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The Changing Landscape of Hepatocellular Carcinoma
Etiology, Genetics, and Therapy
Erik S. Knudsen,*" Purva Gopal,* and Amit G. Singal'*

Systemic therapies
for advanced HCC

Etiologic events contribute
to liver cirrhosis

Steatohepatitis

[ Investigational Agents I

2
%

ARID1A

R-catenin/AXIN1

Compensatory proliferation & inflammation
yield genetic & epigenetic alterations
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CASE REPORT Open Access
W o

Familial hepatocellular carcinoma in an
endemic area: two case reports

Elroy P. Weledji"", Dickson S. Nsagha?, George Enoworock® and Maurice Mouladje®

Weledji eral BMC Res Notes (2015) 8:415
DOI10.1186/513104-015-1366-7

Table 1 Familial hepatocellular carcinoma

7@
1965  Kapian and Cole [20]
1968 Hagstrom and Baker [21]
E (B CB | 1971 Denisonetal [22]
| | [ |
127 Pt
limore et a
[ male ML Lynchetal [7]
B ot
© femat 1984 oo
Chang et al. [24]
B e atectea 1984
D 1991 loketal.[25]
1991 Alberts et al. [26]

Weledjiet al. [3]
BMC Research notes

TasLE 3: Reports of FLC in the setting of inherited syndromes or
with other nonhepatic tumors.

2014

3 male adult siblings aged 64, 49 and 44
3 male siblings aged 11, 22 and 31

Familial hepatoma on background micro-
nodular cirrhosis

Familial clustering of asymptomatic carriers

3 or 4 male siblings in Chinese family

2 familial aggregations in Costa Rica

3 male siblings aged 33, 43, 46

2 pairs of young brothers (5 and 7years) and
(9 and 7years)

Morbidity and mortality from chronic hepati-
tis B virus infection in family members

Clustering of hepatocellular carcinoma in
Alaska Native families

2 male siblings aged, 24 and 35 in endemic
area in Cameroon

Syndrome

Wilms [51]

Carney [74]
Fanconianemia [110]
FAP[111]

MonekynsipHasa knaccudukauma renaTouesnsIioNApPHbIX aaeHOM

Cancer Cell. 2014 April 14: 25(4): 409-411. doi:10.1016/j.ccr.2014.03.032.

Next-generation Genomic Profiling of Hepatocellular Adenomas:
A New Era of Individualized Patient Care

Jens U. Marquardt'-2 and Snorri S. Thorgeirsson'

. rOpMOHaJ'IbHO-HyBCTBMTeﬂbeIe

8| B-catenin mutation

| TERT mutations
Global hypomethylation
Chromosomal alterations

Size <5 cm
Female gender

HNF1A inactivation
LOH 12q

Size >5 cm
Male gender
B-catenin mutation |

FRK mutations |8
JAK mutations

| - Yalle y XeHLmMH

* H-HCA noaTtun:
" -mutHNF1a B 30-40%
-puyCK caxapHoro anabeta

e Jwesoner | ovo | e |

| Surveillance H Chemoprophylaxis i

[ Favorable Biology Unfavorable Biology

* |-HCA nogtun:
mutIL6ST, GNAS, STAT3
mutB-catenin go 50%

* b-HCA nogmun
mutB-catenin:
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REVIEW Open Access

Molecular carcinogenesis of hepatocellular
carcinoma and intrahepatic cholangiocarcinoma:
one step closer to personalized medicine?

Mia Kumar, Xuetian Znao, Xin
GSeIf-ren ewal
. . Normmal
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Mini-review

Next generation sequencing reveals genetic landscape of hepatocellular carcinomas

Shuyu Li**, Mao Mao®*

*LRL IT China. Shanghai. China

5. Li, M. Mao [ Cancer Letters xox (2012) xxx=xaoc

NMonHo3K30MHOe, -reHOMHOe cekBeHupoBaHue npu NP

Table 1
Published NGS studies on liver cancers.

Ref.  Study design Summary of results

[32] WGS and WES of a HOV positive HCC Identified and validated 63 non-synonymous somatic substitutions including
2011 mutations of TP53 and AXIN1. Identified and validated 22 chromosome

rearrangements generating four fusion transeripts

[55] WGS or WES of nine rumor samples and seven adjacent normal liver Identified and validated 24 somatic mutations that alter amino acid sequences.

20119mples from a HBV pesitive HCC Evolution of tumers was inferred from mutations derived from multiple primary

[37] WES of 10 HCV positive HCGs. Screening of five recurrently mutated genes

2011in an additional cohort of 129 HCCs associated various disease etiologies

28]}_2\"&5&[&: HCCs (3 HBV positive and 1 HEV negative)

[30] WESof 24 HCCs, amang them one is HBV positive, four are HCV pasitive, 12

are alcohol related. Screening of 14 genes in an additional cohort of 125
2012 Hecs

[29] 'WGS of 27 HCCs (11 HBV positive, 15 HCV positive, two non-viral).
Screening of significantly mutated genes in an additional cohort of 120
2012 yees
[49] WG of 88 HCCs (81 HBV positive, 7 HBV negative)

2012

[33] 'WES of 10 HBV positive HCG, Screening 10 significantly mutated genes in

20712 an additional cohort of 100 HCCs
[40] WES of eight cholangiocarcinomas (CCAs). Screening of 15 significantly
()12 mutated in 46 additional CCAs

and recurrent tumor samples

[dentified frequent mutations in CTNNB1 and TP53. Identified novel and frequent
inactivating mutations in ARID2 gene. Mutation frequencies of CTNNBI, TP53 and
ARID2 are associated with disease etiology

Identified 255 HBV integration sites. HBV integration into MLL4, ANGPT1, and a
novel transcript resulted in elevated gene expression

Identified frequent mutations in CTNNB! and TP53, Identified novel and frequent
inactivating mutations in ARID1A, ARID2 and other genes involved in chromatin
remodeling. Mutation frequencies of these genes are associated with disease
etiology

Identified frequent and novel mutations in genes involved in chromatin
remodeling, eg. ARID1A, ARID1B, ARID2, MLL and MLL3, HBV integration in TERT
gene in 4 of the 11 HBV positive HCCs

Recurrent HBV integration in TERT, MLL4 and CCNE1, HBV integrations led to
elevated gene expression. HBV integration associated with chromesome
instability, early onset and poor outcome

ARID1A mutations in 13% of HBV associated HCCs. Functional study suggested
ARID1A mutation may be crucial in HCC invasion and metastasis

Identified frequent mutations in TP53, KRAS, SMAD4 and MLL3

International Hepatology High

Pathways

CrossMark
Journal of Hepatology 2014 wol. 60 | 224-226
Genetics of hepatocellular carcinoma

Jean-Charles Nault™>*4=, Jessica Zuc

AxtuBauusa Wnt/CTNNB1-nytm —
OCHOBHOM 3Tan B oHkoreHese NP c:

1. mtTERT o 60%
2. mtCTNNB1 go 40%
3. mtAXIN1 po15%

MoNHO3K30MHbIA CUKBEHC

» 87 N'UK (Hopma/onyxonb)
* 45 HECNHOHUMUYHbIEe Mt

*mtTP53 - 18%

*mtCTNNB1 - 10%

* mtKEAP1 - 8%

*mtCl60rf62 — 8%

*mtMLL4 - 7%

* mtRAC2 - 5% tow

Telomere

Epigenetic regulator
Chromatin remodelling genes

Wnt/B-catenin BAF

‘complex
'_m AR!DIA

(10-16%) *

Cell cycle regulator

Histone methylation writers

MLL4
(7%)

H3Kame

c
(71

Epigenetic modifier

Histone methyltransferase activity

NRF2/KEAP1 pathway

Oxydative stress

Stress oxydative pathway

JAK/STAT pathway

(23

STAT
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Whole-genome sequencing identifies recurrent
mutations in hepatocellular carcinoma

Zhengyan Kan,''* Hancheng Zheng,”'* Xiao Liu,**"* Shuyu Li,*'* Thomas D. Barber,*

N=88 I'lP (Hopma/onyxonb)

Table 1. Significantly mutated genes in primary HCC

Mutation | Confidence ~ No. COSMIC
Gene Description frequency | interval (95%)  matched
P53 Tumor protein p53 35.2% (31) +10.0% 29
CTNNBI Catenin (cadherin-associated protein), beta 1, 88 kDa 15.9% (14) 17.6% 12
| JAK1 Janus kinase 1 9.1% (8) +6.0% 2
AXINT Axin 1 4.5% (4) +4.4% 0
EPS1S Epidermal growth factor receptor pathway substrate 15 4.5% (4) 14.4% 0
SLC10AT Solute carrier family 10 (sodium/bile acid cotransporter family), | 3.4% (3) 43.6% 0
member 1
CACNA2D4 | Calcium channel, voltage-dependent, alpha2/delta subunit 4 5.7% (5) +4.8% 0
ADCY2 Adenylate cyclase 2 (brain) 5.7% (5) +4.8% 0
LRP1B Low-density lipoprotein receptor-related protein 18 11.4% (10) +6.6% 0
FAMSC Family with sequence similarity 5, member C 5.7% (5) +4.8% 0
COLTTAT | Collagen, type XI, alpha 1 6.8% (6) #5.3% 0
Integrated analysis of somatic mutations and focal N=125 FLP

copy-number changes identifies key genes and

pathways in hepatocellular carcinoma .
maenezozan s ensn 994 coMaTMYECKUX MyTauun

Cécile Guichard, Giuli dd [...], and Jessica Zucman-Rossi 135 FOMO3UIOTHBIX p,eneLlVlVl

N=24 (whole-exome sequencing)

e LT P TPy E) (L RSN Y N NNy FNSNUNNy Py ) Py USRNSSR NNNNNRT I L) (AP Ry FY P RRRN RNV AP TRNRNY)

* HoBble reHbl ARID1A, RPS6KA3, NFE2L2, IRF2, CDH8 u PROKR2

* mtCTNNB1 (32,5%), mtTP53 (20,8%), mtARID1A (16,8%)

* mtCTNNB1, mtAXIN1, mtAPC B3aMmo-uCKmIoYaroT Apyr apyra

* mtCTNNB1 — HBV-HeratuBHbin N'UP

* mtAXIN1 u mtAPC — HBV-no3utuBHbin FUP

* TP c Bbicokum uucnom Indels:

OTCYTCTBME LUuppo3a, HBV+, 6onblune pasmepsbl,

Hu3kKas cT. auccepeHUnpoBKH, Bbicokuin ADI, arpeccnBHoe TeyeHue

12.05.2016



ww.impactjournals.com/oncotarget/

Oncotarget, Vol. 7, No. 1]

Molecular alterations in hepatocellular carcinoma associated
with hepatitis B and hepatitis C infections

Maria Lina Tornesello'-*, Luigi Buonaguro'*, Francesco I1zzo?, Franco M. Buonaguro!

Chronic Hepatitis Cirrhosis

HBV+
* mtTP53 onpeaenstoT

arpeccuBHoOe TeueHue ST
HBV HBx

- METANBL 1 miTPS3 e

onpeaendarT noTeHUnan | TP53 & TERT p ]

3N0KayecTBeHHOMN HBX related HmiR602, PmiR143, FmiR29a, PmiR14Sa,
L miR-661, YmiR-373 ,let-7, LmiR101, 4 miR152

TpaHcdhopmaummn
B3aMMOMCKIOYalOT Apyr
apyra HCV+
* MTERT B 25%

auncnnactTnyeckKunx
agjeHoMax ne4yeHN n
ABNAKOTCA NpeaAUuKTOpamMu

miR21, 1 miR155, T miR200c,
BbICOKOINo OHKOreHHoro Y miR449, Y miR107,  miR29
noreHuymana TP53, CTNNB1 & TERT stati ]

Cancer Res 2009 September 15, 69(18): 7385-7352. dot:10.1158/0008-5472. CAN-09-1089.

Integrative Transcriptome Analysis Reveals Common Molecular
Subclasses of Human Hepatocellular Carcinoma

Yuiin Hoshida! 2. Sebastian M.B. Niiman'>. Masahirc Kebavashi!. Jennifer A. Chan'5 Gene m Enrlch ment AnaIySIs

GSEA Horne Downloads
. — » MZigDE Home
N_603 nauMeHTa » About Callections - M Sl DB
* BocTtouyHas v 3anagHaa EBpona v Browss Gens Sets = g

» Search Gene Sets - Molecular Signatures

=== Database

* 619 reHoB

» Investigate Gene Sets

» View Gene Famnilies

Clinical phenotypes associated with HCC subclasses

Variable S1 S2 S3 p-value
Tumor size (cm) ™ 30[2045] | 45[257.0]| 25[1.843] 0003
Tumor differentiation ~ Well 8 (16%) 4 (10%) 37 (44%)

Moderate 27 (53%) 23 (59%) 45 (53%) <0.001

Poor 16 (31%) 12 (31%) 3 (4%)

alpha-fetoprotein (ngfml)? 50[14,332] |171[27,1251] 13 [5.43] <0.001
Hepatitis B virus in)?eci:ion’f 39 (38%) 27 (36%) 39 (25%) 0.05
Hepatitis C virus infection? 55 (53%) 44 (58%) 109 (69%) 0.03
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* HBV
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* mtTP53

* Bbicokun A®I
S3

« MtTERT (HBV)

Kan et al., 2013

MonekynsipHas
Knaccudwmkauma P

« MtCTNNB1, mtJAK1
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* BbicOKMM puUCK peunanBoB

Survival probability

0.2
i

51 52
Cell proliferation
Immune
response,
angiogenesis
TP53 (mut)
KMT28 (HBV)

AFPT

Poorly/moderately
differentiated

Recurrence

Poor survival

S3
Liver metabolism

CTNNEB1, JAK1 (mut)
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Good survival
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The combination of three molecular

markers can be a valuable

predictive tool for the prognosis of
hepatocellular carcinoma patients

Sheng-Sen Chen, Kang-Kang Yu, Qing-Xia Ling, Chong Huang, Ning Li, Jian-Ming Zheng,

2016 A
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Death
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@R No

2=-3519
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* N=72 F'4P (Hopma/onyxonb)
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e
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Overall percent
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Gastroenterology. 2013 Mavy : 144(5): 1066—1075.el. do1:10.1053/j_gastro.2013.01.054.
Integrated Metabolite and Gene Expression Profiles Identify SHCH
Lipid Biomarkers Associated with Progression of Hepatocellular 8i0--Zam~ (Resi
Carcinoma and Patient Outcomes z :
Anuradha Budhu', i L ian Zhao', Zhipeng Yu', Marshonna agen| y g n ViR ARLY
a6 E L (Plg
AHanus reHoB, BOBNEYEHHbIX B NMMUAHLIA O6MEH’ ERKtemf-Fr-—ncpues) (A
2| P 1\\: J - TR
npu r'LP ANDY ppop o T ‘[ (oL - ~PON2
e S AN Rt N N /P EYPaAT
| 247 nayventos ¢ rup | ol Sy
1 MATIA" A7, T | o e
¥ s YWY ad
§0D); —1--AMPE Yy : |\ RO~ i
obpasubl onyxoneBow =y, AL ‘ E» )
M HOpManbLHON TKaHU FASN" PU(’FBB';,H,. e A TR
EpCAM+ AFP+ ATP28] PN TR
HusKko-audpepeHumpoaHHas MUK -‘HMGCSY oYy
n EpCAM- AFP- 1004
BbicOKO-anc depeHumpoBaHHas NUK p=0.0013
801\
BbISIBNIEHO 28 GUOXMMMUYECKMX MapKepoB 601\ low SCD
(MeTabonuTbl XXKUPHbIX KUCIOT) U A0H W
169 reHOB, NOBLILWEHNE IKCMPECCUN KOTOPbIX,
accouMMpoOBaHO C arpecCcUBHbIM TeyeHuem LP, 20 h
xyaweii OB n GPB 0 high SCD
Q0 50 100 150 200

Hepatocellular Carcinoma, Fibrolamellar Variant;

Diagnostic Pathologic Criteria and Molecular Pathology ~ PvOponamennspHbI1
Update. A Primer BapuaHT 'LIP

Consolato M. Sergi Diagnostics (Basel). 2016 Mar; 6(1): 3.

* Monopown Bo3pact

* MpeobGnanaroT XKeHLWMUHbI

* OTcyTcTBMe HBV

» OTCyTCTBME LUppO3a NevYeHn
» MeHee arpeccuBHOe Te4yeHue
* HopmanbHbIM ypoBeHb ADI
* Del 19 xpomocombl

* XMMepHbIN TpaHCKPUNT
DNAJB1/PRKACA
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gure 2: Genomic deletions in HCC (blue) and FL-HCC (orange) across ten patients each, demonstrating distinct

tational spectra.
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Diagnostics (Basel). 2016 Mar; 8(1): 3.

*State Key Laboratory of Oncology in South China, The Chinese University of Hong Kong, Hong Kong

Personalized therapy for hepatocellular carcinoma: Where are we now?
Stephen L. Chan*"“*, Alissa M. Wong ¢, Kirsty Lee®, Nathalie Wong ¢, Allen K.C. Chan*®

Cancer Treatment Reviews 45 (2016) 77-86

TapreTHble npenapatbl B ne4yeHuu NP

Su;nmary of targeted agents with evidence of biomarkers for HCC.

Drug Predictive biomarker Biomarker-enriched clinical trial Estimated proportion of biomarker
positivity in the HCC population
Ramucirumab High serum AFP level REACH2 {phase III; NCT02435433) 30-40%
{ 2400 ng/mL)
¢-MET inhibitor ¢-MET-high (IHC) MET Tivantinib (phase lll; NCTO1755767) INC280 (phase I/II; 5-40% (dependent on the
copy number (FISH) NCT01737827) MSC2156119 ) (phase I; NCTO1588453) definition of criteria)
Everolimus T5Q2 loss Under planning 10-20%
HDAC inhibitor HR23B HDAC mutations Under planning 20-30%
FGFR4 inhibitor Expression of FGFR4/ FGF401 (phase I; NCT02325739) BLUS54 (phase |; NCT0O2508467) 5-10%
FGF19/beta-Klotho

12.05.2016
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Targeting Wnt/[-catenin pathway in hepatocellular

carcinoma treatment
Valery Vilchez, Lilia Turcios, Francesc Marti, Roberto Gedaly

140 |
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» CopadheHunb — ctaHaapT B ne4YeHMn naymeHToB ¢ auccem. NP
* CUHepruyHbIn 3¢pheKkT Nnpu O AHOBPEMEHHOM MCMNOMb30BaHUMN
MHIMGNTOpPOB:
-RAS/RAS/MAPK —nyTtun
-PIBK/AKT/mTOR — nyTtu
-Wnt/CTNNB1 — nyTum - CHUXEeHUe KJ1eTo4YHOW nponudepauunu
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Personalized therapy for hepatocellular carcitnoma: Where are we now?
Stephen L. Chan *>* Alissa M. Wong ¢, Kirsty Lee®, Nathalie Wong®, Allen K.C. Chan®®

*State Key Laboratory of Oncology in South China, The Chinese University of Hong Kong. Hong Kong Cancer Treatment Reviews 45 (2016) 77-86
Liquid Biopsy and its Potential for Management of Hepatocellular
Carcinoma ¥ Gesirooiast Casm
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Mutations and indels Ch 1 aber

Drug-targeted genes and TSGs* Methylation changes Gel;’ocr:r;c rean'angexent:‘:

. Amgl;«:n seqt:endng with Hypermethylation of TSGs* . across junction sites
i e 2 Mthylation-specific POR Copy number alterations*

« Tumor-specific mutations* SMSRE nadated ECR « Digital PCR

Allele-specific PCR Global hypomethylation* « whole genome sequencing

* Bisulfite sequencing
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Liquid Biopsy in Liver Cancer

Published on April 29, 2015

B Table 1. Summary of the Role of “Liquid Biopsy” E as and Pr tic Tools in Clinical
Author: lsmail Labgaa Setting.
“Liquid | Role Number | BCLC Stage|Biomarkers ‘Technic used for Qutcomes References
biopsy™ of HCC detection
elements patients | 0+A | B+C
Diagnosis |85 NA CTC detection Amiboc_iy-::oa(ed Xu et al.,
Number of CTC per Sml psass Tumor size, portal A
vein thrombus, dif-
ferentiation status,
TNM stage and
Milan criteria
82 NA Circulating cancer stem |Multicolor flow Intra- and extra- Fan et al.,
cells (CSC) cytometry hepatic recurrence, [2011
survival after liver
resection
44 Isolation by size of | Tumor invasion, |Vona ef al.,
Pt epithelial tumor  [portal vein throm- |2004
Prognosis cells (ISET) bus and survival
123 101 22 |[EpCAM+ EpCAM antibody- |Recurrence after |Sun er al.,
Coated magnetic liver resection 2013
beads (CellSearch)
60 NA | NA [ICAM-1 Flow cytometry Survival Liu er al.,
2013
299 119% | 38*% |EpCAM+ ‘Coated magnetic Response to treat- | Guo ef ai.,
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lenaTobnacTtoma

« Camoe yactoe 3HO neyeHu B 4EeTCKOM BOo3pacTte
» BpoxaoeHHasi natonorus

95% B Bo3pacTte oo 4 n., 99% - oo 5 n.

* 4-10 n. — «nepexogHble onyxonu» cxoxue c P

CUHAPOMOB

Tomlinson et al., Ped.bl.cancer, 2012

B 15% cny4aeB — B cocTaBe HacneaCcTBeHHbIX
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FenaTobnacroma B cocTaBe

ceMerHOro aAeHoMaTo3HOro rnonunosa

* Puck <1%

* mtAPC

* Yawie nonsense, frame-shift mytauun, kpynHbie del
* Y3U neyeHun n ADIT B TedeHUN NepBbIX S5 NET XN3HN

FenaTobnacTtoma B coctaBe cMHApoMa
BekBuTta-BnaoemaHHa

* Puck nosebliweH B 3 p.

* UMnpuHTUHr 11p15.5

* Y3U neyenun n AQr1

FenaTobnacTtoma B coctaBe cMHApoMa
IIn-®dpaymenn

* [OBbILWEHHbIN PUCK AIMOPUMOHASTbHBIX OMyXOonen
* mtTP53

* Y3U neyenun n AQr

Unravelling the genetics of hepatoblastoma: Few mutations,
what else?

Journal of Hepatology 2014 vol. 61 | 1202-1204
Marie Annick Buendia*

Hepatoblastoma Transitional Hepatocellular
‘ ‘ ‘ liver tumors ‘ ‘ carcinoma (adults)
2.9 mutations/case 27 mutations/case 35-75 mutations/case
(range: 1-7) (range: 12-48)
Wnt pathway Wt pathway Whnt pathway
CTNNB1: 67.5% CTNNBT: 3/3 CTNNET: 10-33%
mostly in-frame deletions in-frame deletions mostly point mutations
APC: 1/43 case APC: <2%
AXINT* 5% AXINT: 15%
Other genes and pathways Other genes and pathways Other genes and pathways
« Antioxydant response: + Genetic instability « Antioxydant response;
NFE2L2: 11.7% RAD17, MSHE, TP53 NFE2L2 + KEAP1: 14%
« Transcription regulators « Transcription regulators « TP53:18-35%
+ Chromatin modifiers + Chromatin modifiers « Epigenetic modifiers: (ARID, MLL
+ Ubiguitin pathway + Ubiquitin pathway families): 32-54%
« TERT promoter: 2/3 « AKT/mTOR, JAK/STAT, RAS
« TERT promoter: 59%
Genomic alterations Genomic alterations Genomic alterations
<10 CNVs per sample 12-48 CNV's per sample Multiple CNVs per sample
Gains: chr 2, 1q, 8, 6, 12, 17, 20 Gains: chr 2, 1q, 6p, 8q, 10, 12, 17, 20 More losses than gains
Losses: chr 4q, 11p Losses: chr 1p, 4q, 5, 11p, 13 Gains: chr 1q, 5, 6p, 7, 8q, 17q, 20
Losses: chr 1p, 4q, 6q, 8p, 13q, 16, 17p,
21

Fenatobnactoma: MoTepss reHOMHOM CTaBUIIBLHOCTU

* Huskun mut yposeHb mtTERT — mapkepbl

* mtCTNNB1 po 67,5% arpeccuBHOro TeyeHus renato6nacTtoMsl ¢
* Huskun ypoBeHb XH  knuHuyeckumm npmusHakamu FLP
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