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Studies of the Lung Changes Following the Roentgen Treatment
Part 2: The clinical, roentgenological and pathological studies on the
lung changes following the roentgen treatment for breast
cancer and oesophageal cancer.

By

Akira Kikuchi
From the Department of Radiology, Faculty of Medicine, Tohoku University
(Director: Prof. Yoshihiko Koga)

A clinical, roentgenological and pathological studies on the lung changes following the-
roentgen treatment were carried out in 45 cases of breast cancer and a case of ocsophageal.
cancer.

Early stage of the lung changes i.e. radiation pneumonitis was observed in 38 cases of
breast cancer and a case of oesophageal cancer, while later stage i.e. radiation fibrosis was-
observed in 30 cases of breast cancer.

Roentgenographic findings of radiation pneumonitis and fibrosis were described and each
was classified into three grades as indicated in table 1. Radiation pneumonitis was divided.
according to the extent of the lung changes shown by the P-A projection. Radiation.
fibrosis was also divided according to the extent of the lung changes shown in six months.
after the find of pneumonitis.

One grade of radiation pneumonitis was found in 20 of 38 cases of breast cancer, 2
grade in 12 and 3 grade in 6.

One grade of radiation fibrosis was found in 13 of 30 cases of breast cancer, 2 grade-
in 12 and 3 grade in 5.

In all cases of radiation pneumonitis, the typical roentgenological shadows were found.
within eight months after the irfadiation, and in 3.1 months on the average. Most of
them appeared in upper and middle lung fields, but not always in the anterior portions of’
the lung.

Eight of 38 cases of pneumonitis could not be followed up more than six months. In-
8 cases of 30 well followed up cases the complete resolution of the shadows of pneumoni--
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tis could be seen and they all occured within six months after the find. In other 22 cases
the shadows of pneumonitis developed to fibrosis.
disapeared with no residue, but the other develped to fibrosis of 1 or 11 grade, while 111
grade cases of pneumoitis all developed to fibrosis of 1, 11 and 111 grades.

In eight cases of radiation fibrosis followed up over 2 years after the onset, movement
of the location of the shadows owing to the shrinking of intrathoracal involvements was
noticed.

Bronchographic examination revealed that radiation pneumonitis had only irregularity
of bronchial wands, while fibrosis had moreover straightening, ectasis and congregation of
‘bronchus. ; 5

In 22 of 38 cases of pneumonitis (58 per cent), the injuries produced clinical symptoms.
The symptoms consisted of cough, dyspnea and chest paln etc, and they occured mainly
‘before the roentgenographic changes were apparent and in 2.4 months after irradiation on
‘the average. It seemed that there exists a parallelity between the severity of the damage as
:seen roentgenologically and the clinical symptoms. On the whole the symptoms were not
-gerious in the cases of breast cancer, but the patient of oesophageal cancer died of radiation
‘pneumonitis on the 24th day after irradiation, and postmortem examination was done.

Some of I grade cases of pneumonitis

The typical and interested § cases were reported.

Lung function with 9 cases of radiation fibrosis was examined, the consequences were
-as follows: (1) decrease of vital capacity, (2) increase of residual volume and (3)
remarkable disturbance of diffusion. Since the disturbance of diffusion was much greater
‘than which could be accounted for the severity of the shadows of fibrosis, the conclusion
was drawn, that the lung tissue which did not show the pathologic shadows was damaged
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Table 1. Rocntgenclogic classification

Radiation pneumenitis

Shift of the medi-
astinum and eleva-
ltion of the diaphr-

‘ Extent
lagm

; :

| grade l!less; than a quarterno or slight
Imore than = quar-

| grade !ter but less than
jone half of the lung

clight or intermed-
iate

Il grade 'g;o{ﬁ etli'i:gone halfl termediate

Radiationfibrosis

complete resorption

0 grade of pneumonitis

no

1 grade [faint or small slight

less than two

2 grade iwtercostal spaces intermediate
. severs sometirnes
3 grade more than two shrink of the

intercostal spaces

thorax

Heafatiss (Fig, 2 ~7) -tz P~/ h X
2B HIMEERE s b RY MR E T s e 3
e L, IR Y KUBEEE2E -, SRR S
RADES I DFEEEINA T 3 B4 7.

A RAIGREAE (Fig. 8 ~10) - BRI, R
REVEBERA MR 2 BRIRIEE & =k L T 228, B
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Fig. 2. T.0. Aged 46 Roentgenogram of the
thorax on the 7th month after irradiation,
showing pneumonitis (grade 1)

Fig. 3. 5.S. Aged 39 Roentgenogram of thorax
on the 3rd month after irradiation, showing-

pneumonitis (grade 1)
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Fig. 4. M.F. Aged 42 Roentgenogram of the
thorax on the 46th day after irraciation,
showing pneumonitis (grade 11)

r T,
B

y

Fig. 5. S.M. Aged 58 Roentgenogram of the th-
orax cn the 50th day after irradiation,
showing pneumcnitis (grade 11)
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Fig. 6. Y.Y. Aged 46 Roentgenogram of the
thorax on the 45th day after irradiation, sho-
wing pneumonitis (grade 111)

IP'! :

Fig. 7. K.S. Aged 47 Roentgenogram of the
thorax on the 2nd month after irradiation,
showing pneurnonitis (grade 111)

TR D 2020 L TiTL . MR HERE O A
W&o TEHHEE DTl b ZE A HEA FHREIN B,
PFLEERHEI®G 7 H 2 2nlIE 1 ~ 240 L
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N2y, Ty 67 H CHES N e -
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Fig. 8. T.K. Aged 41 Roentgenogram of the tho-
rax on the Tth month after irradiation and
the 6th month after onset, showing fibrosis
(grade 1)

-

-

Fig. 9. H.F. Aged 44 Roentgenogram of tke th-
orax on the 8th month after irradiation and
the 6th month after onset showing fibrosis

(grade 11)
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Fig. 10—A. M.5. Aged 56
A: Roentgenogram of the thorax, showing fibr-
osis (grade 111) on the 11th month after
irradiation and the 8th month after onset.

Fig. 10—-B.
B: Tomogram of the left lung at 7 and 9 cm.
from dorgalsurface at the same time.
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2 E DB ORI S B E CH S I BigES
N7z, OB ¥ Do TR EE 2
U7z, RSS2 DAER ¢ & CRfHEDRRET

AAR RSB E e 21 gl

Fig. 11. T.H. Aged 63 Roentgenogram of the
thorax 2y. Sm. after irradiation and 2y. 6m.
after onsct, showing fibrosis (grade 11)
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Table 2. Number of the cases clasified with the stadium observed.

Pn. —negati-|

Pneumonitis o Fibrosis :
; i tal
Group. only ;fizb(?r positive| only Tota
1. Cases by the irradiation 0 3 9 5
therapy before Nov. 1955 ¢
2. Cases with the lung
change, described in part I : o 6 o
3. Cases by the irradiation 9 0 0 o
therapy after Apr. 1959 %
4, Case after the irradiation 1 0 0 1
of oesophageal cancer :
Total 8 30 8 46

Table 3. Classification of the cases with the
grade of the roentgenologic findings.

Pneumonitis Fibrosis
Grade glgg;ber of gade iqal;;nsber of
I 20 0 8
1 12 1 13
I G 2 12130
Total 38 3 5
Total 38

HDbi. DY RERIBETREED 1 FIIZ LR
F72 M & Y T ERECRGHI-ERRE S
FPHRICE Y Z ORI/INERRERER T 205 &
ZR L7z, (Fig. 16) 2 ¢ @ 0E X Ehpsd
SHOMHEIZIE S DTHS .

JREH X Y BRI ORI MR
WX RZ 2L, REENZ VS CHRE L2
L HIRERE 2 ERE A A B sk v, Z D38
Bk 2 [ F (F 4 [0 SerienfBl2F64E L 7 1 BlRE
W RAETE S TR L7258 1 8% R TR
BI~8HATRAINTEDY, TOFEIX 3.1

Table &. Lung field found pneumonitis.

Field Upper Miwddle' Lower | Total
17 9 ‘ 1 27
Number of
cases evalua- 6 3 9
ted
2 £}

Fig. 1. Histogram of the cases and the change
from pneumonitis to fibrosis.

Crede Gl
..—::%3 0 F‘ll".(-,
1 T %)
(20 “*744
% e
B 1 Rib
@) Eé 3; o (30
(er m 7))
x E*éf;xg“ﬁ 3
"6} 1 1

(5)

ARATHD7. BeL Tab., 412RKT40 L Z DK

g (354FIFh26%74.3%) 3 4 A HLIRTHD7=.
figsfele o FHFEE * FHfE 40 32,

Table 4. Months after irradiation therapy to the finding of the lung charnge.

Months after irradiat. | ~1 | 1~2 | 2~8 | 3~4 | 4~5 | 5~6 | 6~7 | 7~8
Number of cases found [ S| <

the lung change 6 10 5 5 3 I 2 3 1
Cumulative number 6 16 21 26 29 ‘ 34 35
of cases (%) a7 (46) (60) (74) (89) (97) | ¢ 100)

* In other two patients the each lung change was found after the radiation therapy of the
second and fourth series, and in other one was found following completion of the radiatio

therapy of cesophagus cancer

L gt
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Tab. 5 ZRT4L THo7-. Bt EHIHEY S
S FREFL R 04T 23548123885 3461 (89
%) WD bR, Ao TIEHE A MPRLE
Bz B L7by tiavg, BEOMENE U
VIR DT LY RAAIT S Bl oFiEc kS
b3 \EE o, WA X b EEN
ECIEE FERRE N B 2 5. (Fig. 13c) =
N REEDIE L b RN E B RS TR E
 ZZER—DDEHEEIONG. MiKEED
MRAES, FEEEsHETZZ 2 —8
BARE L 2 AT REARIEES & FEfEThork.
R OTER D IZ AT —FTh B0 (38FH

BAREEBMNRESES #21E wlls

) 22‘3‘11};?51_{"? DEEOERAGBLRL 5. Bl
FHIRGE T2 H s B EHERE & 57§ R & hizov Ttk
=z DOHETELTNRD 2 LEICh & kL
¥R BRI TS 5. fLELOFI TSR
RENETIL T UHBMICHHEE 2 2 X« v
BREERE3 LS 1hors,

FEVTAIE 2 4 & FRHHEDOTHERIC oW T4E R
BAA 72 PR L T EE G L THIRT 3 b
DTHBH M. ZOFIZ-DEFHAE L7252 % Tab.
6 i rizFig, 1R L 7.

Table 6. Change of the grade from pneumonitis

to fibrosis on 30 cases of the breast cancer.

278 I B ECEZHEOHY, Zhb S I

BEBEOZEL & FT B AU L b I —B L 729k g’ [ AR
BY XRE ZhD7z. I s Sle 03I S
WM VEMEONES b B EE 1 it b R e |
PR3 4 U R IO RIS T T A e

B THLCEENE L BodzidgEL T
17 . (Fig. 12)B] b4 1 e R s A
LAY, HeRREOESEL R L TW
i L TIT C, SUREED il TLRBESNEA N
DOFRIRPERFAT LR E LTI T LA VIEET B2
BRI Eokid k2 5. I OEE M
TR BB EE I BRI T & % 234D
BTCRREBLE A VESFOB I ~242EEL T
D RRMEAE D FREE XA 2 20 L 2 WEREHRR L 7238
VThB.

feRZ R 4 DL E L fe 23897 L 48 72 306
h, BEORETERIHRE R D8 it

w1 EGEELES QR IER B D
MHEEICRIT T 2Rt L, TBETuREERE 72 ¢
VI SREECRET T 2. 1 EOSR T EEETL
O 2R L —EDPE 2 IR .

[ERAIE533050h 8 B (26.7%) i@ &Y, &
OVERIAR R B4 A58, 51 E 26, 6
ZH1FATRTEENRNTH O, ZThilg Tk
TRHEEBIIZ{, FETEENERERZAD S
B RS REDTRA 2 3 L < 3 EH R LR
PERT2EIHETIERHRE 5. XEL S

Table 7. Cases that showed moving of the lung change for the development
from pneumonitis to fibrosis.

Directi

4 Pn. . Fib. Degree of }
Case Locat - of v : time
8¢ Srade ocation grade ?r?oviung moving Observed time
g 5y 4m. after the find of
9 i 4 N
2 TOE A ? |Left upper 2 apex | Moderate P
Left upper & 4y Tm. after the find of
5 8. K I middle 3 fh f pneumonitis
(R I 2 | I |Right upper 2 " " 3y 4m. "
1 I [Left upper D ” Slight 3y "
1 g p il rlilglléﬁ ;1 pper & 3 ” High 2y 9m. ”
1357 Sr M I |Left upper 3 " Slight 2y ”
16K eS 1 |Right lower 2- | Hilum | Moderate | 2y 4m. "

| SRS




FRFN3742 2 A 250

BRI D TBE, 1 ERABIETHY, IEL LD
Bl zho7-. B LR bR CEED MY
RLUBCTEREIZ B CIBfT 2 Hsk 7 o 7=,
BRHERE D RTINS L ARI AL & 2 L
BHERFRIULTLYES Thv. BbaEFn
REE & I FT O IRKERIR T T 3 O CRiARR
B & 3 fERODE, PEHB X 1 EEOMFE D E
DT ERL DEEL TCRAEREARON S, &
V2 2 BELL EOTRMERE & 5 X Ho % o EHAR
BRI NN TE L. 23 No 1213k
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HEIER TR o SO O RS |0 1z
L, BEESR, RRVCIREESLIT OS2,
REVZ IV PR OIKER S0 & 72 3. (Fig. 18)FE 12
SERRREET 21T oM 2R L - S8 B v
ERE U TR B IR o SR i+
SERERSEX R, BEESoMmO%HE»
REFA S 5. (Fig. 19) Z 0By © 1 8 B O (B 5
FEABEENC IR T 2R EE S BLSEE S0
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Table 8. Distribution of months from end of irradiation to incidence of symptoms.
Frequency of incidence in our 38 cases with pneumonitis is 58%

Months 0 0.5 il 155 2 3 4 y 6
Cases 2 1 4 3 4 2 2 3 1
% 9.1 4.5 18.2 13.6 18.2 9.1 8.1 13.6 4.5

Table 9. Correlation of symptoms of pneumonitis concerned with grade of

pneumomitis. radiologic

gPrg;ie g}::ptom ég%%iﬁ;esd Freq. | Cough gl;gg;ea Sputum| Fever g:‘:_f t | Fatigue
I 12 B 0% | 7 0 1 2 1 0
I 3 9 5% 2 1: 1 0 3
i i 5 83% 3 1 1 0 1
Total 16 22 58% 5 3 4 1 2
Frequency 100% 91% 23% 14% 189 5% 9%

B OMEIR{EE, RO MRS S — S EpE L
THbh, & HEZERO L %2 L CioFER
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SED REo TR UEECHEE L - BB 2 2o
b

HAHl FAPCAERER
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HUE ERAORER (F 0 —, $8 B A3 No. 3

TOEO, ¢, 414 (Fig.12)

Fig. 12 A. K.T. Aged 41
A: Roentgenogram of the 2nd month after ir-
radiation, showing pneumonitis (grade 11).
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Fig. 12. B.

B: Roentgenogram of the thorax, 3 months
after the finding of pneumonitis, showing sli-
ght strand shadows in the middle lung field
and some elevation of the right diaphragm.

Fig. 12. C.

C: Roentgenogram of the thorax on 5 years
after irradiation, showing no residue in the
right lung fields and slight adhesion of the
right diaphragm.
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27 HRRAFH 25213 72, 3294 2 HAAISSE 41
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7. (Fig. 12-A) gk 1 B {E43mm, Fif
ER# 5,200 D% 2 A TMERIEICICR Y, FER
%3 4 HO L RTINS Ol 0 72 R ¥ 20
Bz, (Fig. 12-B) PEEICE ABIEEI B E
DT T B 5 b IHAREEIHE LBAET T
S4AEfIAZETH B,  (Fig. 12-:0) i Z o fH
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fTo7-. (Fig. 13-B) = o 1 b & 2 SiieiE

BB P & b BRI % 3RS (0 T
i@t k h S L A REORE L 25
Fig. 13.T.H. Aged 43

A: Roentgenogram of the thorax on the 2nd
month after irradiation, showing pneumonitis

(grade 11).
--—’: ..:_'-.
N -
s &
- i'

Fig. 13 B.

B: Roentgenogram of the thorax in the first

and third intercostal space on the 9th month

after irradiation and the 7th month after
onset, showing fibrosis (grade 11).

It revealed that the location of the shadows
changed to direction of the apex.
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Fig. 13 C.
C: Tomogram of the right lung, on the same
time, at 5 and 7 cm. from dorsal surface.

w

L { SLGE IR 3 35125 » & 72, (Fig.
19) JERZEERERES »HETHrZ Btk 4
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1059

Fig. 14 M.S. Aged 53
A: Roentgenogram of the thorax on the lIst
month after irradiation, showing pneumonitis
in the upper lung field.

it K5 e JI
R AN NE St |

Fig. 14. B
B: Roentgenogram of the thorax a month after
the finding of the first pneumonitis showing
the second pneumonitis in the middle and
lower lung fields. The shadows in the upper
lung field considerably disappeared.
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kEE Rz BZd b BT L (Fig. 14-
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BRI LT e, YRR S
Y v E RIS M OIRFE 2 7. 8
A2 Hky AP TS, g8 LTS, L,
RN, R4 2,100~ 3,000r o @S
I, DWTHIERA 2 dEM LS. Znb
DFRAE 2 555 2 BhRS TR & b 8 B fififi
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MO WL T L. RIS L5 HE i
MENEEE S TR A4, [F2 0 Bkl LKL
TR 2 2 B 4B TP & TER &
T3 BEO BAETEEsHEEE S BRI 7
(Fig. 15-A) 1fupk 1 BEfdE98m, FH ke 9,
500, [fEE 2,300ce. REuiixA 2 7 kR L 7

B Eh e ates 218 wlls

BEDHFRA LR L, BHERR b o SR
INRIREEFCE L Ltk L L Tied T 3 & JLThif
REENHH Ligod 7z, RS ¥ HRIIEER
FELTHEIWE PO E UTIRBL, 3G
DiEFFES], OO HREEO B EED KL
Fig. 15. S.H. Aged 36
A: Roentgenogram of the thorax on the 2nd

month after the first series of radiation the-
rapy, showing pneumonitis (grade 11).

Fig. 15 B.
B: Roentgenogram of the thorax on 7 months
after irradiation and 5 months after onset.

Il 1‘.'




BF374£ 2 H25R

Fig. 15 C
C: Roentgenogram of the thorax on 9 months
after the first series of radiation therapy
and a month after second series, showing
pneumonitis in the middle lung field.

. e .

Fig. 15. D.

D: Roentgenogram of the thorax, 1y. 1m.
after the first series and 5 months after the
second series, showing left exudative pleuritis.
By the pleural puncture it was diagnosed to
be carcinomatous.

7z. (Fig. 15-B) W3fI334E5 H (A% 8 » H)
U ARSI 20 FBEEE - B2 5k
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Fig. 16 K.E. aged 69

A: Roentgenogram of the thorax on the 5th
day after irradiation for carcinoma of eso-
phagus, showing the beginning of pneumonit-

Fig. 16 B.

B: Roentgenogram of the thorax, 2 weeks after
the finding, showing the increase of the
pneumonitic shadows. On the 24th day after
irradiation, he died of heavy insufficiency of
breathing.

L_ _____ S ,fj

WdTs. LIEEEHCE TR TR EEN TR L 7
JEES % 200 7= BRI TR\ 72 < AEB OSSR
B Lt . IRATRT O oSS L S T oclh

BAREE At eoflis wi2lds iy

Fig. 17 K.S. Aged 47 (c.f. Fig. T)
Bronchogram, carried out on the time when
pneumonitis was revealed, showing only irre-
gular wands of the upper lobe bronchus.

II! H

| ES

Fig. 18 H.H. Aged 55
Bronchogram of fibrosis, 2 years after irradi-
ation, showing ectasis, straightening and mo-
derate concentration of the upper lobe bron-
chus.
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Fig. 19 T.H,Aged 43 (c. f. Fig. 13)

Bronchogram of fibrosis, 2y. 11m. after irrad-
iation, showing the abnormity of bronchus in
the upper and middle lung fields. The brone-
hographic findings corresponded with the loc-
ation of the fibrosis revealed by the routine
films, i. e. ectasis and high concentration of
affected bronchus.
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BEDOTFROMEEZRL 2. BERIHERE (1 F5)
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Table 10. Lung functions of 9 fibrosis radiation

Name and age | Mo | Nor%iel Hov. 4l T 26 MG, o9| TM 48 R M 55 Tk 43 K.Y 48
Period after iradiation’ 4y I 2y10m | 3y Tm | 2yllm | 2y1lm | 2y 5m 8m ly Tm 9m Mean
Period after finding 2y10m | 2y 9m | 3y 2m | 2y 9m | 2y 8m | 2y 1m 6m 1y 2m 8m | value

N |
23@3%3&5 | 3| 2| 2| 3 3 | 2 2 i 1
Vital capacity 1,900 | 1,698 | 2,005 | 1,907 [ 1,616 | 2,934 | 2,244 | 2,480 | 2,390
% VC 72 73 74 72 73 106 36 89 91 82
f}g;’;gl‘;;‘m breathing) g7 40 93 95 56 90 60 79 87
% MBC 82 72 150 144 104 114 82 11 121 109
Residual volume 1,704 | 2,507 | 1,608 | 1,214 | 1,044 | 1,608 | 1,435 | 1,865 | 1,514
% RV 144 241 195 155 107 | 151 21 219 188 164
Total lung capacity| 3,604 | 4,205 | 3,613 | 3,121 | 2,660 | 4,542 | 3,679 | 4,345 | 3,904
% TLC 94 125 102 90 84 | 148 98 120 122 109
~ RVITLC 7.3 | 59.6 | 44.5 | 33.9 | 39.2 | 35.4 | 39.0 | 42.9 | 38.8 | 42.8
4 He 0.5 0 0.9 n.4 | 0.5 1.3 0.6 0.4 0.4 | 0.56
i"f’yTE“;e)d vital capac| g, 58 | 100 95 82 74 82 65 85 81
% Dco 57 53 82 72 79 63 51 65 64 65
air velocity index 1.14 0.99 1.88 2,00 1.40 1.08 0.95 1.25 1.33 1.34
:Ift"“'am” equival-{ ;g3 | 338 | 260 | 410 | 2.96 | 2.77 | 2.60 | 3.16 | 3.80 | 3.00
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Table 11. Lung function, its values and the methods (Emph. ---Emphysema, ACB:--
alveolar capillary block, R. Fib. ---Radiation fibrosis)
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Lung Function Method Normal | Emph. ‘ . ACB ‘ R. Fib.
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5 EDIFKIE T2 { ISR ORD X v #sE S h
% ifi > SEEPERIE A L Al o AR 2 Ui
WBIEE L R L Bbh B, B TS
ITAREREAE DN ¥ FFMEREE 2R T 3 0 CRBRER
B BN, ZhnBhTEBIZ Motleyd Cri-
teria AT 5 Z L3 F5HY L =X 5. {H L No,
8 DEITIXEAL Tl & B> CHGIED A%
IfHEEE D R T B FERtskz D¢, Zhizow Tk
FBIZIHN B 12T 5.

SrAifERE ¢+ Benedict-Roth ¢ Spirometer % fj
\~ He 72 & Oz ¥ [AGIEIFIC AN B REPE TR 2
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