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Current Status of Molecular Targeted Therapies in Hepatocellular Carcinoma

Sang Jun Suh and Hyung Joon Yim

Department of Internal Medicine, Korea University College of Medicine, Seoul, Korea

Hepatocellular carcinoma (HCC) is one of the leading causes of cancer death in Korea. Curative treatment is only possible
when the disease is diagnosed at the early stage. The prognosis of patients with HCC is even dismal in advanced stages.
No systemic cytotoxic chemotherapy has proven to be beneficial in overall survival. Recently, the understanding of the molecular
pathogenesis led to the development of new therapies. With the evidence of dysregulation of critical genes associated with
cellular proliferation, growth factor signaling, cell cycling, apoptosis, and angiogenesis in HCC, a number of molecular target
agents are under clinical trials. Sorafenib is the first systemic anticancer drug which has proven to gain survival benefit in
the global as well as Asia-Pacific trials. However, the survival gain is still modest, and further efforts to improve outcomes
in patients with HCC are necessary by developing novel drugs or combining other forms of therapies. This article will review
signaling pathways in HCC and introduce molecular target agents under investigation currently. (Korean J Gastroenterol

2013;61:136-146)
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1. 2Heh 2ol Mo Me AZQL EAIHEH(signaling path-
ways and molecular targets in HCO)
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9] AFE ¢ S H R} oncogene)2] A st} EoFolA S-A A}
(tumor suppressor gene)| 2437t YR, AlEAE
AK apOpt081s )2} Al £Z4](cellular proliferation)o] Ay s}
A AR} E¢¥(gene expression)?] W37} FHIE L o]& o}
oHA| oF ¥rAjo] I o 2 olojx| A Hrh A|ELZAL Guks

/374 1 Hgrowth factor)% At 8A o dedsiA =¥
3 A4S (proliferative signal)S
Mo e A =t 72 QY 98 7HA e By
T} A Sof Foldl= AR} EE epidermal growth fac-
tor (EGF), transforming growth factor (TGF)-0/-f, insulin

rr

=

like growth factor (IGF), vascular endothelial growth fac-
tor (VEGF), fibroblast growth factor (FGF), platelet de-
rived growth factor (PDGF) So] 9Jom F& A|ELulto] =
Aol= ol AJ7QIAkel et tyrosine kinase 48§40 A%
1A =t ¥hH Raf, mitogen-activated protein kinases
(MAPK), extracellular signaling-regulated kinase (ERK),
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MAPK/ERK kinase (MEK), mammalian target of rapamy-
cin (mTOR) 5-& serine/threonine kinase®]] &3l A|XE U
oA Alzddof FrojdtrhFig. 1).%°

ZHA|3EQFe] HFAJS MAPK, phosphoinositide 3-kinase
(PISK)/Akt/mTOR, c¢c-MET (protooncogene of hepatocyte
growth factor receptor [HGFR]), VEGF receptor (VEGFR),
PDGFR receptor (PDGFR), EGF/EGF receptor (EGFR),
IGF, Wnt/B-catenin 52| Ao A Az o] Wslo} & Qlct
(Table 1).*° Z}7to] ARg AWy o33} Lot
1) MAPK ZZ (Ras/Raf/MEK/ERK)

Al W MAPK A9 &2 Al 234 o] o
ot A2 ZokE 2Esh=t, SEAEAA i) SR =
Qlt}. MAPK 7 &+ EGFR, PDGFR, VEGFRY] 355 o5
7d & (downstream pathway)o|t}. TGF-0&} 72 A4l
So| HEute] 58
(RTK)E &A3}A]7]® Ras”’} guanosine triphosphate®} 2
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Fig. 1. Potential molecular targets and |ntracel|u|ar signaling pathways in hepatocellular carcinoma (modified from Fig. 2 in the article of Llovet
and Bruix [Hepatology 2008;48:1312- 1327] with the copyright holder’s permission). EGF, epidermal growth factor; VEGF, vascular endothelial
growth factor; PDGF, platelet-derived growth factor; FGF, fibroblast growth factor; SCF, stem cell factor; IGF, insulin-like growth factor; IGFBP,
insulin-like growth factor binding protein; HGF, hepatocyte growth factor; EGFR, EGF receptor; VEGFR, VEGF receptor; PDGFR, PDGF receptor;
FGFR, FGF receptor; IGFR, IGF receptor; MEK, mitogen-activated protein kinase/extracellular signaling-regulated kinase kinase; ERK,
extracellular signaling-regulated kinase; PI3K, phosphoinositide 3-kinase; PTEN, phosphatase and tensin homolog; mTOR, mammalian target
of rapamycin; HIF, hypoxia-inducible factor; LRP5/6, low-density lipoprotein-related protein 5/6; GSK-3p, glycogen synthase kinase 3[3; CK1,
casein kinase 1; B-cat, B-catenin; APC, adenomatous polyposis coli; TCF, T-cell factor; Dvl, dishevelled.
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Table 1. Molecular Targets and Pathways in Hepatocellular Carci-
a
noma

Mechanism Target Examples of agents

Signal transduction Ras Inhibitors of farnesyl transferase
Raf Raf kinase inhibitor (sorafenib)
MEK Selumetinib (AZD6244)
PI3K RG7321
Akt MK2206
mTOR  Everolimus (RADOO1),
temsirolimus, AZD8055
c-Met  ARQ197
c-kit Dasatinib
Angiogenesis VEGF Bevacizumab
VEGFR Tyrosine kinase inhibitor (e.g.,
sorafenib, sunitinib, brivanib,
linifanib [ABT869], AZD2171,
TSUEGS, E7080)
PDGFR Tyrosine kinase inhibitor (e.g.,
sunitinib)
FGFR Brivanib, TSU68

Growth factors EGFR Monoclonal antibody (e.g.,
cetuximab)
Tyrosine kinase inhibitor (e.g.,
erlotinib, gefitinib, lapatinib)
IGF IMC-A12, AVE1642, OSI-906

*New molecular agents targeting extrinsic/intrinsic apoptotic
pathway, hedgehog signaling, JAK/STAT signaling, TGF-B signaling,
notch pathway, ubiquitin-proteosome pathway, nuclear factor-xB
signaling, cell cycle control, and the role of the tumor micro-
environment are under investigating, but in the very early stage.
MEK, mitogen-activated protein kinase/extracellular signaling-re-
gulated kinase kinase; PI3K, phosphoinositide 3-kinase; mTOR,
mammalian target of rapamycin; VEGF, vascular endothelial gro-
wth factor; VEGFR, VEGF receptor; PDGFR, platelet-derived growth
factor receptor; FGFR, fibroblast growth factor receptor; EGFR,
epidermal growth factor receptor; IGF, insulin-like growth factor.
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Aot el R GA3tE o] Al O] Rafg AlEWOR B
st} EAISHE Rafe= $A}2 0% Raf serine/threonine kin-
ase, MEK (%, MAPK/ERK)S QIAF3}A|7] 31 BA3FA| 71T},
23k ERK= & Y& o]Fdto] theel MAtg Ass &
SHAZITE o] AALRAEL thFet FARbe] 2% A} (promo-
ter)oll Agsto] Al 4, AlZAFEAR] gt A %Hapoptosis
resistance), A|ELEFE 713 /\“*P(extracellular matrix pro-
duction)¥} AR E A Al (angiogenesis)ol] A= FARE &
—6—4}\] 7]E}‘ 4-6

Ras/Raf/MEK/ERK 29| ZAA o= 7ML 5o] 3y
of st 4% Ak B Ras, Raf Hol7k X
AFolA EEA Wske Aor deAl o
WEH RN QRS FEoA] FH
7BE0] /37t 100% J&é}%ﬂm- SkQith. ol2|et Ras?] &
7h= Ras HdS AAISH: 54 A HatAel vy

of Itk olg7 Ras o4 §AAHES] Wo] FAHE o] %
& 89 2047} WD 8Hmethylation)s HIGAHS) WSt

o] c}.°
2) PI3K/Akt/mTOR A=

PISK/Akt/mTOR &2+ AEAAR, AEYE2E 9 A},
Al EzAFEAR] T3t Wof (anti-apoptosis)oll &2 2=
oh IGF13} 22 Aol hojsl AARIx7) Alazute] 42871
¢} AdkstH  A|Eut 22 U phosphatidylinositol 4,5-bi-
sphosphate (PIP2)7} PI3Ke| &J3] ¢lAt$}E]o] phosphati-
dylinositol 3,4,5-triphosphate (PIP3)& H}HT} ©o]&= ser-
ine/threonine kinase®|| Z2gdlo] +8A415 LAISIA| 71T}
FFIA|7-A4AFQ] A=l phosphatase and tensin homo-
log (PTEN) PIBK 24315 Y= H2Z skt wHef o|A

ARl A 44 (deletion)d 7-f-ofl= PIBK &/J91& |t

231}, mTORE raptor B rictor2 Eo)= thilZ o]
gslo] 27 complex 1 and 2 (mTORC1 and mTORC?2)
Aok}, mTORC2 (mTOR-rictor)= aktE 214 &A%}
Al7]= HFH mTORC1 (mTOR-raptor)S aktd] sFEAELZ
(down-stream)®] 2|8 &AstEr}t. o]=& hypoxia-induci-
ble factor (HIF)E &9 E%414(angiongesis)?} ¥HH &
AR rEe 2Ad
3) HGF/c-Met pathway

HGF/Met A2 E9F 4%, 14, 193 a4
o] 9ltk. HOPE o9} B ARs(chain &2 T4 ol 3237
Z(heterodimer)o] ™ o]ZAATIO 2 oIt Met= HGF
7tEo] tiot tyrosine kinase $~&7]21d], HGFY Met®] I}
WA Mot GRS Woloh FBE Chot QoA Kl
913l HGF/Met 29| EASIE QI oAU Hily
ub SlTk of2fet ol AbhS-S ST HEAAS T3 A
Ara]-71+] A o](epithelial-mesenchymal transition)2} YAl
29| $4, o, A4, 1217 Hole] /15AS FA A
4) VEGF/VEGFR, PDGFR, FGFR

A ThA|ESE B ot et e SUAIEY A
Holo]| Q3 gao|t} VEGF A% VEGF-A, -B,
-C, -E, 112]3! placental growth factor (PIGF)E ©|FA
t}. VEGFR A€< VEGFR-1 (flt-1), VEGFR-2 (flk-1/KDR;
fms-like tyrosine kinase 1/Kinase insert domain re-
ceptor), Z18]1l VEGFR-3 (flt-4)= ©]FA Qt}. VEGF-AX=
VEGFR-1 18|11 -20 Agsto] ARG <H 3t
GA]of Toldtc). VEGF-C2F VEGF-D+= VEGFR-39} 293}
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AAFOE AYTLE Yurzo] B4 517 dofuby
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PDGFRE Eofe} 24 3 dhdof| 23t oJehe ajr} '
PDGFY] IPIE-2 QAo A Q] EoF MY LS ZTIA)7]|=
o, 7R EY, HEY 9T 718 2 dAaEY Z%
T 83 W@y o]27] 74A] thefsh FogollA HEE
t}.'** PDGFRBE= PDGFRO| o] AA| 2 A Fdke] 7Hg wF

g3} 7HGlo] Sadt 9L b o] UYA Qh P
PDGFRo+= F 7]9] ail&o] T4 A PDGF-AA, AB, CCO
i3t =842 FAet} o] 3 PDGF-CCE tE g7t=o
B3] ARl Hie =T Hojuth? FEATA
PDGF-CC2| #ardlo] 7hAMZ=a} 7hA|Eeto) uemq] AT

BT Ro] GeEFoM® QX MES ol g% Aol
70%7FFe] ZHA| S 22 oA PDGFRa®| Aol 2= 3
]:]_'27

FGF& B4 AlZoA A2 o 1S FA43es A=3t

o Aol 35y AEH Ao Tosict. TFRA oA
2 W¥E FGF receptor (FGFR): FGFR3¢} 4o0|c}h?®
Desnoyers =2 =5 R oA FGF192} 19 4~84¢1 FGFR4

7t ek dhakA Tl A A ] glon, FaFioel
o HASE YA ol g3l AL FHS AAY

EH = A

&g BASEYICE” Eoh PFRAAE FGFRAC]
GASE AR A2 S AAHGSo] HrE o
FGF19/FGFR4 A& Xgho] 7hA| L2 X 5o $-83F Ao

2 Azks ek
5) EGF/EGFR
EGFRES human epidermal growth factor receptor
(HER) A€ 9] 3}.}E EGFR (erbB1; erythroblastosis B 1),
HER2/neu (erbB2, neu; neural tumor), and HER4 (erb4)&
F} HERGES A|9J8hA % AE
o] 9 (intracellular tyrosine kinase domain)e 7}A|w 2]7F
T (ligand)7} =840 2&3slH MAPK 9} PI3K/Akt/mTOR
AeZ 156_ Al 67} Ake ), o]E_g /\ﬂﬁ A Hﬁ]_ NES

Yl tyrosine kinase

Yz} g2 2o m E9oH Buckley —°ﬂ ‘ﬂr
Az | ‘ﬂoe HHOH = 23 7678 ¢ 7“1]40}”‘ @f

b % 5079(66%)° 4 EGFR ¥pdrdo] 2helw|Qict.
6) IGF/IGFR

IGF/IGFR A A% A% 4743} spopxsol] ofah whgof &
ojstc}. IGF-13} IGF-2 E]7FEX 747 IGF-1RY}; IGF-2RO|

Z2%sto] DNA A4 3 AZ Ao &
IGF-1R9] olddl &2 I
RUI el s PO BRI TR s )
HED} Ayg o
7) Wnt/B-catenin pathyway
Wnt AR = A ZAA AEZES A7 EorA Ao
Hofgtch. Witz §lis A4 AdEjoll A= B-catenin casein
kinasel (CK1)¥} glycogen synthase kinase 3  (GSK-3 )
of oJgf| olAtstElo] AJEA W proteosomed]| 9]3f EofjE Tt
Wnt AT ALY A= Wnt tho] A|Eulo] 2R3k 284
o] frizzled (FZD) U 213 3}= low-density lipoprotein-rela-
ted protein (LRP) 5/6 =849} A&stHAl A& =L o7
o138 CK13} GSK-3 p7F E&A3 =1 2+ B-catenin SIAF
S7F AoiElo] MEZ W B-catenino| At} IO
B-catenind & U2 8-%|o] T-cell factor (TCF) AARA|<}
AUBomA ALTA AZAWIE 2§04
o JoF nxA =
B—catemn LAzo] Ho ] (CTNNB1)= 217t 7FIAEe
20-40% A A= 53] W CHIHE
HEet 7P ES] 739 40%7HA] A

2. MM Q] EXFEXX|ZH|(molecular-targeted agents
in HCO)
1) Sorafenib (Nexavar®, Bayer and Onyx Pharmaceuti-
cals, Germany): Ct& 7[LtOFA| XjsHA|
Sorafenib (nexavar, BAY43-9006)2 MEK®} ERKQ] QlAt
3= AATOZH cyclin D1 $AE W31 eukaryotic
translation initiation factor 4E (elF4E) QIAFS} X5 74
Al7|H MEK/ERK|| =#&<l 4oz ﬂ*ﬂﬁ?@t‘“} ol
< OF%F 2ASTE T oheet AT AGA A FgES F
ARG A4S RSt M| EAFAAE %E@E‘r.% 19
VEGFR/PDGFR 5-& 53] QA AEBA4L A8},
OFA|EQ] Z=X)3} Y=o A A Al Jeke 7|07 H YF

- 11w oo=&=

T Hog 1%‘—,——01 sorafenib
200 mg o}ﬁ_ 23] EL 400 mg 3% 2§4 =ofa}ot
EX 0 2% sorafenib 400 mg 1Y 2315 ?]’ oA 4
EZz3 o] WA 15 (4%)oA HE ‘ﬂ%(partial Te-
sponse), 207 (83%)°f|A] oFA vk (stable disease)S HH O
™, 37 (13%)° 4 A2 APE Ut E o2 14 A+

= Al7lEo] Wojxl ExE Hde s ofE st
FARGol| thsto] Atstlon] R mAb=

P

¢
[
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400 mg 8}‘2 ‘?i sorafenib2

LRSS L
fofjol] whe} sorafenib®] §Fo] 24o] I QT

T 24 ATl s, FARE, oFs g A
ASHA] FAAZE A AT 1377%(71% A, FHE Ul
69A))2] TAES o2 8o, 72%7} Child-Pugh A,
28%7} Child-Pugh Boj 8539t 3% (2.2%)S H&E vk
87 (5.8%)-2 u|eFi-S(minor response), 4674(33.6%)< ¢H4
Hk2-o] Hojx 1657 A|&EITh Adq71A] 2] 7] 7Htime to
disease progression)S =017k 4.271Y, AA A=(overall
survival)7] 7 Zokgk 9.270 o] ek

g ol o B BHS A=7Ho5%), A4
(8.0%), TLE|AL #EFIH(6.1%)013iek Ao 22 I
o7 Aol Bhtel BAge AUstON 5%
ARl A= ofAlet BelE Asolqinth

34 A “L(sorafenib HCC assessment randomized
protocol, SHARP):= F2+9] 9]¢F o]FwH WAoo s 28]
ork! 602 <] AWH THAEYE IAE Ao o
0]52 Eastern Cooperative Oncology Group (ECOQG)
Performance Status 0-2, Child-Pugh A, Z12]11 o]Hef 7+
AlZZSFEl gt AARES W2 Aol gle eAftol et
o kAR sorafenibS FolWFel o1 (400 mg 3H5 23] 7
), Slerol wlal olul QA BE7Izke] e welTh A
KE7]1712 sorafenibtoll A FgE 10.77140]1 T Sk
oA 7.971 o]t Abgell that At 919 = (hazard ratio,
HR)~= 0.69 (95% confidence interval [CI] 0.55-0.87; p
<0.001)°] it 3217 9] Apgefo] 7] &3k 1W HEES
sorafenib:u’-ﬂlfﬂ 44%, 91oFao A 33% KTt o|FH S =S
2 U]._I._01 /\]-m- S 11% 1%1.;1_ 7402 H/H_t,,]cﬂr,} Oﬂ/d— ;(}
S5 A% A3 A9 287|172 sorafenibatol| A 5.570¥
el HEel fieftell A 2.87§ B WYERATHHR 0.58; 95% CI
0.45-0.74; p<0.0001).

2267 2) % PAEE WA thako R 3 oboleg
& 3 PYFoNA sorafenib Floke vHlaLstF o T
AE717H2 sorafenibt 6671 G0IAE WHA §loFto]
g %gﬁ_ ]—O]-—- Hoﬂ]:]—M 01*}-‘6‘1—2—1 Z]—E'E H ]
A3} 29} AP AW 7R sorafenibwtol| A 2.87]H <] ©
3 SJoFtol A 1.471 QoY tHHR 0.57; 95% CI 0.42-0.79;
p<0.0005). OFAJOH-EfBEF AollA] 1]l 7]k Al
43 819115 24014 sorafenibe 717 Ediobuliol]
FAU AFP A 9F FsHA XY THA b SRbol A &

= Bl =T Ui |

Tk

Aol o7 BolE| Qi) 2

Global investigation of therapeutic decisions in hepa-
tocellular carcinoma and of its treatment with sorafenib
(GIDEON) ¢ AMAF oz A= Mol u|=4 o
T2A A g ar ol H85o] HAY sorafenibOE A
SiE AEE SRS di o R sho] 39710l A 3,322
gol FEHAT. F HA FHEA0] 20119 American
Society of Clinical Oncology (ASCO) ¢1d| 3]9jof| A Wi
vl 16229 34 F 5% HE717HS Child-Pugh A
Bhapofl A 10374201910 Child-Pugh B Sl 4 487}
dg BEgh

ofgre]otoll A 1 THHEYE IAE o m AIE ®
T2 7| AL A sorafenib®] TH-S 2t o]
ol Al+= Barcelona Clinic Liver Cancer (BCLC)-B9] &#}
oAl BCLC-CRT} § =2 &8 HojFrh26.0 H] 84
MY, p<0.001). =9 W77+ 10.67€0o]%l o SHARP
oo o] 10.77) L3} vt Ankie) 714 3t gz
W2zt ABA, SEETE, AT o 957 £4

gropA SR AL FEEol w8th ey Sl &
3 "2717ke] 70% olel 717t &<k
Ant ot A7t 70% ulRke] 7|7t Fob e
SF= FASHAY Eat %“%}% T"rxﬁ F-HETH AE7|71o]
g

Sorafenibo| = 7+
A ok7) Wil A=
AT 4= e A7 BT Ao 7 o
of ojdg[otoflAl o FXI ok Aol A 2 o], 7te] Hol7t
Z=dtE AL ECOG AAI4=3A e (performance status)7}
U Ao A8 §hgo] £A] 92 A& AAet w7t 9
t}* T3 sorafenib X EA] AFPC] Hhgof whe} o §7} Ko
7F lol 83 714X 2] 20% o AT A AE 9
A Fo 93k nHThy R UEQTHHR 059; 95% CI
0.36-0.98; p=0.040)."° 71 ¢ X & 39| sorafenibe] th3t &
29 " o B =0 of| =3t 4 9= FXRPF E £ oh—,].

I AAEDLL Qdek &, 27)90 FE5FTte] WAtk E97t
5] 54e HolA] ¢ AET T4 whgolu Zg 7A€

o=

717kl glol B & Ae Bow” NRI% F "“}7}
[e)
o

st

=2 vl

B %9t ® weba] sorafenibo] thel FA-8o] Aldte el

AL AFA 07 T A wE sto] 27)of w7t FREHe
] ]

s o] F Rt
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2) Selumetinib: MEHX MEK XsHX|

ez MEK A 3f|A]¢]l AZD6244 (ARRY-142886, Sel-
umetinibji= AR A I7F THMAEE ARt Bl
Hou® or|@ 24 YA FoAE A8 ZHA EE]
i3t 9l AAEA FHOR u|Gl= AIE Ho] FA=
F31 kY webd MEK Ae42uk JAsiAs A 7H4E

HES AmPIell FRA 2 = oS Ao Azt dA)
79 AT A Foldoy F5Ee] IHREAE 7
A ELE 3Rfef| A 9] AZD6244 TH=Q H(NCT00604721)S
Bk 24F 4t T FHEA & FuERlY, ohE shuel
sorafenib?t9] &8 1724 A= AIE 7Ichel= Folot
(NCT01029418).

3) MK-2206: Akt Xs{A|
Akt A Al MK-2206-> o] & o] ARy A Ao vt
SOt e W3 AN ELF oA 9] oA BARA 24
14361717} A3 Z0|thNCT01239355). X< ¢17to| w=H
sorafenib¥} MK-22062] ®3+Q ¥ o] sorafenibo] ot At
g FES 5 kil AA I
4) Everolimus/temisirolimus/AZD8055: mTOR X&HA|
mTOR Ad|Al= AEZT AA2He3 a3y adts
e 7] d&e] bevacizumabd} -2 thE JETAIAY kA

|

oS o

S5 $4aMoRT WY Ao ogEn, FFu
spebas ol Bolshs A% A9 Aow oy

= T
3t mTOR Al &= EGFR, PDGFR, TGF-a9} 722 Aol
AHEo] o8] =% Ras/Raf/MEK/ERK Al & HSH| A o=
L% o] glo] the AAIA AR B8 FoAl &
HAY Ao ofHct”

Sirolimus (rapamycin)~= 185 9] A8 7HAESE A=
o B olulATOlA S AE S840] JauK of
A& Yepton ® o]o 94l everolimus (RAD001))]
1724 QAFAT7F XY Fo|th(INCT00516165). mTOR A 3f
A|9] everolimus PISK/Akt/mTOR NG9 ARAR
9 SHRARE Aol 71 AE et vk 8-
Al Aol et AgAol B7IE et A RE Addow
7= 428 2= 9l ulebA] everolimuse 7HA
soll o 28 #AARAR 7o 2T 2479
3y AR dog 3t 1724 dATFollA
sorafenib} everolimus®] ¥} sorafenib T% X 59 &
Soll el ARG HAXF A] FF FAY 277
(progression free survival)S 3.87]|€(95% CI 2.1-4.6), AX]
HZE717+e 8.470¥(95% CI 3.9-21.1)0]%ich 34 72
sorafenibol] E-83tAY ATA] 3t SAE 4 OR ever-
olimus?} $J°HEVOLVE-1: advanced hepatocellular carci-

noma after disease progression or intolerance to sorafenib

o)

=

12 12

2

ok
oW 2 4
A

~
i

RSS2
o2
BN

everolimus for liver cancer evaluation) H|W3sh= A3+7}

AEglon A3E 7|thE]s FoltHINCT01035229).
728 71A 9] eFE-E A Torisel (temisirolimus)o]| gt

FAT7E 13 Fo]tHNCT01251468). ATP 7344 A A

mTOR kinase AZD8055o] that 1/24F t}7| YAFAF

213} Z0]tHNCT00999882).

5) Bevacizumab, brivanib/linifanib (ABT-869)/vande-
tanib/pazopanib/sunitinib: VEGF, PDGF &3 AZ %}
|
Bevacizumab2 VEGFO] et A28 QA3 ddE=

14| (recombinant humanized monoclonal antibody)=A]

7R HE o] glont FS BURTPAES A4

LS [e2e)
A7 Fe T G Ao Az BuEd
o

T o oo

o ou 2k .
Hololet. &, s F9] MR} 6-11%]A W= 5L
QoA Atz Ak

71 9], VEGFE ¥& o7 3} ths RTK A A2 A] bri-
vanib, linifanib (ABT-869), vandetanib, 12|11 pazopanib
o] 9lt}. Brivanib-> VEGFS} FGF AT AES FAlo] A
St RAAEAR 2T AgE 24 dFAtolA dA E7F
SOt a0 AP AL AA Holw THA|EF] o
3HAx NBAR AFEIHGT FoF ARV 107192 Y
EROw], 1 e NAES W WS, el A4
St} Brivanib study in HCC patients at risk as first-line
therapy (BRISK FL study)= $-2H] %2 W4 chr]# 34
PFATLEA A ERFSOM S YA A EAE brivanibt
sorafenib X Z9] AJE7|7HS v W} THINCT00858871).
2012 American Association for the Study of Liver
Diseases (AASLD) 912 sHs]ololA] WHiEst vpo] e,
brivanib¥} sorafenib< H|WEFGS W] ARAELo] 27t
9.671 € 9.97] Y (p=0.3116)2 YA} HEHUH HA| H=7]
koA 9] H]¥5-A(non-inferiority in overall survival)of&=
Botez] ook o, AwWAR e ey 4144,
p=0.8532), AA|Z3] A= ¥r-g-E(12%2} 8.8%, p=0.0569),
A 24E(66.5%2F 64.7%, p=0.8739)°] UolA= FEF
a3t= XJol7b ¢l%ith Grade 3-59] HEZAL-S brivanibd}
sorafenib X|F7A AUEEE5(24%L} 10%), I Z=7H15%
oF 7%), 18 U(14%L} 5%), A8 (8%} 3%)01%oH, 7=
STH2%2F 15%) 3 LRI(1%2} 2%)- Brivanib X|&wto|4]
EEA dojydtt E ofE 34 ¢IGEE A Brivanib study in
HCC patients at risk post sorafenib (BRISK PS study)of| A=
sorafenibe]] £33k E= AH7] dEolshe % 1A ES

F A A brivanib ¥ A9 HREXFE M= AFaT
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gloF W H40) RENRES Sl AR 1] Ao} A7
YJTHINCT00825955). 2012¥W 6th International Liver
Cancer Association (ILCA) <& st&3] o]0 A Hhitgl H}o
W2 brivanib YoFy Hlaste] A A3 7]7H4.270
A3t 2,770, p=0.0001)°|} A ZAE(71.2%T} 49.1%,
p<0.0001)& SAtE|o] AAA Q] X & HHe-58 £ ©f £9F
O (27 11.5%2}F 1.9%, p=0.0032), L& AL 7142
A Fsteirkztz 947193t 8.27149, p=03307)."
Linifanib (ABT-869)> 7§ AAZA] VEGFS} PDGF
O] RTKO|| thet &2 oAf|A|oltt. 447 2] XY 7hA| b5
GBS gAeT 3 24 AATOIA 7%2] WS E, 3719
o] XY AE71ZY, 19l 9.3/ e AA T4 AEVNE
Ho]zth® o]Z linifanib¥} sorafenibe H]WsH= 34 A}
A7F A= oy dA FHE AE o] tHINCT01009593).
Vandetanib (ZD6474)2 VEGFR, EGFR, J18]3 RET Al
2AEE Ho2 Wk gjofal WL 24 ATl
& B7Fe e I ESFolA avE HolFgout A #iAg
S8 $% Pl AL Tt 4 B
SRl e AR\ 4H 1] bt Aol
w2 vandetanib’} 01/\1-/14, S8 Mo] 9l& AHoF Hol &
o A7 989 Zlow A7t
Pazopanib (GW786034) 73‘? J A=A VEGF, PDGF,
83 ckivg BHOR sk AAA o]tk 14} ATl A
pazopanibo| Fo] tet ¥kg-o] kil AAJE viE et
Sunitinib<
AAS}= = kinase A3 A|(multikinase inhibitor)o|t}. o]
OFAl= ofn] AA| T I EAFY A5l AFEEIL G
o ZALEIEOIAe] Bk % o] Al 24 AT

f

o o 4
l='l i}

P

o A ereidl et Zo] 50 mg Gl At HAbgo] wo
375 mg Sl BAEE A5 u AR HAE 7
A8 A2 374, AR F9 AEIE 1L6ER )

Atk ® 281} sorafeniby} H|W 3t 34 ﬂ?oﬂiﬂ sunitinib-2
3/4 A A8 HIL7) =11 RS Rl o]50] gl Ao
2 gdEo] AR zlego] FkE /AFEfo|thHNCT00699374).
6) Cetuximab, erlotinib/gefinitib/lapatinib: EGFR Z&

ZE K 2|

Cetuximab2 EGFRS 533l TS24 o]H, erlo-
tinib, gefinitib, lapatinib-& EGFRo] tjj st
4 A Aol e}

Cetuximab, erlotinib, getinitib, lapatinib 5 %13 7t
AESHE LS o= o 24F SARITOIN 0-0%0] WS
5 14327199 248 QAZ7|7F 183 6.2-13.071¥€9)
Zop 4 AEALS BT AR BGFR oA Al A
=4 el A o2 BN RASte] ko] st o

tyrosine @A %

% QAT Ay Folo B

7) IMC-A12/AVE1642, 0SI-906: IGF &2 A2 X}&h oFA|
TAEGE AEZE ol&er HIABA AHolA IMC-A12

(cixutumumab)”} IGF-1R EA315 W1l A A=Y 4l =

48 oAtk A2 Stttk A Aol IMC-AL2E

B A B4 AES AdAZoM FA AES WA
AZAANE FESHAh WetA] o] ATHES HigoR
IMC-A127} A 0% 1GF ASAE AAES vherks 2%
AN 5 gom dAATeIA NRAR 28 4 glrke 2

AE &R 4 9) 14 AAH LA IMC-A12+=

A

7“1&%**ﬂ BRue-S awd) ok Jeu 24 YA
ofl A= A8 A SRS e & §F 23 IMC-Al2+=
TAZEGSA FA o g = avpxo|z] gk 710 & ty

L=
AVE1642+= IGF-1R A2 4 AAE 9= AAS}
2ot 14} AFA oA AVE1642% sorafenibd} B
o]:E 1—01]/\11: = olzzﬂ Zl’
l-?_

o r&
)
M

Kl

sho] QFHstAl 2 4 9o of
FLo| WFo] glE Aor SIFY FuEA L e
o] WY TAEAE A A Yt o A&EE
Aol W=

F<* 08I 9060] ATE YLy o]t AL ARZ o=

IGF-1R/insulin receptor (IR) kinase A d|A|o|t}. OSI-906

AL Q)oF ofZemfA oAk o)A TLof| A UX} X E o /UJH
A DAL DAl ol ol HEAR AFHT 3
THNCT01101906).”

ok rlo
ol-

3. Y& A" F9Q1 HE X|2(combination therapies under
clinical trials)

Sorafenib T Xg59] AE F © FEIIAA sor-
afenib¥} doxorubicin, tegafur/uracil (UFUR), 5-fluorour-
acil (6-FU) 59| ME=4 FAAE Bk Aol diet A+
7} Qlo] $heh 0" 97 ol Aol 7hAIES; BAE Ao
Ao A sorafenib¥} doxorubicin®] Heta o] AL Rzt
8 A F7IHA] oA AE717R 13871 R e
doxorubicin TH5 X &o] BE7|ZF 6671l Hs) BEE
o] AL Aoy TehEthp=0.0129).” Sorafenibﬂ}‘
UFURS 933t 53Eﬂ o) 7HH|EOFE O] Eokol S tjako 2
o Aol A= B AE7|7F 3.7701€(95% CI 1.9-6.5), HA]
AZ717F 7.4709(95% CI 3.4-11.4)F B =], o]= B
S 719 ML) o Aoy BARY =AY sor-
afenib THEA| 5 A o] vls] Ko} -2 Aol & &= Sl
ok wot 38 o] A A EeF RS O R T 4t

24 Ao A sorafenib¥} 5-FU ®3F Qo] avs 3
7Vstl=t)], A A7) 7F 7.670L€(95% CI 5.3-9.9), AA A
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Table 2. Ongoing Clinical Trials (Phase Il or Ill)

Molecular targeted therapies under clinical trials Status

First line

Comparison study between sorafenib and single agent (head to head)

Sunitinib — endpoint not met
Brivanib — endpoint not met
Linifanib (ABT-869) — endpoint not met
Combination of sorafenib and another agent
Sorafenib + erlotinib
Sorafenib + AVE1642
Sorafenib + 0SI-906
Sorafenib +temsirolimus (Torisel)
Sorafenib + selumetinib (AZD6244)
Combination of new agents
Erlotinib + bevacizumab
Erlotinib + AVE1642
Erlotinib + celecoxib
Bevacizumab + everolimus
Combination of new agents and cytotoxic agents
Erlotinib + GEMOX
Erlotinib + docetaxel
Cetuximab + CAPEOX
Bevacizumab + TACE
Bevacizumab + GEMOX
Second line
Sorafenib failure
Brivanib — endpoint not met
Everolimus (RADOO1), ramucirumab, axitinib, etc.
Combination of sorafenib to standard therapies
Adjuvant setting after surgery or RFA: STORM
Combination with TACE: SPACE, BRISK-TA, TACTICS

Phase Il terminated
Phase Il completed
Phase Il terminated

Phase Il
Phase I/l
Phase Il
Phase I/l
Phase I/l

Phase I
Phase /11
Phase I/l
Phase I

Phase I
Phase I
Phase I
Phase I
Phase I

Phase Il completed

Phase Il

Phase Il
Phase Il

GEMOX, gemcitabine-oxaliplatin; CAPEOX, capecitabine-oxaliplatin; TACE, transarterial chemoembolisation; RFA, radiofrequency ablation;
STORM, sorafenib as adjuvant treatment in the prevention of recurrence of hepatocellular carcinoma (NCT00692770); SPACE, sorafenib
(SOR) or placebo (PL) in combination with TACE for intermediate-stage hepatocellular carcinoma; BRISK-TA, phase Ill trans-arterial
chemo-embolization (TACE) adjuvant HCC (NCTO0908752); TACTICS, transcatheter arterial chemoembolization therapy in combination with

sorafenib (NCT01217034).

717F 12.2709(95% CI 4.5-19.8)& & 8}A LehL}, 3k
AR o Be 44 GAATI B Ao 4
te e} Sorafenib¥ T2 HA X B A9} HEaW sor-
afenibd} LAXF 2] Wk = XA X F Z9| sorafenib
A7 g oy AT7F A otk (Table 2).

F & A8 7EA EE 3HAjof| A bevacizumab¥} gemcita-
bin, oxaliplatin, capecitabines HWet A5 A] £% ¥-&
Fo] 10-20%, %9 HE7|7+e 967492 HuE et =
o= WX 282 bevacizumabi} erlotinibs ARRSF A 4

=
T
g

_1\1

7} ufg- A FA Q1Y 73%“3;7}*‘ ZrorslAtol| A Z20) AZ7|
Zbol 137/ R Yeptow, 33 249 tix A543}
7t
A 2
BARAXEA Q] TAOR A L] A A 5= Af

2L 715 vhAsHA ok 2y @A 23 A EQt
A BEAEE AHE-E]= sorafenib®] A= o4l RRES oF
oF polElal Byl offitt A W T ofEEo] g4
Algel Solztot ofale 7| oA o] Hlsto] FESiSHA A
H AAE BolRe= Eopltt & & o U2 JIE Bol=
FAREAA A7} 5lE] o] Aol &8, T 7|E AR
Holl 22 FAIE FTIHAY M2 FAIES A2 Hekst
o] B F2 ATE AZo=H MY THAEY o] A=
g ofet Aol ¢bd Haflol| olE = A FVIE 71
Cl=y
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