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Hepatocellular carcinoma (HCC) development

Chronic exposure to risk factors
(HBV, HCV, alcohol, NAFLD)

Fibrosis, cirrhosis
’ Cancer initiation

Established HCC

Which NAFLD patients
will develop HCC?

’Death

(Hoshida, Curr Cancer Drug Targets 2012)




What is unique to NAFLD-related HCC?

* Molecular drivers supporting HCC initiation?
* Hallmark of initiating HCC clone?

* Biological characteristics of established HCC
tumor?

* Tumor progression/prognosis?

* Characteristics shared with other etiologies?




Cirrhosis as clinical HCC risk factor
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Cirrhosis as clinical HCC risk factor
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Distinct from alcohol-related HCC?

ALD

Obesity, T2D [2-5]
Cirrhosis
Hepatic iron deposition [10]

SNP: PNPLA3[11-12],
TM6SF2?, MPO, SOD2,
RANTES [13-16]

Clinical

Molecular

Predisposing factors
(in fibrosis/cirrhosis)

NAFLD

Obesity, T2D [2-6]
Cirrhosis
HCC in non-cirrhotic liver
(35%—50%) [6, 7]
Higher GGT? [9]

SNP: PNPLA3 [11-12]

Clinical

Molecular

(Goossens, Gastro 2016)
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HCC characteristics
(at the time of diagnosis)
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Distinct from alcohol-related HCC?

ALD

Predisposing factors

(in fibrosis/cirrhosis)

Obesity, T2D [2-5]
Cirrhosis
Hepatic iron deposition [10]

SNP: PNPLA3[11-12],
TM6SF2?, MPO, SOD2,
RANTES [13-16]

l

Diffuse HCC tumor
nodules, macrovascular
invasion [8]

TERT promoter mutation [21]
SNP: PNPLAS3 (associated
with younger age at
presentation, more
HCC nodules) [27]
Mutational signature 3 [21]

HCC characteristics
(at the time of diagnosis)

l

Prognostic factors
(after HCC treatment)

PNPLA3 SNP
Worse survival? [23-25] associated with poor
prognosis? [27]
Clinical Molecular

NAFLD

Obesity, T2D [2-6]
Cirrhosis

HCC in non-cirrhotic liver
(35%—-50%) [6, 7]
Higher GGT? [9]

SNP: PNPLA3 [11-12]

Older age
Single large HCC
nodule, less vascular
invasion [8]
Histological
steatohepatitic HCC [17]

TERT promoter mutation [21]
SNP: PNPLA3 (associated
with younger age at
presentation, more
HCC nodules) [27]

Better survival? [23—-25]

PNPLA3 SNP associated
with poor prognosis? [27]

Clinical

Molecular

(Goossens, Gastro 2016)




Molecular feature of early HCC: Telomerase reactivation

Percentage of tumors

HBV positive (n = 79) with an event
ATRX mutation I 3.8%
HBV integration 22% Total TERT
TERT focal amplification 7.6% alteration
TERT promoter mutation % 43% 68.4%
WNT pathway mutation l | 35% WNT pathway: |AxiN1 |cTnnBT | APC
—

TERT promoter—independent 25%  16% 7.6% 20% P =0.351
activation: 30%

HCV positive (n = 188)
ATRX mutation 0.5%
]_ Total TERT

TERT focal amplification 5.3% .
alteration
TERT promoter mutation 64% 68.1%

WNT pathway mutation q 44%
o Y 4 Y

5.9% 28% 35%" 6.4% 26% P < 0.001
Non-HBV, non-HCV (n = 149)
ATRX mutation 2.0%
TERT focal amplification 8.1% | Total TERT
_ 5 alteration

TERT promoter mutation 59% 65.8%

WNT pathway mutation _ ! 36%

Y Y Y
10% 31% 26%" 7.4% 26% P =0.0059

(Totoki, Nat Genet 2014)




Established HCC tumor: somatic DNA mutations

Coding indel,
. . : nonsense, g . e
HBV integration | Missense | P | STV | CNA gain  |CNA loss Noncoding SNV | Noncoding indel
hittatioh or splice-site
mutation 2\
> & B N g o%o ©
! I T AN
A FEE S
200 - Adjusted P value | NI Virus: [
o
£ 150 4
1]
c
9
©
< 1004
£
k]
3 504 Total number of point
€ n I mutations
S o
= [=} o O
ey 50 L =il Bn I BE==e Qoo 8 8 €
justed P value n S o ®
fornumberofmutationsl !ll- l. - ! N Sy
BEs=s= os Si==eE
Ss—=—" = B== E =
58 ERnE=h ) EERERRE B =
= = &= o= :E: - _ = —
= ;: =2 = E = =
HCC ;_ BE= =N S=E= = =
E EEEE =8 SEERERE =
cHCC/ICC | == = = - =='
Icc SSSEs= ==== = = = - ==
B2 28=Es SESESsE SSE BsfSscc B A\
Vius oo B2NIES 55 SATEHIR EEQ I85IIL5 IIT RE 2oLYre
WO AxXzZxrz2 28X QFZQa Sk OXg IPASLck EQC I £6£6£6
S FOEX 0 23 TI2F@OS Onp <OT=6GQ aps W3l GSEG 6
5 29 o RYT ISwT R Q@ 9T s 50 I JE N
2 g © o 7] Q < < 22826
g oo
Q
<
Telomere Whnt Nuclear receptors Known cancer Noncoding
signaling signaling gene hotspot
p53, cell Chromatin Liver lincRNA (FUJ|mOtO, Nat Genet 2016)
cycle regulator metabolism




Established HCC tumor: transcriptomic subtype

[DIAMOND preclinical mouse model of NAFLD j

129S1/Svim Jand
C57BL/6J cross mice

High fructose/glucose, high fat western Diet

/ (WDLSW)

(16-24 weeks)

(‘g?e;i?i(ss) Steatohepatitis
Pericellular fibrosis
human HCC subclasses ‘
I
Physiological and biochemical Histological parameters: Transcriptomic profile:
parameters: Hepatocellular ballooning Similar to humans with
Weight gain Apoptotic bodies advanced NASH
Dyslipidemia Mallory-Denk bodies with activation of lipogenic-,
Hypertriglyceridemia Extensive fibrosis with early cirrhosis inflammatory-
Insulin resistance Hepatocarcinomas (HCC) and pro-apoptotic signaling

(Asgharpour, J Hepatol 2016)




Path to NAFLD-HCC initiation
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Gut microbiota promotes NAFLD-HCC via TLR4

Chemical-induced liver injury PTEN-knockout
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Anti-metabolic disorder drugs to prevent NAFLD-HCC
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Molecular HCC predisposing factors?

Molecular biomarker Outcome

186-gene signature (Hoshida Overall death,

2013, King 2014) Progression to adv cirrhosis,
HCC

HIR gene signature Early and late HCC recurrence

65-gene signature (Kim 2014)

Activated HSC signature (Ji 2015) HCC recurrence and survival

SNP in EGF combined with HCC risk

clinical variables (Abu Dayyeh

2011)

Cirrhosis risk score (Do 2012) Fibrosis progression after liver

transplantation

SNP in PNPLA3 (Guyot 2013) HCC risk
SNP in MPO (Nahon 2012) HCC risk
SNP in CAT (Nahon 2012) HCC risk

SNP in HFE (Nahon 2008) HCC risk




HCC risk liver transcriptome signature:
Hallmark of HCC initiation-supporting liver milieu?

HCC risk prediction

Annual HCC incidence:
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(Hoshida, NEJM 2008, Hoshida, Gastro 2013, King, Gut 2015, Finkin, Nat Immunol 2015)




HCC risk prediction for HCC surveillance?

Surveillance
Table 3. Recommendations for HCC surveillance: categories of adult patients .
. . . Recommendations
in whom surveillance is recommended.
- - - - Surveillance for HOC in high-nisk populations is recommended
1. Cirrhotic patients, Child-Pugh stage A and B* {2a, B).
2. Cirrhotic patients, Child-Pugh stage C awaiting Surveillance for HCC should be performed by ultrasonography (US)
liver transplantation** and z-fetoprotein (AFF) every 6 months (2a, B).

3. Non-cirrhotic HBV carriers with active hepatitis or family

history of HCC*** APASL

4. Non-cirrhotic patients with chronic hepatitis C and advanced
Annual HCC incidence >1.5%

liver fibrosis F3****

EASL

Survelllance recommended

Population group Threshold incidence for efficacy Incidence of HCC
survelllance (> .25 LYG)(% /year)

Asian male hepatitis B carriers over age 40
Asian female hepatitis B cariers over age 50
Hepatitis B carrier with family history of HCC
African/North American Blacks with hepatitis B

0.4-0.6%/ year
0.3-0.6%/ year
Incidence higher than without family histary
HCC occurs at a younger age

Cirrhotic hepatitis B camiers 3-B%/yr
Hepatitis C cirhosis 3-5%/yr
Stage 4 primary biliary cirhosis 3-5%/yr

Genetic hemachromatosis and cirrhosis
Alpha 1-antitrypsin deficiency and cirhosis
Other cirhosis

Unknown, but probably = 1.5%/year
Unknown, but probably = 1.5%/year
Unknown

“One size fits all”: biannual US recommended in at-risk
population defined by disease etiology/severity




Risk-based personalized HCC surveillance

High More intensive surveillance
Risk
Intermediate
score
- Less intensive surveillance p
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Summary

NAFLD HCC risk prediction is urgently needed.

Many molecular features in NAFLD HCC are shared with
other etiologies.

. Several pathways, e.g., gut microbiota-TLR4 axis, may
play major role in NAFLD HCC development and/or
progression.

Hepatic progenitor cell activation by NAFLD-specific
milieu may serve as target of NAFLD HCC prevention.

HCC risk biomarker/score may enable cost-effective
personalized HCC surveillance.









