period of time causes advanced liver fibrosis, cirrhosis and, in some cases, hepatocellular carcinoma. Poor diet (particularly high fat and high fructose intakes) along with genetic factors (e.g., PNPLA3 polymorphisms) may also play a role in NAFLD progression increasing hepatic lipid accumulation and increasing risk of liver fibrosis. Alternations in the diet may cause dysbiosis of the gut microbiota with hepato-toxic effects from secondary bile acids. Dysbiosis may alter the production of short-chain fatty acids (from fermentation of dietary carbohydrate), and increase the production of lipopolysaccharide into the portal circulation (from egress of intestinal bacteria caused by increased intestinal permeability). Such effects create a pro-inflammatory hepatic stimulus that increases risk of progression of NAFLD. (DAG, di-acylglycerol; HCC, hepatocellular carcinoma; LCFA, long-chain fatty acid; PNPLA3, patatin-like phospholipase domain-containing 3).

From: Byrne CD, Targher G. J Hepatol 2015;62:S47–64
Copyright © 2014 European Association for the Study of the Liver Terms and Conditions
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Natural history of NAFLD over 8-13 years

Steatosis

N,/ NASH

12-40% F1-F2
fibrosis

13%
14%
,OTTTTT T ) >
,' Death/ / Cirrhosi
, irrhosis
I /<
Pt 25-50% 7%
HCC

EASL

de Alwis NMW, Day CP. J Hepatol 2008;48:5104-12 Errtlibvwtiorn
Copyright © 2008 European Association for the Study of the Liver Terms and Conditions patolosy
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What are the symptoms of NAFLD and NASH?

Usually NAFLD and NASH do not cause symptoms. If you do have symptoms, you may feel
tired or have pain in the upper right side of your abdomen, where your liver is.

Often the first sign of liver disease occurs when cirrhosis has developed typically after many
years of having NAFLD. If you have NASH and severe scarring of your liver, you may have
some of the following signs and symptoms of cirrhosis:

Intense itching

A swollen belly (ascites)

Bruising and bleeding easily

Yellowing of the skin and eyes (jaundice)

Spider-like blood vessels just beneath your skin’s surface

Behavior changes, slurred speech, and confusion (hepatic encephalopathy)

If someone with NAFLD/NASH develops cirrhosis they are also at some risk of developing a
common type of liver cancer called hepatocellular carcinoma.
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When am | obese?

The easiest way to determine whether a person is overweight
or obese is through measuring their body mass index (BMI).

Weight in kg

= (Height in m)?

Underweight '\:lvzri‘;atl Overweight Obese M:l;'gi(ily

<185 18:5-22.9 23-27.5 27.6:39.9 40 and above

MNMaAan_Aciane




Treatment: diet and lifestyle changes

- Epidemiology suggests a close relationship between an unhealthy lifestyle and NAFLD

« Diet and lifestyle changes are mandatory in all patients
— Modest weight loss reduces liver fat, improves hepatic IR, and can result in NASH regression
— Weight loss of >7% is associated with histological improvement

Recommendations B Grade of evidence [l Grade of recommendation
Structured programmes aimed at lifestyle changes towards healthy diet and habitual C 5
physical activity are advisable in NAFLD

Patients without NASH or fibrosis should receive counselling for healthy diet and physical B 5
activity but no pharmacotherapy

In overweight/obese NAFLD, a 7-10% weight loss is the target of most lifestyle B 1
interventions, and results in improvement of liver enzymes and histology

EASL

The Home of Hepatology

EASL-EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388—-402
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What are the treatments for NAFLD and NASH?

The first line of treatment for NAFLD and NASH is weight loss, done through a
combination of calorie reduction,

exercise, and healthy eating. Weight loss can reduce fat and inflammation in the liver.
The following lifestyle changes are important in managing your disease.



https://liverfoundation.org/for-patients/about-the-liver/diseases-of-the-liver/non-alcoholic-fatty-liver-disease/

NAFLD DIET

limit alcohol consumption,

limit saturated fat to less than 7% of calories
and go easy on red meat

when possible use low fat or skim dairy
products

-eliminate trans-fat and all hydrogenated oils
eliminate all high fructose corn syrup

cut way down on salt -- the goal is 1500 mg/day
‘minimize added dietary sugar

limit the use of processed grains

*be aware that there are unknown health
consequences for many chemicals



http://www.liverinfosource.com/salt

DIET NAFLD 2

*Use extra virgin olive oil for cooking and try avocado oil
*Don't buy prepared foods without reading the label, there
isn't actually much that you can buy

Eat lots of fruits and vegetables but watch the salt
Learn to like kale, lima beans, brussel sprouts, etc.
Look for fiber like whole wheat bread no white breads
and use brown rice

-Eat fatty fish like salmon at least a few times a week
*East skinless chicken or turkey and lean pork
*Minimize processed meats like ham

*Explore new foods like quinoa as a grain

Eat plenty of vegetable protein like beans.

*Keep in mind that eating out is mostly unhealthy so be
thoughtful
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NO ROLL |

UNDERSTANDING
BEEF QUALITY GRADES

ane beef is produced from young,
well-fed cattle. It has the most marbling, is
produced in smaller quantities than other
grades, and is often sold in hotels and
restaurants. Prime roasts and steaks are
excellent for roasting, grilling or broiling,

Chl]lce beef is high guali

produced in highest quanti

less marbling than Prime. C

and steaks, especially from the rib and
loin, will be very tender, juicy and
flavorful. They are suited for roasting,
grilling or broiling. Less tender cuts are
perfect for slow-cooking.

SBI E Bt beef is slightly leaner than
Prime and Choice because it has less
marbling. It can lack some tenderness,
flavor and juiciness as compared to the
higher grades. Select grade beef often
benefits from slow-cooking or fro
marination prior to grilling or broiling.

Standard and Commercial grades of beef are frequently sold
as ungraded “No Roll" beef. Because No Roll does not carry a
grade designation, there is a risk it will not be as tender,
flavorful and juicy as products graded Prime, Choice or Select.

FACTORS IN
DETERMINING A
QUALITY GRADE:

Distribution of
Marbling within Lean

Muscle at
12th/13th Rib

Age/Maturity of
Carcass

Color, Texture &
Firmness of Lean
Muscle

WHAT IS MARBLING?

BEEF,

Funded by Beef Farmers and Ranchers

FURIQUSGRILL

Full Comparison Guide on

WAGYU VS KOBE BEEF

Everything You Need to Know
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No therapies have yet been approved by
the US Food and Drug Administration
(FDA) for the treatment of nonalcoholic
steatohepatitis (NASH). Thus, therapy
has mostly been lifestyle-based, often
directed at achieving weight loss with
exercise and a diet that is low in
cholesterol, saturated fats, and fructose,
such as the Mediterranean diet.
However, most patients find lifestyle
interventions difficult to sustain long
term.

Besides lifestyle interventions, have
pioglitazone and vitamin E been used much?




Exercise Mobilizes Hepatic Fat Mobilization
in Patients With NAFLD

Systematic review (8 RCTs
and prospective cohort
studies) in adults (N =433)

* Dietary interventions plus exercise
augment hepatic fat reduction

* Moderate-intensity exercise
mobilizes intrahepatic triglycerides
(30.2% 1n the exercise-only group
and 49.8% 1n diet plus exercise

group) Exercise 3-4 times/wk,
20-30 min/sessions




Bariatric Surgery:
An Option for Patients With NASH

Morbid obesity and cirrhosis[a]

» Compared with noncirrhotic and
nonobese patients with cirrhosis, severely
obese patients with cirrhosis have highest
risk of mortality
Bariatric surgery may be considered for
severely obese persons (BMI >40 or >35
with comorbidity) who clearly wish to lose
weight[a]
* Induces long-term weight loss; decreases
morbidity, incidence of cancer, and mortality
» Improves steatosis in 90% of cases “Foregut bariatric surgery can be
considered in otherwise eligible obese
individuals with NAFLD or NASH -
Premature to consider it an established
option to treat NASH specifically”.[b]

* Resolves steatohepatitis in >80% of cases

» Mortality rates increased 2-fold in compensated
cirrhosis, 21-fold in decompensated cirrhosis




Vitamin E for NASH: AASLD Guidance

AASLD Guidance|a]

+ 800 IU/d (D-alpha-tocopherol)
improves liver histology in
nondiabetic adults with
biopsy-proven NASH; may be
considered
for this population

* Not yet recommended for:
— NASH 1n patients with T2D
— NAFLD without liver biopsy
— NASH cirrhosis
— Cryptogenic cirrhosis

Chalasani N. et al. Hepatology. 2018:67:328-357.




Targets for Treatment

Liraglutide, semaglutide
pioglitazone,

; : : Elafibranor, resmetirom,
obeticholic acid,

VK 2809, obeticholic
acid, aramchol,
firsocostat

Endothelial reticu
stress

Mitochondnal
dysfunction

Unfolded protei

response
Stellate cell
Vitamin activation
E . ® .
. 4

§ Obeticholic

Apoptosis el

Cenicriviroc
Elafibranor

Inflammation

Aramchol

Fibrosis

Cirrheosis
HCC 4




Partial List of Drugs in Phase 2 Trials for
NASH

Drug MOA Primary Endpoint*
GRS Reduction of HVPG at 1y

inhibitor

FGF19 Change in hepatic fat fraction assessed by MRI-
NGM282[b] analogue PDFF at 12 wk

Change in hepatic fat: absolute change in liver fat
VK2809]c] THR-PB agonist  from baseline, median relative change in liver fat
from baseline, >30% relative reduction in liver fat

Acetyl-CoA

Fircosostat[d] carboxylase Relative reduction in liver fat from baseline
inhibitor

Semaglutide|[e] GLP_.l TECCPLOT Change in ALT level
agonist

*Biopsy data from paired liver biopsies
Note: Since the time of the recording, resmetirom moved into a phase 3 clinical trial
a. Harrison SA, et al. Aliment Pharmacol Ther. 2016;44:1183-1198; b. Harrison SA, et al. Lancet. 2018;391:1174-




What are some of the most promising drugs in development for the
treatment of NASH?

There are many promising drugs, but the most important ones to consider
are those in phase 3 development. As previously mentioned,

obeticholic acid is the furthest along in development and could,
theoretically, receive approval by the FDA soon.
Also promising is the peroxisome proliferator—activated receptor (PPAR)

agonist elafibranor (GFT505, Genfit), which will soon report interim
phase 3 results. This drug has very broad effects involving both lipid and
glucose metabolism, as well as downstream effects on inflammation and
fibrosis.

Other promising drugs in phase 3 trials are aramchol
(Galmed Pharmaceuticals), which is a stearoyl-CoA desaturase 1 inhibitor,
and cenicriviroc (Allergan), which likely has primarily anti-inflammatory
effects.

Among thyroid hormone receptor 3 agonists, MGL-3196 (Madrigal
Pharmaceuticals) is furthest along and looks promising. However, there are
no data on longer-term safety or the impact on clinical endpoints, such as
liver failure, involving any of the drugs in advanced development.




Current Ongoing Phase 3 Trials for NASH

Drug MOA Trial Primary Endpoint

>1 stage fibrosis improvement with no NASH
worsening OR resolution of NASH with no fibrosis

Obeticholic . REGENERAT .
. FXR agonist worsening
adld Ll >1 stage fibrosis improvement AND n rsening of
REVERSE[b] = > 8¢ oK prov O WOISCREE O
steatohepatitis
R2/CCR > is 1 i
Cenicriviroc e /C(; 5 AURORA[c] >1 stage ﬁb_n_:mls improvement AND no worsening of
antagonist steatohepatitis
PPAR -
Elafibranor 9/6 RESOLVE Resolution of NASH without fibrosis worsening
agonist IT[d]
| Selective MAESTRO- Resolutlf)n of NASH |
Resmetirom THR-B Composite long-term outcome: all-cause mortality,
. NASH]e] . . : w
agonist cirrhosis, and liver-related clinical outcomes
1 Resolution of NASH without fibrosis worsening or >1
Fatty acid bile : :
Aramchol ARMOR({] stage fibrosis improvement AND no worsening of

acid conjugate ..
e steatohepatitis

Note: Since the time of the recording, resmetirom and aramchol moved into phase 3 clinical trials
a. Sanyal AJ, et al. Hepatology. 2019;70:23A; b. Clinical Trials.gov. NCT0303439254; c. ClinicalTrials.gov. NCT03028740; d.
ClinicalTrials.eov. NCT02704403: e. Clinical Trials.gov. NCT03900429: f. ClinicalTrials.ecov. NCT04104321.




Obeticholic Acid for NASH:
Revolution or Just a Ripple?

OCA might improve fibrosis in a portion of patients affected by NASH.
In this multicenter, double-blind study conducted across 332 centers
in 20 countries, patients were randomly assigned to receive placebo,
OCA 10 mg/d, or OCA 25 mg/d. Liver biopsies were obtained at
baseline and at month 18 or at the end of treatment.

Liver fibrosis improvement was reached more frequently and with
statistical significance in the groups taking OCA. Improvement in fibrosis

was seen in 23% of patients taking 25 mg OCA, 18% taking 10 mg OCA,
and 12% in the placebo group.




OCA

Despite OCA being well tolerated across all groups,
pruritus (most of which occurred during the first 3 months)
led to treatment discontinuation in 9% of the 25-mg OCA

group,

In addition, OCA can elevate low-density lipoprotein
(LDL) cholesterol levels. Patients receiving OCA in the
phase 3 trial were more likely to require a statin compared
with placebo,

FDA adds Boxed Warning to highlight correct dosing
of Ocaliva (obeticholic acid) for patients with PBC




OCA3

In addition, on June 29, 2020, the FDA issued a Complete Response
Letter to Intercept Pharmaceuticals that requested additional post-
iInterim analysis to support the accelerated approval of OCA. Despite
the improvement in liver fibrosis, the FDA did not feel the existing data
demonstrated adequate benefit to outweigh potential risk and
emphasized the importance of long-term outcome. This decision not
only is a setback to Intercept Pharmaceuticals but also sends a
message to other pharmaceutical companies with therapeutic agents in
development that there will be a high bar for a surrogate endpoint to
gain FDA approval.



https://www.globenewswire.com/news-release/2020/06/29/2054576/0/en/Intercept-Receives-Complete-Response-Letter-from-FDA-for-Obeticholic-Acid-for-the-Treatment-of-Fibrosis-Due-to-NASH.html

Cenicriviroc (CVC)

is a CCR2/5 dual antagonist under evaluation for treating liver fibrosis in adults with nonalcoholic
steatohepatitis (NASH).

Year 1 primary analysis of the 2-year CENTAUR study showed that CVC had an antifibrotic
effect without impacting steatohepatitis.

The 2-year data suggest no further improvement in fibrosis beyond that observed after a year.
Furthermore, patients who switched from placebo to CVC after 1 year had similar improvement
in fibrosis (without worsening of steatohepatitis) compared with those on placebo for 2 years
(24% vs. 17%; P=0.37).

These 2-year results suggest that CVC mainly improves fibrosis in NASH, especially in cases with advanced
fibrosis, and that most of the improvement occurs within the first year. The current results have
prompted a phase Ill study (the AURORA study) that will focus on fibrosis improvement as the primary
endpoint — and only in those with advanced fibrosis; this appears to be a reasonable approach since
morbidity and mortality are mainly driven by fibrosis in NASH.




Genfit's elafibranor en route to
NASH graveyard with phase 3

GeﬂtQpading drug has failed a key phase 3 study in
nonalcoholic steatohepatitis (NASH), joining a growing
number of fatty liver prospects that have bitten the
dust and putting the biotech's future on a knife-edge. The
drug, elafibranor, did not beat placebo at improving
NASH symptoms without making liver scarring worse,
interim data show.

The study pitted elafibranor against placebo in 1,070
adults with a form of fatty liver disease known as NASH
with stage 2 or stage 3 scarring (fibrosis). After 72 weeks
of treatment, the study missed its primary endpoint, with
19% of patients in the treatment arm achieving NASH
resolution—improvements in liver inflammation and liver
cell ballooning—without their scarring getting worse,
compared to 15% of patients in the placebo group.



https://ir.genfit.com/news-releases/news-release-details/genfit-announces-results-interim-analysis-resolve-it-phase-3

A Resolution of NASH without worsening of fibrosis

100
80 - p=0051
B0
40
M
.n i
Aramehol
(phase 2)

p=0.045

19

:n

Elafibranor
[phase 2)

p=0.01

3

Liraglutide
(phase 2, T2DM)

p=0.001

51

Fioglitazone
[phase 2,
prediabetes or
T2DM)

p=0.03

25

i

Resmetirom
(Phase 2)

p=0.001

15
N
Obetichalic acid
[phase 3)

Placebo
BDrug

>1 stage fibrosis reversal without worsening of NASH

100

&0

&0 -

40

20

p0.02

10

10:4 .

Cenicrivirac (phase 2, 1 year)

p 094

18 17

Cenicriviroc (phase 2, year 2)

p<0.0001

i1
'
Obeticholic acid (phase 3)

Placebo

0 Drug




Poxel Initiates Phase 2 NASH Trial for PXLO65 (DESTINY 1) in Biopsy-
Proven Patients

Phase 2 trial will include approximately 120 noncirrhotic biopsy-
proven NASH patients and is designed to identify optimal dose or
doses for Phase 3 registration trial

Streamlined development with a single Phase 2 trial given
knowledge of pioglitazone, including data in NASH, and 505(b)(2)
regulatory pathway, which offers the opportunity for an efficient and
lower risk development program

The primary endpoint of DESTINY 1 will measure the relative change
in the percentage of liver fat as measured by MRI-PDFF

PXLO65 is a new chemical entity derived from pioglitazone, which
has shown to retain NASH efficacy without triggering peroxisome
proliferator-activated receptor (PPAR)-g-related side effects in
preclinical studies
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How common are NAFLD and NASH in children?

NAFLD is the most common cause of chronic liver disease in children in the United States. Researchers estimate
that close to 10 percent of U.S. children ages 2 to 19 — about six million children — have NAFLD. It’s become
more common in children in recent decades, in part due to the growing epidemic of childhood obesity.

NAFLD is more common in...

Older children than in younger children

Hispanic and Asian American children, followed by Non-Hispanic White children (and less likely in African
American children)

NAFLD is more common in boys than in girls; however, among children with NAFLD, boys and girls are equally
likely to have NASH.

The majority of children with NAFLD have simple fatty liver. Children with simple fatty liver typically don’t
develop liver complications. However, compared with adults who develop NAFLD, children with NAFLLC
more likely to have NASH and related complications or liver disease as adults.
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NAFLD and NASH in Children in the
United States: A Serious Threat (cont)

* Prevalence of NAFLD 1n
US children 1s as high as
17.3%]a]

— More common in Hispanic — "’
boys 4
 Risk factors: family history
— QGestational diabetes
— T2D




The liver of children can be affected by NAFLD*
In the U.S.,

389,

of adolescents with
obesity have NAFLD'.

*Mon-Alcoholic Fatty Liver Disease | ' Exfracted from Liver Forum Pediatric Working Group. Factors to Consider in Development of Drugs for Pediatric Monalcoholic Fatty Liver Disease.
Yolume 157, Issue 6, December 2019, Pages 1448-1456.e1

Learn more about NAFLD & NASH on the-nash-education-program.com . i\SH
EDUCATION

#NASHedu 4 @NASH_Education in & The NASH Education Program RN aAN




Non-invasive assessment of paediatric NAFLD

 NAFLD should always be suspected in Healthy child — child with NAFLD — child with severe NAFLD
obese children .-

’ .| { adiponectin

— Exclude other causes
— Evaluate elevated aminotransferase levels @ - . e
and liver hyperechogenicity \\ T“p"’s '
* Due to the poor sensitivity in overweight/obese . A
Hyperinsulinemia Adipokines

Diet Cytokines
children, non-invasive markers and imaging <
techniques are the first diagnostic step /\

o w o o o or omm
. . wam s o s s o

Insulin resistance

Genetic susceptibility
[nepatic] [cns _—

environmental
factors

Decreased physical activity

Recommendations B Grade of evidence M Grade of recommendation

In children, predictors of fibrosis, including elastometry, ARFI imaging and serum
biomarkers might help reduce the number of biopsies

Roberts EA. J Hepatol 2007;46:1133-42 E As L
Copyright © 2007 European Association for the Study of the Liver Terms and Conditions o
EASL-EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388-402 e ome ol Hepatology



Presenter
Presentation Notes
ALT, alanine aminotransferase; ARFI, acoustic radiation force impulse; CNS, central nervous system

Progression to pediatric NAFLD: what are the possible contributory factors? In this cartoon the normal child (circle; red triangular liver) becomes obese (ellipse indicating central obesity) with a fatty liver (yellow liver) and later more obese with a damaged liver (yellow heterogeneous liver). Initial factors are diet elicting hyperinsulinemia; secondary factors include genetic and environmental (contributing to less physical activity). Determining the relative contribution of direct hepatocellular damage and inflammation in the progression from simple steatosis to chronic liver damage requires more data; likewise the mechanistic importance of decreased serum adiponectin needs further investigation. In principle, this disease mechanism can apply to the normal child who develops fatty liver without becoming technically overweight/obese (circle; yellow liver).


http://www.elsevier.com/termsandconditions

Recommended interventions in pediatric NAFLD*:!

- Avoidance of sugar-sweetened beverages
U S - Consumption of healthy, well balanced diet

L |fe55tyle chcmges - Moderate to 'high intensity exercise daily

- Less than 2 hours/day of screen time

- No currently available medications have
been proven to benef_it the majority of
patients with NAFLD

*Non-Alcoholic Fatty Liver Disease | ' Extracted from NASPGHAN Clinical Practice Guideline (Copyright ESPGHAL and NASPGHAN. JPGN, 2017)

Learn more about NAFLD & NASH on the-nash-education-program.com . ESH
EDUCATION

#NASHedu ’ @NASH_Education in II The NASH Education Program PROGRAM

A GENEIT INITIATIVE




Ni el amor ni el
tiempo sanan... —Tate quieto, hombre. Que es una

Lo tinico que sana pruebita de nada.
es la colita de
rana.



THE END
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i las definitivas”.
A
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, "%\ Mario Benedetti
' (1920 - 2009)




EASL

The Home of Hepatology



Diagnosis: diagnostic flow-chart

Metabolic risk factors present

« Metabolic work-up must carefully '
assess all components of MetS Ultrasound (steatosis biomarkers)*/
liver enzymest
\J I v
. . . Steatosis present Steatosis absent
* Obesity/T2DM or raised liver enzymes : 1 :
|n patlentS Wlth metabO“C r|Sk faCtOFS Normal Abnormal Normal
) i . : : s :
ShOUld prompt non-invasive Screenlng liver erizymes liver enzymes liver enzymes
to predict steatosis, NASH and fibrosis Serum fibrosis
markers$
l. Medium/
I
Lowl”Sk high risk!
v
v
Follow-up/ |—> Specialist referral Follow-up/
2 years & 3-5 years
Liver erfz mes Identify other chronic liver diseases l
fibros?/s ’ In-depth assessment of disease severity  Ultrasound/
. Decision to perform liver biopsy liver enzymes
biomarkers . .
Initiate monitoring/therapy
*Steatosis biomarkers: Fatty Liver Index, SteatoTest, NAFLD Fat score;
fLiver tests: ALT AST, GGT; Any increase in ALT, AST or GGT;
§Serum fibrosis markers: NAFLD Fibrosis Score, FIB-4, Commercial tests (FibroTest, FibroMeter, ELF); EAS L
ILow risk: indicative of no/mild fibrosis; medium/high risk: indicative of significant fibrosis or cirrhosis oo ot oo

EASL-EASD-EASO CPG NAFLD. J Hepatol 2016;64:1388—-402


Presenter
Presentation Notes
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ELF, enhanced liver fibrosis; GGT, gamma-glutamyl transpeptidase; MetS, metabolic syndrome; NASH, non-alcoholic steatohepatitis; T2DM, type 2 diabetes mellitus
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Immune Dysfunction

Ampaired function of Tlymphocyte and subpopulations

Pulmonary Function
-LERY, FC, and RSC

Cardiometabolic disease

-

/" Hypertension m A
I' .

| Diabetes i

| K - 1 Disphragmatic excursion and pulmonary function
" -Impaired ventilation

-} Oxygen-saturated blood levels

Heart Disease
‘HFpEF
-Cardiemyopathy
Ancreased risk for AF

Kidney Disease

|
Hight LDL Cholestero ’

-‘Podocyle hypertrophy and dysfunction

- LPodocyte density and nurmbser

. ‘Glomerular hypertrophy and capillary hyperension
\ A Glomerulomegal
Low HDL Cholesterol “ ! , y omerulomegaly
\ /

Hight Triglycerides

| r

'.

‘Glomerulogclerasis, proteinuria, and ESRD

-~ - / o | \o -LEGFR and ERFF; TFF
: |

| Endothelities
Inflammation B A ,"’ -Apoptosis-related endothelial dysfunction

- ¢ Imbalance in vasoditatory and vasoconstricting agents
*tLeptin, TNF-a, and IL-6 . 1 cd
~ { 4 ‘Prothrombotic and proatherogenic state

™ —— — AT
*~-. 3 Hypercoagulability

-Adipocytokines and coagulation factors hyperactivity “Vasoconstriction, pro-oxidation,and vascular inflammation
- - & Fibrinolysis
- Tinflarmmation. oxidative stress, and endothelial dysfunction

by

‘Platelet hyperactivation, enhanced leukocyte adhesion

-Impaired hemostasis, atherosclerosis, and thrombosis
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