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Dose-volume Histogram Analysis of
Patients with Hepatocellular
Carcinoma Regarding Changes in Liver
Function after Proton Therapy

Hiroshi Tsuji", Toshiyuki Okumura®,
Akira Maruhashi”, Yoshinori Hayakawa?,
Yasushi Matsuzaki", Naomi Tanaka?,
Toshiaki Osuga" and Hirohiko Tsujii”

Seventy-five patients with hepatocellular carcinoma were
treated with proton beams from 1983 -1993 at the Proton
Medical Research Center, University of Tsukuba. For the
purpose of confirming the feasibility of proton therapy for
hepatocellular carcinoma, we investigated the influence of
proton therapy on liver function and also tried to evaluate
the possibility of optimization using dose-volume histogram
(DVH) analysis. The results indicated that proton therapy
did not cause clinically symptomatic damage in liver func-
tion and the only notable change after proton therapy was
the transient increase of transaminase. DVH analysis showed
that this transient increase of transaminase was well cor-
related to the normal tissue complication probability
(NTCP). These results indicate that localized high dose
radiation using proton beams is feasible for the treatment of
liver cancers and optimization of this treatment may be
possible using DVH analysis.

Research Code No. : 606.2

Key words : Proton radiotherapy, Hepatocellular carci-
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Table1 Patients characteristics

Child’s No. of No. of Tumor Tumor size
stage Patients  Solitary Multiple =5cm  >bcm

A 28 16 12 21 7

B 32 20 12 25 7

C 15 7 8 11 4

Total 75 43 32 57 18

FOE Ralys e

1. MEBXUBEFHE HRIT 1983 47 Hh 5 1993 4
7 H & TIPS B TR BF9E & > 7 —12 Tl
MBI 2 BEAT L 72 75 5E BT B E 61 B, Aotk 14 B, SEH
1341 %D 5 T6 k3 THEH 62 e Th - 12,

I GEY) T i, Child 4 BT A28, B32#l, CI15
BT, MEOHE, k&S THRS & HIEEHH 436, ZIEH
HY 320, KDL DD KEA Sem LU L bt
571, 5cm 2z 5L DH18H TH - 72 (Table 1).

75 B 27 iz D TXIFBERE N 2L & B T-ia
WOMELE X IR & DBIRIC OV T L 1T
7z, 2THEBI O NERIZ, B3Pk 20 0, 4k 7 9, 4EERIE 41
A 5 76 e E T 60 i TH Y, Child A 154, Child
B 6, Child C 6T 7.

B R IEHE O B MR IEE, CT Wifg £ FH v TAF Y,
CT W% g 8656512 5~10mm 28438 % i 2 72 fi Py
AR E LUk Lz, N IR oo - f B 2 %
BE LT, MG SR A R 5 60 15mm A L T 22 95,
1991 4 LU 13 WA 2R o el 24 2 H 00912 010 (] 38 1 0 )
EFHOWTWE, CT #oehs b L I Z, BEEREn
WG F ooz, 2 =s8—H L7 iEieE e84 i L,
TR B T 8 552 Db B A f 1 T AR 0 1 5 B PRIk L
el

F g E o M e B L T, BiA#E X LT L-TAI
2 & D REIROGIZEEAS ) EA F— & R X
OB & F T LI RALE DR 247 - 7245 L
~TAI DEATH 2 REEIS ) A F— Lo Bkt hs A 4 70 9
B L TR 0B T 1 08 B 1 4 de Bk 2 ) A
L, X #UEMEEIZ L - THERE L TSR E o m 1% 4
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fib 7 % 323

o f2 18,

B FRUH R W = AL X — BRI GE D T~ 2§ —
y7uborh b Es 500 MeV B e — 4 2 1
WTBY, MEHIEEEE—24To 1 MEEH 2 H, K
Fr—2aTo 1 M 2 HT, o 71 B3 IEE, K
7 2 MBUH & B4 L 72, #REHIZ A A 33.5Gy I o 1
Bl % BT, 1 0l 3.0Gy ~4.5Gy T 16~24 [l ) 4 % 17
W, KRR 12 55.0Gy ~85.5Gy (1 il 77Gy) , TDF T
(3 126~187 (hAfi 174) Tdh - 72,

TG S IR EA~DHEHEREE L TIE L-TAL L L < iz
TAE H3bs - #t #0024 J LUNIZ BiAT & 4072 5 140 57 28
Bl - 7z,

2. oWHE

[ UG D Mt 2 b & L ¢, &M A1k
T F DREREAEEN & oAt L 72 (Table 2). iR fii &
L T3 BB RT OB A% SR L 2245, L-TAI % &
B I 528 5 2 o I-FHs IS IEHTIZ A - 2o 854012
$, FOREEMT Bz, LM E v/, BF
M e DA L3 A S e & 3N L o &
L, GHHMEE ol 217 - 72,

BERTREZHERIZ oW TIE 3 A HL, 64 HiE 124
HgOBAMIZ OV TLMEL, B F8UsOIFBREIC A
15 M A B AT BRI DV T L ML 7z,

i L AR W T aa i 24T - 72 2T SEHIC
DV TIE, WEHERT LD AL 7z i o A B 8 Dose-
volume histogram (DVIH) 718% s T &L~z
BT o241 NTCP (Normal Tissue Compli-
cation Probability) W7 ¥ &R G2 H L o hto

) X DDA e % Bt L 72 (Table 2),

W OREB O T L G R HH  CT 4z % s
L Twiedp o 7280, i A7 650Gy LU o fiefilix,
b & OIS HUC DTt S L 72,

WS A 6 BT AR & SRed B 1%, N0 ) 3 I 4 s %
W 72 HER] TSN D E Tz & 407 CT il Lo
G A b Bl FRl & oReb 72 5, PG R AR I ik 2 v 7
B> o 72 A B C (% ISR RO 2 ARl 7 s 15mm BE ok L T
fi% ke 7z,

Table 2 Investigated laboratory data and parameters regarding proton irradiation

Liver function

Mpyelopoietic function

Parameters regarding proton irradiation

Albumin Hemoglobin
Total bilirubin WBC
Cholineesterase Platelet

% Prothrombin activity
GOT
GPT
LDH
ALP

Total dose

| Liver volume irradiated = XGy

% liver volume irradiated = XGy
Liver volume irradiated < XGy
Liver volume 2 XGy -+ tumor volume

Normal tissue complication
¢ probability (Kutcher)

Note: X=10, 20, 30, 40, 50, 60Gy
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65 il (Z5HE - ML IC DV T OSHF L AT - 72 27 5iE i v 20
B, 7v ko BT 75 w62 B (27 FEGIH 15
#) TEMiiTRETH - 12, ICG fAfi T A b L, HEERIIC
TP THEAT 2 A Ty, AR T X 5
28T h -T2 28, GRlDGPTizIiEHW - 12,

B E 2 B & §HRUE O 2xAiE B 0 P2l D I 2L
% Fig. 11z, & 7z Child 4 351 & S ¥l o kE MR 19 254k %
Table 3 33 & f Table 4 (2739, 4@l Tl HEE %
IR TH B L7 AT 2 F—+ (GOT) oo—ilf:
D FSgm Al b (Fig. 1), 7oA77 31y, ey
NEY, Z7orarErml, PLAN T AT I—+
WL BTSN o, 22T F—

Proton
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0o 6 12
Months after Proton RT
Fig. 1 Changes of lahoratory data regarding to liver

function after proton therapy. Average of all patients.
Transient increase just after irradiation is observed.

Table 3 Changes of Albumin, Total Bilirubin and Cholinesterase after proton therapy

according to clinical stage of liver cirrhosis. Data : indicate mean L S.D.

Before After 3 Mo 6 Mo 12 Mo
Albumin (g/dl)
Child A 37403 3604 35403 37£03 39+05
Child B 33403 32403 3203 30+04 3.2:+06
Child C  3.1+05 3103 31+03 3.0+04
Total Bilirubin (mg/dl)
Child A 07+02 08+02 09+05 0703 0.6:+0.3
Child B 1.3+£0.7 13+£06 1.7+£1.0 18x1.0 1.8:%1.1
Child C 21£1.7 32+£2.0 24x14 17205 e
Cholineesterase (IU/1)
Child A 17064 164+63 154+65 185+60 1834106
Child B 101+41 9843 9947  100£35 114454
Child C 72£25 6028 57+24 44+28 —

Table4 Changes of Prothrombin activity, GOT and Alkalinephosphatase after proton

therapy according to clinical stage of liver cirrhosis. Data : indicate mean=S.D.

Before After 3 Mo 6 Mo 12 Mo
Prothrombin activity (%)
Child A 88+17 94+19  100£16 95+15 92+11
Child B 74+15 73+14 68 £24 687 6316
Child C 6911 62:+11 57+10 57+8 S
GOT (IU/1)
Child A 55+32 109+67 69+39 6426 48113
Child B 73+29 111%65 65+28 59+33 70+£31
Child C 89+36 107165  108+35 67x15 e
ALP (IU/D)
Child A 214100 2164105 242499 221+44  238+56
Child B 2321272 220455 245+66 277+48 266+64
Child C  254+58 240:£56 283+82 259+39 =
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Fig.2 Criteria of increase of GOT value

2 Child A, B TlaZ{bdh % dh - 725% Child Clzw
THRERENIZAAC T4 M A8 & 4ufz (Table 3),

M7 AT I —ED—idtE Ao THER 2 E 2
dfLTABE, MEHMENIZ S D EH S E w28 (Table
4), WHHEE T RO 720 TLE M 2 ORERI o Ao 45 4 A )
ETELCZ EDWSHTEHE - 72, P2 LI iGH& T
DA% Bz, BRI ST 2 T (1L
H) Ffthiz 7o o P LTH B E (Fig 2), # Tl
EZERIREOHBE R T L HIc R 25, La L, iz
TEREAMHATE N T2 H B MIZ A E (T L2 RIS/
SVEFIRG, ZfbEE A E (T IEWTHPAN ToZITH
> PHEB L Rleb S RLFz, TS OFER A R A S Bkt
%728, GOTAHDAT D L5 % ibHE# 1 W DAl AYIEH il

7 # 325

LB 2 4% (801U/L) LLET, L Ltz < 50
WL LD LAERRH Iz LD EER LI, TR, AED

Lt L7zl 75 5 fi o 27 $1 36 % (Child A 28 #
11 5 39 %, Child B 32 #i+h 13 #1 41 %, Child C 15 #
h 38120 %) Th-7x (Fig. 2),

GOT o> I3t & il 7z 2T I > TR Efe o
AL & oA L 285 B0, W Toairks g & Rk T,
GOT i Z b b —B\YETH Y, Mo Bt ftilz (24 3% 202
k%% h -7z (Fig. 3).

MR A O RN, B0 TrHnERE S Lo
I/ R A 6 # T IREI T T 2 IR o0 A
hibey bz, (Fig. 4), ~E 70 2 IEW 5 702
fbiddden s e - 72,

2, DTS BHTHES L UBRE L 0M%

JESFE RS & Uit & I RE & & oI O A7 2 K
A L 725 BE 27 BT, & YRR AR 143+£105c¢c,
FEHEBO WD) i1 1136 £223cc Th - 72, B i3
R Em &) 7S Lz A b K 22 RS DVH %
Fig. 512779, AboBetiln 2 MBS CRmEInTwv 372
&, 40Gy LUT oMU 78T 200ce %8 2 2460 L 3l 5
iz by, 40|Jy L Loy i dd o U SRt dR i & ¢
LoTniz

IFpERERe AR D 9 B, R LD a8 & ALz GOT il
DTS & O lT 2 K97 £ — 5 L DAl
Bofr Uiz, Fofd, fEPIZsiIcB L &R o T 2
—# @9 H NTCP (Normal Tissue Complication Prob-
ability) #¥GOT o ESt-oA7 e L MBS 5 & v d L heqi
Litk, ¥4 b b Fig 6123+ L1z, NTCP #<0.3:%k
Wiy 17 i GOT Heid#éffiz 50 % LL Loy 5 %08 L 724
Flixb$H 248 (12%) Th o124, NTCP 030 1o
SEPITIE 108 741 (70 %) T50 % LA Loy LS il e

2007 -2.0
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CHE
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(%)

40 T T T T T 0.4
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Fig.3 Changes of laboratory data after proton therapy. Average of

the patients whose GOT increased significantly.

(mg/dl)

(X10% (X10%
157 - 60
" ! Platelet
S 107 =3 === 40 O
] T e =3}
% WBC =
57 - 20
0 T T T T T 0
pre 0 3 6 12
Months after RT

Fig.4 Changes of laboratory data regarding to
hematopoietic function after proton therapy. Average of
all patients.
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Fig.5 Cumulative dose-volume histograms of 27
patients
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Fig.6 Relationship between the changes of GOT and nor-

Ratio of

mal tissue corplication probability calculated from DVHs.
Only two (12 %) of 17 patients with NTCP<(.3 showed the
significant increase of GOT, while 7 (70 %) of 10 patients
with NTCP > 0.3 showed the significant increase of GOT
after proton therapy. P<0.01.

S, PRI TR AT s A iRes 72 (p<0.01),

% £

MWD WA iz > W Tl & LT, < 1E In-
gold 52955, 1) > ol O 3L IR A5 (= ¢ NI L e S
MR BAT U 72 0E 00 & 5 s L ¢, RS-y 2o M
#4T- Twvwa, $513, Radiation hepatitis D=3 & L
T, NFEERERRAE TOA ML B, Bz 2B 22k,
WK L & OB RN & 2 MEEE00 I R AT 2o lon 4
HEZE, Zheaxry F - R A2 b ELLYAOLNT RS
DI EF TS 30-35Gy T, MM FEIPH 2 BE T 2 2 212 &
> TH5GY £ THHWEETHEELTWS

I 713 Austin-Seymour & 299895 B & OSHHAS 6 5E 51
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[ TE L,

WL O S P2 USRI R L 6 B U RS £ <
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