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Computed Tomography Appearance of High-dose-
irradiated Hepatic Parenchyma Surrounding Small
Tumors after Stereotactic Radiotherapy

Hitoshi Wada'’, Kenji Nemoto?,
Kazuhiro Majima', Shin Hitachi", Akihiro Sato®,
Kunihiko Tominaga*, and Shogo Yamada®

Introduction: The purpose of this study was to demonstrate
the computed tomography (CT)appearance of high-dose-
irradiated hepatic parenchyma surrounding small tumors after
stereotactic radiotherapy (SRT).

Materials and Methods: Thirteen patients were enrolled between
September 1999 and August 2001. We treated 15 lesions [six
hepatocellular carcinomas (HCC)and nine liver metastases] with
SRT using a linear accelerator. We used two SRT protocols of
45 Gy/3 fractions or 60 Gy/8 fractions. Hepatic CT examina-
tions were performed at 3- to 4-month intervals after SRT.
Results: We classified the appearance of high-dose-irradiated
hepatic parenchyma on CT into three types: Type 1: eight le-
sions (53.3% ) showed low attenuation areas on non-contrast CT
and high attenuation areas on contrast CT; Type 2: five lesions
(33.3%)showed low attenuation areas on non-contrast and con-
trast CT; Type 3: two lesions (13.3 %) showed no change. The
CT appearance of Type | after SRT was similar to that of pre-
irradiated HCC, but the other types were easily differentiated
from the primary tumors. These changes were observed and
continued for 6 to 22 months after treatment. In two cases of Type
1, we performed histological examinations of the regions of high
attenuation on contrast CT. These specimens revealed only ra-
diation-induced hepatic injury.

| Conclusion: This study showed three types of CT appearance
in high-dose-irradiated hepatic parenchyma. We suggest that other
examinations be considered to distinguish between radiation
hepatitis and local recurrences for HCC after SRT.
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VANAF Y Y ETV, W% & RREN AR (CTV)
1249 lemDZE 4% I 2 CREMEERYARRE (PTV) & L7z,
SHERETI L = BBRPSTOOU (3D), 74 v 71 =
HEEMIEXL-15DP % iV 72, MBS I PTV i & Bk
BE LTI5Gy/fx, BHE4SGyBE T L 2FAIE L7
B, EE DRI T B 5 HBAL IS LTI 7.5Gy/fx I
U TR E60GY 7 BRAT L 7z, IR EhIC X b A c
5Gy/fxUL LIS SN D WEEMED & 5 b DIESRT DX RA &
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B LEmic Tt 2MEZHBTHA.

RN RNLIBG—H A RIS CTTRHEi L, £O%IE3
~4 A A T EICEBBECTEITo 72, 2D~ AN CT
(GE#High Speed Advantage) ZJEHI & L, @53 A 5
£ AE Tmm, 7— 7 VEE)IL Tmm/fbT, EECTIZa—F
A 100ml % 3mlfsec THEA L3O AZICHIIM, 12080
VAR 2 Bl L 7z, SR YERTHE O 6 REWI I BEG i K U%E
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DTHY, 7HA(46.7%) 2D S 72 (Fig. 1, 2).
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6 ¥R (40%) 12528 &5 17z (Fig. 3). Type-3 ($Hifl, #EHECT
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Thh, 2#62(13.3%) 12320 b7z (Fig. 4). 2 #o

Table 1

Characteristics of patients

s B4
BEN A

BHZIZB VT L FEHHOADERCTIRETH > 7-.
Patients Number (Sites) 13(15)
Gender Male: 7 Female: 6
w R Age 33—76 (mean 63)
Primary Sites HCC: 6
SRTD—KFFUICT L TIESAEE K L 7zComplete Colon: 7
response (CR) % 8 #Bfi, 50% LA LD/ % #8% 7-Partial Breast: 1
response (PR) 4% 5 #ifir, 50%KiDMihd H0itlizL AL Stomach: 1
ZEALAI I & e A > 72No change?s 2 i TH V), =R Tumor Diameter 1—1.9cm: 3
(CR+PR/4:f5) 1387% Tdp o 7z. FHEIEEMIRIZ11.67 H (2 2—2.9cm: 4
~247 H) T, RFTESRE 4 AR AV SR 3—3.9cm: 4
K 3emPAETH o7z, 5, BENC X ) WIS 7%k AR Sl
K7 PE D WS BEE 2 42 U7 ERNE B dr o 7. HCC=Hepatocellular carcinoma
Table 2 Summary of CT appearances
. CT appearance
Type Case Primary Tumor Diametor (cm) SRT )
Tumor befors SRT Liver after SRT
1 HCC 2 45Gy/3fx L—CE—lIso L—+CE—lso
2 HCC 35 45Gy/3fx L—CE—L L—+CE—CE
3 HCC 3.5 45Gy/3fx L—CE—L L—+CE—CE
1 4 HCC 4.5 45Gy/3fx L—CE—L L—+CE—CE
5 Colon 1.5 60Gy/8fx L—ring CE L—+CE—CE
6 Breast 35 60Gy/8fx L—+ring CE L—+CE—CE
7 Stomach 1 45Gy/3fx L—+ring CE L—CE
8 HCC 4 60Gy/8fx L—=CE—L L—L—L
9 Colon 2 60Gy/8fx L—ring CE sL—L—+L
10 Colon 2 45Gy/3fx L—ring CE L—L
£ 11 Colon 4 45Gy/3fx L—ring CE L—L
12 Colon 3 60Gy/8fx L—+ring CE L—L
13 Colon 4.5 45Gy/3fx L—+ring CE L—L
14 HCC 2 45Gy/3fx L—CE—L Iso—~Iso—lIso
2 15 Colon 45Gy/3fx L—+ring CE Iso—lso

L: low density, CE: contrast enhancement, Iso: isodensity
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Fig. 1 A 71-year-old woman with recurrent hepatocellular carcinoma after transarterial embolization(case 1).
A: CT scan obtained before irradiation.
1: Non-contrast CT shows a mild hypodense tumor. A spotty deposit of lipiodol is seen in the tumor (arrowhead).
2: The tumor is well enhanced on the arterial phase of dynamic study (arrow).
3: In the delayed phase, contrast enhancement is decreased.
B: CT scan obtained 5 months after irradiation.
1: On non-contrast CT, high-dose-irradiated hepatic parenchyma shows an area of low attenuation.
2: The arterial phase of dynamic study reveals an area of high attenuation.
3: On contrast study, the enhancement is unclear. Radiological differentiation from HCC was difficult because
enhancement patterns were similar.

Fak 1449 A 25 H
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Fig. 2A  68-year-old woman with liver metastasis of colon carcinoma(case 5).

A: CT scan obtained before irradiation.

1: Non-contrast CT shows a hypodense tumor in the right lobe of the liver. A small calcification is —_—

seen in the tumor(arrowhead).
2: The tumor shows no contrast enhancement.
B: CT scan obtained 9 months after irradiation.

1: Non-contrast CT shows an area of low attenuation in the high-dose-irradiated hepatic paren-

chyma.

2: The lesion exhibits marked enhancement on the arterial phase of dynamic study. Liver metasta-

sis has disappeared.

3: Enhancement continues on contrast CT in the delayed phase.

CT% % L 7=Type-1 ® 6 fEFITIX, W d BT
¢)Lfi’]ij—& EESNWPEEHICB W TOE~ERINE - T
7o, R ER SN LIRS IEEMEICH Y b, (KR
W2 T L7z ds o Tl eah R HEY Li};.?f!ii/r%ﬂﬁfag)o
7o, REVERE TSN Y — U SRR OB R
N L DS O A TH Y RETESE & D% ‘CTJ_'
IEHREETH o 72 (Fig. 1). LA LType-1 OFF R %2 L7-E
FEMENTHE CIESRTIA D S a3 S ITHE & - TR S
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HOBLCTRE R LT RE 2L (Fig. 2), WEHERIIEEH
HE L2 o 7B C b FRAFIES, & OB ICHERZ T
&7z, Type-2 @ 3 b Type-1 & [EHfE 2 HEEE 5 B ORI
BWOWFIIARHEBEETH - 725%, WL OBRIIHEZLTE
7z. Type-1, Type-2& CT LT L% RO -HEHIZSRT 1
~THA%THY, SEFE b —BHFA L HERE B
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Fig. 3A 75-year-old man with liver metastasis of colon carcinoma(case 11).

A: CT scan obtained before irradiation.
1: Non-contrast CT shows a lower density tumor in the right lobe of the liver (arrow).
2: Contrast CT shows a non-enhanced tumor.

B: Enhanced CT scan obtained 10 months after irradiation.
1: Non-contrast CT shows an area of low attenuation in the high-dose-irradiated hepatic parenchyma (arrowhead).
2: Contrast CT also shows an area of low attenuation in the high-dose-irradiated hepatic parenchyma. Tumor margin

is well defined.

FEBICE D R VAL RBAEIZAL N R o7,
Type-3 W b EEBEBSEHMA 2~4 7 A LE» o 7.

Fig. 1-2 |Z7R L 7=Type-1 @ 2 §IC, HEEEHOEEEHD
M HCTTFEHAMIC & 1 Mk 2 PRI L m B A AR (% 2 fERR L
7=. Fig. 1 OEFEMFEAES O8I CIRFMRIEIEZE A
EiHgk L, BEMHEORA L) Y BROERESFA LN
(Fig. 5 A).  F 7= O 8 A A3 B TIR IO 34
AR LTEBY, inflammatory pseudotumor (2L L 7218
T& -7z, Fig. 5 BIdFig. 2 TR L7z KB RAERI D41
WETHAHH, FFAMRIEE L < ZEEtE a0 A3 0] 2
INEIAE R R, MUAEDTHHAFRYIZHI % o Tz, J81id o —
Wiz RO b, WEOEESA LNz, HWE L
P8 &3 5 & S ICHHEEEARR® S /s, iEETE
DRFEHZALIZZ Lo 7z, WHES] & AR
BOGMotz. FRCTTERAMEMBROA LN LD o7
HEEHRR O AR WIFSEE & & M2 51T L 724, [EO
RN 2 bidZ Lo o 72, Type-2, Type-3iZBL Tl
TR L O ET 72 b Do,

Tk 144£9 H25 H

z =

T B R OFEE I BT ACTE 2 MET A L34
{ Bp\a-107) - BISCT TGS L 7o i Tl Bs S e iid
IR 2 B & EATRENT W12 KET b SRTH
2BV 2 HES I B o0 BT 92 R i FE 1 2£86.7 % A3 HLMCT TN
¥2EL, ChETORELFAMTH o7z, EECTIZOWT
I&Yamasaki & 25 L 4 )b F — X Tl H o #8525 hifT &
N3 1B OME % LT A, B SNz FERIZERCT
TT4%DEIISIZ 2 Y, i kAo L)t
L TWaE3 | L LIEEIZ 7% - TChiou 5 A%18f DR 56
FFHE VA 5 BBEHEIF O ECTRICB W TRAEIRF S
RIFEGCEESNAbOPH L L 2ELTWAEYW. K
FREHZ BT B iE#CTIE Tld, Yamasaki& [/ CType-2 @ &
) PALIZ LR D40% T, Chiou 577K L7zType-1 D &9
LR ERELIODD46.7% - HuEd B O T
72. Chiou b DT VTN FFMEIFRESITH V), MK
0 b B AFRIES - Type-1% B9 2 HWRAH 2 o 72.
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Fig. 4 A 70-year-old woman with hepatocellular carcinoma(case 14).
A: CT scan obtained before irradiation.
1: Non-contrast CT shows a mildly hypodense tumor.

2: The tumor is well enhanced on the arterial phase of dynamic study (arrow).
3: In the delayed phase, contrast enhancement of the tumor is washed out.
B: Enhanced CT scan obtained 2 months after irradiation. —

1: The tumor is reduced on non-contrast CT. No irradiation change is shown in the high-dose-irradiated he- A3 |B3
patic parenchyma. |
2-3: Contrast CT in the arterial and delayed phases also shows no irradiation change in the high-dose-irradi-
ated hepatic parenchyma.
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Fig. 5 Histopathological images are shown (HE stain, original magnification X 100). No malignant cells were present
in these specimens.
A: This specimen of case 1 reveals proliferation of fibroblasts and lymphocytes. Active inflammatory changes are
indicated. These findings are similar to those of inflammatory pseudo-tumor.

B: This specimen of case 5 reveals atrophy of hepatic tissue and degenerated hepatocytes. Dilatation of sinuso-
ids and edema of stroma are observed.

Yamasaki 5 & Chiou & @&y & L THIZEAFS- L Tw5b
WHEED o745, 3 ¥4 TICH B LICTHi RO HA L
D X9 RHTF BT 5 DIV TIER 2D % < Al
AT & Lo 7o,

CT T AR RN R % 30 7-Type-1 DFERIZBIT B
PRAAEGE 2 B & b HUHRIRGHC & 2 P92 o MgRREE %
RS LR TH o 7z, FESTEIFEER Tldnm & ash
TV 72845 O iR B (% | dinflammatory pseudotumor |23
PL T, MRS S THh N zinflammatory
pseudotumor D i ZCTIHE D TIXIT & A L DEHI T i
SR, PR LSRR ERD L LBRLATY
72h¥9 ) ARG DType-1 DR S T & FERIZHB L
I BbDLBbh. KIGHEFEZER ORMEMEET
3, MEFHL->TEY, FAHEFOWRCEEDFE
& o I E D THEDTRE SN LTRSS B 7% &,
BHAM TR S NEHHICB VTS~ BRI A > Tw
FEECTATRZHML S 5 b D L Bbhiz. W@H ORGHH
JFBEE D BRI ATNEE L AV T O UL EHIRBAZE L 7
DR E LTI 5 ML IO Z S 5 o 1lids
FHREFEIN TV, L LAKREHOREMEMRSRIE S
DOHEUHNOFIROEL THBY, SRTIZ X 250\ bk
EoEbHEZE SN, F72F LType-1 DCTHiIRZ 2T 5
% DORIAREE F R > Tz, L L S NASERE 2
ZALE LTHBL- b D500, FHEOHE: &HB%R
L& (R DIRRER D% T HARMII AR S 2T E
3, F7:Type-2 #°Type-3 & DxfIt % G4 RIEH % Eia
TSN EEEZ TS,

Type-1 & [FFEDIFOIELAIERI I IZ OV TIL, Ahmadi
5 A5 FHIBGH RIS BT 2 FOCTHT ROBMETHH#E L T
WAHIT, F 7 O IR RRER R EOE M A S B A R
DIEFGRIRDIBL L Z DBEMIZ D7z o TERA AT

Ek 1449 A25H

LTWALik_TBY), CORRIARFLAMTH-
7. BEF#iOrelative biological effectiveness(Z1.1~1.2T%
D HEYFRIRIRIEIXR L 1FIZFEL SN Ahmadi b 13
CTTOEFEHREIB ANV F—XBIIBWTLRE) B &
LTwa'", L L#ESOHETIZ2Gy/MxE Y KEL, #
TR AN 512 L 72h% > THIHEE A% < 80Gy Ll |
TIEFICEDE LTWA, KRF TORBEIZOWT
2Gy/fx |2 YT 2 i & DD 7= 0a/p=3 L HEL T
biologically equivalent dose : BED=A&#x (1 Al iE+a/B)/
(a/B) TR Fz & Z 52 15Gy/fx TIXBED=270Gy, 7.5Gy/
fx TIZBED=315Gy & %% V) | [al#iti & &bt Tl O g
HEIXDNICHE DL DTH o7z, A CRRELHLE iR
WISHRIBS O 2L % B L 7- D i3 i s iRy & e iFsE
BDHRTHY, Type-1 DCTIRIIKE ZBED % M4t L7252
BEZTTWLWREED S5 LTS,

MBEHEOFBIEEE T 5 9 2 THIZType-1 D & 9 ZETR
RO, WA X B IEGEFRFEE 02 R0 d,
JE S MBS D R RS 2 DA D& AERR I I & 2 5 &
Bbhsd. BOEMBHHIIB VT B HEICEED
AR IERCR RSB L, SRS D 5 O &R A
L s 2 EHHAHY. BRI TIZCTRPMRITOIEMEZ
BRSNS - S, FDG-PET® 5 32" TI-SPECTH®
B DEED AR SN L32 KIREHI B TR
TIICTED S /P HE5 & OERILHBAS Tdh o 7275,
JECSEME I TR B O FERR S0l & [AIARI ML O W R T R
Ik BMREASLEL Bbhi:.
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