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Studies on the improvement of radiotherapy of lung cancer.

Mitsuyuki Abe, Yasuto Onoyama, Eizo Yabumoto and Takehiro Nishidai

Department of Radiology, Faculty of Medicine, Kyoto University
Junichi Hamakawa and Chiyoko Nadai

Chest Disease Research Institut, Kyoto University

Research Code No.: 604
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In order to improve the survival rate of patients with clinically inoperable but localized bronchogenic

carcinorna, we have developed following three forms of radiotherapy and analized the results in com-

parison with those obtained by conventional radiotherapy. 1) Irradiation under 95%, O, plus 5%,

CO, inhalation; 2) Uneven fractionation irradiation; 3) Intraoperative irradiation.

Irradiation under mixed gas inhalation was effective in. prolongation of life of patients, but it did not

lead to improvement in the cure rate.

In uneven fractionation irradiation, the follow-up period is too short to afford any definite evaluation,

but the preliminary results seem most encouraging.

Intraoperative irradiation is well indicated for patients in whom the localized malignant lesions were

left behind following excision of the main mass.

The reascon is that a cancerocidal dose can be delivered

directly to the unresectable remnants without affecting normal structures.
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Fig. 1 Oxygen effect and dose survival curves.
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Table I Age distribution in patients treated
by irradiation under 95% O, plus 5% CO,
(mixedgas) inhalation and under air inha-
lation( control).
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Table 2 Histological distribution in patients
treated by irradiation under 95% O ,plus 5 %
CO, (mixed gas) inhalation and under air

inhalation (control).

Mixed gas . Air group

istol group (Control group)
Histology No. of ' ,, |No. of 2/
patients| ‘2 | patients| <@

Squamous cell " }

e 8 [33.3] 14 |58.3
Adenocarcinoma 3 12.5 0 0

Undifferentiated n

cell carcinoma 8 3.3 5 20.
Oat cell cancer 2 8.3 0 0
Unestablished 3 |12.5 5 20.

Table 3 Stage distribution in patients treated
by irradiation under 95% O, plus 5 % CO,
(mixed gas) inhalation and under air inha-

lation (control).

Age | Mixed gas group : (Co‘?':trr oﬁr[;]:gu]))

group | No.of | , | No.of '
patients | 72 | patients %)

30—39 1 4.2

40—49 3 12.5 L 4.2

50—59 4 16.7 3 12.56

G0—69 10 41.7 17 70.8

70—79 ] 20.8 3 12.5

80—89 1 4.2

Total 24 100 24 | 100

- Air grou
. Mixed gas group (Contro l‘gup)
Stage £
No. of "1™ 51" No. of |,
petisiity % patients 2
I 2 8.3 2 | 83
I 14 58.3 15 | 62.5
- 8 | 3.4 7| 29.2

Table 4 Crude survival rates in patients treated by irradiation under 95% O, plus 5% CO, inhalation.

~

~.  Year
=) 0.5 il 2 3 4 5
Stage
I 2/2 = 100%| 2/2 = 100%| 1/2 =50.0% 1/2 =50.0%| 0/2 = 0% 0/2 = 0%
I 13/14==92.9%| 9/14=64.3%| 3/14=23.1%| 1/12= 8.3%| 1/11= 9.1% 1/10=10.0%
I 4/8 =50.0%| 0/8 = 0% 0/8 = 0% 0/7 = 0% 0/5 = 0% 0/5 = 0%
Total 19/24==79.1%| 11/24=45.8%| 4/24=16.6%| 2/21= 9.5%| 1/18= 5.5%| 1/17= 5.9%
Table 5 Crude survival rates in patients treated by irradiation under air inhalation.
Year
0.5 1 2 3 4 5
Stage ™
I 2/2 = 100%| 2/2 = 100%| 1/2 =50.0%| 1/2 =50.0%| 1/2 =50.0%| 1/2 =50.0%
I 13/15==86.7%| 7/156=46.7%| 2/15=13.3%| 1/14= 7.1%| 0/11= 0% 0/10= 0%
il /7 =14.2%| 0]7 = 0% 0/7 = 0% 0/7 = 0% 0/6 = 0% 0/5 = 0%
Total 16/24==66.6%| 9/24=37.5%| 3/24=12.5%| 2/23= 8.7%| 1/19= 5.3%| 1/17= 5.9%




328—(14)

B LU THFEO4EFRY Table 1 ~ 5icR/d. 44
IR BRI B o B L, AEFEFIE
THAFRRCH Lic. i, 219734
o UICC p4¥FHicfit>t-.

O BER BT 5 & 7R 13 equivalent T
Tewht, TR S BIRO B B IR Tl R
WA ERERR . HAeFRL Tabled, 515
T, 2 F CTRBAF ARATRBHATED I
MR L D RRBEh T30, 3ELUBCIRBA
EENZ LRI\, 2oz LIXBET ARATRE
A OER T ESTH S0, RG%KE
HHFET DRIV IRV LERRLTWS.,

2. AHESEIRSC &3 MEAE

BEHREER CfTebh T\ 5 ik & — i i BSt
J7HE 1[E] 200rads %38 5 (6], #4548 6,000rads
VO BENEIRETHE. ConEiErhE
TORSHREEOER o rhCRBRICE S hi- b
DT, ZHDIRE THHE\ SRR 3
V. EEO B Eo ML & o EELS
DRBECHER 2 INE 5 <Xx v opoiRile i
fELTuwn,

SURVIVING FRACTION

\ii\\

0.2

0,37
300 600 90 1200 1500 1800
(Raps)
Fig. 2 Theoretical survival curves of cells irradi-
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Fig. 3 Schematic illustration of uneven fractionation irradiation.
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Table 6 Age distribution in patients treated by
uneven fractionation irradiation.

Age group No. of patients Percent
30—39 3 4.5
40—49 7 10.6
50—59 17 25.8
60—69 22 33.3
70—T79 17 25.8
Total 66 100

Table 7 Histological distribution in patients
treated by uneven fractionation irradiation.

Histology Ip:l;j‘lt.ie?'lfts Percent

Squamous cell

carcinoma 28 2.4
Adenocarcinoma 9 13.6
Undifferentiated

cell carcinoma 9 13.6
Oat cell cancer 1 1.5
Unestablished 19 28.8

Table 8 Stage distribution in patients treated
by uneven fractionation irradiation.

Stage No. of patients Percent
I 4 6.1
I 39 59.1
il 23 34.8

SEBIOFERR, AR, HEHAG, ROEAF
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B W B D b FHFAGE & Stz FEF ©
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AR L LCBEsb L, 4,000rads B RFRS 17
250 (74.4%) o\ TR A Et L1 .
Zh LOFEFIC RSB B ©Co v BoxtE
2 X b, 108 150~ 200rads %58 5 [&,
R AR 6,000rads BINE L UCqTic ot £
SEGIOERDG, M, FFIHAE, 3 X osHLE
% Tablel0~131CiR3. = OFED FHIEE 1T
1J2.7%, 1#159.6%, WHA37.7%CchH v, K
S EBHMREC T 6.1%, THI59.1%, M
34.8% L BT K E LI\, Lindic, B
SHEHTED 145, 24F, 34EMAFRILELE

Table 10 Age distribution in patients treated by
conventional radiotherapy.

Age group Male Female Total
3039 6 0 6
40—49 15 5 20
50--59 52 4 56
60-—69 83 16 99
70—79 31 9 40
80--89 3 1 4

Total 190 35 225

Table 9 Crude survival rates in patients treated by uneven fractionation irradiation.

~ Year N
e 0.5 2 3
Stage
1 3/4 =75.0% 0/2 = 0% - .
Il 32/39=82.1% 13/31==41.9% 6/17=35.3% 2/5 =40.0%
Il 17/23=73.9% 8/23==34.8% 3/16=18.8% 0/4 = 0%
Total 52/66=78.8% 21/56=37.5% 9/33=27.3% 2/9 =22.2%
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Table 11 Histological distribution in patients
treated by conventional radiotherapy.

No. of

Histology patients Percent

Squamous cell

carcinoma 61 27.1
Adenocarcinoma 34 15:1
Undifferentiated

cell carcinoma 34 15.1
Qat cell cancer 10 4.4
Unestablished 86 38.2

Table 12 Stage distribution in patients treated
by conventional radiotherapy.

Stage No. of patients Percent
I 6 2.7
I 134 59.6
It 85 37.7
h27.5%, 12.3%, 4.5%THHORCHLTAR

sy HIE RO F ik o in  37.5%, 27.3
%, 22.2% Lo RERTS.
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Table 13 Crude survivial rates in patients treated by conventional radiotherapy.

"~ Year I
S 0.5 1 2 3 4 5
Stage T~
I 6/6 = 100%| 5/6 =83.3%|3/6 =50.0%| 3/6 =50.0%| 3/6 =50.0% 3/6 =50.0%
I 90/134=67.2%42/134=31.3%|19/130=14.6%| 5/117= 4.3%| 3/111= 2.7%) 3/106= 2.8%
I 51/85 =60.0%|15/85 =17.6%| 5/82 = 6.1%| 1/76 = 1.3%| 0/69 = 0% | 0/63 = 0%
Total | 147/225=65.3%62/225=27.5%27/218=12.3%| 9/199= 4.5%) 6/186= 3.2%)| 6/175= 3.4%
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Table 14 Results of intraoperative irradiation in bronchogenic carcinoma and mediastinal tumors.

Case Age Histology Stage | Operation ?;;ig ]];)lf_e igﬁf.s%osl:. Survial time
1| 64, M | Squamous cell ca.| I ;l;c;::c"tomy 10X 10 3000 9mo. dead.
2 |70, M | Adeno ca. I | aporacotomy | g 2700 5mo. dead.
_ | 3|51 M | Unestablished I | aporacolomy | 15x6.5 2800 3mo. dead.
g 4| 37, M | Squamous cell ca. I ias;té?i]on TX8 5500 1500 2 yr. 1 mo. alive,
g’ 5172, M | Squamous cell ca. | I rr;as?ci:?ilon 9% 7 2700 2 yr. alive.
" 6|63 F | Adeno ca. 1 | FPartial 10x4 3000 1yr. 6 mo. alive.

7 | 51, M | Histiocytoma i lii:::;?ilun ‘ié:iS gggg 7mo. alive.

8 | 62, M | Large cell ca. I f; 2::1:;19:1 8x8 9500 3 mo. alive.
| o 50 M| iagnant S 166.2 | 2700 1000 1050 | 4 yr. 4 mo. alive.
.% o %f%;i‘fi" ;rll;‘r’f:“"“my 9x7 2000 1 yr. 10mo. alive.
Eg 1|57, F Kz;;ﬁ;’::‘ iase"é;"llon 9%5 2500 6 mo. alive,

12| 17, M | granemant et X7 2700 2mo. alive.
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Fig. 4 Crude survival rates in conventional radi-
otherapy, uneven [ractionation, air and mixed
gas groups.
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