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General



The “omes

The exposome and the gut microbiome




Generation of bio-engineered biliary tissue using
primary cholangiocytes and decellularized bile ducts

Aim:
Generation of human-size tissue-engineered
bile ducts

Methods:
‘Humanized’ bile ducts were generated by
seeding primary Extrahepatic Cholagiocytes

Organoids (ECOs) on decellularized pig bile ducts.

Conclusions:

Humanized bile ducts are compatible with
surgical manipulation, they allow adequate
transfer of oxygen and nutrients across their wall
while retaining key biliary markers and function
following long-term culture and demonstrate a
unique potential for advancing bile duct tissue
engineering from proof-of-principle studies in
small animal models to constructs compatible
with large animal studies and clinical translation.

Brevini T, et al., Abstract 20
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Humanized ducts exhibit similar dimensions
to native human bile ducts. Scale bars: 3 mm.

Humanized ducts retain expression of key
biliary markers. Top: Cross section of a
humanized bile duct demonstrating cell
attachment to the collagen matrix resulting
in the formation of a columnar epithelium
monolayer. Bottom: IF analysis of a
humanized duct lumen, illustrating
homogenous expression of biliary markers
by the confluent epithelium.

Scale bars: 25 um. L: Lumen.

Humanized ducts retain GGT activity.



Misconception: You Can’t Have Liver Disease
With Normal Liver Chemistries



Histogram ROC Curve
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ROC curve for ALT in discriminating the

presence of nonalcoholic steatohepatitis
In patients undergoing bariatric surgery

(AUC = 0.653).

ALT values in 177 overweight patients
undergoing bariatric surgery.



EUS guided Liver Biopsy

@ AASLD
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New Kid on the Block

Endoscopic Ultrasound Guided
Liver Biopsy

FAASLD
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Metabolic



“An elevated ferritin does not always equal hemochromatosis”

101 168 Jransferrin saturation (TS %, > 50M, 45F)
¢ Ferritin (> 300M, > 200F), C282Y, H63D

12,993 13%! BHevated fenitin

5,997 - Bevated TS

333 C282Y homozygotes
HERS Sudy 2004

Acton, Ronald T. et al "Geographic and Racial/Ethnic Differences in HFE Mutation Frequencies and
Iron Phenotypes in the Hemochromatosis and Iron Overload Screening (HEIRS)
Study." Blood 104.11 (2004



f your patient has a high ferritin AND elevated AL
ne/she likely does NOT have hemochromatosis!
Most C282Y homozygotes have normal ALT.







Alpha-1 antitrypsin deficiency

* 94 adults with classic genotype ‘P1*77" AATD
* The prevalence of clinically significant liver fibrosis (F = 2) was 35%.

* Metabolic syndrome was associated with the presence of clinically
significant fibrosis.

e Additionally, the presence of accumulated abnormal AAT in
hepatocytes, portal inflammation, and hepatocellular degeneration
were associated with clinically significant fibrosis.




Autoimmune hepatitis



Viral and Drug Exposures Associated with AlH

viral and Drug Exposures Associate with AlH
PR

Pharmaceu'f!'&cég'?
AIH Nitrofurantoin

Epstein Barr :
HSV : Minocycline
CMV Methyldopa
Varicella zoster Hydralazine
HMG CoA Reductase

Hepatitis A, B, C, and E
HIV
Parvovirus B19

N Inhibitors
TNF alpha antagonists
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HLA Strongest Known Genetic Contribution to
AlH

HLA: Strongest Known Genetic Contribution to AlH

HLA-DRB1*0301

HLA-DRB1*0401




Vascular Disease



Heart Disease and Cardiac Failure

evaluation and MCS/Heart Tx)
One extrapolated

approach

Heart Failure Outcome (liver

Acute or chronic cardiac decompensation
! “stabilized”
{consideration of Heart TX)
; 1 | imaging evidence of fibrosis,
AT Il] activity <60% (?serial measures) f* FI
‘ Known chronic disease
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& : Liver Biopsy, ?HVP

i
Increased mortality with heart TX
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Heart Disease in Cardiac Failure




Liver Disease In Pregnancy

ARCEVSTHIE[IRIVS! _Preeclampsia vs. ICP

_Jable2 Charactenshc features and findings of several liver disorders of pregnancy (31)
AFLP HELLP Preeclampsia
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S, jaundice
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<5 me/dl
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Infectious Diseases



Fever, hepatitis, hepatosplenomegaly and
cytopenias are common symptoms of malaria,
dengue, typhoid and leptospirosis




HEV IgM persists after acute intection. >50%
nositive 2.5 years after acute infection. Bear in
mind when diagnosing HEV as cause of acute
nepatitis

SUNg 1gM Positivity: Is Anti-HEV IgM the Best Vi3 er e Her NOSIS ?
Results Anti-HEV Ig M after acute hepatutls E
L Positive anti-HEV IgM accordin time from acute e hepatitis E j

—_——
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Mycobacterium chimaera Hepatitis

* In 2015, an outbreak of disseminated M. chimaera disease was described in
European patients after undergoing open-heart surgery in which contaminated
heater-cooler water units were used.

* High mortality
* Pathology:

- small, ill-formed collections of sinusoidal histiocytes with rare multinucleated
giant cells, and

- scattered architectural changes of venous outflow obstruction

American Journal of Surgical Pathology: October 22, 2018



https://journals.lww.com/ajsp/toc/9000/00000

Mycobacterium chimaera Hepatitis




Fatty liver disease



Mouse models of liver disease

6 Weeks 8 Weeks 12 Weeks
i (chronic fibrosis)

(steatopatitis)

(steatosis)

Hematoxylin & Eosin Macroscopic
(HE) staining  appearance

Macroscopic and histological features of STAM ™ mice.
The mice develop steatosis at 6 weeks, steatohepatitis at 8 weeks, chronic fibrosis at 12
weeks and HCC at 20 weeks of age.



* “Among studies published in gastroenterology/hepatology journals, 53%
provided a pathologist's analysis of NASH. This proportion was less (43—
44%) in metabolism, pharmacology, and other journals”

* “some authors had “invented” their own version of NAS, misnaming it as
the “NASH activity score,” or in some instances, eliminating the
hepatocellular injury component conferred by scoring hepatocyte
ballooning.”

Mouse models of non-alcoholic steatohepatitis: A reflection on recent
literature. Journal of Gastroenterology and Hepatology, 33: 1312-1320.
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Response to bariatric surgery: Inflammation

¢

it dl Teatures 2ry: NASH and Fibracic
Evolution of NASH* . \>H and Fibrosis
100% }\P(OOL_‘ %_(
90%
80% J 85% of NASH disappearance at 1 and 5 years!
70% -
’ Bruntinflammatory score
60% - B3 (Severe)
50% 4 M2 (Moderate)
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Response to bariatric surgery: Fibrosis

ology, | d Fibrosis
Fibrosis

baseline 1 year
Fibrosis Brunt score 2[1-3) 1 [0-2.5]

p 1year 5 years p
0.005 1[0-2.5] 0[0-1] 0.002

Fibrosis Metavirscore 1 [0-2] 1[0-1] 0.01 1[0-1] 0[0-1] 0.003

baseline




How do we assess the response to

treatment? |

2-Point NAS il
Reduction sl
with at least a 1-pt | & =
reduction in 840 1
ballooning or « 30 -
inflammation 2 20 -
(% of liver biopsies) 10 4
0 .

p=0.09 p=0.006 p=0.02




How do we assess the response to
treatment? |

no fibrosis worsening

. 35
NASH Resolution _
ballooning=0, !
inflaimmation=0,1 | 3, |
with at least 2-point 37
reduction in NAS )
(% of liver biopsies) )

p=0.02 p=0.001 p=0.03 p=0.003
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AL IS usually asymptomatic. It may progress to cirrhosis un
patients, symptoms vary from fati
abdomen.3

detected. In symptomatic
gue to discomfort in the upper right side of the

Is NASH a widespread disease?

The global prevalence of NAFLD is
patients ranges from 10% to 59%.
NASH, approximately:'s

~25% and the prevalence of NASH among NAFLD
Moreover, out of the total patients diagnosed with

[ )
72% [ o
82% have high X 44%
are obese blood 3 ; e :
i diabetic
lipids

HEALTHY NAFLD
LIVER Fatty liver

NASH CIRRHOSIS

Fatty, inflamed liver Scarred and shrunken liver

Transplantation

St

* Evenly distributed * Excessive fat * Stressandinjury causedby - Stiffening of liver
fatdroplets accumulation accumulated fat - Impaired liver
— From diat and /~r R PSe o e
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Steatosis

J

NASH

J

Global prevalence

NAFLD: 25% of adults
Diabetes: 425 million
Obesity: 671 million
Overweight: 1.3 billion

\

Cirrhosis

7

4-25%

Progression
25% 7-8 yr

Progression
25% 8-10 yr

Causes of death
Cardiovascular
Malignancy

Liver (1-2%)

HCC progression:
1% per year



Slow fibrosis progression rates in placebo-treated
randomized controlled trial participants with NASH

predict low rates of cirrhosis development.




Slow fibrosis progression in placebo-treated patients
with NASH in RCTs predict low rates of cirrhosis

To estimate the proportion of individuals
with NASH that will develop cirrhosis

* Systematic review and meta-analysis of fibrosis
progression rates (FPR) in placebo-treated
participants in RCTs

* RCT FPR were used to model progression to
cirrhosis in simulated 1000-patient populations

* Competing mortality from natural causes modelled
to reflect increased mortality in patients with NASH

Current natural history models of NASH may greatly
overestimate rates of cirrhosis development

Roskilly A, et al., Abstract 33

Trial Number Mean FPR 95% Cl Weight
Armstrong, 2016 22 — 0.20 [-0.22;0.62] 3.6%
Cusi, 2016 42 — 0.00 [-0.36;0.36] 4.7%
Friedman, 2017 126 Ll 0.10 [0.01;0.19] 39.8%
Loomba, 2015 18 e 0.34 [-0.12;0.80] 3.0%
Neuschwander-Tetri, 2015 98 —1F 0.07 [-0.11; 0.24] 16.2%
Sanyal, 2010 72 = R -0.05 [-0.17;0.07] 29.6%
Wong, 2013 20 —T1 -0.20 [-0.64;0.24] 3.3%
Random effects model ']5> 0.05 [-0.03; 0.13] 100.0%
I 1

I T T
-1 -0.5 0 0.5 1

Heterogeneity: /2 = 20%, p = 0.28

Pooled FPR 0.05 stages per year in low risk of bias RCTs

— Dead or cirrhosis .
| -- Cirrhosis RCT participants

geeeeett
ettt
Lifetime risk for patients
with NASH developing

Observational

121t
cohorts peeeeeeet?




* Fibrosis progression rates in placebo treated randomised controlled
trial participants with NASH are significantly lower than in non-
randomised repeat biopsy studies.

* In simulation models this predicts fewer than 1 in 25 individuals with
NASH will develop cirrhosis in their lifetime, a 7-fold reduction in the
proportion of individuals estimated to develop cirrhosis when
compared with non-randomised studies.

* Current natural history models may overestimate the impact of NASH
on the development of cirrhosis.



Non-Alcoholic Steatohepatitis Predicts Adverse
Liver-Related Outcomes and Death in Chronic
Hepatitis B Patients

 patients with concomitant NASH and CHB had

more advanced fibrosis, and

shorter time to development of liver-related outcomes or death.
 patients with advanced fibrosis, with superimposed NASH had
poorer clinical outcomes in our cohort.



Event-free survival (%)
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Disease pathways and molecular mechanisms of nonalcoholic steatohepatitis

Insulin resistance

GLP-1 (liraglutide)

PPAR (elafibranor,
pioglitazone, MSDC-0602

- Bile acld circulation
Gut microbiome FXR {obeticholic acid)
Solithromycin FGF19 (NGM282)

I8AT (volixibat)

Galectin:3 (GR-MD.02)
ASK-1 {emricasan, selonsertib)
Vitamin €

Mepot hpnd symihess
ALCIGS O}
THEDeta (ML)

Chemokines (cenicrivires)
LPS (IMM124E)
TLR {JBK-121)
PDE (tipelukast)

TGF-B1 (fresolimumab*)
CTGF (pamreviumab*®)
LOXL2 (simtuzumab)
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Cancer



The incidence of malignancies in

non-alcoholic fatty liver disease (NAFLD)

Aim:

To determine the incidence of cancer diagnosis in
NAFLD compared to controls in a U.S. community

Methods:

A community cohort of all adults diagnosed
with NAFLD and age- and sex-matched
controls in Olmsted County, Minnesota,
between 1997 and 2014

i

Conclusions:

The incidence of malignancy among NAFLD
patients was higher than among controls across
most types of cancers, with the largest relative
increase noted in liver cancer, followed by
stomach and pancreas.

Allen A, et al., Abstract 31

Liver Cancer

HCC

CCA

Breast Cancer (Females)
Ovarian Cancer (Females)
Uterus/Endo Cancer (Females)
Prostate Cancer (Males)
Lung Cancer

Stomach Cancer
Esophageal Cancer
Pancreatic Cancer

Colon Cancer

& e NAFLD
" ® Controls
T T T T
0 50 100 150

Incidence Rate per 100,000 person years for a 65 year old



Low risk of hepatocellular carcinoma in patients
with NAFLD and normal ALTs in a cohort.

Cumulative Incidence of HCC

Steatosis Incidence Per 1000 py
(95% i)

Normal  Ppositi T
slve o1 w0
Normal Negative 0.10(0.06, 0 15)

Elevated Positive

ALT

0.33 (0.28, 0.40)

Normal ALT + Steatosis

=== 1 Normal ALT + No Steatosis \
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PSC: A premalignant
condition

(LEI

AASLD
LIVER MEETING®
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Colorectal Cancer Associated with IBD (CRC)
* 20 yr cumulative risk after 1BD diagnosis ~6%
* PSC+ IBD involving colon 1 10x vs ulcerative colitis

Cholangiocarcinoma (CCA)
* 400 x 1 risk vs general population
* ~10-15% may develop during disease course

Gallbladder cancer (GBC)
e 1-4% lifetime risk

Hepatocellular Carcinoma (HCC)
* Most series <2% even among those with cirrhosis

Weismuller TJ, et al. Gastroenterology 2017; Boonstra K, et al. Hepatology
2013; Beuers U, et al ) Hepatol 2009; Zenouzi R, et al. Clin Gastroenterol
Hepatol 2014; Harnois DS, et al. J Hepatol 1994 .




Molecular classification and potential therapeutic
targets in extrahepatic cholangiocarcinoma (eCCA)

Aims:

* Provide a molecular classification of eCCA.

* Define the landscape of genomic aberrations in eCCA.

* Translate the molecular features of eCCA into the clinic.

Methods:
* Atotal of 189 FFPE primary eCCA treated by resection

were retrospectively collected at 7 international centers.

* Whole gene expression profiling was performed and
data was submitted to unsupervised clustering by
NMF consensus.

Conclusions:

* Transcriptome-based classification of eCCA identifies
four distinct molecular subtypes that correlate with
clinico-pathological characteristics.

Montal R, et al., Abstract 28.

Metabolic Proliferation Mesenchymal |
(18.7%) (22.5%) (47.3%)

Activated
signaling
pathways

Tumor micro-
environment

Clinical-
pathological
characteristics

Potential
targeted
therapies

RTK/mTOR
Bile acid receptors Hedgehog PD1-PDL1
Myc
| Cell cycle |
CTNNB1 TNF-alpha IL6-JAK-STAT3
| DNA repair |
. Immune
Immune excluded Achrg:;;';:ma exhausted
(CD8TILs)
| Papillary histology | | Metastasis ‘

Precursor lesions P ¢

(IPNB) oor outcome

Nuclear receptor ERBB2 mab Hedgehog inh.
modulators mTOR inh.

BCL-2 inh (CAFs)
CDK4/6 inh.

Whnt antagonists :
. PARP inh. HA degradation

IL6-JAK-STAT3
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Drugs



What is the most common cause of Drug Induced
Liver Injury? Amoxicillin-Clavulanate! What is
mechanism? Thought to be immune-mediated!
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Clinically Signiticant Hepatotoxicity Due to Immune
Checkpoint Inhibitors Is Rare but Leads to
Treatment Discontinuation in a High Proportion

* During the study period, 5,762 patients received ICls; 1.7% exhibited either
moderate or severe ICI-HT.

 Among ICl recipients, clinically significant ICI-HT was rare but led to
permanent discontinuation of ICl treatment in the majority (69%) of cases.

* |CI-HT was not associated with liver failure, presumably due to prompt
recognition and management.

 Combination of CTLA-4 and PD-1/L-1 was not associated with more severe
HT.

e Patients with underlying liver disease did not appear to be at higher risk for
more severe |CI-HT.



The future?



A Genomic Approach to ldiopathic Liver Disease in
Adults: New Insights into Disease Pathogenesis and
New Interventions at Bedside

Whole exome sequencing led to a diagnosis in 5 of
19 cases (26%), identifying four monogenic
disorders in five unrelated individuals, with an
impact in patient’s management beyond family
counselling in nearly all diagnosed cases.




Example

A 32 year-old female was found to suffer from

undiagnosed familial partial lipodystrophy type 3 for 18
years.

Knowledge of genotype led to initiation of leptin
replacement therapy 13 months ago with subsequent
normalization of liver transaminases and substantial
decrease in triglycerides level and daily insulin
requirements.
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