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Changes in the Lungs Following Postoperative Radiation Therapy of Cance of the Breast
By

Katsushi Watanabe, Masamichi Okazaki, Juhichi Takeshita,
Keiichiro Onizuka and Kenichi Tsuru
Department of Radiology, Faculty of Medicine, Kyushu University, Fukuoka, Japan
(Director: Prof. Dr. Hideo Irie)

We have studied pulmonary changes on patieht with radiation therapy for postoperative carcinoma of
the breast in our department from 1955 to 1965, who were followed roentgenographically more three
months after the end of irradiation.

1) With the direct vertical technique with conventional x-ray, delivering approximately 3,000 rads
to the supraclavicular region, axillar region and chest wall, the incidence of radiation pneumonitis was
73.5 per cent.

‘With the tangential irradiation technique with 8Co 7-ray, delivering 5,000 rads to the supraclavi-
cular region, 5,000 rads to the axillary region and 4,000 rads to the chest wall, the incidence of radiation
pneumonitis was 52.1 per cent.

2) 1In direct vertical irradiation with conventional x-ray, first grade of radiation pneumonitis was
found in 15 of 61 cases, second grade in 24 and third grade in 22. First grade radiation fibrosis was found
in 15 of 68 cases, second grade in 17 and third grade in 5.

Most of them involved major portion of the lungs extensively.

With tangential irradiation with #Co 7-ray, first grade radiation pneumonitis was found in 41 of 54
cases, second grade in 11 and third grade in 2.

First grade radiation fibrosis was found in 32 of 54 cases, second grade in 21 and third grade in 1.

Most of them appeared in the upper lung field and radiation pneumonitis was minimal.

3) The radiation pneumonitis following roentgen therapy in which typical roentgenological shadows
were found within three months after the irradiation was 87.5 per cent.

In cases with tangential irradiation with 8Co 7-ray, radiation pneumonitis in which roentgenologic
signs of pneumonitis were found within three months after the irradiation was 80 per cent.

4) 1In 24 of 137 cases with pneumonitis following radiation therapy, complete clearing of pneumoni-
tis could be seen mostly within one year after their appearance. In other 115 cases pneumonitis still re-

mained.
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5) In direct vertical irradiation with x-ray, the threshold dose for the incidence of the radiation pulu-

monary changes was more than 2000 rads in the majority of the cases and more than 4000 rads in tangen-

tial irradiation with $°Co v -ray.

Correlation between the time-dose-relationship and incidence could not be difined.

In radiation therapy of postoperative carcinoma of the breast, the tangential irradiation technique

with %Co 7-ray is preferable to the direct vertical technique with conventionzl x-ray.
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Table 1  Age distribution

Roentgen *Co )
Age theraig:)y teletherapy Total
No. of % No. of % No. of| %
cases cases cases
—19 0o 0 0 0 o] 0

20—29 3| 2.6 4| 3.8 7| 2.9
30-—-39 27 | 23.1 23 | 18.5 50 | 20.6
40-—49 47 | 40.1 53 | 42.0 | 100 | 41.2
50-—59 27 | 23.1 32|25.4 59 | 24.3
60-—69 12 | 10.3 8| 6.3 20| 8.2
70— 1| 0.9 6| 4.8 7| 2.9
Total 117 | 100 | 126 | 100 | 243 | 100
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FAFI304E 1 3 X b BEMISBEI0 R Tk (v ] 4
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Fig. 1. Outline of skin fields for irradiation

s ,z,k\ CRL
\J P x/( . (<

BEHRE © Bl (WEEEEl), HETE
180K VIiZTiagst, Zhth 1% 3,000rads, £H
B |, F#EL 200K ViZT 3,000~ 4,000rads @
L.

VR R T X 0 3 emD TS o Fid & L
fo.

1) %°Co ¥k EEE RT- 2,000 iwCfifieo
yroft

Bl e IR © 75em

FASHE © 11E] 200R  (Zerpiiin)

TBAERE c mH, 1H1EE 2 @igk, T
5, MRt L aleEED 2 B

RS R O BRAHRAL « 8 B, T, BEEERE
10x 10cm~ 8 X 8 enDBHIFTH + 1 FIITEHE
T, T, WREEE 1 o0RETFICEn T8 x10
em~10 % 16em CIEMZCREMI X b 179, Tl
X D UK E & ORI 2T T4 « EECFES
L7z, NoBEvTfE i e E i S M~ 3 en DL

AAE SR AR 2Rl H528% W3 &

2 b AN OFiERAN & 7 X 16en~ 7 x 1dendfF
HEcHERCH AR L b 2FeT B L .

GE2F) BashslEOESX4~5mTh
5. O, gk Johic Bolus 2 {#H L
Tiedd, FRBEEH 3 5 fob IEFN394: 8 A
EHXpldTns.

Fig. 2. Outline of skin fields for irradiation
with *°Co y-ray.
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Table 2 Roentgenologic classification.
Radiation pneumonitis

Shift of the me-
diastinum and

Extent elevation of the
diaphragma
I grade |less than a quarter| no or slight
more than a quarter| ;.
| slight or
II grade |but less than one S

half of the lung

more than one
II grade | 1,56 of the lung

intermediate

Radiationfibrosis

Complete resorption

0 grade of pneumonitis .
1 grade (faint or small slight
2 grade ess than two intermediate

intercostal spaces
more than two severe sometimes
intercostal spaces [shrink of the thorax

3 grade

1, WEEIfic& ~ 1% 4,000rads, §ilgi 3,000
rads JAS} U 723401280 (82.4%) Wit h A
nic.

$F L, T, WREH, sileits 2 15 4,000
rads @5 U= 8 fih 74 (87.5%) WIstnia
bihtc.

S L, T, E, B4 4 < 1B 2,000
~ 3,000rads [B&F L 7c214dh1141] (52.3%) o3
R biiz.

S$EE, T, BRER, filia < 15 2,000
rads R D IR G CrHr ik L7136 3 41l (23.1%)
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FRENL BRI,

0Co YLHEREOMBESHRE & MhilHE © Fedk R
EDBRIEE E, TE, BREL, WilEE 4 1
HF 4,000rads JB 4% 470 7-830H344 (40.9%)
AR RE DR A A b hte, $8E =, T,
WS4 2 15 5,000rads, §ijigE 4,000~ 5,000
rads JREF U 728023 (82.1%) WIediia b
hic.

BE L, TE, BKES, fikss« 1% 4,000
rads IFDEBSC, bhbhoBEE Uik
FEE TR U 7 B LIl S EE O R4 13 2 >
Rishsots,

iR FE O BRI FEHR B D MR G O
Ba, [v] RGECSEREE, TE, KES,
HiNgER4 « 1 B 3,000rads L FfRSH% BEEE LT
WBA, 1HF 3,000rads Y -BEENIZOWT A D
L 73. 525 W Bl BCEHRAE D R4 p 4 B e

%Co JRROBEAIEE L, T, KEH, #ih
& % 1% 4,000rads Ll LS4 BEEE Licht,

LB 4,000rads ) EREHFICOTHRB £52.1%
DR HETHRAE DIEN Z BT

2. JilBCEHRAE D J A

TSHRIE D FAETALIEE 4RO L L T H
5. TheXs &, [v] BEERECIihLpE
CHAET BRI A D % < 36%, WGl EEF25.4
%, Wi TEHDOIERIS. 7% 4 bR, kB o
FRELE Y, MTHORER 1452 bhiz. fii

Table 3 Frequency of incidence of the lung change concerned with the radiation dose.

Roentgen therapy o ®Coo teletherapy
Frequency of | Radiation dose rteciaee A Radiation dose ]?requgncy' of
incidence (rad) (rad) incidence

93 1% 3 less than 2000 Supraclavicular, Axilla
7 TI37 | leis than 2000 Chest wall
52.3 11 2000—3000 Supraclavicular. Axilla less than 4000 0 0 %
] 2000—3000 Chest wall less than 4000 7
26 3000 Supraclavicular, Axilla 4000 34
534 1 3000 Chest wall 4000 B3 409
8.4 28 4000 Supraclavicular, Axilla 5000 23 goq
BT 3000 Chest wall 4000—5000 28
g7.4 _T more than 4000 Supraclavicular, Axilla 6000 5_ 65
<78 more than 4000 Chest wall 4000—5000 8 '
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Table 4 Lung field found pneumonitis

Roentgen °Co
o R i,
cases | % |cases | %

Upper 19 | 25.4] 59 |92.2
Upper, Middle 27 | 36.0 2 3.1
Middle ] 8.0 3 4.7
Middle, Lower 10 | 13:7 0 0
Lower 1 1.4 0 0
Upper, Middle, Lower| 12 | 16.0 0 0

Total 75 100 | 64 100

Table 5 Classification of cases with grade of
the roentgenologic finding
a) Radiation pneumonitis

Roentgen therapy| ®°Co teletherapy
Grads No. of - No. of
cases % cases %
I 15 24.6 41 76.0
I 24 39.3 11 20.2
i a2 36.1 2 3.7
Total 61 100 54 100
b) Radiation fibrosis
Roentgen therapy| ¢°Co teletherapy
T | % ||
1 15 22.2 32 59.2
2 17 25.0 21 38.8
3 36 53.0 1 1.9
Total 68 100 54 100

SR RE Licflizie e abhic,

HARESR RS SMR W8k #35
0Co HRFEHTIX TEMN Bid £<59.2%, 1IE
1338.8%, ML 1.9% THotc.

4.  FiBCHERE © FA4 Dl

TREHET X b MHHER A & CORFINGEE 3 X
DTELTHS.

[V BB T3eT.5% I BERTHI» A
PAegt L.

80Co YR CIRBTBAHREE D80% 1 3 7 A LI
CHENZ BRI,

Fig. 3. Months after radiation therapy of the

finding of the lung change

% Roentgen therapy % ®Co teletherapy
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70 % T0F %
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5. JliBCAHHRE OfEE

i E ORI 6 Fo L ThHD. Al
B, V] #ERY 72T #4E L o ThBEHE
m, RBAFofEEo FEIL = 7561041 (13.3

Table 6 Persistence of the lung chang following
radiation therapy

SCCota M CLLlif LB o FEI BB E L, 92.2
%, WThihFDRAT 4.7%, i EFEFThH
FBFER 3.1% A DR,

3. MfinZELofREE

Il B SHE D BN 3 13 B i O 2 L DIREE 158
5502 EThHD.

B, Hogtigmtizex, vl SREEcR1E

b %<39.3%, W\ CIEE36.1%, [EX
24.6%ThH5D.
Co WRERETIX [ MRS £<76%, W\ T

T RE20.2%, MEEX 3.7% Thlc.
AR, [ v ] SREFE TR LR
b %<53.0%, 1[E25%, 1ix22.2%TH
Tz

I\f}?;tfg id?jitgrRoentgen therapy| °°Co teletnerapy
of the lung| No with No with
change |Residue|Residue | Residue | Residue
1 0 0 0 5
2 0 0 0 1
3 2 7 2 5
4 0 0 1 7
5 0 3 1 3
6 1 7 1 6
T 'l 0 2 4 0
8 | 1 2 1 4
9 1 0 1 2
10 0 4 2 1
11 1 0 0 2
12 0 4 1 4
13—18 3 6 0 6
19—-24 1 5 0 1
over 24 0 25 0 1
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Fig. 4. Dose-Time Relationship X-ray therpy

« Radiation pneumonitis +
© Radiation pneumonitis —

10000 |

7000 i T

5000 o I

3000 . L$%€?‘q-; ..
~2000 ) i

300

Radiation dose (rad
<)
(=]

200

1 1 11
100; 2 3 4 5878910
Irradiated duration weeks

Fig. 5. Dose-Time Relationship *°Co teletherapy
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TSR & 2,000rads [ b, CoifEfEcix 4,000
rads ) RI2Fgt: %4 < 2508, TREHDIE & OB
& STk,

BIEL U ER

FIEDFMhith D BAHRIAEE &= L CHBAN364ELIRi
D [ V] BEBROGEIHEE L TE, RES, ¥
b Tl RECRAY 5o, Zh
X U CHEABEELE D Co i DBA 14T
E, TE, BESRECY U CEEC RS 2T
ofeAs, BRI BRI L R e B e 2 1T
DTER

T DI O F MBI B RER A 1T o7 8 D
fioZCOWTRER TR, [V FRiE
FRIT64%, "CoiafRIEIC49.2% O Bl HGHHEE D 5
A B _

RS & B SE D Fet: 3 & DBIRE 2 B
&, TV BIRHEERE, “CoihliRt & & MaHEHUY
KT 2o TIiREHMEDTEN £ & b i
fz.

Bb, [v] SEEscasgt, 75, KE
#, #ileiRs « 1EF 2,000~ 3,000rads [BE4EEC
1152.3% DFEEN I B, 157 3,000rads fE G
TIX63.4%, $E L, TH, IEEH 4,000rads,
Bl 3,000rads FREFRECI182.4% DIt 2 b
hic. $8FE, T, RES, Wisa « 4,000
rads [ b OIBSHANCII87.5% DFsEMN D bR,
1B 2,000rads il o RGN $ 23, 1% D Fete 2
Az,

OCoIGHERECUL N E 1, THE, MEW, Ailein
%~ 19 4,000rads [E4H6C1340.9%, #4E E,
T, BEEE 5,000rads, Fifgil 4,000rads B4
BlICix82. 1% DFENnZ BRI,

LiL, 1% 4,000rads &30 & CHIE LT
BICILIEED A B R Te otz

bR DR IEM TN O B a0
L E R, TE, MEE, wileisg x 1%

3,000rads L) ERESA BAE & LT\ % 2%, 14
3,000rads L) -RSHEIIC DT B & 73,541 kil
TESHE DFEE A B

OCo R DB AN, BE L, T, WESE, A
Haif# « 1 5F 4,000rads [ -4 % BEE & Liz
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A, 18 4,000rads Dl ERSHACOWT & B &
52.1% DR ENFREN A bR, [v] i
BRI BRB L %Co JRIERECHlTEGHRAE D F&
ERESBAR R,

T, FHCEREE O RE ATV TR B &
Cv | SRECSARMEFCRSEED S DN
otz WCo BB A N EECRF L b
DOH%EL, BRELTHFETHOK.

chboZz ik, B byiciilsEicss 5K
BAEORRCESTWS. AL, [v] #RE
BRI ©Co FIERAET < BATHiD RS
ShBMHaVRTHY, B2 RERE L KTh
5. fric, [v]gEstogea, UhBELD S
DT, MBEHEF DB Uiy O FEH i o FSHH
OHREFRTZ LiTinD,

G B, THEOBRS X Tv ] REHE O HE b
SCo i DHf b MENC R 2 To7cns, WH &
b IHRE D RAEN S L Abhie, [ V] #A
O 3,000rads JREFTIRAFLL e g a5
Zbivtc. %Co Bt OBEL 4,000radsEl B i@
BT B ERERAA BRI, i BB ORIz
TH5b &, BSHREDTEE [V ] R 0%
£ Co MRgHT  BARTBEHRE QA FHER T
FeEnHzbh Tv ] fiEEE ©Co REORITH
TAHREFA B L CRE OMES D B L bR
%, Zhuk, JlidEE 0SB L CtCo i
& 200K VO X OB DERI X % YRI5
RBhtouwiciRET2b0LELLbRS.

BaHR R & BEHIER & OBIfRIC T A D &,
[V fiE#ES Co JREEDBE b IiHUHE 7
A L oBoE®RITEoE h Lisholk.

L DIRAF MRS ER LT o B0/
¥, EBEAB L, 3,000rads FKHRHHIC <
~% & 3,000rads [RSFECIBHIIFNOESE, BB
M in {2 0 3 000rads DRSAA TR b
BEehb. BICESE, BBOSVEEEE, KE
eI 3,000rads [ EORBHIBBRIETHS .

bhbhofToi: [ v §iiEEC 1% 3,000rads
OBEFNCITEH L B ifRMHE O FEN R bR
foht, %Co WBFECIXZ O FIR T Fd2 7l

AAE SR RE SR B28% H3 5

4,000rads ) Rizino>CigEN A bRz, By,
gE b, TE, BEER, BilEE « lERC s e
Cv ] BHZIToBIRECS bXb &, “Co
T X % U IR M REE © FeEp i
<, Lavdh bhEinfiia RaHIk, FLHE 0 B
BEELTETChTWB ERLRS,

bHivbhh OHEF L IFIECT5 [ v ] FRIEHE
& %Co B OPHIE AT “Co BEIL [ 1]
BB U C RIFCHREBEOETIALH
fepofet®,

Rt U TR AHRAELS, A BUIIRRH O IR %
e, RLBEE2ETHARAbRIC, 0
T % i HE D B IE A LETH D .

[l S HRE D FE 2 Sk 2724 T %7z
LAER MR DRI & Kb D LRI, LI
fifi D BE A T i bhuin s & 5 WS ik E
THhTLULENRDD.

[v]Be L 58F B, T8, BEE, i
% 4 JBEC BEC BT HE RABb X B &,
%Co v X % Billail o IR BSH I B HE ©
R ie d, T BAEEBLRS, M,
#if k, THERCHKETLConiE b il
E, [V SRBHCELNTIRE TS S 1THh
Ed, AR RS 1S CE IR T R,
H DR A LR ES L, ATRAIIGIR S 2
BT B X S0 b, Byl sl
5EE

wegoBE I, MAdlE4 A8 B, H250 A KfxF
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EW A AR RS B L ¥ 5.
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