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The Study on Radiotherapy for Hepatocellular Carcinoma

Tohru Nagashima
The Second Surgical Department, School of Medicine, Chiba University

Research Code No. : 606
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The effects of radiotherapy on hepatocellular carcinoma (HCC) were studied clinically.

Involved-field radiotherapy was employed in the treatment of 27 cases with HCC (irradiation of
primary tumor in 12 cases and tumor embolism in 15 cases). Adverse effects of radiation on hepatic
functions were minimum, as fluctuations in choline-esterase, prothrombin time and T-bilirubin were
insignificant. Changes in ICGg-;5 were assessed from the aspects of radiation dose and treatment field.
Aggravation was minimum when Time-Dose-Fractionation factor (TDF) was 80 and the involved filed
was not more than 8 X 8 cm, but moderate pathologic changes were noted when these levels were
exceeded. Clinical effect of the radiotherapy was monitored by medical imagings was remarkabie, as
tumor regression was evident in 82% of the primary tumors and in 92% of the tumor emboli irradiated.
Histologically, improvement of at least clinical stage ITx as described by Ohboshi and Shimosato were
observed in 88% of the primary tumors and 80% of tumor emboli treated. When TDF exceeded 80,
improvements observed were at least Il in all cases treated. From these results, it is clear that a
TDF80 or higher dose is required for the effective radiation treatment of HCC, and that a treatment
field of not more than 8 X 8 cm is safe for the TDF80 dose. As for prognosis of the cases treated with
radiotherapy, significant prolongation of the survival period was achieved in the cases with
nonresected HCC involved tumor emboli. Thus, radiotherapy for HCC is effective not only for the
primary tumor but for tumor embolism as well, and this is a particularly useful modarity for the latter.
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Fig. 1 Changes in blood count and blood chemis-
try after radiation.
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Fig. 2 Changes of ICGg_,s in relation to the irradi-
ation dose and field (1 month after radiation)
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Table 1 Efficacy of primary tumor as judged
from medical imagings.

Dose Case FR MR NC
TDFz90 2 1 1 0

90> =80 6 4 2 0 -

80> z70 1 1 0 0

70> 2 0 0 2 B
Total 11 6(55%) 3(27%) 2(18%)

2) ERBH L N A RSB YDRORE
a) XEE T S/ ghR (Table 1)
EEFRAGS, BHEMET CT -US KREX i
fTe&Eillflico& CT LU US X b B4R
PHEHL, TEEME NSRRI LA, US cid
KEETOM « BE, XHRChLHACSTHS
HOBABEERD 3BERD, ZOBECHE L,
A—iEFITCORBERCTREEF-ZUSAET
fTote, BEHEDO CT - US IBHLTHR1IH»AT
WAT Lt Efe, fapix, UGS oREHRA
LR EES R R U CHE L, 11
B 6 B (55%) i Partial Response (PR) #3,
341 (27%) 1= Minimal Response (MR) #1185
e, MEFICH IR ELBEN TS &, TDRI0 L)
LD RHDBIT 2 FEG TIX4£H MR Ll E (Fig.
3) THotend, TDF70 F# D FEMI 2 Fildk NC
ThHh -7,

b) EEERI 5 M/ E (Table 2)
EFZERGEOEIENRE TH B 10D, BEH
BRoOBEHFEROE(IL, BHITEORESRLY,
fasl, AZE, #WMAD 3D KF LI, FahE,
[EZ e A0 & p B e 2R LIRE R R o aisE
Db Db, BIFIIEBRE T EEERERT
DOREHFHE « FHA LD E L, ¥, B
HEOEBIIEHETHEN L » ATHBELILLD
THE LI, BT E 1260114 (92%) i<
@R, Mo 1MERETHD, WAPED
TREGL D - 7o, [EBIER AT, PIRPIES
EW 8tk 7 Hhic, FFIRAESZER - SN E
BERIC 2 Pl 2 iR, BEERO
ZR@ED LR o7z (Fig. 4, 5).
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Before Radlatlon
Fig. 3 Irradiated primary tumor located anterior-inferior segment of liver
(X-ray, TDF76) After irradiation, primary tumor was reduced (Efficacy of
PR).

tion

Table 2 Efficacy of radiotherapy of tumor emboli as judged from

medical imagings.

No. Decrease No change Increase
{‘u?;é;?%?nggli 12Cases  11Cases(92%)  1Cases(8%) 0
i P orta] vem ............. 3 ................. 7 .................... 1 ................................
Hepatic vein 2 2 0
Bile duct 2 2 0
c) 6» AUEOFOZE{L (Fig. 6) Bote, EETIESFFTH (88%) DIEFITIHK

6 » AL\ CEBFTR XM TELL 44T
L, 2flcBHEUOCFOERMEBDLHR, SHIT
RO K ZED I, EEROEEERIIAR
BB & T o e

3) #EMEERIZIROIRE (Fig. )

BB E X, BT oW TIREIRIZ X
OB ORI L b, BRI OMEBFE
HZhREY KR - TEOBSRESS R EHLE X
bR Lic, MR esl, MEHETHL.5» ALIA
CHEXhT w5,

a) TEECHT AR

FEERE 1200, BB SRICERIE 8 #I
THY, TDH>HLKRKE - TEOWHRYITERED I
N1, 1260, 12 1HlTh-rt (Fig. 8).
1D 1413, BEHREL TDFT0 £ & EHRET
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#lchy, KE - TESED I I, I, I, IV A
£ x 1FITFoTH o, Tk b BEHRIE S O %)
B2 50441 (80%) ide, X LRSELEL
THAHBI U LR 26 (40%) i bhi
(Fig. 9, 10), e B ¥ -7 EAXBHEEN
TDF70~80 TH -7z,

c) MEFNEBFENLE
FESBHFITLL, TDF70 L LTk 6 Flefiic
KE-TFTEO L EoBEBE LR, TDF0
FKETE2FIF 1PANE 1B E - Tk, BEE
BRBEHEFI <X, TDF80~90 Tk 4 fFl4{Fiz I,
Ll EogREaE bR fchs, TDF70~80 @ 1 #ilix I
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Before Radiation After Radiation

Fig. 4 Prior radiation, filling defect noted in the main portal truncus. Treatment
was TAE (MMC 10mg+Gelfoam) and radiation (Fast neutron, TDF83). After
radiation, filling defect disappeared.

BEFORE RADIATION AFTER RADIATION

Fig. 5 Hepatic venography prior to radiation indicated filling defect in the right
hepatic vein, After radiation, the defect was reduced.

B E - T, FEBRBHL1205, MRTRH & L ToBH 4
4) MSHRAEE OB B, BRONCKT HBEH 36, A OEHEH
a) EMEER A x5 oM 2§, Primary case w535 BEH

SERCTE 9 A25H (55)
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Before Emonths
Radiation after

Radiation

Fig. 6 Liver changes as judged from CT scan. 6
months after radiation, the irradiation field
dropped in density and atrophied. In contrast, the
nonirradiated field became hypertrophied.

3pIThHB.

Primary case TIL 1 ER L 1E 4 » ARIC
1FIF 2T Lich, o 1 GIRHBERE 4 45
BT HHE, BRARILE RHESERLT
WA, BRI T 2BHETIE, TOTRIIEL,
2HA, SHARERMELELCED, 146213 24F
9 A A& HEHRIIER Ui, MIRHEITI,
2HIN 2 ERBBLEFLCTWA, fio 26k 1
FIIARIV2ETERET Lic, EEBEN
T, 3~4» ACMBHERCRELE,

b) FEH e A

MBS 2 & DFHIT MR DIEYIR Flic >\ T % 0D
BB Z A LA, #ECT19804E ~19854E 3 A
¥ TICRRER U e fE e & OF -l s oD ZE BB 31
D5L, BEHREELUADEL T - 1223615 3
BHFEL LT, BEFOTFHEAY LB L.

FERB BN IET L 2o 851X, TAE 1141 Li-
piodol-Adriamycine fREHENE 5 B, HufFH5iE
BpiE 4 i, one shot Bk 3 4, FFEHIRSAS 244l 2 41,
LHERE LTSS, BHOA~OHEL, 2
#153 TDF100 LLE, 9 #12 TDF80~85, 1 fi»
TDF51 TH 9, fidoZ &<, KRl E LT XEE
% L C ik TAE # 7= X Lipiodol-Adriamycine
BBEEER T L1,

BEGI L IEBABIOTE > E, FHOBESM:
THERN LT x0T RET*BH O FERE,
FlEEORE, BEEROFEMRMIT D X s+
HE, WEOEICHEFAFNRED IRD LR
Mo fe (Table 3),

BAH & FERB AP O F#% % Kaplan-Meier iz
TRDIEBEEFRCHE L 2, IEBEHH11280%
LI EDSEGHEELIFIZIET L, RELFIL14E
EEDChHot, ThiTHL, BEFITIGEK
DRED FAEFL, | FAFRITIL.3%TH - 1.
i, 2HELEOEFMLIELRTVS, FLT,
UG & FEB SO F% % Cox-Mantel test 12T
BEZTS &, 0.050ERE CHREMCAETEN
Bohik, Thbb, BHSGBERCY)EEER
&t R IE TR OB IS\ T, BEO4L

Efficacy as judged from pathological findings

(classification of Ohboshi & Shimosato)

Dose cases
I I, I, 1 v, Vs
90>TDEz80 9 QOOOO o .
80> 270 2 4
70> s O e}
Total 13 2 7 2 1 0 1

O main tumor
@ tumor embolus

Fig. 7 Efficacy of radiotherapy as judged from pathological findings.
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Fig. 8 This case underwent radiation (X-ray, TDF80) for primary tumor, but
expired from another disease 1.5months after the irradiation. Autopsy showed
microscopic bleeding and necrosis. But viable cells partially remained (II, of
Ohboshi-Shimosato classification).

FEOEE 1B LR (Fig. 11,
v, =& E

FREEFBECRT2BHEERE R
Phillips' b D& H b, 20Gy LIF Tz & A
EHIEER R A ED e oted, 20Gy kx5
RETRBHHEFA OEHL B fi] &R R2E
bhlcL|ELTWS, IHLIEEACDWTIX
1 f71%% Radiation Nephritis #3Z LFEZ LT\
505, IEBLAHERRD bIT, FHB
L TiX10.54 A 04 FHEIE b hic LB
Tw5, L L, El-Domeiri* &, 10~36Gy @
BHZT o0, FOTHEL6 » A LN FIZE
TL, FEEEFOTFHREENRL, EREFEC
ST AMERERIIIZ LA RIS 0 L]
HLT\5b, Cochrane® & i3 S 4R 1L FRE & (b2
WEF L OTFHRY BB L, BEREEEOT
BRAEREFEO TR I VAR CH oo LA L
Twa, TOMEFORENRRLREM, EHho
HELOHRIBOAL b OD, FHBML T

Fig. 9 Surgical specimen of the case presented in O EEENEBLRTVWEVWORBRTH
Fig. 8. Macroscopically tumor embolus existed in

- 19)
the left branch of portal vein, but microscopically = . i
it showed total necrosis (IVy of Ohboshi- —7, Ingold, Reed %%, MStiRiaiEts ol
Shimosato classification). EEizoWTHELTWS, Tihbb, HMEHERE

SERCH 9 A25H (57)
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[FribieE 3 % M REEE OB %

Before treatment

After treatment

Fig. 10 A case of HCC simultaneously with tumor embolus in right portal vein
was treated by TAE (Lipiodol-Adriamycine ernulsion+ Gelfoam) and irradia-
tion (X-ray, TDF80). After the irradiation, tumor embolus was reduced and
pathologically showed total necrosis (III, of Ohboshi-Shimosato classification).

Table 3 Backgrounds of the unresected cases of
HCC with intraductal tumor emboli.

irradiated nonirradiated

Background cases cases x° test
12 cases 23 cases

T, 4 6

g’fqélanl;sgr T, 3 11 ns
Ts 5 6
Child A 4 6

l}emﬁc v B 5 1 ns.
# C 2 6
portal Vs 7 16

location . 'O . Vp, 1 5 ns.

of tumor

emboli hepatic vein 2 2
bile duct 2 0

5t 2 4T o 7o FF X sinusoid O I 3 X OYH I A &
=L, Frfiflasc i Bl ias B35, £ L,
FIEICIRELSRE L T B EBRT W3, &5
12, FFREC 3 % B R IB S O & 4181330 ~ 50Gy

(58)

%
100
90
80
70
601
501
404 j——]_ IRRADIATED GROUP
304 e e e (=12}
—_—
209 Luowmnnnmren GROUP [
10 =1 tnﬁ_l —_—
123456M 1Y C o 1YEM 7Y

P<0.05

Fig. 11 Prognosis of the unresected cases of HCC
with intraductal tumor emboli. Comparison of
irradiated and nonirradiated groups. —Kaplan
Meiyer method—

THY, RTCRE L -BH 255Gy ¥ Tkt
BTELZOTREVMHEERZELT A, Lewin
54, R KR I1C Radiation hepatitis 122\ T 523
LTk h, FmERCHE B BELZ &%
LT B,

TEET b T e 5 BURR BRI
SMEVBERTEETH-Th, FEEcER YR

BARERSE $49%E HoF
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ZLTCWAEREREHRTH Y, 13EAEDEFNE
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FEGTHY, TR BEL, SR
BRBENB ORI FETH D19, X5
Ingold 5%, 30~50Gy F CHRIHBTEZ 5 LE -
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¥ b7, LBz Radiation hepatitis 1= X % fF7~
EORERRBRL, BEAFBERGHEhTIZE
o

BETbh TV AHEEER L LT, FHRESe
TAE 1 EEIciThbhTw5b, LaL, FHEE
CLTh, ZOFEREFHBREDO L SO TR,
i, AT 2IREREL » bIPIREEL IR
FRERRETHEERTHH B EEDbh T
2228 LG 3emUTONEBBTH-TDH
70~80% L BERICHRERBEL SO L X b,
A LHDOFETCIRERREY v b r— LT 50
E#H B, TAE * Lipiodol FLEHIEIE B\ T
YEEERCHEEABERECT LT, 3EAL
JMBHTHHZEL Y, FilchBREOTHRINE
Lo T B, —7, BT, ERELEORE
PREAESZOESICI Y, FERSIOFDOEMND
I AEEE L/NMBE IR B L= B E 23 ATRE &
Lo TETERY, FFESF~OHELR/IRICE
SARERCK G RE B D RHITEE S oo
TEI®, & TR AL, FFBRRRC N3 5 iR
ELTOBMRERYREL, TOoEMELS IO
BIfEAIC o X BRI & 0 2 7,

HARIB S > 1T 2.1, MBI IZiE radiation
hepatitis "4 U 5 FIXBH B TH DD, DiiE
BHRTERE LILBRICBAEYRASR, FOHE ¥
ByBE L, BAHE oL TI, Ingold® B 23
LEE & L7:30~50Gy (TDF50~80 & fZf) » 3
iz, FBEORWHAITIRILERERBH YR
iz,

Ef EoZE T, FEHTLI6H 9 FI82%,
EFER CL2Hh11M192% i/ e Rdt. BE
Az % &, TDF70 Lk C B IFisfg/ N bR a 3
fo. EFie, HEFENRIEEO 8FIF T4, &
BERD 56IF 4 4, £4T13F115IKKE -
TESED LU EOENE SR, BT

ERTEE 9 A25H

(59)
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% &, TDF80 LA Ec£flic 11 L EoghErnigs
hic, MEYDbLREZD L, HHERHIITE
BoZi b TEEERCH LT ILU EoHE
BERYRLTEY, SHILHREREE LTI
TDF80 LA EAEE L\ & Ebhi, BREM, +
B2 B 4 AR Y L 30~50Gy DB EHE T\,
TOMBEXRF LT 5B, FEHFO0% I/ NG
RuRD, R OfEE & i/ R BT 3 28
FEFEZER I U Tid 5 Bl 3 P BIE ¥ 7212 38F
DEIEDED Shic—F, 2P EHTH o7 &
AT B,

B, GIBRTREFEC T 1AM E & LTRkd
IS HWBRTWADILTAE ©4 5%, TAE ©
EREF T AR, BEMNZB L Ti#60%
DEHICTEEERLRDOA 23 EDFH %
BchB, Lirl, TAE 2@ EESARB 0 E
B LT FoREL, < BRL2RHH
iz d o 1/4~1/5BDH 6D Evvb T e
590 Ef, FWECHELED T ELTH, &
T 5 HEAEEECMRESER N LT
TAR 35" S h T3, Zhi TAEOBRR
R L, THEDRORREE & L C OB IGEOA K
PHIFEINSbDEEZLRS, Fx 0N
BaTR, ILBEOWMRELMMEbhiehod,
CHIXBHET 15 ABoBBETh o, L
L, B4 6 AROEGROMKETIX, BEOMHK
INEFRIZ BT L EMRF L 1 AR 4 EL LT
BHOCREEZEZLRD, BELOBMETLEED
N6 H AL RO TED, 2hbo
RS2 & DS ZB LDE b h B O Tidfow
LEZLRE, B, EERMMEONEPREY
B OEHELRD ORI &L X b, EEOYEM
EoEd, RBEORELSEC VEEOHL Z®
DHRLDBAEOTIRI V- EE L bR, BEEET
R LIRS EToTRRVLhEEbRS,

EHERCBE L T, HERBHCX D, B
Bf R TR 126 11M i 2 7R, S bicisgs
BN 5 fh 3P KE - TERSED lplh L%
ENRBOHh, IHRELBERTHS NI U LEOR
EL2HFDdohsb &5 BIFERIE LR
7z, TAEWB T EEERLICXT 525 13&
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HTEL Y, 2 HIEATEH 2T &7 Lipiodol
A TAE T EEZERICH L TR ELRE
Sy by, EHERS MR LT
Y ERCAEDRBEREEX D ORBERTH B,
BaDBHEBCICERIETIE, TOR/RYFH
OE»HRETT S &, fhoBEEY T L8
HLERE F-TAFHHOERLRRAD bR
To. AFBERFENCLESTH Y, FIRANES
EROKX TR, BEACHEIRNOESERIC
MLTHERTHY, choiexTsE58EBR
HEOE\BAE & LTIt first choice DGR & o

DHs5bDEEZLRS, £LT, RELLTIR
TDF80 LI ET 14ELl L EFER B BRI & X
h, TDF80 L\ L2 mahig &izh 5B £ 2 bh
7=,

Ll Z & <, Btk R rfkarE s LT
FRHRGRETHH Z EANHRIALD, Ebic
BERCIEAT BTSN MEE s, &
2, FrflafEoBeE, BEERE L LC61.0%IckFiF
B, THIT49. 7% BEFEERELTE Y, BF
BT o EBIBHED B LERS B, &
ED#KF TR, SMBEEDOIERE L L To WBC,
Pt XBHEHRICHIOBRBEDOETZRL, £0
BEIEYRD:, Ibhic, FEECHREL LT
CH-E, PT, T-Bil 0 E&BIEETH -7, i,
ICGr s CEBN R RE L BHETOME L v #3T
% L, BEEEX8cm LIATHEL TDFS BE T
HPhiIBLOBELIBETH-72. Tihbb, &
& TDF80 &3 5841, REEF8 X8cm LI
NEEHTHA5 LE bR,

w &

JF MRS w3 B B R TG R D Zh R & R RAIC
B RNz, LTomRArErx,

1 Ba#ofsEk#EE (CH-E, PT, T-BiD
OELRHEHBEETH o, ICGrsiTB T
1%, TDF80 BE CHEAE 8 X8cm LIA D EHF D
ZLIBETH - e,

2) BAREFRCX Y, B EcREEELFS
9%l (82%), MEFEZERI261H1141 (92%) hE/)
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