52:774

LORE, 9 BITIR1.5~1.9EDBEM S5 h

720 2081 (13.1%) HLERIED 245 FO L.

YAVEr ERBH SR,
M. FEAEEMN-A-FREOLS

CNET, FHEHREENC TN ThORES
DEZEZHELIRENLONE, AELEL
BEREEE L OLE B LT, Kotoh 57,
Livraghi 525/ 05 8 S FF % 0 15 5% C 1t PEI
BEFIR & ORGBHRS THor b LT3,

Ryu 521X 3,225 0 % fE % % 5 8 % retro-

spective study TH#3FL, 3cm LT 3 {ELARD
FHECERERISHA | Si0ERI T2, FFYE: & PEI
ETTFHROER D - T-88, FRROFZCERK
R UM OES T PEL DFBRBRIFTHo
ZELTw3, BEFERESEES DT —
FEHT S, Arii S5OEEERRSEE T #5002 cm 1L
THREHE, 2cm 2B 28RS, 5L UK
FRBIMT2cm 282 3 2 BOSREFED
FERITE, FYIBRISEIR s iEROFEIR
FTHAHEBEOBEEL*BEL T 3,
Yamamoto 594, NUFFREICFT - 7RI &
PEI DE& T, BELSHERE - SHEEL L Fa
TH 25, EEAERBRETOR &L
LWwelLTsY, 2hs T O retrospective
. study ERBROER L Zo>Tw 3,

£/, TAE 2 Z3UEOLE T, Ryu 5
i, 3cm BLEDME TSR Th LT
B PEI-TAELDBWZ & ZREL, Arii
59 [k TAE OBBEBELI L 2R T
V>3, Livraghi ‘5?’6127’:, RFA & PEI 0t
BT, @& CRRSEEENT L, £ 0EE
ICEIGOSH B 08, BER DS S o e E LTWw 2,
Ikeda 57% RFAWEII PEI L D b A 7213
BESTELEEsEoh, BARIER R,
CHEFTRERBLELTVLS,

IV. BREERXHL S H-FIBRED
AR

RFA BB T b T 5725 5 BB
SOBRHED bh 5, B OFBEEEDS

’

BR gy -B528 B5S-20044£ 18

T, FBEZER T8 b iRk
ROBR Z e TE3)
TH5, BHEFERDL

L BIG R R BB R
BROBEFSWT &

FEERBLEZ SN,
1980 ER D LIEEH
BFIOWEITIE, Scm D
DHERIEIE 2. 4% Lin ki
ROELAETHS LT
BED+53 T Tr8 ;C
[R#EE L) icisky 36
BEOHETH, BED
TR OER T A BB S 1
. FAEBERSS )
V3, Sugimoto 528 i3 17
BRO> bEBRERE 35
Bl B s

5191, 480 Bl EEY

w@%%@éﬁ?bﬁﬁ;
BECESIEDBSBE

3o

YIRETH b B AT

T, 2AShLHER
w3, )

R TIZY 4 v RS EH
Z T3, Miyagawa &5




g@@&%é@%%%ﬁ%ww,%&u
gV &£ HCV TEL S 2o E LT 3,

amamoto 571t BEITREFS R U /- FFMk
gz 2V THEREED clonality ##35 L
r %, 6 FBSERLAE, 2 BIHSEFIER S & S
LT 5o Maeda 5951, B BT de novo H
sHEWERNBS D, ENHEESBEHWI EE

2L EEEL T3,
L ED LD, FHESGEEEOERE, RFE
R i BUERCAT TELD L LORETH
. EHEBEINANEEER SR EER
CATTERD L EBPETH S, BERIIC T
noDEHETI I ERBFE TRV IELB W
5, BROVRVEBELERL, ERIGIGE
b5 PICEEL T L ELSIHEH 5 RER
o om@mumy TEhrw,

V. FFRICHT 5BRNBAEE S S&

FRREE LTy AN AEFEE + RER
B ooy, FEOBBECEL TR, Fiis
b cx s BET A LR ETHEE—F, I
EEPIREREY &/ LB ERENICE
T3 B85 5 AR EWBEOBREHLE
.55, ARFUBREEYEELEET 5
TSR E LV FABRELES LT s b 0T
D, REMIBFRSEITSROFROFERE
KT, XDFEEORESRA5 L LTS
B EL T &7, 1980 £ 0 PEI OBfRIc ik & b
TR, FRERETERT 253 )RR
DETRFIRL VEBBHb & 607, L
L, PMCT %% T RFA 25b - - BE &
25~30 mm % TOFFETH HIFPRYRR
& TR L FREREORE THED
k- wCumpTE sBR TS,

¥ RFA BSHEFRO—DWAZ I LI ED,
EREFESSRTHE 05 L LI BAT,
2 TAE - FFEIRVUEFIBEIE 72 ¥ 0 interventional
- adiology o & & E o T RERO—BI, &
o RIS ) RGN EER E BIET BRI S LT s

7 b LTV
:36 Bl 5 OF

e, HBV & HCV TREBRIHENS S |

£ CENTEL, Thiclo>T, RFA BIF&8

B¥rEY-E28 855 - 20045118 521775

EEH] o3 EATEMEFROBTLIYER
HLbDLTETHE5, ERCbhAbhDE
BETThis: RFA RERM-BEREASS L, &
ROTIABRERSESG L 2o EBHO A
ENRRELTITOhIEENDP R, NE
FE U TAREOBETRIFIEFTHED
BEohdEBER, SHEUEOSRFECELT
b, BLYEF2Z» 7 [FEREEES ] 0o
HET D LVLIEZH T, BEYREETRE
BrR3I L3 TEBLEEL SRS,

27 RFA OBAE, HERSEEH CHE
E LTIt FHIBROBCDERER T, KB OHE
DHEABHIET w3 L5, ARHEDE
AFEEFRZSORELEI®+DDH L,

VA NAERETEE, 5 = BHEE
By L-FBEATIR, BEOeHFEhES
ToTH, BRPERTIEHNSL, BEES
FEOET Sz, IO, BEHCELD
EERHASLEUTIERNZED TE YV, =
DEREFER - FEREOSRESHBRY, £
FREREOPIC RFABMBT 2 bicr 3
Do
BHRREBENTHE V4 VAEHEED S
REL, BEIRETHOL L BERERE L
IRALEETCH IR, HOoBLEL-
TeTNITN XL L 22EEEBLETHS,
FRTHEELT, VIROFECHT 516E
FEBRRICODLBTRZD, SBIIFNER L
SPLURELDE SR IEFOEH LBES
HOTHE, VIR-BRREODENZEYMER,
RERENFFECH L TRBEL-FEC LS
EFEMMEROEE, SREUEDEVEREDRAE
BROSN L, BEFESSEETZLUE B
BROEFUHTH DI 2THL, BERIUE
RMGREEC B HRATONLIRETH B, T
LT, BRETIHEZ L, BFZ quality of life @
LM EFERELVI 0L DETICRE
BRHUFCHSNELEDbI D, BAD
modality DIEFEEEBYCRAT s DICH,
B2 DBEFES S S CEFBHICEEEINE T
LHEERD,




B rEy -E525 852 2004411 3

implications. Cancer 6} : 20§5~2 04
x & ) Sugimoto R, Okuda K, Tanaka M2
1) Kotoh K, Sakai H, Sakamoto S et al : The chronous multicentric occurrencs:
effect of percutaneous ethanol injection ther- lular carcinoma after surgi
apy on small solitary hepatocellular carcinoma —Clinicopathological compénsc‘n
is comparable to that of hepatectomy. Am J rence due to metastasis. Onco
Gastroenterol 89 : 194198, 1994. 1308, 1999. :
Livraghi T, Bolondi L, Buscarini L et al : No Kosuge T, Makuuchi M, Taks
treatment, resection and ethanol injection in Long-term results after resectiog.
hepatocellular carcinoma ; A retrospective lular carcinoma ; Experience -
analysis of survival in 391 patients with cirtho- Hepatogastroenterology 40 : 328
- sis. Italian Cooperative HCC Study Group. J Poon RT, Fan ST, Ng IO et al.
Hepatol 22 © 522-526, 1995. factors and prognosis for early
Ryu M, Shimamura Y, Kinoshita T et al: hepatic recurrence after resect;
Therapeutic results of resection, transcatheter lular carcinoma. Cancer 89 -
arterial embolization and percutaneous trans- Nakano S, Haratake J, Okam
hepatic ethanol injection in 3,225 patients with Investigation of resected m
hepatocellular carcinoma ; A retrospective tocellular carcinoma ; Assess
multicenter study. Jpn J Clin Oncol 27 : 251~ tric or multicentric genesis
257, 1997. : cal and prognostic viewpoint. Aty
Arii S, Yamaoka Y, Futagawa S et al : Results rol 89 I 189-193, 1994.
of surgical and nonsurgical treatment for Kubo S, Kinoshita H, Hirchashi
small-sized hepatocellular carcinomas ; A ret- terns of and risk factors for re
rospective and nationwide survey in Japan liver resection for well-differen
The Liver Cancer Study Group of Japan. He- cellular carcinoma : A special re
patology 32 © 1224-1229, 2000. _ ticentric carcinogenesis after o
Yamamoto J, Okada S, Shimada K et al: patogastroenterology 46 : 3212
Treatment strategy for small hepatocellular Miyagawa S, Kawasaki S, Maky
carcinoma ; Comparison of long-term results parison of the characteristics of !
after percutaneous ethanol injection therapy carcinoma between hepatitis B
and surgical resection. Hepatology 34(4 Pt infection ; Tumor multicentricit
1) © 707-713, 2001. liver with hepatitis B. Hepatolo
Livraghi T, Goldberg SN, Lazzaroni S et al 310, 1996.
Small hepatocellular carcinoma ; Treatment Yamamoto T, Kajino K, Kudo M
with radio-frequency ablation versus ethanol mination of the clonal origin of mulfip]
injection. Radiology 210 : 655-661, 1999. -hepatocellular carcinomas by
Ikeda M, Okada S, Ueno H et al : Radiofre- polymerase chain reaction of thg
quency ablation and percutaneoﬁs ethanol hepatitis B virus DNA. Hepatology.
injection in patients with small hepatocellular 1452, 1999.
carcinoma ; A comparative study. Jpn J Clin Maeda T, Takenaka K, Taguchx;*
Oncol 31 :297-298, 2001. Clinicopathological chamcterisﬁiﬁ‘f
Hsu HC, Wu TT, Wu MZ et al: Tumor cally resected minute hepatocell
invasiveness and prognosis in'r&sected hepato- mas. Hepatogastroenterology 4
cellular carcinoma. Clinical and pathogenetic 2000.




WEEEEE A 7 DEEERECOEL
HEEEE (RFA) 3, B 460~480 kHz
5o TE A EEEOBRE £ ER LI BE
5, AUERESFERLLYS 7 0E
E(MCT) L W DODOETREZ> TV, B
, S oA BEREEE, AhEHEEL AR LER

S8y Lo TESDIHL, A 7 OEOR
&% 5 2 450 MHz TR, &HEEESH a2 LEE
g5 L X DHBEET B LORETHRBEZS
3 E SN (Y 2 — A8 TESINEETT
L, BERFEMRC L > BEERELER
Ns, coT iR, EECBRRERITVTET
FEE 75 I ERLeLLLOIHL, RFA
e A U — v A RRERICN T 5 BHE)
EHEEET, RFABBTHER - A -5
ke EEEEARs TSy —ARTHE. BT,
DAB=XHE BEELTRFA ¥ MCT £ T
mEOKEESAZLIEEHTFONE. — K&
TRER DT A ADILTRE L HIKEORE
e3¢, MCT OEREHRLDENTHS,
MCT i, B FThoRSFORMCLD
E TS FRICET 05, ZRFEIKGTO
it - BEEFOLEE Y2 ERERERS
L5 RFA BB %> STRRZAIWHL > T

. MCT a4 K— 5 BEE V3BT,
A THWLNTWS FTREZEKEMT2ARD
i (R DS B SR CIEERRA L 2
L L, RFA Th A £— S BEIARET,
1z U RO TR T4 OBEE RS
2,:@@m%ﬁ%ﬁ?:tmﬂﬁfaa.
Enoa NEEh S &5 U T RBERE

B ms i BRART L X BY 2 —VBRER,
B oo sETHD, BERRTEIE
Sz smEcnye, AEESSRTAERTHN
STy ek L 2 B (T D B BREESEY)

FriE 5 v 4 BS I OBRATR

2. S YU EEEESEEREEOHE
MmHE X

Pem B o

91165

rix a0, USERLOMREOKESERICRSTEH
BoRbEEI T OEROESLEET, Thilk
DBRRRENRI S {RB FEbbERORER).
=5, BEAABOSERLRVL LSS CR/ERD
Bltwergn, 8T 5KESOEBESESESN
TwI kK3, EREEEREL LEROEHEE
ERPREISVERENZIRE LT, EREED
b D HTEE(SIVAER) BTS Z L b RWEE
BT B85 dDRETHS.

O rERETLIEDIE, RITA-RTCYAT A
T, EROBESEECEETABRELT, B
BESNH TV TES L ERHOTRS, Cool-tip BE
-k, REMRBOHAOBEEAVW TV, BEA
OBHERC L ERGEDEBROERL - RILEH
CrEbi, FOEAHECRELLESEFCERLP
TOPEENERERLA TS, -

AR, BECSZLEEESR(FAESsLUR
HOIETES) RN BROFICHLEIL, 251
HERHERL, IhEBER(HBXERER) TR
Lz s, Sz i, 5 onic@BotiE
HH—FL LTER DL, BREFEROTRICLE
LBEB AT ABEZE. RFATERIATY
PEBIRNEL D OOLTEREETSH), &
Bh 5 OERES 2 fsh, EREER /2220,
BELFFFZIACETT2It8by»5,

Bagnc i, EHEEEREITRTARBEEE
LEOBMISET 3, EEDERLLTRIZER
DA VE—F A LRERRT ALY, FYAENE
FEOBEC x5, BEOY VA HERREE, BREE
REQBELSH S AR TOESERH LD DER
EEE AV, S%0RESLE - SSTERLAOBRA D
5 HIBE T, ELEERTOBEROLDE
EEh iS04 v E—FYAEESS—FTHEWVD
ESBWT, SBEERBOIYETMOL EESN
Tw3aL2,

3

oo




10 1 166 BT B

HEETERA SR TWS SO FiRREnit

(1) RITA (Radiofrequency interstitial tissue

ablation, RITA Medical System, USA)

EEIEEDU T, BELRSICETHNLEEN
EEENTBD, BEEAEsEBOBE FATES
F—TEZILHPFBEL>TWaE, —~EULORE
EFB0°C, 105°C &) —ER LRSI
FEECLT, SBRNEEC L HOsEsTbhS.
Txbb, BEOEEZRE (KaOBBRETZLS
4 E—F R ER) XD BEBOMBRERSELE=
7 —3 3 CEREH N 2FET 2H—0RETH
5. BEE3cm OEEREBEMN LT 5 model 70 &,
Scm iCHIG T 5 model 90 »DMERTEET, YoFhr—
FEREKISOWOHAEEL TS,

(2) RTC(Radiofrequency tissne coagulation,

Boston Scientific #, USA)

EREEEBE*EAL-BHEAM (LeVeen $H T
bobTrIAREEEPSRSTWS, FAHITYX
LIPS e BRAH I OBRPERNZ LA 21T\, HEsE
HETHFY—2BREB2HE o DESISEE RT3 0D
ThH5. BHEHNL, 2EEA»SBSNIEHO
{YE—F R EERRENCE=y —T 52T
v, BBROBESERMA ¥ E—F v ADEER:
" [roll-off| ) T& 3 L BRESTHZVIREEE 2D, HA
k¥ 3, RITA TOE =5 —SEBEE#ETH
0L, RTC TIRERRERIC L 2 8EBREOZEL
CERZIERATHS. AROSEEREE, BEEAC
HOEBRESERS LI DET D, IhsEXEREILT
IR EZ ESEBCERE SN TV, BHET
LEREERT I EBNSH I 2ET 5, Sk
DEEFR» SEBEENTHAEATLTY XATIH,
3em B DR T roll-off 8BEE T & R WEEEHD
2L, EREESETES I LRBARTIEER
SNTW3, REFZEEERI, BEEROREBOEHE
TRAETE, BEABMEzoRB L LIS, BF
R L < T,

(3) Cool-tip RF X 7 4 (Cool-tip radiofrequ-

ency system, Tyco Healthcare Group LP,
USA)

H—, ERCERH*BuRZUEIRTH S, BH0
W EHKBRO - D DEBHRBE L TE Y, B
BOHE LTS EEARSMBAL TLEbr Ik
ZEALTWL, BEENCIEEEEOMSAIES 5
LIz, BHEC ETEELRTOLENEERLT

46% 4 5 (2005)

B0, FRMBTEERO SR
X E R EEREEERT Ay
BRI OSIEITEBD 1 >,
E£ET, EEBRIED kA5
ZERCEDHARET Y, E
B BRS¢ Bkic kD E
2, BERAEOREDLD
LBERETH B,
RBIEL - SR & 3 AEER
FEPBBEBHTIC S L i BT
DFNHET BBEITIE, B
R L2 o BAES T R ¢ 2 B
REROTRETHS. FRER L0
i FFRRV 3 U TR 72 SRIFH5,
HEDT NI EARER
BT 2 EEOS TOHEEH
B, —K—EOHHFFI I U
R DT BRSNS D, EEOHFAS
W EEERER S 2,
#e+0 Cool-tip BE T, ZRL
BEOFAORERREGT 5 2 LR
BT LI BRI S S B &
2TiEH52, BEECLILAE
3 DU THZLOTEEEE> TR
BETR, BEECFEOFREGE
b EDFRES BONID, SHRORE
e U TR E DER RV LEX,
ZEBBNE=S—NH
BEET=5 —12 kD GAERI R
B8 Y REAE R R A THRERTD

IRRAED LT R i EE D BT
DTHEL, FEHLTHLOFRIZEE
ERTRETHE. +HEGRS

RE - AEREVEC 505, BAD
BEFEDEI DT { WA HIEE
T, BHESOEE, BEORE
2 RELACEETIRFTHA.

YAEREZ, AREEFAORBR, |
FL, BRLLERORALVESE
RLTw3, 4 Y~ YA LRI
BH50, BRELIEELEICE




HEE 5 cm BERGEO RITA #t (model 90)

%awb,%ﬁTaﬁﬁfua<T§ﬁ®&@ﬁ
T sz b Lz, 4 vEe—FALR
| emomit, FHEMEEABOARMEDE
ﬁﬁmm%-%i”a

5o RS SHE
,z&%ﬁ@o%ﬁm,~&mumn11»¥—
e s BT 5. ABME L 37V T—IHR
hsawaﬁmﬂukgﬂénrMTAﬁTm
3-mﬁﬁt&6#® EBREThOHI LN
MWz b, EEEEL. Ei#gic RTC Tb cool-
,7:17W§#?$h%@zooﬁﬁk%§
PEERERT 5.

g rESEhTw5, BERTLT LHRBET
tlﬁ&fBKﬁﬁmEﬁbﬁ%@%ﬂ&%%ﬁﬁj
a3 13 - A Y B enky, BEFMOBRE, Oddi
@it & B BERETHER, P 7% 5
,' RS OERBEET > T LEIDDID
©#D, RFA DLERGHERECRET LE

BES THRERCE TS CESESEERET 0T
By MR e TR L EBEDORERE, &
RS % - BELESAREDY A7 REHRTSS.
ABFFEIZNT 5% RFA ‘RO

#2| © RFA #2581k, wihd3cm LITOE
rEIgE L TERSRTWE, TORIIE
m,;oﬁﬁ@ﬁ%mﬁm?iafﬂ4z%%
B8y, ERCERATHEE 2> TETYD.

A - Model 90 (& 1) 3, EfE 5 cm OEROEEE
L 2 2 &5 RIS S cm LR BRTE EETH

B BA 200 7y F ETHDBRESLETD

BHE 7 A EGE ORISR

e ragraml, A AREEEEFILOCE

11: 167

2 30 mm EEE &AW~ 40 mm EBE B LeVeen
#(RTOC)

@3 EAAEH e ZSHIGLT LeVeen &+ (CoAc-
cess Needle Electrode)

5.

RTC TH, 40 mm QOB (E2) £ 2007 oyal
DERER YV 2 AV —F (RF-3000) DA EHLET dem
DEBRNTES, E5K 30~35 mm DHEES 1 TOE
et r HAAEH LOBAEDEEIT, BEETCHE
&@%ﬁ%%?ﬂbfﬁ(:tf,k%&ﬁ%@ﬁu
sHEgic BE P ECE - EET A EHTRETH B,

Cool-tip ¥ A7 LTI, F<{ % cluster sty 47 (E
HYEFEEATVES., Thidl ASHOEERE IERR
kO LD T, EEHSom nEBEBETENRT S, 3
ADEEFRECHAL TR D, SAERETHN

HELES» S RABES THED, HEETHE 1lcm
LLEDEMERT = 3 ReEsLETH 5.



B4 EEScm BENCHES 5 Cool-tip HEE

CIRETIC, HERCEEZ EEEATIHE, F
BIRERF L AT 358, V4 HEES Bk
ENN—THET I HER RO, Y5 -y s
YEHAEDLDYIIET, YA HBEOSEER LY
KEHBTRDE K2 IFbRTE R0, B
W7 AEEBROT A ZADIRITLD ZFOE L H
BRENDOHE, 7,94 AOKBE - BEAEwEE
WABOBFEENSEONB L5050, BRI
LTLBBEFShIREOLOTRZL > ), BE
BECFRBANOSEHED TR SHIML 72 D ¥ 35—
5, RREHEOAREL T 5 Z i lkT 5BRE
OBFSREHSHEELTEERTSY, ARGFTS
DT EDOBERT, SHHERED 3 - OBBRI
TOIRSSHEOBEEE L TREATY S,
WFRICE L, RFA S/PNRUFFHEOEREERLRED—D
L2 > 7BHE, RFA 2ERT 0% EERLTY:L
ediziz, BROY R L —F EF4 AOBHEE+
SITIBEL, RREBAL PEELLS 2 THFSY
PRETZZEBHETHS.

x B
1) Gazelle GS, Goldberg SN, Solbiati L. Tumor
ablation with radio-frequency energy. Radiol-
ogy 2000 ;. 217 : 633—46
2) Mc Gahan PJ, Dodd DG. Radio-frequency abla-

46% 4 5 (2005)

tion of the live
176 - 3—16

carcinoma. Hepa
Zagoria RJ, Chen

cutaneous Radio-freq
cations Encountere
Radiology 2003 : 226 %41F;
FEHEE, KEES

de Baere T, Bessotit
Percutaneous radio:

patic tumors duris

sion. Am ] Roent

Scott DJ, Fleming

effect of hepatic 51#10 fie
copic radiofrequepgcaﬁ,lﬂ i
turnors. Surg End~ :
Chang CK, Hendg




WERLTEE

e ———

®OABEDR
AT E
13E5E0
A ITR
/ BNAEH
efitErlk
FEELTL
BVHFI48
BODELT
SVREZR
OBV
ANEFBICH
FRAREL

W2 ERE
ABRITH
Hd. B
FRIEEE.
D SEE
AEEET
®RICHTD

ZBIEEY

HEEBEONR
EBREDDS

e

i high viral
2-380) -

BEHIEDRE
 CBURFHI1N

i BIR moPSRTRR B3R

LTO

b s BRI, LEBETBEFRY (VX (HBY) - CRFF 711

B Hov) 28, ZORE- BRRED0 R HBLTL S, ChizHL
agﬁﬁﬁﬁw1a%smaaubnam%mﬁﬁmﬁacourmm%
b i T5T. RRETPERREWTATS > . ST ERENEE
E R EBREDY X7 ERIC OV TRA L Lazaridis 554U Shaib

LossERNT S,
2 13724 D
IEHREI R REORERILT2 A (RRERS
hEmicH D 3.63%)xh. 105 FOFEE (1990
~914E) D322 A (F2.7%) » 51 H
e mpE LR EARE LTS

b s Sk THETBR

b i, 22 ¥ S A TR

)ﬁ’(‘é%l&i)i%iﬂ,ﬁﬁéﬂ’(%f:o

aridis Hld, TAUHIZEY »THEEH
EH R IMERI S0, Z03 B
H B E O TN
3 PR i SRR (2 B 5 2 2 S AL D
s RELTAY, RE0C
81 ACI0T A &= OFFPIBE AR
Eiem 2 411975~ 80 D032 A2 5
£1095 ~ 200050085 AN E LT
BTy 5, Lol —F THRHRER
s 5512 1,08 A 50.82 ANE R
Ll s, '

B 701010y R 01D IDE HRRSE
B s LT BEORE A
L bABETRIEEDEENIFE
Lo S EA RSN TR, R
%&ﬁﬁaw—‘mmfwatm;
i i O =R O REFEITRE
t55, BEFLUFERRSICLS
B (2000~ 01F) TH. BER

TR

Hepatnday
ENo.I0, 2005

L EEAREORRET |

Lazaridis 512, SEEDTANHTD
B GIRREOBME R T TORE
DEEEFELE2-LTS,

FrreRbEirsmoh THOEBE

MO FEEE Iz on T 65
LOERE] eV AIER
e [H-BRERES (FREHELE
AR ze) J TAFORsR | [Carolifi [ %28
EEia) (eI | [ BB RILARE
£ FRBEE &R0 BRBELT
WV,
L o [ rers A g AR Y]
(Efhy = h EOLFREPRIE
BgmE B, BRITHCVAITA
fEE R B AL L BE DR
ERBAER TS,

Lazaridis 513 IEALLTIEER

D EERE] FIRESREOCERTS
BrLs. cheidFHBEMIRE

oOyRoiEEIEHEL FREETE
pEnY A7 ELTIZHCVERRE T
Pz EZE LTS,

Shaib 511, population-based DIE
FgBHEIcE), ThETICRER
nTEABEEREORBRET &
B e ko EREATERETL
Tuw3?, Biiro@eh Ty BE
FEEORRATFLLTL. [BEEL]
[EFOBETHE | L EFETOND
AL TheiEELTIFABEMARR
B EOBESMEINDIEDTHD,
Shaib 5M 72 T LD, 6256
O IRE RS & 90,834 FI D IEFE
HBTH5, cOEFARBHRETIE.
652 b Lo BB MEIREMICH LT,
EREEMA LB NBEED
=0 TiEEL, BEBICRUERED
55 EHMBEEOSEL EDTHE

HBE|ThH-=IlEIlBETNRET

555,

BpHOoER BEEREEETE
HEBICHUT 2B (p=0.02)] T
[ B % ER (p<0.001) JTH-
FrEAEBORLELTETEIOT
T d,

/- [ESITERITAGIEE
I nEABELESEREN (BT
ik, OBEHFBEE (REA X
27.2. p<0.0001). @7nra—- g
7 (7.4, p<0.0001) . @HCVEE
2 (F16.1. p<0.0001) . OHIVEER
(785.9. p=0.003). ®ERH (F2.0.
p<0.0001), @REEMRRE (F2.3.
p=0.002). & P EMEEERICE



BIZBVHRERTH>2LLTIE,

Shaib6i3. EAEORIT LR A
EWEEOE R T OERNZEHT
ERMIBELT. BHMICTHCVE
g [HIVER S | [FFREE ) [BBRm ] »
RBIZBEEELTLRERRTYL
3, 2055, BEMBEOFRBELL
THENBENEVADZL0L. [FE
EI[ 7L~ LEFEE I THCVR
P [LEMREER] TH). BREREY
DRECLBLERCLENIBLEZ
5h 3,

SIL600BI0 CRIFF %512 & B BF B Z D
VPOZRGF4 T raskh— R G,
T2HEMIC 14RO BEE Al ERE s
HENZELT VA, 27, #6239
TIBEMREREESE 5L,
DTS HCVEEEEREL DS
BIEMEERNTLEY, BT,
Yamamoto 5 & EFIXBERIZE T HCV
MEEB R TIX6.0200 4 » X ChE
THREDVZIHHHELTED, =
DB TOLFEORES—SEA
TWBIEERLEY,

HCV & IEHREOREIC
DL TOHHFERTOHE

BEAREORE L
SENRE

EEAEEPCHCV AL A IBE Hl
BEBELTOAIEE. TTIIOAE
TRETITED, ZOH5 Yamamoto

BEOHR T, FNETEEE
DEBELT THCOVEES: | [1BHERFE
BFEE)|»BLEETAMERE

{EELEE%?;SE%%
m:bo TRBELSORE

LTZhB%h%’h(:au—chE & |

BOLBHEE - BEM S Thh s, zE
BURETEHSS, Hﬂa’&%l)z&ﬁ&i
b;ggﬁmﬁa&@?%%ﬁl:&iﬁﬁ»
c@ﬁ%ﬁ%%#emaﬁm@&%
FHHNEEEN P L EDBES R
hTuws,

SIEBEMEEURSOMOEMER  BITHh. ThizkuT. [AEGER 8
HMRT. 16(32%) #*HCVi RISt REIBRFFARLE ] SEToA T 1
THBILERLTSY, Kobayashi 3%, Zho[HRex£RRENIM 2
g
[xw ) l
1. BEEmE
Lazaridis KN et al . Cholangiocarcinoma. Gas- E
x FREZTHEREREICNETIRRETF troenterology 128 | 1655-1667, 2005
(s [Erl)l AR [BES ]2 BEBRETHREERSELSTRER) >~~~ ° Pt ae e \
2. 7’)“)77(-‘6175”WL"§§EE§¢U)'}Z7§@
_ Shaib YH et al© Risk factors of intrahepatic ;
HIEA 7 X 95X EFIR T p cholangiocarcinoma in the United States’a
Q—:ﬁ&;ﬁgwﬁg g e e A RN case-control study. Gastroenterology 128:620- H
p— . —— R §26. 2005
FEROFTER 272 18.9~37.1 < 0.0001 T {
FPNI—IAERTEZR 7.4 4.3~12.8 < 0.0001 3. NBEERRIEE SRS
-3 ’ Yamamoto M et al : Hepatitis C Virus antibody
’\‘E7Dl~ ~% . 1 '3 - '3 0.3 in patients with primary liver cancer {hepatocel }
o Mrgeee e SR lular carcinoma, cholangiocarcinoma, and c;)m
] y bined hepatocetlular-cholangiocarcinoma if
HBY 0.8 01~59 0.8 Japan, Cancer 72 683-688. 1593
HV 5.9 1.8~18.8 0.003 e e s s e e e e a e
HCV it & 5.2 21~128 < 0.0001 4 BEROCHFBTEFII 51 5 BFERED
! i . =BLBE
Hev (35%5—5’)%3&&3{,) . 6.1 4.3~86 < 0.0001 Kobayashi M et al . Incidence of primary cholan-
B R R PRI giocellular carcinoma of the liver in Japanese P&
) P . . * e — B tients with hepatitis C virus-related cirrhosis-
Eﬁﬁ 8.8 4.9~16.0 < 0.0001 CancerB8 : 2471-2477, 2000
%‘éﬂi‘ﬁ‘%ﬁ 3.0 19~85 0.0004 PR T e v T .1;2
B35 6.7 27~218 < 0.0001 5. Hngﬁmrsmﬁltumchﬂ ®
’ -000 Yamamoto S et al - Hepatitis C virus mfeAcnon 15:
! AREEERE 30 0.4~21.6 03 likely etiology of intrahepatic cholangiocatn
i - py s

ma. Cancer Sci 85 1 592-595, 2004

N 4
..... oA d

6 FAIERRER §0BLE %7V AER

= 18

12~27 0.007
BERiE 2.0 16~24 < 0.0001 Wiwanitkit V et al : Seroprevalence Uf:czjlg:
. o virus B seropositive in the patients with ¢
WIE $::] ~ T
RIEHEBESR 2.3 14~38 0.002 giocarcinoma : a summary. Asian Pac J Can¢®

Prev6:27-28. 2005

XR2ELEIIRE

ngalﬂdag g )
N0, 2085 1




TROPICAL GASTROENTEROLOGY 2005;26:4-12

Quarterly Review

Locoregional therapy for hepatocellular
carcinoma

KENJI IKEDA, HIROMITSU KUMADA

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors worldwide, with an annual incidence reaching
one million new cases.'? In about 90% of patients, HCC is a late
complication of cirrhosis.* The 5-year incidence of HCC in
cirrhosis is 15%-20%.** The risk of developing HCC has been
reported to be 0.5% per year for hepatitis B and 5% per year for
hepatitis C.>? Accordingly, the incidence of HCC directly
correlates with the epidemiology of the causes of cirrhosis,
which is essentially from alcoholic and viral origins.? Chronic
hepatitis B and C infection appears to be the most important risk
factor for HCC. There is, however, aheterogeneous geographical
distribution because of its association with chronic viral hepatitis.

In high-risk areas such as Southeast Asia, China and sub-
Saharan Africa the prevalence is > 100/100,000 population.
Although less common is Western countries, the annual
incidence increased from 1.4/100,000 in the period 1976-80 to
24/100,000 between 1991 and 1995.% In the particular case of the
hepatitis C virus (HCV), it takes up to 20 years to develop HCC
from chronic viral infection, so that the massive dissemination
of this virus in the 1970s and 1980s is now beginning to induce
amarked rise in of the incidence of HCC in Western countries.
HCC is now emerging as a major health concern for the next
decades ¥

The hepatitis B virus has a specific oncogenic action by
integration in the host DNA causing chromosomal
rearrangements. Another mechanism is inflammation and
repeated cycles of necrosis and regeneration associated with
chronic inflammation and cirrhosis. Chronic hepatitis C infection,
although less prevalent than hepatitis B infection, is another
major causative factor for HCC. Alcoholic cirrhosis,
bemochromatosis, primary biliary cirrhosis, and autoimmune
cirthosis also increase the risk of developing HCC, with alcohol-
induced cirrhosis playing a particularly important role in Western
countries.'>!

Most patients develop few symptoms while the tumour is
small and often present late with muitifocal disease. The natural
course of HCC is progressive tumor growth compromising
hepatic function, intrabepatic roetastases and spread to distant
sites. In general HCC has a poor prognosis, with a median
survival of 3-6 months after the onset of symptoms.*
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Nowadays, an increasing number of HCCs are discovered at
an early stage because of increasing awareness and screening
of asymptomatic patients with cirrhosis.’® Percutaneous
locoregional therapy became a therapeutic option for a small
HCC associated with cirrhosis during the last decade, because
of poor liver function reserve and a high recurrence rate after
surgical resection.

GENERAL CONSIDERATION FOR LOCAL ABLATION
THERAPY '

A careful clinical, laboratory, and imaging assessment has to be
performed on each individual patient by amultidisciplinary term
to evaluate eligibility for percutaneous ablation. Cirrhotic
patients with a small HCC nodule are candidates for surgery and
percutaneous ablation.' Multiple percutaneous image-guided
therapies currently are available for thermal ablation of localized
solid tumors. Thermal sources for these treatment modalities
include high-intensity ultrasound, laser, microwave, and
radiofrequency.'’!*

Radiofrequency ablation (RFA) is a safe, predictable, and
inexpensive option and has emerged as the thermal modality
that most easily can create large volumes of tissue necrosis. The
predictability of RFA is adequate to limit collateral damage and
complications, however, is limited by biologic and anatomic
variability of tissue. The tumor to treat by RFA must be focal,
nodular-type lesion. The presence of a clear and easy-to-detect
target for needle placementis crucial for the outcome of treatment.
Tumor size should be preferentially smaller than 3 to 5 cm in
greatest dimension. When using thermal methods of tissue
destruction, some additional points are considered. Treatment
of lesions adjacent to the gallbladder or to the hepatic hilum risks
thermal injury of the biliary tract. Lesions located along the
surface of the liver can be considered for thermal ablation,
although their treatinent requires experienced hands and may be
associated with a higher risk of complications. A careful
assessment of the coagulation status is mandatory before
percutaneous ablation. A prothrombin time ratio (normal time/
patient’s time) greater than 50% as well as a platelet count higher
than 50,000/microliter are required to keep the risk of bleeding
at an acceptable low level.

Percutaneous ethanol injection (PEI) is a well-established
technique for tumor ablation. *® PEI induces local tumor necrosis
as a result of cellular dehydration, protein denaturation, and
chemical occlusion of tumor vessels. It is best administered by
using ultrasound guidance because real-time contro! allows for
a faster procedure, precise centering of the needle in the target,
and continuous monitoring of the injection. Fine non-cutting
needles, with either a single end hole or multiple side holes, are
commonly used for PEL PEI is usually performed under local
anesthesia on an out-patient basis. The treatment schedule
typically includes a few to several sessions performed once or
twice weekly. The number of treatment sessions, as well as the
amount of ethanol to inject, may vary greatly according to the
size of the lesion, the distribution of the injected ethanol within
the tumor, and the compliance of the patient. Several studies
have shown that PEl is an effective treatment for small (3 cm or
less), nodular-type HCC. HCC nodules have a soft consistency

%)
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and are surrounded by a firm cirrhotic liver. Consequently,
injected ethanol diffuses within them easily and selectively,
leading to complete tumor necrosis in about 70% of the small
lesions.?

CRYOSURGERY

Cryotherapy was the first technique employed for localized
thermal ablation. The use of cryotherapy for treating liver
turmors was first described by Cooper in 1963.%

Cryotherapy is a method of tumor ablation that uses cooled
probes to freeze and destroy areas of tissue measuring up to 8
cmin diameter. 2 The ablative process is carried out by delivering
the subfreezing temperature (-20to0 -30 degree centigrade) to the
target lesion via a penetrating vacuum cryo-probe. The resulting
freeze/thaw process causes irreversible cellular damage by
different mechanisms. First, the intra- and extracellular ice
formation during the freezing process causes direct physical
damage by cellular compression, membrane rupture and protein
denaturation. 22 Second, the freezing process increases the
intra- and extra- cellular electrolytes concentration. This, in turn,
results in lipoprotein denaturation and, during the thawing
process, the highly concentrated cytotoxic free radicals are
released. Third, cells are later killed by post-thaw ischemia and
infarction as a result of microvascular thrombosis.®2

The procedure is currently predominantly performed intra-
operatively, because probes measuring 3 mm in diameter or large
are necessary to deliver optimal quantities of liquid nitrogen to
the probe tip. Cryo-probes measuring 3-10 mm are usually used.
Larger probes tend to produce large areas of tissue destruction
(6-8 cm), whereas smaller 3 mm probes produce approximately
3-3.5 cm of tissue destruction. However, as for other methods
of minimally-invasive therapy, the proportion of patients who
might be usefully treated with this technique is not yet well
established. Although cryo—ablatlon is not seriously considered
as a minimally invasive therapeutic option for HCC, several
investigators have reported the use of cryoablation for HCC.
Zhou et al.” reported the use of cryosurgery for the treatment
of 60 patients with primary liver cancer, in 1970. Survivalat 1,
2,3,4,and 5 years was 52%, 34%,21%, 16%and 11 %, respectively.
Among the 21 patients with tumor nodules less than or equal to
5 cmo in diameter, survival was increased to 76%, 62%, 50.0%,
41% and38%,respecuvely. In 1993 Zhouet al 2 reported alarger
series of 113 patients with hepatic cancer, including 107 patients
with primary liver cancer and 6 patients with hepatic metastases,
who were treated with cryotherapy using similar technique. The
5-and 10-year survival rates were 22% and 8%, respectively, for
the 107 with HCC and 49% and 17%, respectively, for the 32
patients with small (< 5 cm) tumors. '

IASER THERMAL ABIATION (ILT)

Laser ablation or interstitial laser photocoagulation is another
method for inducing thermally mediated coagulation necrosis
that has been used for percutaneous tumor ablation. Interstitial
laser therapy has been used to treat liver tumors since 1985.%
Laser is a monochromatic, collimated and coherent radiation
with a wavelength of 1024 nm produced by aNd: Y AG generator,
which concentrates extremely high epergy in small localized

areas. It may be transmitted inside the tumor by single or multiple
quartz optical fibers inserted through fine needles (21 gauge),
thus converting the intense light energy to tissue heating. The
laser provides sufficient energy to allow for significant heat
deposition surrounding the fiber tip, inducing protein
denaturation and cellular death.® Thermal profiles have been
demonstrated to correlate well with the extent of coagulation
pecrosis observed histopathologically,®'#? as well as with
ultrasound®*** and T1-weighted MR images.>*

Tumors of 1.5-2 cm size can be treated with a single fiber,
while larger nodules require the splitting of the laser beam with
the insertion of multiple fibers (up to four) by 20 to 21 gauge fine
needles, whose precise positioning may be technically difficult.
Laser ablation has been mainly used in the treatrnent of liver
metastases, > while data available on the laser treatment of
HCC is limited. Gilliams et al.® reported an 86% 1-year survival
of 55 patients with colorectal liver metastases and that the mean
survival from the detection of metastases was 18 months. Vogl
et al.* fond that Laser is effective for small liver tumors, with a
local control rate of 44% in 1 year. A subsequent study by the
same group of authors was performed on 88 patients with
colorectal liver metastases.*! There was a 95% tumor response
rate and the mean survival was 35 months “This encouraging
result was further supported by a recent study on676 consecutive
patients with malignant liver tumors.*

Few studies published to date have long-term follow up.of
patients. To date, there are few data on the clinical efficacy of
laser for HCC .4 Giorgio et al.® treated 85 patients with HCC
of 1-6.6 cm with one to four laser fibers inserted and single or
multiple sessions, obtaining a complete necrosis in 82%. In the
study of Pacella et al.*> 92 patients with HCC of 4 cin were treated
with multiple fiber insertion, with an average of 1.3 sessions per
tumor. Complete necrosis was obtained in 97%, while a mean
follow-up of 25 months showed a local and elsewhere recurrence
of HCC in 6% and 49%, respectively. The same investigators
treated 30 large HCC (3.5-9.6 cm) by laser thermal ablation
followed by segmental transarterial embohzauon at30-90 days,
obtaining complete tumor necrosis in 90%, with cancer-free
survival rate at 1- and 2- -years of 74% and 34%, respect:vely

Nevertheless, the major limitation of interstitial ablation

v Lherapy is the small volume of tumor ablation, aithough the

current new devices may help to overcome this limitation. In
practice, laser ablation is not indicated for large liver tumors.

ETHANOLINJECTION

Intra-tumoral injection of ethanol causes dehydratxon
intracellular coagulation, necrosis, vascular occlusion, and
fibrosis of the turnor; it may benefit patients with small tumors
and underlying liver disease that limits resectability.

Although there have not been any prospective randomized
trials comparing PEI and surgical resection, several series have
shown that the long-term outcome of selected PEl-treated
patients was similar to that of patients who had undergone
resection, with 5-year survival rates of 35-59%.4%5! A large
series from Japan indicated that patients with small (<5 cm)
tumors treated with this approach had a 3-year survival rate of
53%. These results are similar to those reported for surgical
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resection and are better than those for chemoembolization.s?
Patients with lesions less than 3 cm in diameter had a survival
rateof 94% at 1 year, 63% at 3 years, and 29% at 6 years. Survival
1s better for patients with Child-Pugh stage A or B cirrhosis than
forthose with stage C. Reported recurrence rates are 29% within
1 year and 63 % within 3 year after treatment.”

Side effects include mild to moderate pain after needle
withdrawal, and fever (>38 degree C*) starting on the day of the
procedure and lasting for 2 to 3 days.® While PEI is a low-risk
procedure, severe complications, including cases of tumoral
seeding, have been reported.®

The major limitation of PEIL besides the uncertainty of tumor
ablation and the long treatment time, is the high local recurrence
rate, that may reach 33% in lesions smaller than 3 cm and 43% in
lesions exceeding 3cm.>*¢ These high rates of recurrence
suggest that this approach treats only the injected lesions and
not microscopic or multi-focal liver disease or metastasis.

The injected ethanol does not always accomplish complete
tumor necrosis because of its inhomogeneous distribution
within the lesion -especially in the presence of intratumoral
septa- and the limited effect on extracapsular cancerous spread.
Also, PEI is unable to create a safety margin of ablation in the
liver parenchyma surrounding the nodule, where satellite
nodules are most frequently located.s’

MICROWAVE COAGULATION (MCT)
Microwave thermal tissue coagulator emits 2,450 MHz
electromagnetic radiation. Alternating radiofrequency current
agitates jons in the tissue surrounding the needle, creating
frictional beat, which denatures and destroys tissue at
predictable temperatures, in a relatively predictable volume.
Microwave coagulation therapy has been studied mainly in
patients with HCC, whereas there are only a few reports of MCT
for liver metastasis.® Percutaneous MCT is applicable for a
small HCC (<3 cm).

In an early series, Seki et al.* reported complete ablation in
18 patients with small HCC of <2cm, and there was neither any
complication nor local recurrence after a short follow-up period
of 11-33 months. The response rate of small HCC (<3 cm) to
percutaneous MCT is up to 70%, but is only 55% for large HCC
(>3cm).**Recently, alarger series has been published, including
SO0patients with 107 HCC (mean size 2.7 cm) treated with single
or multiple microwave sessions. Complete necrosis was attained
in 98% of nodules < 2 cm and in 92% of nodules > 2 cm, with a
recurrence rate at 1 year of 45%.5 Well-differentiated HCC and
those superficially located on the liver surface are associated
with better prognosis after percutaneous MCT.58596052

Laparoscopic MCT allows effective ablation of large HCC
(up to 5 cm) on the liver surface, as it can be safely performed
under direct visual guidance as well as with laparoscopic
ultrasonography.® Using minimally invasive surgery
techniques, Seki et al.% advocated laparoscopic MCT under
local anesthesia and reported complete tumor ablation in 87.5%
of patients with small HCC (mean size=2 cm). Another endoscopic
technique of MCT using the thoracoscopic trans-diaphragmatic
approach has been suggested by Yamashita et al.% to treat HCC
located just below the diaphragmatic dome, for which

percutaneous MCT is impossible and open MCT requires a
large incision. Open MCT can be used to ablate large HCC
(maximum of 6.5 cm) and tumors whose location is unfavorable
for percutaneous or laparoscopic MCT.%However, open MCT
is contraindicated in tumors at the liver hilum or close to the
diaphragm, as injury to bile ducts and/or the diaphragm is
possible.

Although the short-term efficacy of MCT appears to be
encouraging, there are limited reports on long-term survival.
The overall 3-year survival rate reported was 73-86%.6-6"68 In
addition, Itamoto et al. ® reported 248.6% overall 5-year survival
rate and a 50% overall 4-year survival rate for patients with
primary and recurrent HCC, respectively. Disease-free survival
depends on local as well as distant tumor recurrence.

The complications of microwave coagulation therapy include
abscess formation, biloma, bleeding, hepatic failure and
intraperitoneal dissemination of cancer cells.®%

Shimada et al.” found that the complication rate in microwave

" therapy was significantly higher in patients with large (>4 cm)

and more advanced tumors and the authors recommended MCT
be reserved for liver tumors < 4 cm. With the avaijlable
technology, microwave ablation seems to be effective in tumors
of 2 cm, but requires the insertion of multiple large needles and
repeated treatment sessions in case of tumors more than 2.5 cm
in diameter.

RADIOFREQUENCYABLATION
Radiofrequency ablation (RFA) is a relatively new technology
that allows for focal coagulation necrosis of hepatic tumors by
producing thermal epergy with an alternating electric current
generator ataradiofrequency of 200 to 1,200 kHz. Percutaneous
thermal tissue ablation using radiofrequency current is
performed, by keeping the patient in an electrical circuit with
adhesive grounding pads on the thighs or back. A needle with
a plastic-insulated shaft is usually placed into the tumor
percutaneously with imaging gnidance, under local apesthesia.
It may also be used at laparoscopy or at laparotomy. Complete
ablation can usually be achieved in one to two sessions.
Major progress in RF technology was achieved with the
introduction of modified electrodes. The devices most frequently
used are made by three companies: Radiotherapeutics,
Sunnyvale, Calif.; RITA Medical Systems, Mountain View,
Calif.; and Radionics, Burlington, Mass.”” Each of the devices
uses adifferent needle design, watt and algorithms. The first two
devices use an expandable electrode, which, once positioned in
the tumor, opens out into seven to twelve retractable, curved
electrodes around the target like an umbrella. The technique
determines areproducible area of necrosis approximately 3-4.cm
in diameter. The third device utilizes a cold perfusion electrode
with a diameter of 1.2 mm and the tip exposed for 2-3cm.””! By
avoiding early increments of impedance linked to carbonization,
such electrodes permit application of a greater power with
respect to conventional electrodes. To obtain cooling, a
physiological solution is circulated within two coaxial lumens
situated in theelectrode. The technique determines a reproducible
area of necrosis of 2 to 4 cm.™
A recently constructed electrode with three cooled tips,
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permitting a higher current deposition, determines more than 4.5
cm of coagulation necrosis.™

To obtain a large and effective ablation area, Kobayashi et
al.” arranged ap algorithm of tumor heating with expandable
electrodes. To increase the final necrotic area obtained with the
aforementioned techniques, interruption of the tumor arterial
supply by means of occlusion of either the hepatic artery with
a balloon catheter or the feeding arteries with gelatin sponge
particles was recently proposed.” These techniques enabled a
substantial and reproducible enlargement of the volume of
thermal necrosis produced with a single needle insertion, and
prompted the start of clinical application of RF ablation.

Several results of early experiences and pilot studies of RFA
therapy for HCC were published from 1998 t0 2001763 (Table 1).
HCC:s of 3cm or less were principal candidates for the therapy
and almost all authors described a complete response rate of
more than 90% after ablation. The majority of these recurrences
could be treated by repeated RFA. Livraghi etal.*compared the
effectiveness of RFA with that of PEI in 112 patients with HCC
less than 3 cm. With RFA, complete necrosis was achieved in
90% of mmors (mean, 1.2 sessions), versus 80% complete
necrosis (mean 4.8 sessions) for PEL. Microwave has also been
compared with radiofrequency ablation in a randomized
controlled trial including 94 HCC of 1-3.7 cm in size, reporting
equivalent therapeutic effects and complication rates, but fewer
treatment sessions for radiofrequency.®

The mortality rate following hepatic RFA is less than 1% in
the published reports. The morbidity rates associated with
hepatic RFA are generally low. Major treatment-related
complication arises in only 2% of all patients undergoing
RFA.7%% Major complications following RFA are frequently
associated with thermal injury to bile duct and surrounding
structures, including the colon, stomach, and diaphragm,
hemorrhage requiring surgical intervention, and portal vein
thrombosis. Complication due tobile ductinduces varied degrees
of biliary tree dilation, bile duct fistula, jaundice, biloma, and
liver abscess. Table 2 summarizes the case reports about major
and minor complications of RFA therapy for liver

malignancy.® Rhim et al.” described an incidence of major
complications (2.4%) found in 1139 patients in a multicenter
study. The most common complications were hepatic abscess
(0.66%), peritoneal hemorrhage (0.46%), biloma (0.20%), ground
pad burn (0.20%), pneumothorax (0.20%), and vasovagal reflex
(0.13%). Livraghi et al. = alsoreported details of complications
encountered in a total of 2320 patients with RFA therapy
performed in 41 Italian hospitals: Six deaths (0.3%) were noted,
including two caused by multiorgan failure following intestinal
perforation; one case each of septic shock following
Staphylococcus aureus-peritonitis, massive hemorrhage
following tumor rupture, liver failure following stenosts of right
bile duct; and one case of sudden death of unknown cause, 3
days after the procedure. Fifty (2.2%) patients had additional
major complications. The most frequent of these were peritoneal
hemorrhage, neoplastic seeding, intrahepatic abscesses, and
intestinal perforation.

COMBINED THERAPY AND LAPAROSCOPIC
APPROACH

Although recent clinical studies have shown success in the use
of these strategies for single HCC less than 3 cm in diameter, it
is clear that further developments are necessary to achieve
complete eradication in larger diameter tumors. Similarly, different
minimally invasive strategies are better suited for varying
disease presentations. While percutaneous therapies are more
effective for single tumors, embolizaion or transarterial
chemotherapy is more appropriate for multifocal disease.
Therefore, combining several modalities of treatment to achieve
complete tumor cell death must not be neglected. A similar,
multidisciplinary approach including surgery, radiation, and
chemotherapy should also be applied for the treatment of the
tumor. Several investigators have explored combination
therapies to achieve successful treatment results in primary
liver malignancies, including various arrangements of PEL
thermal ablation, transcatheter arterial chemotherapy, vascular
occlusion, and chemoembolization.

Table 1. Efficacy of radiofrequency ablation therapy for hepatocellular carcinoma

Rossi 1998 23 HCC 23-35mm
Livraghi” 1999 42 HCC < 30 mm
Curley™ 1999 48 HCC < 30 mm
Francica™ 1999 15 HCC 10-43mm
Jiao® 199% 8 HCC+Meta*  6pts>3cm
Allgaier® 1999 12 HCC 3.2 + 1.3em
Lencioni® 1999 54 HCC 1-3cm
Liovet® 2001 32 HCC <5cm

expandable 15 M 90 0
cooled ip 10 M 98 ' 2.4
expandable 15 M 98 0.8
cooled tip 15 M 90 6.7
cooled tip 94 M 88 0
cooled tip 48 M 100

both 23 M 91 0
cooled tip 10 M 65(76% for< 3cm) 9.4

*Meta — Metastasis
M - Months
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Table II.  Case reports of complications after radiofrequency ablation

therapy for lver tumor.

Major complications
Hemobilia, intrahepatic hematoma (86)
Rapid progression of HCC (87)
Tumor seeding (88)
Bleeding requiring transfusion (89)
Hepatic abscess (89)
Colonic perforation®
Bacterial peritonitis™
Intrahepatic pseudoaneurysm®
Portal vein thrombosis™
Biloma®
Secondary hemocholecyst®®
Diaphragmatic perforation”
Hypertensive crises™
Bilioenteric anastomosis®®
Acute renal insufficiency'®
Abdominal wall pecrosis'™
Minor complications
Arteriovenous shunt'®
Perihepatic hemorrhage!®
Pneumothorax!®
Skin injury'®
Hyperkalaemia'®
Hemolysis'®
Elevation of body temperature!®
Sarcomatous change'”’
Hemoperitoneum!®

Combination of Laser Thermotherapy and Arterial
Chemoembolization

Laserthermotherapy is alocal effective therapy with low morbidity
for a few numbers of HCC of 5cm or less in diameter.'® The
radionale for combination of transcather arterial
chemoembolization (TACE) and laser ablation is based on the
fact that laser therapy canreduce the volume of viable tissue and
improve the lesion within the range of TACE effectiveness.
Pacella et al.!'"® achieved complete response with a single
segmental TACE session in 21 (70%) of the 30 patients and
reported that the 1 year local recurrence rate was 7% in large
HCC. Laser thermotherapy seems to be more beneficial and
advisable in combination with TACE for treating patients with
relatively larger and multiple HCCs.

Combination of TACE and PEI

Allgaier et al.'! treated 132 HCC patients with combination
TACE/PEI to achieve amedian survival of 25 months. Similarly,
Bartolozzi et al.!”? treated 86 patients with single HCC tumors
(meandiameter, 5.3 cm) with TACE followed by PEI (mean, 6.8
sessions) to achieve complete necrosis in 82%. Overall 1-, 3-,
and 5-year survival rates were 92%, 69%, and 47 % respectively.
A few authors also reported significant increases in survival
with combination therapy over TACE alone.!"*"*In 97 patients
with recurrent HCC after surgical treatment, Ishii etal. ! reported
a relative risk of cancer death of 0.32 for patients receiving
combination therapy. Koda et al.!”® reported reduced local
recurrence and lower incidences of new intrahepatic disease in

patients receiving combination TACE/PEL Embolizationalone
combined with PEI also demonstrated increases in complete
necrosis (20-83%) and better 1- and 3-year survival over TAE
alone.!'® Combined TACE and PEI is a therapeutic option that
has been proposed to overcome the weakness of each of the two
procedures in the tredtment of large HCC 1511713

Combination of TACE and MCT

‘The combined therapy of MCT applied within 1-2 days of TACE
caneffectively treat HCC>2.0 cmbut < 3.0 cm in dimension. Less
number of microwave electrode insertions and lower amount of
energy formicrowave irradiations are needed when both treatment
are combined.'® Ishikawa et al. suggested that MCT destroyed
the peripheral part of the tumour that might remain viable after
TAE, butcombination therapy with TACE is preferable, especially
when a viable part existed within tumours. ' However, larger
scale clinical trials are required to define the role of this combined
therapy.

Combination of TACE and RFA

RFA achieves complete tumour necrosis for small HCC (<3.5cm
in diameter) with fewer treatment sessions compared with PEL,
and can also create large volumes of tumour necrosis in a shorter
period of time than either laser or microwave therapy.

The combination of TACE and RFA induces larger
coagulation necrosis areas than RFA alone. Buscarini et al.'?
treated 14 patients with HCC (3.8-6.8 cm; mean diameter, 5.2 cm)
with hepatic segmental transcatheter- arterial embolization
followed by RF ablation. Mean follow-up lasted 13.2 months
with 11 patients disease-free at the time of reporting, indicating
that larger hepatornas could be treated with this combination of
therapies. Bloomston et al.'® reported that one-year survival
was greater in patients undergoing TACE and RFA than TACE
alone (100% vs. 67%, P=0.04). Mean survival was longer after
TACE withRFA compared with TACE alone (25.3 months +15.9
vs.11.4 months + 7.3, P<0.05). No patients suffered significant
complications in that study. Similarly, Lencioni etal.'® reported
success in 82% of patients with HCCs (diameter, 3.5-8.5 cm)
treated with TAE before RF ablation.

For multifocal recurrence, RFA can be useful as a
complementary technique for lesions not completely treated by
TACE. " Goldberg et al.'” conducted a pilot study in 10 patients
with liver tumors, including 4 patients with HCC, and were able
to attain 25% to 30% increases in coagulation volume by
administering liposomal doxorubicin 24 hours before RF
application. More importantly, follow-up imaging studies
demonstrated that this particular from of adjuvant therapy
resulted in more complete tumor kill as coagulation progressed
over time to include residual tumor foci and patent intratumoral
blood vessels.

Laparoscopic Approach

The percutaneous approach is least invasive, carries a lower
morbidity and complication rate, and is cheapest and most
widely used. In the radiology department US, CT, MR guidance
or a combination of these approaches can be used. The
laparoscopic approach has been used when tmor is adherent
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to structures that would be damaged by thermal ablation e.g.
tumour adherent to stornach, colon or duodenum. Some centers
prefer the laparoscopic approach where there is poor tumor
visualization transcutaneously and also for large hepatocellular
carcinoma requiring multiple punctures.!*!¥ A stdy that
failed selection criteria'?® reported that laparoscopic
ultrasonography detected unsuspected extrahepatic disease in
12% and previously unidentified hepatic lesions in 33% of
patients. Consistent with this observation, studies of
percutaneous radiofrequency ablation without laparoscopic
ultrasonography with 10 months’ follow-up, reported relapses
elsewhere in the liver for 24% to 38% of patients. Data were
insufficient to compare outcomes of laparoscopic or open
approaches to those of percutaneous ablation. Comparisons
between approaches should be made on the basis of “intention
to treat”.

EVALUATION OF TREATMENT EFFECTS
Contrast-enhanced CT and dynamic MRI are regarded as reliable
modalities for evaluation of early responses after radiofrequency
ablation and early detection of tumor recurrences.!#4%

Findings of plain CT show the area after ablation as a low-
density area occupying the entire volume of original tumor. In
an HCC associated with cirrhosis, radiofrequency heat may be
concentrated within a well-encapsulated tumor, and therefore,
a successful radiofrequency ablation area tends to be the same
size as the original tumor. On contrast-enhanced CT, the ablation
area is expected to be nonenhancing. However, arecent ablation
area may have an enhancing rim related to hyperemia from
thermal injury.'?+3! This is more typically present on the arterial
dominant pbase but may be present on the portal dominant
phase or both phases. Discrete nodular noncircumferential
enhancement, especially at the ablation margin, is suspicious
for residual or recurrent tumors. Differentiation of reactive
hyperemia from residual tumors is often difficult.

The characteristic MRI signals of coagulation necrosis after
RFA are intermediate to high signal-to-liver parenchymaon T1-
weighted and low signal on T2-weighted images. A T2
hyperintense rim around the ablation area is a possible finding,
likely related to edema when thermal ablation is performed. Any
discrete areas of T1-hypointense and T2-hyperintense signal
should raise the possibility of residual or recurrent tumor:
However, arecent ablation area may have heterogeneous signal
on both T1- and T2-weighted images because of non-uniform
evolution of inflammation and necrosis,'® resulting in difficulty
in the interpretation of unenhanced MRI. Gadolinium-enhanced
MRI is therefore routinely used to maximize the accuracy of the
study.

Dromainetal.’ reported ahigher sensitivity in early detection
of local recustence on MRI than on CT but without significant
differences. A baseline study should be obtained within the first
week after the procedure. Subsequent follow-up should be
performed every 3 months for 1 year, and every 6 months
thereafter. In equivocal cases, follow-up may be more frequently
performed.

Lesions adjacent to major vessels have a higher risk of
incomplete ablation because of a “heat sink” effect.’> Because

radiofrequency heat cannot easily traverse vessels, the ablation
extent is usually limited by major vessels and may not provide
the desired ablated margin.

Evaluation of long-term follow-up imaging (>6 months) is
generally easier than after ablation, because of the resolution
of inflammation. On CT, the RF ablation areas and tracts become
sharp and decrease in size, without arterial enhancement. Signs
of tamor recurrence include development of noncircumferential
nodular enhancement and increase in lesion size. On MRI, the
ablation area shows more homogeneous T1 hyperintense and
T2 hypointense signal. Signs of recurrence include new
enhancement, increase in size of lesion, and development of T1
hypointense and T2 hyperintense signal areas.

FUTURE PERSPECTIVE OF LOCAL ABLATION
THERAPY

Recent development of locoregional ablative therapies has
expanded the range of tools for treating HCC. The main
characteristic of these therapies is the localized tumor destruction
in situ, with maximal preservation of non-cancerous part of liver
parenchyma, in contrast to the significant liver damage caused
by other interventional therapies, such as TACE and intra-
arterial chemotherapeutic infusion.

Although a complete turnor ablation rate of over 90% was
achieved with RFA, the efficacy of the therapy should be
critically assessed with randomized controlled trial to compare
it with other local regional therapies or even surgery.

Future studies from the technical viewpoint should be
focused on (1) the development of optimal ablation techniques
that can increase the volume of tissue destroyed, (2) varied
efforts to reduce side effects (most favorable analgesic therapy,
avoidance of biliary tree complication), (3) the assessment of
efficacy of multimodal and combined treatment, and (4) the
development of new and less invasive ablation modality such
as extracorporeal high intensity focused ultrasound.
Furthermore, chemopreventive therapy should be established
to decrease bhepatocellular carcinogenesis rate in chromnic liver
diseases and to reduce recurrence after locoregional therapy.
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Significance of hepatitis B virus DNA clearance and early prediction

of hepatocellular carcinogenesis in patients with cirrhosis

undergoing interferon therapy: Long-term follow up of a pilot study
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TETSUYA HOSAKA, NORIO AKUTA, YOSHIYUKI SUZUKI, FUMITAKA SUZUKI,
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Abstract

Background and Aim: Because the anti-carcinogenic effect and mechanism of interferon (IFN) in
patients with hepatitis B virus (HBV)-related cirrhosis have not been elucidated, quantitative analysis of
HBV-DNA concentration was carried out sequentially.

Method: Of 60 consecutive patients with cirrhosis who began IFN therapy between 1986 and 1990, 57
patients were completely observed for the appearance of hepatocellular carcinoma (HCC). All patients
underwent intermittent administration of IFN for a median period of 18 months. HBV-DNA was quan-
tified using transcription mediated amplification and hybridization protection assay. A HBV-DNA count
<3.7 log-genome equivalent (LGE)/mL (equivalent to 10*7 or 5000 copies/mL) was considered to be a
negative value.

Results: Of 25 patients who had HBV-DNA loss after IFN therapy, nine lost HBV-DNA during the
therapy and 16 lost HBV-DNA after cessation of the therapy. The other nine patients showed a transient
loss of HBV-DNA, and the remaining 23 retained persistently positive HBV-DNA during and after ther-
apy. Although HCC developed in two (8.0%) of the 25 patients with HBV-DNA loss, carcinogenesis was
found in 11 (34.4%) of 32 patients without HBV-DNA loss (Fisher’s exact test, P = 0.026). In the two
exceptional patients, HCC was detected at 1.2 and 3.6 years after loss of HBV-DNA, respectively. When
the HBV-DNA concentration decreased by 2 LGE/mL (decrease to 1/100) at 6 months after initiation
of interferon, HBV-DNA became negative eventually in 15 (60.0%) of 25 patients.

Conclusion: A significant decrease or loss of serum HBV-DNA prevents development of HCC, and
sequential analysis of HBV-DNA could be very useful in both the prediction and the early detection of
small HCC.
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Key words: cancer prevention, carcinogenesis, DNA, hepatitis B virus, hepatocellular carcinoma, inter-
feron, liver cirrhosis.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a leading cause of
death in many parts of sub-Saharan Africa and Asia."? It
is also one of the most common neoplasms in Japan.
Abundant epidemiological and molecular biological
evidence shows that the hepatitis B virus (HBV) is an
important factor in the development of HCC,*® but the

precise role of HBV-DNA viruses in the oncogenesis of
HCC is still unknown. Although increasing evidence
indicates that the HBV plays an important role in the
development of HCC, particularly after the discovery of
integrated forms of HBV,™® current serological and
virological markers are still insufficient for establishing
this relationship. Because a really curative therapy is not
available for HCC at present, the accurate prediction

Correspondence: Dr Kenji Ikeda, Department of Gastroenterology, Toranomon Hospital, Toranomon 2-2-2, Minato-ku, Tokyo

105-8470, Japan. Email: ikedakenji@tora.e-mail.ne.jp

Accepted for publication 31 January 2004.

%

)



96

and early detection of HBV-related HCC is essential in
the current situation. Needless to say, a cohort of
patients with HBV-related cirrhosis has a significantly
high risk for the development of HCC,*® but the degree
of risk of carcinogenesis in an individual patient cannot
be predicted as vet. Heparocellular carcinogenesis in
patients with HBV infection may be associated with
persistence of aminotransferase, concentration of HBV-
DNA, or merely the severity of the liver disease.

Interferon (IFN) has been reported to be effective in
patients with HBV-related chronic heparitis, which, on
early control studies,'™'? decreases serum HBV-DNA
concentration and improves biochemical data and sub-
sequently suppresses disease progression to cirrho-
sis.!*! Although the various effects of IFN in HBV
infection have been well investigated from the virologi-
cal, biochemical, and medico-economical viewpoints,'>
' the influence of IFN on the long-term outcome for
liver cirrhosis and on hepatocellular carcinogenesis is
still controversial.'’®** In order to clarify the mechanism
of the anticarcinogenic activity of IFN, if any, we ana-
lyzed HBV-DNA concentration serially in a cohort of
60 patients with cirrhosis.

The purposes of this study are: (i) to elucidate the
relation of hepatocellular carcinogenesis to longitudinal
clinical courses of consecutive cirrhotic patients with
IFN therapy; and (i) to investigate a prediction of
cancer preventative activity by early HBV-DNA
elimination.

METHODS
Patients

Of 189 patients who were diagnosed as having HBV-
related cirrhosis using peritoneoscopy and/or liver
biopsy from 1983 to 1990 in our hospiral, a total of 60
patients underwent IFN therapy from 1986 to 1990.
Because three patients were lost to follow up, the
remaining 57 patients (95.0%) were analyzed for viro-
logical outcome, carcinogenesis, and eventual progno-
sis: the reason for the dropout from the observation in
the three patients was simply relocating house.

Table 1 shows the demography and laboratory data of
the consecutive 57 patients who began IFN therapy
from 1986 to 1990. There were 45 men and 12 women,
with an age range from 19 to 60 years and a median of
41 vears. Median values of bilirubin and albumin were
0.9 mg/dL and 4.1 g/dL, respectively. All the patients
had a high HBV-DNA concentration of 3.7 log-genome
equivalent (LGE)/mL or more at the time of IFN
therapy.

Interferon treatment

IFN-0 was administered in 35 patents (61.4%) and
IFN-8 in the rermnaining 22 patients (38.6%). The daily
quantity of IFN was three million units in 22 (38.6%)
and six million units in 35 (61.4%), twice a week
administration was carried out in 54 (94.7%) and three

K lkeda et al.

Table 1 Demography and laboratory data of 57 patients
with hepatitis B virus-related cirrhosis undergoing interferon
therapy

Demography
Men : women 45:12
Age (median, range) 41 (19-60)
Decompensated cirrhosis 3 (5.3%)
Past alcohol consumprion of 500 kg 3 (5.3%)

or more

Laboratory data (median, range)
Bilirubin {mg/dL) 0.9 (0.4-2.6)
Albumin (g/dL) 4.1 (3.0-4.9)
Aspartic transaminase (TU/L) 635 (16-404)

Alanine transaminase (TU/L) 74(12-586)
Platelet count (x10*%mm?) 125 (68-332)
Antibodies to hepatitis C virus positive 0

Hepatitis B e antigen positive 41 (71.9%)
Hepatitis B virus DNA (LGE/mL) 7.2 (3.9->8.7)
Observation period {year) 13.6 (6.5-16.1;

LGE/mL, log-genome equivalent, expressed as 10° copy/
mL.

times a week administration in three (5.3%). All
patients received intermittent IFN therapy for a median
of 18 months (range, 2—132 months), but the duration
of the IFN therapy was arbitrary in this pilot study.
Although the daily dose of IFN and the duration of the
therapy varied in this study, 52 (91.2%) of the 57
patients received IFN for 6 months or longer.

Follow up of patients and diagnosis of HCC

Follow up of the patients was made on a monthly basis
after diagnosis of liver cirrhosis using monitoring viro-
logical, hematological, and biochemical data, including
o-fetoprotein. All results for these laboratory tests,
including HBV markers, were obrained throughout the
observation period in each patient. Patients were clas-
sified into four groups according to patterns of serial
concentration of HBV-DNA: tvpe A, disappearance of
HBV-DNA during and after IFN therapy; type B, loss
of HBV-DNA after cessation of IFN administration;
type C, transient loss of HBV-DNA only during IFN
administration; type D, persistently positive HBV-DNA
during and after the therapy. Clinical courses of alanine
aminotransferase (ALT) fluctuation were also classified
into four groups according to normalization of the AL'T
value.

Imaging diagnosis was made two or more times per
year for each patient using computed tomography
(CT), ultrasonography (US) or magnetic resonance
imaging (MRI). HCC was diagnosed using typical
hvpervascular characteristics on angiography in addi-
tion to certain features of CT, US and MRI. Patholog-
ical confirmation of surgically resected specimens was
carried out in six (46.2%) of 13 patents with HCC
development.



