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Sorafenib, as the first approved molecularly targeted agent for hepatocellular carcinoma
(HCC), has changed the treatment paradigm for patients with advanced HCC. Although a
significant survival advantage has been achieved with sorafenib, the prolongation of survival is
modest, even in the cases of Child-Pugh class A. Because of primary resistance and secondary
resistance, the anti-tumor effects of sorafenib are limited in a portion of HCC patients. To over-
come these limitations of sorafenib, various molecularly targeted therapies have been studied
alone or in combination with each other, and also adjuvant to other modalities. The role of
sorafenib as an adjuvant or neo-adjuvant therapy needs to be evaluated before and after sur-
gery and locoregional therapies. Because patients with HCC are a highly heterogeneous
population in terms of molecular pathogenesis and in terms of the natural course of their dis-
ease, development of biomarkers of a response before or during sorafenib treatment and
development of other molecularly targeted therapies is imperative for selecting prospective good
responders. New agents under development target and block VEGF, VEGFR, PDGFR, FGF,
FGFR, EGFR, PI3K/Akt/mTOR, IGFR, MEK, ¢c-MET, glypican-3, JAK2, PD1, CTLA-4, etc. The
advent of targeted systemic therapies for advanced HCC may have important implications for
the future management of patients with advanced HCC, including a need for improved assess-
ment of disease progression, reliable biomarkers for patient selection, and the use of a multidis-
ciplinary approach.
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A = trolled clinical trial, RCT)o|A ZAA] AZ&(overall sur-

vival) o] Y5 Rl obA7HA] §let. 2008 ol vl =

]53"3 A E < (advanced hepatocellular carcino- 2= 3ARCTOIA] ATE TAXFEA| Q] sorafenibo] 2184

T oma) ZXH 257} of29], AL aR (systemic AN ELE SEate] HA| 25 FIAFITL Bl
chemotherapy)& HI5RE of2] 7HA] | 87}F A5 o] $it., (1], o]2l3F 472 vl o 2 sorafenibe FA) KA 714
AZ=A] 3188 H(cytotoxic chemotherapy)e Q2] A% ZEo] 1A BAR EAE A ezl AN A&
B 2xojgtont, BRIz AT randomized con- o] Awrl Fokgk 370 AZ e A Aol Zldish=
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Table 1. Results of phase Il sorafenib studies

994 7himeiz Hrlzeleuol wx

SHARP trial Asia-Pacific trial
Sorafenib Placebo HR P-value Sorafenib Placebo HR P-value
(n=299) (n=303) (95% ClI) (n=150) (n=76) (95% ClI)
Baseline Male (%) 87 87 84.7 86.8
chracter  cog ps 54/38/8  54/39/7 25.3/69.3/5.3 27.6/67.1/5.3
istics o
(0/1/2, %)
Hepatitis virus 19/29 18/27 70.7/10.7 776/3.9
status (B/C, %)
Macrovascular 36 41 36.0 34.2
invasion (%)
Extrahepatic 53 50 68.7 68.4
spread (%)
Efficacy Median OS (mo) 10.7 79 0.69 <0.001 6.5 4.2 0.68 0.014
(0.55-0.87) (0.50-0.93)
Median TTP (mo) 5.5 2.8 0.58 <0.001 2.8 1.4 0.57 0.005
(0.45-0.74) (0.42-0.79)
Disease control 43 32 0.002 35.3 15.8 0.0019
rate (%)
Partial response 2 1 3.3 1.3
rate (%)
Stable disease 71 67 54 27.6
rate (%)
Safety All grade AE (%) 80 52 81.9 38.7
Serious AE (%) 52 54 47.7 45.3

SHARR Sorafenib Hepatocellular Carcinoma Assessment Randomized Protocol; HR, hazard ratio; Cl, confidence interval; ECOG PS, Eastern
Cooperative Oncology Group performance status; OS, overall survival; TTP time to progression; AE, adverse events.

Tl A Fate] o] & A < e e

ofzl o] 7ol gk Agadolt.

1, Sorafenib

Sorafenib2 A2 AR} =8| (platelet de-
rived growth factor receptor), raf 7]\A (raf kinase), &
g Al =8| (vascular endothelial growth re-
ceptor) 5ol ZH838H= th5 71VAl JAA|(multiple kinase
inhibitor) 2[3] ZFA EQEoM = H2 2 500E BHAE
Alo]e},

£, 115 A3e 02 o|olzl T, Tk
A, olZ WA, ek = 34+ (Sorafenib Hepatocellular

Carcinoma Assessment Randomized Protocol, SHARP

a

trial)i= o] el A3t a S whe o] glaL Child-Pugh
class A9l 60278 ¢] YA THA| £ SAE Ao =2 3}
%ct. Sorafenibg B-8-(400 mg 3HF 23] A3 ShafolA]
S0} Z7|7Hmedian overall survival)2 10.771€=E ¢
off o] 7.970 el vlaste] 2 871 == BAIH L
2 fozt 292 B ¥dx hazard ratiol 0.69,
95% A1Z]F7F0.55-0.87, P<0.001) [1], 1\ AJZ&-2 sora-
fenibtellA] 44%, floft)ZsrollA] 33%60]AtKTable 1),
QAL ZAS FHFY AE7]7Hime to radiologic
progression)< sorafenibrollA] 5,571, Yokl ZtollA
2871403 1= 0.58, 95% 212|F3F 0.45-0.74,
P<0.00)E SA] frofgt gade Bk 29 245
(disease control rate)= RECIST (Response Evaluation
Criteria in Solid Tumors) 7|&0l|[4] &A 3] AT
(complete response)o|t} F-E-343] (partial response), SF
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A A3 (stable disease)S H Sl 73-9-214|, sorafenibrd} ¢
St zTollM 22t 43%9) 32% 2 ]38k 2folE By
(P=0.002), QFEA3HS HQl A7} titos shxdvsy
£ Bl B9 (ol el g Hel Aee & o 47
2009} 1% 2 7AW 0 2 vk uk3-5-3 W ot} A2
Z-2- WA ¥l sorafenib E-8FollA 80%, ekl
A 5200E B3I}, Sorafenib-ollA] WHYEH x| 23
2-g-2 T2 AAN39%), T 27H22%), TS FTH21%)
o0& F& 1-280|%lom, 3] o g Bl AP
AH8%), FEZTT (%), W 27H3%) )T},

FH SUeEts E3eE ofrlol-e Y A Gollx] Al
& 3T (Asia-Pacific trial) X = o] Hol| 2215
BE ke Zo] QI+ Child-Pugh class Al 218843 THA|E
oFz 317} 226" 0] sorafenib S-& okl ol vl A =]
th2:1 #7I5). YL sorafenib FoTolA
6.571€, ek zTollA 4. 270198 frojgh A& o &t
2 BN AEE 0.68, 95% A T2 0.50-0.93,
P=0.014). 7318 AE717FS sorafenib FofT-llA 2,871
4, AFizatol A 1.470E= HA] Frefdt 2lolE Btk
CHHIRE 0.57, 95% 21=]F3F 0.42-0.79, P=0.0005)
(Table 1), A5AH FAEL FZFTFT(45%), A
(25.5%), BR(24.8%), F27H20.1%) <02 st
ofrlopA| o] Aol A= ZWHEQ] AJE7|Zbe] o] Zle] oI
(SHARP trial) o}x] Hoh Zore=d], o] e} vlaste] of
& SEatellx] mlaA be] o7t ol s )AL, ECOG A

re

BN

i
oot Jr A e

rir

Al 4788 el (Eastern Cooperative Oncology Group per-
formance status)7} % T VHikA A, w3k, 854 BRI
SRS B A Sol W A o] &
Tt FAMG] T AT BFollA] sorafenibire] AEE
=7} 24240.69,0.68% 72| FUFHA| Wgkth= o)
sorafenib@] A¥H = w3t Ao g Helt} Tl 7]
HollA sorafenib A|FE 65 ol Wk 351982 thde
2 3 38 ATtollA] WA A&7 FYwke] 9.47114
oL X8 MEE T 4.1 7o, 1078
o TR AES B3l 79+ 4878(13.7%) 0| ATHO.

o

o])\]- )
& o1zl= A EH SHARP ATtolis= 8ok

A
[e]

=]
gl
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Ao Y7 71e] Aol gl 7% sorafenib x| o]
gk Wkg-o] gk oz BT, o]Fo vind
Eo] o, £k a3l

ol
Ap
r2
—
il
m>'
o
I
[
5

%,

H/ZFe) o] o ECOG A4l 478 “dell, BCLC 7] (Bar-
celona Clinic Liver Cancer stage) 3 o] X|g 2o u}z}
SIFTHEA S sl shelgittel daglo] Hikzos
sorafenibw oAl FYAE 7I7ko] 2 PFs EATHTI.
o] T HCV FA| Al SAtellA flofizol] vluste]
sorafenib B8 SYAE7IKIo] frfsh =2zl
Zpol& B SITh14784 vs. 7.470€, 918 0.5, 95% 4
234 0.32-0.77). BT TR §5 ol A5 Al A
9] o= Ho]F A~(alanine aminotransferase/aspartic
aminotransferase), &3}efolch (alpha-fetoprotein), &
2l 7Rl (bilirubin) Fx]of] W} &L 2folE Hol=7] 8}
RIS TSI, ol AT WA s,

53h, SHARP A-ol] Zhofgh Sabso] g 3]st
A A ZHbiomarker) A7 Alstgi=d], dauiy] 4
Zelak(vascular endothelial growth factor)t} 352
91A}-2 (angiopoietin2)7} S 734, X 5/t 2ol *g38§l
o] SYALE7IRY] frolsHA| Ao o9} JadAlE B9l
3L, sorafenib E-8oA 484 -KIT (soluble ¢c-KIT)
F7F =AY, 1A E Al hepatocyte growth fac-
tor) 57} YO ™ sorafenib X522 &=t HE HY
7Fs g0l =9kout, SAIH 0= frofgh Afol= o ATHIL

o] 9] el %= sorafeniboll ek vH-3-S- ol 55171 91gk of 2] &
T7F A=A, A AAE HoFA= Fakal et

2,7|Et EXIEHX| 24|
Sunitinib E¥hHa] &AL 84 o dadi= A
A 8Al 55 AAldhs v 1WA ARl R APEet

(renal cell carcinoma), $J733 7125 (gastrointestinal

stromal tumor) 2 #7 U4 F%¥K(pancreatic neuroen-
docrine tumor)ollA] 218 kAot H sorafenib}
sunitinibS B]WsR= RCT 371 34179 A= Axr) dt
FHAEY, SYBE7]70] sunitinib XFEIA] 7.970
9 sorafenib B 10,2712 <45 AFE Bo]

|
(]
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FA) F3faL, FAEE sunitinib X|FarollA] o &b W
Aste] A 24 XS A A AofatgirHiol,

Erlotinib %3] 237412t 484 El=2 7[UAl(epi-
dermal growth factor tyrosine kinase) JAA|Z H]2A]
27 FollA 51E FAlolnt. A2 720m 9] X134 THA)
TokE 32 Ao & sorafenib/erlotinib B E7*
! sorafenib/placebo X80 2 F-2k9] v A= vl &
3ARCTE A3, =3AYE71710] sorafenib/erlo-
tinib WA Z7olA 9.5704, sorafenib/placebo XF*
olx 8,571 ol ok, TAH 02 {23k Afol & HolFA]
= XA CINAFE 0.929, 95% A1 F3F 0.781-
1,106, P=0.204,NCT00901901) [11],

Linifanib& dayhfref) 7412t 84 9 dahdi]
7R = 8A| ol Zgh= 7IUHAl JAIRR, 1,035789
2184 T ELE FAE dF o2 3URCTE X131
|, $ZH7 A linifanib E-§-tollx] F-2H-g-0] f-9]3}
Al ol WAste] A7t FHENCH, A7 TR
SHAE717 o] linifanib E-&7ollA 9. 170€, sorafenib
E-gwollx 9870 E = Fofgh AiE BT Kkt
(NCT01009593) [12].

Brivanib-& @¥f9] 7312t 84 9 A frobZ A
ZAelxH(fibroblast growth factor) =& of] thalk A €1z o
AA R, HZ 27H9] 37391 A g E ]t 12
2| BA| 2] brivanib¥} sorafenib-& 8|13k o)W 34}
RCTE AuEH, 7318 Y&7|7tolv AWz Edi =
Gzl fARE 235 B o}, SYBETIIR briva-
nib B804 9,574, sorafenib E-&-ol|x 9 97L =
A7) 12} FA ol FekakA] Rapqlrta), &gk, o 24t
2 BA|2A]9] brivanib 34RCT 704+ sorafenib . &
U2} X85 WO} sorafenibol] gk -84 -2 Hff
23 12 BAE O E brivanib X &7 ¥ ekl zT
o] 2:12 F2¢] i3I IeH14], F318) AE717H- briva-
nib AFolA] 42704, Yefrzs ol 2.7/} L= briva-
nib AZolM Fos gEE 278 B¢
% 0,56, 95% A1 ZT7E 0.42-0,76, P<0.001), AHzH
£ brivanib X Z570llA 61%, 2Tl 40%E

2

~

oA T2 AFE HoH(P<0.001), 12} HHo]H
FURETIELE 247t 9.47195% 8,270 Y= brivanib X5
oA AFEE A B ou, AR fofatAle
AT F= 0.89, 95% A12F3E 0.69-1.15,
P=0.3307) [14], o]&fgt A= Sl B0 B2
2 S KT} 7] HESEAAL ool whet o FRkAL 7 A=l
A AR AR Held)

oj9} Zo] o BHREAIE thste] 24AT AHES
HIEO & 3JRCT AT-E0] Al = o AA7EA] AE A

7 AE B3] oFAlE sorafenib o] 3ol gl 21 o]},

Sorafenibo] AA1A &t = 1x}X] 8 A& Sy

Ao}, sorafenib AFE S B8 Aol 7l
Ps|= 73, sorafenibol] el 28 5.0 2 sorafenib %]

BE X&) o2 g, g, X84 TR Z g0l Ak
Z-8-0] ¥A| hoHAA sorafenibo] B 7|52
stage IIT |4}, Child-Pugh class A, ECOG 4] 23] Ale]
0-2 B5E wkEsjof ) AA|A 2] o]§-& sorafenib A&
£ 317] ofeie 75 5ol A=A 318k e R (eytotoxic che-
motherapy)S LesHA do}, AE=A gt HAEL
i 2| FRRg-0] FshA] 4L, oFAEA] RCT A5 5
3 AEdaArt SHE AL glry, 2t o] BAA
FA| 7504 HSETo] RCT 9t HE8HAQl ¢d+H]
7} F ezt A d Aol JiE R e A e A2
d A o] EIE sorafenib¥} Bl wsk= 33T dA
02 ofeig Aol

Doxorubicing FPAIESEF A 71 wol A7t oFAl
Z 3htE 19709 HE] 22a9ktH15]. 8FA|9E, doxorubi-
cin ¥F&E-2 7l 20% w]Rko|H[16-18], o} 2712 W5
THE 3dRCT AT} o] A A| Gotr] AT E AEAdaS
= Bt 28y nolatrexed B3} HSE 913k v
& 3ARCT AT 444780 HAE7Fedh T2 &
A= Ao 2 nolatrexed?] E3= doxorubicing %
0 2 sho] Hlwakgl=t] 12T H4 o)W YL

AR

J Korean Med Assoc 2013 November; 56(11): 993-1000



) S

Recent advances in systemic chemotherapy of hepatocellular carcinoma %

& nolatrexed XA o)A 22,35, doxorubicin |
2704 32.3F2 93]|8] doxorubicin oA 281
AJTHLH IR E 0,753, P=0.0068) [19]. ©]2]e] 5-flu-
orouracil, etoposide, gemcitabine 5= T<E22e A3}
£ BoAFARE e airk20-221.

= oFA| A G} mnlEhy] el B9t 3ok g o]
A= E]7]% SF=Hl, PIAF (cisplatin, interferon a-2b, dox-
orubicin, fluorouracil) Q¥ o] doxorubicin T% Q|
HJ3te] FRAE7 e 2318.6770Y vs. 6.8371€, 24T
$¥= 0.97, P=0.830), AA|Z2l vF-&-E(overall res-
ponse, #H3 -2 FEANE o] F= B = 20.9%=
doxorubicin &5 QH 2] 10.5%9] B]te] Ekou) FA|
HO R Fofgh Afoli= o RATHP=0.058). B8 W 7F
aFolu g T 5] F4H8-2 PIAF A 8ol fr
ofsHA wol WAYsEATH23). whebA, F2H8-E BluA &
ojAY = L, V7 Ise] # BHEH0] = AfolA 24
2GA AlEsiE 4 e

I o2 B3 gkl @ £ dl<l FOLFOX (oxalipla-
tin, fluorouracil, leucovorin)ell &3k t}7|3 F-2H9] vl A
3N 324A A A H2o EREAE], P
7RIt AR fAlEo] BF FOLFOX B marolA
doxorubicin TEX| g1 HI3le] o34l S} %
w2930 vs. 1.7770€8, P<0.01; 52.17% vs.
31.55%, P<0.001), FFAE7IEe] Qlor] BAIZ] fr2f
3e BolAl= S3hArH6.470E vs. 49779, P=0.07).
F2p-g whAol| QlojxE & w1t & AfolE HolA|&= &
oH24], ME=Y st A& Alsfof sk A9 aefsisE
T A

NIEHN

i

=

YA 7FA|FEEoA] sorafenibo] 12} X BEA|2A] 2~
o]aL glont, oA AE gRde] Jwrt 7ol nlx|A] Kat
I = Blo] Ao, whabA], sorafenib T Qo] Algk
2Rl aFE S flate] ofe] 7hA| Whake] A sl v
o
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1, SorafenibZ} ZAX| 2 QH | Hist
73% W 3}8 A A<z (transarterial chemoembolization)
2 A B7Fs e AP ELTOIN 71 ol BeiAls A=
ot A& slek 2= sorafenib-g et A 5dhk=
el gate] e 7t o] FolA|aL gl 50180 A
A BrFsg AN BAE o2 e shekad
a

%7} sorafenib 82|53} 24} Tt oA Sk

o

fenib THE2] 5.9} vl wsle] S 318 A&7 bo v T4
RBE7IZ o] =T FFATENL AN eH, AR
o] 7 Xzl thate] QI 374AT7} X138 Fell A
(NCT01829035) [20],

o]e]ell % sorafenib@ 1153} HX]| S % (radiofrequency
ablation)& W3$Fsl= WP (NCT00692770) 0] sorafenib3}
AR 2| 22 Hefsl= WPE(NCT01801163, NCT01730937)

SO Al=HA glTt

2. Sorafenibz} C}2 &totokx|| of it

Sorafenib¥} doxorubicin 23} doxorubicin &
S QS g 24 Arellx] T8 A2 B T A
T717ke] e ollA frefs AFEE A3 B
o1 B} ItH271. 3FAIRE, o] I+ sorafenibo] 12FX]FA]
2 EE7] Hell g H ATFE t) 20| doxorubicin
gdETolgl= A7 e, dA sorafenib¥} doxo-
rubicin W Q¥ sorafenib &5 QH-S W= 34
A7} R o] JTHNCT01015833). o] 2]l % sora-
fenib ¥} gemcitabine/cisplatin WX F(NCT0080
8145), sorafenib¥} gemcitabine/oxaliplatin &A1&
(NCT00941967), sorafenib¥ tegafur/uracil HgA 5
(NCT01539018), sorafenib¥} oxaliplatin/leucovorin/
fluorouracil YA E(NCT01775501) ol thaA = 27
A7t X8 Folvh, mgh, MESAJAYAAE o]gelx o
2] 34 A gAETe] Wl B9k A7 o] FofA|aL
QItH(Table 2).

|
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Table 2. Ongoing clinical trials [29]

Table 2. (Continued)

Experimental Phase Identifier Experimental Phase Identifier
Lenvatinib 3 NCT01761266 Sorafenib + temsirolimus 2 NCT01687673
Cabozantinib 3 NCT01908426 Sorafenib + TH-302 2 NCT01497444
Ramucirumab 3 NCT01140347 Sorafenib + TRC105 2 NCT01306058
Regorafenib 3 NCT01774344 Sorafenib + V122 2 NCT01265576
Tivantinib 3 NCT01755767 Axitinib 2 NCT01334112
ADI-PEG20 3 NCT01287585 Darinaparsin 2 NCT00423306
Sorafenib + doxorubicin 3 NCT01015833 Dasatinib 2 NCT00459108
Sorafenib + gemcitabine + 2 NCT00808145 Dovitinib 2 NCTO01232296

cisplatin Everolimus + pasireotide 2 NCT01488487
Sorafenib + gemcitabine + 2 NCT00941967 G-202 2 NCT01777594

oxaliplatin GC33 2 NCTO1507168
Sorafenib + UFT 2 NCT01539018 Lenalidomide ) NCTO1545804
Sorafenib + mFOLFOX 2 NCT01775501 Nintendanib 2 NCTO1004003
Sorafenib + AZD6244 2 NCT01029418 Nintendanib 2 NCT00987935
Sorafenib + bavituximab 2 NCT01264705 OPB-31121 2 NCT01406574
Sorafenib + bevacizumab 2 NCT00867321 PF03446962 2 NCT01911273
Sorafenib + cixutumumab 2 NCT00906373 S-1/LV 2 NCT01533324
Sorafenib + CS1008 2 NCT01033240 SGI-110 2 NCT01752933
Sorafenib + E7050 2 NCT01271504 Temozolomide + ABT-888 2 NCT01205828
Sorafenib + LY2157299 2 NCT01246986 Temsirolimus 2 NCT01567930
Sorafenib + mapatumumab 2 NCT01258608 Temsirolimus + bevacizumab 2 NCT01010126
Sorafenib + MEDI-573 2 NCT01498952 Tivozanib 2 NCT01835223
Sorafenib + refametinib 2 NCT01915602 TRC105 2 NCT01375569
Sorafenib + resminostat 2 NCT00943449 TS-1 + oxaliplatin 2 NCT01429961

3. M2 2H|

Tivantinib2 ¢-MET 7IVA] A2 H T2k A,
Skt 22891 A7) L E| 9T}, Sorafenib o] %2 22}
A BAZ 10870 S o s Foksh A1),
FRYPBE7r] 1.67HE 2 SJoF o] 1,471 L el Hla}
of == EAE BTN EE 0.64, 95% Al =]73E
0.43-0.94, P=0.04) [28]. 53], z=2]ellx] MET &&o] =
A A FRIPAYET T ] 2. 7ML R F 1 Foldt Aol 5
HACFN A FE 0.38, 95% A1=]77F 0.18-0.81, P=0.01),
@A MET o] & 315 to & 343377t 7l
& Fo]THINCT01755767). ©]2Joll= lenvatinib(F)| 7]
A70IA) =84 71UAl GAIA], NCT01761266), cabozan-
tinib (-MET/@3W 3] 474} 784 71kAl A4,

998 MEAZT HABIRH| U

NCT01908426), ramucirumab(Z 3|1 47212} -84
HUASE8H4], NCT01140347), regorafenib(8¥l 3] 4373
212} &4 22 71Ul GAA], NCT01774344) S0l o)
5he] 34 AT 7 718 Foll QItk(Table 2).

A EQEE oA T8 2 -2 sorafenib o] 2]oll A5H

= oA Sl Aol Al

TE/g shstae QU B HH 0T 2o o} uhgE

ol thafrl= ob2] 277} HEgk 2

Zolct. wehA], o]e} e SAPS SE3}7] 9ldte] ol
kA

7ol BAREAS] U5 Ee WA o el (TS
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A DA EGF] A7 AgH o] F B FE7 IS 7Ihgi.
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