118 Hanyang Medical Reviews Vol. 32, No. 2, 2012
http://dx.doi.org/10.7599/hmr.2012.32.2.118

AT BAA R

Target Therapy for Hepatocellular Carcinoma

JtE2le|test MY 2 f 2T (L ot

SeungKew Yoon, MD_, PhD,

Division of Hepatology-Gastroenterology, Department
of Internal Medicine, College of Medicine, The Catholic
University of Korea, Seoul, Korea

FHOIKI K} T2 137-040, M2A| MET EEECHZE 222
=S P E R e

Tel: 02-2258-6018, Fax: 02-536-9559

E-mail: yoonsk@catholic.ac kr

E 72U} 201244 22 282 ALAFIRE: 201244 32 132 KSR QKL 201244 42 262

Abstract

Hepatocellular carcinoma (HCC) is a highly malignant
tumor that has limited treatment options in its advanced
state. The efficacy of current anti-cancer chemotherapy
in advanced HCC has not been satisfactory, and the
management of HCC remains a major challenge for
physicians. However, recent advancement in our under-
standing of the molecular mechanisms underlying
carcinogenesis has provided novel targets in key signaling
pathways for tumor development. Recently, Sorafenib
(Nexavar), a multi-kinase inhibitor targeting membrane
receptors involved in angiogenic and mitogenic intra-cellular
signaling including Raf, vascular endothelial growth factor
receptor (VEGFR), and platelet-derived growth factor
receptors (PDGFR), has been approved worldwide as a
new target agent for HCC, and subsequent clinical trials
of newly developed molecular target agents such as
Brivanib and Everolimus are being conducted globally.
In the near future, continued research will lead to the

identification of additional molecular targets in HCC and
lead to treatments with enhanced efficacy and improved
tolerability.
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Fig. 1. The etiologic factors and pathogenesis of hepatocellular
carcinoma. HBV, hepatitis B virus; HCV, hepatitis C virus; NASH,
nonalcoholic steatohepatitis; AFB1, aflatoxin B1; p53, tumor
suppressor gene p5s3.
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Fig. 2. Signaling pathways in hepatocarcinogenesis. Wnt/Hedgehog pathway, growth factor
pathway, survival factor pathway, Akt/mTOR pathway, and Jak/stat pathway are involved in the
hepatocarcinogenesis, and can be targeted for HCC therapy. DSH, Dishevelled; GBP,GSK3B
binding protein; GSK3B, glycogen synthase kinase 3-beta; APC, adenomatous polyposis coli;
PTCH1, PATCHED1 membrane protein; SMOH, Smoothened; SU, suppressor-of-fused; COS-
2, Drosophila Costal2; FU, Fused; PI3K, phosphoinositide 3-kinase; GLI, glioblastoma; RTK,
receptor tyrosine kinase; SOS, son of sevenless homolog; Grb2, growth factor receptor-bound
protein 2; MAP2K, mitogen-activated protein kinase kinase; MAPK, mitogen-activated protein
kinase; PI3K, phosphatidylinositol 3 kinase; PKC, protein kinase C; AKT, v-akt murine thymoma
viral oncogene homolog; PTEN, phosphatase and tensin homolog; Bcl XL, B-cell lymphoma
extra large.
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Phosphatidylinositol 3-kinase (PI3K)/Akt/mammalian target
of Rapamycin (mTOR) 7 29} RAS/MAPK A3 AE A2
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£ &3l ol HAE AT AY BRE Adshe 27k A=
o] o]-§-¥t}. Erlotinib< EGFR| E| 22 7] olAl S A
e A8 A (small molecule) 24 B A EH|oFe] X5 9
F2 AREH L =T, H2 A EelA Philip E(11]
I} Thomas 5{12]9] Erlotinib 24+ AAA| S &3] 217} 13

A Randomized Trial Protocol for the Treatment of Patients
with Hepatocellular Carcinoma, SEARCH)©| 718 S-o] &k,
Erlotinib®] F-2-8-(2] 2, 2] 8- %, odd =4 5)0]
Alel A QgA-8-oll EAF E= A7 ol . Lapatinib
EGFR¥} HER-2/neu] o]% JA|A| = MAPK, Akt, p70S6 7]
oAl S downregulationdlo] FFe] 7S AAIgHHI3],
Lapatinib-g- 0|88+ 27 923 Aol 4]= 5% W&, 2,371
2 o] 73 A& (progression free survival, PFS), 6,272 2]
A AZ=7]7Hoverall survival, 08)-& H.JTH16]. Cetuximab-2
EGIR o)) B2 24 FARH17% i) A8
ol 15 FDAS] #1715 - oAlel], 03] 214 7L
& A2 0.2 F Ceimabe] 24 A3AI oA 1.47)
o] v 7Y BE(PES), 9.67HH 9] A FE7ITHOS) & B
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3) PI3K/Akt/mTOR A& A A7

PI3K/Akt/mTOR A&2% SHA|E o] F2] B3l A&, o]
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31531 QJeH24), PI3K/Aky/mTOR 73 2.¢] S48k 7143
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o] 57(23.8%)0]1 o™ 6.5714 o] HA| FE717HS B Ark
[27]. Everolimust in vitro @ in vivo W ol A 7HA| 3ESko] A3
< A0 2 AL, A ZY A EEF=o)| A cisplatin®]
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Disease Progression or Intolerance to Sorafenib Everolimus

for LiVer cancer Evaluation, EVOLVE-1)3} Sorafenib T+ X
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4) RAS/RAF/ Mitogen-activated protein kinase (MAPK)
Az A A=

MAPK 7 &+= RAS, RAF, mitogen-activated protein ex-
tracellular kinase (MEK), extracellular signal-regulated
kinase (ERK)E XE3381H, A2 2] T2, o]F, AlEZAPE 9
A ol FeAgheH301, THAE el 4] MAPK A 29] &-g3}
+ EGFR, IGF8} 22 E|24] 7|uolA] 8419 =25 &
3] Qoju}m | RASSF1A, NOREIA 22 ZoF o4 §-Ax17}
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E7] 5 H31). ZEAI el 4= RAFS} RASE] & AH 0]
7h ke aF ol vlsl =i Aol A|wk, op Y RAF-19] 7}
2987} Hars| 3 9IeH32-34], Sorafenib- RAF-12]9] B-
RAF, VEGFR, PDGFR, FGFR1 53} & E|24] 7|yfo}A|
T84, c-kit, Flt-3, RET®} 22 E| 241 7]yolA| & A8}
of FFo] 437l Folgithzs), 83 THA 2 SAtol A
Sorafenibg A3k 374 QA NA HA| AE713e] &F
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A}, Wnies A E &4 483 (Frizzled receptor, FZD)
o] Agts}te] B-cateninol] 2137} A =™ E-cadherinol A
B-catenino] 2] Ho] A Z3) W= o] Fgt, AZ3 Yol
A B-catenin-& c-myc, survivin, cyclin D¢} 2-& &9 -4
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A 31 QIEH41], Bevacizumab& VEGFS] o] F HA| & F3}4]
7)1 S EEFAE AA g, R, v A 29 A
5o 1] FDAY] 8|7} ¥k ofAl oo}, e ThA| 2Ll
A o] 7 24 AAFA)E o A Bevacizumab-2 13%2] HF-S-
B3 65%2] AW et stE Hof ov] gle AdE Bl
[42], A= 735 detslst A A (transcatheter arterial
chemoembolization)Z} Bevacizumab¢] ¥t Q¥ EGFR
E| 221 7[vbobA] AAAIQ] Erlotinib?to] ¥ 8 ol #gh
WA o] X3 Folh8]. Tt Bevacizumab-& 1189}
(15%), E3(14%) 59| grade 3-49] F-2}-g-0] YeR 5= 9l
o] ARg-o o7} F a5t

Sunitinib-& Sorafenib A & th& 7)vfolA] AA A=
VEGFR, PDGFR, c-kit 53} 22 E]22] 7|UolA4 & A4
Bhi= ¢FA o]t} Sunitinib-2 IC,, 0] sorafenib Xt} Stol o] &
o E7} F Aoz dlslot Bet gl ol
F9A4), 92, =+ (Hand-Foot Skin reaction, HFER)

T 22§20l ol x4 7hM 2ol A Sorafenibyt
Sunitinib& A7 ¥ 3= 3% A E L TRl T
It} Brivanib2 VEGFR¥} FGFRS 7Fo] olA|a}= El2 4]
7 olAl AAA 2 WA T L] A 8 SAle} 214
@A x| Foll At FAfollA] BT &F7F QIATHA3,
44, @AE TP EQFIA AAFX| 5.0} o] A} 5 OFA| 24
Brivanibe] &3} st 3% A4HAE, Brivanib¥} TACE H
FA| 5ol ek QdFAIF o] 218 Folt,

TSU-682 VEGFR, PDGFR, FGFRS Y A|5}= oA =2 &
HolA ZeAd 22t ks gz s 44 ATt
o] Fo] HEull4s], FUEAE T AR FJGA A
9} H]S=3}F A |4 aspartate aminotransferase (AST)9} alanine
aminotransferase (ALT)9] 7}, W &4y HAS B
T, 55 5o FAhgo] e 3% o] oFA| 9] AL-g-of] th sl

AZF3 ok 3 Ao 7 AYZETE
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3l 2724 AFA]F oA Sorafenib& 5% m ko] W&
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} A3 (Sorafenib Hepatocellular Carcinoma Assessment
Randomized Protocol, SHARP) 9| A+=, 602 2] 2134 7t
M ES} 3IAFE Sorafenib B8 Yok 0 2 Yo H]
3}9 L, Sorafenib2- AR AE717HS 10,770 L (k-
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[47]. o]&fst 374 A A FES vt o2 H A Sorafenib
BCLC 7] o] 184 ZPAIZY o B EE Qg a

3T}, Aol = Sorafenib-g o]-&3F A4 A& 124473
A 607} o] Fo] FEE o] o] FofA| L 9Tt

Sorafenib®] A o] M| A el|A] TA 2] F A o T gk
FAlo] S7HEIAAL, FAIE 5078 o)de] EAHAIEA7F 200
o7} Aol o) 855 Sk, EAR 2 A wrgets] ).
o} 2.57h b5ttt aoksha vhes

1) EGFR YA A: Erlotinib, Gefitinib, Lapatinib, Cetuximab

2) A1 E 3 P A oA A): Bevacizumab, Sorafenib, Suni-
tinib, Vatalanib, Cediranib

3) mTOR &JA|A]: Everolimus, Termsirolimus

4) 71€} &FAl: -MET A A, IGFR1 A A, Wnt A
Al o]z 714 Wol AF= L 3l Al Sorafenibo] ™
Bevacizumab, Erlotinib, Everolimus, Brivanibo] L H&
ol 9Jt}. B3 Sorafenib, Erlotinib, Brivanib, Linifanib,

Everolimus 52 34 YA & o] Zal =11 gt}

e

7&11“0 hAfol| A Sorafenib9] A}% 7m]~ ol

>4 riet
>

tm lo,
ox
r
N
L
o ¥
%
G
o
o)
2
ey
=,

= PH
Tru
2 o,

QM N
o X
N i
%i 2
o ol -
N .
LELER
LR 30 x=
?il ru
e 4 X
o S5
—|—'_4 FlO
DUy
m}iﬁ =
X
[UQOT; N
£y N
oo fo ©
N 9 N
—_— == N
s N W
o e 3
o I o o mo®
2 30 o g o
e e R N R
Jo o WO o oo ox Ao X 41 B oS

=
b
w2
Lo
o
ok
N,

A7t ES Bad Agoltt w7t
o o9 B Shbel B4 A zARe
£ 1] o} @]ol EAA A ) W
EEEE BEGER LD R
o Y7 olgd AFEE Fol 1A

i)
g f
Ni
foi

b

i}
o do rff ol
N

0
tm
e ko v 2

24

°

i

il

Target Therapy for Hepatocellular Carcinoma 123

A8t wolol k) AR & 5 91 Aol o] ol w2 8}
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