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Radiation Injury of the Lung Following Postoperative Radiotherapy of
Breast Cancer using a Single Large Portal Technique
—CT Stu;dy‘—

Hirohisa Ishikawa, Jiro Watarai, Masaaki Shindoh, Naoya Matsudaira* and Toshio Kato
Department of Radiology, Akita University School of Medicine
*Department of Radiology, City General Hospital

Research Code No. : 506
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When postoperative radiotherapy for breast cancer is indicated, we employ a single large portal
technique with electrom beams using a bolus made of MIX-R (soft tissue equivalent material) for the
chest wall. The entire lymph node groups as well as the chest wall are irradiated uniformly, and the
total dose is 50 Gy, 2 Gy/fraction, 5 days/week.

tadiation changes of the lung in 35 breast cancer patients irradiated by this technique were
evaluated by computed tomographic (CT) studies. Radiation injuries were detected in 12 patients out
of 35 (34%). Among patients who were irradiated by three portal techniques without bolus, radiation
injuries were detected in all 4 patients (100%) by CT and in 39 patients out 72 (54%: historical control
group) by plain chest film. These results indicated the superiority of the single large portal technigue.
Radiation injuries were identified in CT studies at 135 day after commencement of radiotherapy, and
their distributions were localized to areas of 80—100% dose level.

Measurements in CT revealed that the thickness of the chest wall varied extremely according to
surgical procedures, so that the adequacy of the selection of energy of electron beams in each patient
by CT was indispensable.
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Table 1 Materias

Single large Three _ Postoperative Rzldi;fttlée;rapy
portal technique portal technique radiotherapy ECUETa0re
Akita Univ. Hospital 29 0 28 1
Akita City Hospital 6 4 8 2
Total 35 4 36 3
2. BENREFHE Table 2 Age distribution
1) BMERR Age No. of patients
BE R SIL19824F 4 F 25 19904F 4 A Oz, 20 1
K H A BOHR BN R UK T iR b i H f ft o — 30 7
Yo e C LM 4 T T R 03T bk, % OO . I
CTHENKTERTWB3MEMN TH S (Table 60 9
D). FKEKEGHRB O 29 F 12 & 61— T Total 39
HY, D) LATHRBIIBEN, FRCKT S
FIEIRESE 1EATH D, KEHIRRE RS RE
DI0ERNE, —FIRH 6 iEFI, LRHBEEY =R
HEF I HEIRA L (LIT=MBHET D) 45 —
Blchh, AHERBSH 8ER, FHEH2EANTH )—5 s \
%, LEOEFIR, —FIMHISER, =FIESH
LD, HTAICIER, BRAERS 3 EHIC J?
b5, o B :
R Table 2 1R LCH, 20E X 14 2%
OHTIRE L ERBEFHLCHHL TV 5,
2) MEHRAROIERE
BEEE X, BKH K% T MEVATRON77 Single large portal of electron beams with bolu
(Siemens B, kM i YZB% T % ML-15MIII 5 Single large portal : 25X 25cm

Fig. 1 Radiotherapy portal

17y 7 (ZEBHEN TH5.
— P9 & 1% Fig. 11c /"3 8 H T25X25cm=
625cm?* D KBHEFTH 5. BFFXFHH OB F
;, B ETELEE, MErRHTEEE L, 8 / Q —S--\
FILRE R EEH I, ThbbEEAAND .—-& -~
BRI BT T 5, BB RS RIWE // i ?—
Mix-D, #izi: Mix-R ®2.5cmEDE—-F A% TT
PV CHHRE % T - e, BKETIRBEOEFRE 1&7 Hﬂ
FEBHIEBEOENOBMRT, IMcTbhk
(Fig. 2). BB L TR A—-F A HTF= %
NF—ZBOLTHAH, WELTERE L E
#502, 10X 18cm, 12MeV, KgBEiL15 T, 14X Three portals of electron beams without bolus
I: 10x18cm, 12MeV, II: 10x18cm, 12MeV, III:
ldcm, 8MeV, DBHETH 5. BHALBEOEIM 14 X 14cm, $MeV
b 19874 1 B LAREE— IR E L7, Fig. 2 Radiotherapy portal

SERL5 41 A25H (67)



68

PR B R,

50Gy/ 5 B H 2

3) REHT
HFHINE
7z % 75, Table

SThH, i

FLAEIIT #4761 BE A X 2 fitib s

=2, 2Gy/H, 85 M@, BIfaTix, Patey fifz (Brt+Ax+Mn) DFEfIT
ATHD, 12MeV 234 s o 1,

& oAk CMS % Modulex RTP system i
IFR= 3 F —EFIC L » TR THFIE L7z, SSD t:100cm TH %, =PFYIBE o HE
3D &< 12MeV, 15MeV 23K MRS Lch, $F LT+ & g
, FiA L EFR=FALF D 3, FTELTMeV THIE L, WMEE IS UE

AN AN\
= il

PRI
%
NN
WY

N 3>B A}ﬁ

S l//ll\‘?' Lﬂ
"

|

[

Single large portal of electron beams with bolus (12MeV).
Thickness of chest wall : 5mm Thickness of chest wall: 10mm
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Single large portal of electron beams with bolus (18MeV).
Thickness of chest wall ;: 5mm Thickness of chest wall: 10mm
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Three portals of electron beams without bolus (12+8MeV).
Thickness of chest wall : 5mm Thickness of chest wall : 10mm
Thick lines show the irradiation dose of 100% and 80%, respectively.

Fig. 3 Isodose distribution

(68) AAREREE 5538 $F15



alll

Table 3 Surgical procedures and energy of elec-
tron beams

) Energy (MeV) No. of
Surgical procedures —ﬂ 58 patients
Brt+ Ax+Mn+Mj 2 8 4 1 15
Brt+ Ax+Mj 3 3
Brt+Ax+Mn 14 19
Brt+Ax 2 2
Total 2 25 11 1 39
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4) FFEE DD

fiEEDfRE (CT -2 —A) (& Libshitz &
Shuman®® CT Ff Ric#k-5 < ZEICHE > TR D
5HIL L7,

0 No change

I: Homogeneous, slight increase in density

II: Patchy consolidation

II1 : Discrete consolidation

P-l-

1

A
A\

Fig. 4-1 CT pattern of pulmonary change :
1: Homogenous, slight increase in density
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Fig. 4-2 CT pattern of pulmonary change
II: Patchy consolidation
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Fig. 4-3 CT pattern of pulmonary change
IIT : Discrete consolidation
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Fig. 4-4 CT pattern of pulmonary change
"IV : Solid consolidation

IV : Solid consolidation
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FaBEE 13396 CT THIE L. KaBEE o2l
WA, BEmOEX L LISHET, FhFhK
DI 2 FEEFHEI Lic, B mm TH5,
FirllaEe | KBRS O/ & THE 6o fgss
E
FEFMMUBEEF . KBRS OB S chEEok
BEE (il et o)
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g 20 G ) © Bri+Ax+Mn+Mj 15
5 / 0O Bri+Ax+Mn 19
% 15 /75 [ A Bri+AxeM| 2
g 10 / / & Bri+Ax 3
s y &
0
Axilla  Chest wall Parasternum

Fig. 5 Thickness of chest wall measured by CT
(n=39)
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ZALXRET, S LI KIgHIBRDHEI A X\,
it MBEIZIE10mm LT &b, Kifiag
X b B9BEE XSE5mm Btk & i B, KK
#, DR X 5 JEEE i FE 5 10mm T B
5. WG OKIEER 3 hE 5~20mm, 10~30
mm, BEOE I, FhFh10~30mm, 20~40
mm TH - 7z,

2) BFRTANF—RIROETEE

=F N F —RIROBEE X FE 3 5 e
T, BFHROOWMEHOES AL TH—F 2
THIEShICHBEZ A B L, WEOES 1em K
i, lem Bl _b2cm 2K, 2em Kl E3em R % Fh
FhGrade 1, 2, 3& L7, =%1F—BHoOH
BB & BEERAE o B IR A 2 0 —PIRR 5294
THEET L7c (Table 4), MEEERS G Grade 1
T1%3/15, Grade 2Ti31/10, Grade 3Tid/4ic
R, PEEFRER L IERER L TS
Bz H - - (FEFETCOBETP=0.0019).
B EF#R = ¥ — BIROMIFEEERA
RS b, LHET S i,
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Table 4 Relation of lung injury to adequacy of
electron energy selection of single large portal

Lung injury
————— Total
Positive Negative:

Adequacy of electron Grade 1 3 12 15
energy selection” Grade 2 1 9 10
Grade 3 4 0 4

Total 8 21 20+

Total Chi-square : 12.48

P=.0019
*Difference between depth of 80% isodose curve and
thickness of chest wall with bolus is:
Grade 1! less than 1.0 cm
Grade 2:1.1~1.9cm
Grade 3 . more than 2.0 cm
**Patients treated in Akita Univ, Hospital
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: Localized under chest wall

. Around bolus / parasternum
: Reach to axilla

. Localized in lung hilum

BN =

Fig. 6 Distribution of lung injury

BETHbD, D4 (Fig. 6)IctEB L, fffEsE L
WESA & oBEMNE R L,

Fifi e 8 & A= F 13225 X 25¢cm D AT EF, B &S50
Gy T, £fITiX1661/3961 ; 41%, —FIBa& T
124/3561 . 34% TH -7, =ZFIBHTIX4H/4
#15100% T, £ 5 H 1 FIEAIRTE I b4 U T
Wz,

REDFAETN & BEEORE 2 —I5 L T Table
SR LT, FEMME LThBETRI2ALED
%<, X, -7 20UBMBM AR O BE IR
BLTRLhB LN M TH -7, FICHER
AR B R 5 b o 36, FROMPICET 5
2PIRGNG, ZhbEERETMITRESA
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Table 5 Distribution of lung injury (1~4) and CT

patterns*
Patient** or{ﬁt?ﬁﬂ(?’[‘ 1 2 3 4
1 I
2 i
3 11
4 11 II I1
5 1
6 I I
7 I I
8 II I II
9 I I
10 I I
11 v v
12 I I
13 11 I 111
14 v
15 I
16 v
Total 3 12 8 2 3
*CT patterns of pulmonary change (Libsitz & Shuman)
0 . No change
1 . Homogenous,

slight increase in density

11 . Patchy consolidation
1 : Discrete consolidation
w . Solid consolidation

**Patient 1--12 : Single large portal technique

13--16 : Three portal technique

B (Fig. 3) &t $ 5 &, —PIRH TI1X80~100%
BRI T A EAERTE, X, =FIBH
T, fE65 & BaBE D FRSHEF OB M TI12140% % 88
Z, BOFIERCIX100% R BHICE L, Flhic LT
BRRESEEREOGTH B Z BB LNAT
B ot
EEOBERRT CT 24 — Vi 2Tk
Fig. 4 iwRLich, BED S o EME#EE I
RkEhiz, B, MEEERM:AI1651+ 3 Gl
BEMBE G CTIEELRD T, CTETHDT
BT CH-1c, ThBRVWTFhIEERED
% & {E\» Homogeneous pattern THgBET & fgE
BEXIEECRE TS24 7 Tho7, BWETIC
[RE-1 5412413, Homogeneous pattern==5,
Patchy consolidation=>5, $olid consolidation=
2LEEOBVCIDVE D 5, £ — F RDOUHH
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fHERUCRESGEXIEZRRL TR S b0
%, Homogeneous pattern, Patchy & Discrete
consolidation 7345 4 R TH - 1o, BEOHR S &
ED d DIHELMFTZ ¥ ¢, O Discrete con-
solidation=1, Solid consolidation=1T# - 7=,
St B BF v R A % Ao L 7o EH  Solid  consoli-
dation TH - 7z,

4) FibEE DRER

FUEMEBHAORBBRIC K T, i X i
BEZ L CT #8513003° L b Eiiey i 48 m
CHEAT TRV ey, BB R A R 1 24 AR AR
BEEORBEICERA RS, fIEEORERL,
EEAP—FrBLb0%BNLBETS LB
HiBALGRE D HF 151358 (Std. Dev. : 45.6, Std.
Error | 17.3)TCH -z, —FELHT CT TOHRFE
REhico14lTh-1-,

5) CT /35— RUATHERASEAE D &1L

2EICT 2R LA 42T CT 45 —v
R ORIAERR BRI 8 o 2 {t.% Table 6 IZ/R L 72,
CT <& —vTid, #T LT W5 3 DL 2 4T, i
i 113224 B#1= Homogeneous pattern — Dis-
crete consolidation, fEFI15(%20% A%z Homo-
geneous pattern -» Patchy consolidation (2284l
LT, b isu b DAES 7 D 1 #1¢ Homo-
geneous pattern DEF EFThH -7z, X, BELTLW
o DITAERI 9 D 1 61T 2 » A% Patchy consoli-
dation — Homogeneous pattern 12 Z5{L L T \»
Tz,

BIAERR A b 8 o RS o B INE A 0 B F 1R IR
HBEITH 469 3 FIREML T 7,

6) F&

— PP 3SFEFIIC oW T E AL U B A%
Table 7T & 5 ICmEMTHIcL o TE D,
B0RE IS < A bR, SOEEUTRE L A7,
LLZhiG8RICTHRET S L FEcBL
T, BERENLERERL T, HANCER
# (p=0.36) BRWERr o,

4, £ =

FEM BRI ERF OV RICOWTIRE
Brgohs, MEHoksF5EME, BREHO
MRk X DR, FloBRBEICE U ToRBHKER
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Table 6 CT patterns and change of mediastinal

fat layer
! : Mediastinal  Interyal of
Patient First CT ~ Second CT "¢ t laver T
atitay (months)
1 I m Increased 22
7 I 1 Increased 2
9 11 1 Increased 2
15 I 11 No change 20

Table 7 Age distribution of lung injury

Lung injury

Age i Total
Positive  Negative
20 0 1 0
30 2 4 6
40 2 8 10
50 3 7 10
60 5 3 8
Total 12 23 35+
Total chi-square . 4.338
p=.3622
*Patients treated by a single large portal
technique
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iha,

LR O BEHREREE OIS LT, i
WEBHFERERACE, - - v0E
TF#E, Co-60y 2, SMVX B4 tA L TiTbhTE
7o, 19824 4 A LIREE, MEVATRONT77% 0" ML-
15MIIL 5 1 7+ » 7 © & AT X b #x %30 X 30cm
DHERBFREBHEOFANTE LD, £
7 A IMEFHR—-FIRHI A IR THECE»
fo. ABEEOFAIZ, F-F Ak WEEY
ML CHMBERHNOMBRLYE L IED L LD
2, $RELETE, t5HE Mk CRE 2 REHC—
BETHI L) BHFOERD 85—
73, ERENMY S ERcERT A Lind s,

FUBMTERBHEOBIER & LTI, 15 m iR,
FeniREsE, BB -CeRE 7 & OFEIE R ORhEE
HFbhb, FI3FToWTIE, 198243 5T
DiEEO BBRAICERANCRIBE & L B EERNILIZ &
ALTehote, FIEECSWTH R, MEE
RAEREET BRI -ehy, Bik45% 5
X BECRA L) OBETRHRENER IR
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AR TIMEEOKEY XM CT Bizk b
BT L7, &Hlic 2w T OfffEE D 4 Ri316/
39=41%TH -1z, T OF=ZPIBEIT4/4TEAIT
BEE 2 B0 T, —FIRSCE 5 £12/35=34%
TH T, MEROBEREE O 5B X #E&
TRHT CT R TWDHTHEEYHERHEAI-LD
D3 F D o, Lichis T—FIRE o Bl X 5
TORBERILI/HB=26%ThH-7, CTHEKST
DOBEDE < IR oEEFEERY 5T
HTENTFHEEINA, BEERERHzOWTY,
FEEDHEH X b, Bl L 7-F5135H (Std. Dev. :
45.6, Std. Error : 17.3)1% % - & B LBRiic 7 5
TTEEMEL D A,

19824F 3 A % T, YEhiz k10 % FEMT A B AT,
% DR O BB L L T 00D H A R
bhTE7, BIH6MVX #, Co-60y &« (FoiEic
I HUMBHE S ), RU6MeV BT % O
RAsBeiis UTEMBHETS) Thotk,
OMMEE LB X BB THRN T E D674
THote. MEEEHEMVX & +6MeV BT 65
FET35/59=59%, Co-60y #Ri34/8=50%, 4T
13.34/67=58% 1R T, AMFE COBTHR—FIR
HTIEM X REBETOMBEERERIINB%TDH
Bk, —PIBA & PR ORI IS O RE
KB L tEEERBD LR (p=0.0055),
il E O E (X Libshitz & Shuman®D#i& iz
LchisTCT <2 - v 5 B4, £4
OCT A2 - vIEEOREY MR TH b0 LB
BInny, 28 CTHRENKET SR 46z
WTHEADCT 42 — v ORBELY RS &,
BENRETL TS L0024, EHKEBIZIE-
b 16, RUEBRLICDDOA1FE 54
RThote, RHEEAOEEMSFEIEE LR L <60
Gy LLEbBH I h 3 iEAOBE, MEE DR
BERRDP OB HITH BV, FIFEFI T
BEXLVEETHY, MEEITHHTHHE
PISFEETHZENHEI RS,
BEERAEMAL, MESAM LR L CEHRER
BThrZ EXBLNTH -1, BFHE—FIRYH
DEE, A — 5 2112, 5cm O EBE R YE

R 54 1 A25H
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