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A survey on radiation-induced cancer following radiotherapy in Japan
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Survey cards concerning radiation-induced cancers were distributed to the departments of Radiology
in General Hospitals and Cancer Centers in Japan from 1978 to 1979. Of 301 cases collected, 150
ones were those following radiotherapy for benign diseases (primary benign group) and 140 ones were
those following radiotherapy for malignant diseases (primary malignant group)., Other eleven cases
were those after occupational exposure or atomic bomb exposure.

Underlying diseases in the primary benign group were tuberculous lymphadenitis in the cervical
nodes (75 cases), skin diseases (35 cases), hemangioma (12 cases), benign diseases of the thyroid gland
(11 cases), etc. After the latent periods from 2 years to 62 years with the average of 27.3 years, skin
cancer (51 cases), hypopharyngeal cancer (42 cases), laryngeal cancer (17 cases), cancer of the cervical
esophagus (11 cases), thyroid cancer (7 cases) and other cancers (22 cases) have developed in the
previously irradiated area.

As in the primary malignant group there were some difficulties in distinguishing radiation-
induced cancer from late recurrence, we proposed a diagnostic criteria of radiation-induced cancer.
Seventy six cases in the primary malignant group were classified as highly probable ones (A-1 group).
In the A-1 group, soft tissue sarcoma (15 cases), cancer of the recto-sigmoid colon (10 cases), skin
cancer (6 cases), bone sarcoma (5 cases) and other cancers (22 cases) have developed in the previously
irradiated field, after the latent periods from 5 years to 35 years with the average of 15.6 years.
In 18 cases of leukemia, the latent periods were distributed from 0.5 years to 14 years with the average of
5.6 years. The latent period in leukemia seemed to decrease with an increase of the individual bone

marrow dose,
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JES 23 ¥l Licd & BBk & 5T Hkitig
FHFE DA A U & OfEFIRRE 25 Hin Lok
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Btk RS OHSHRF R Ao TI,
MREMET A RHEE 0 BHRAEY 2T Ud, W
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DSWTITLRTWAELN?, FofBitdh BB
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L L, Bb LWEMcoWT s R,
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X% 700, BB X5 SHlR XU EERE D
1 Bil& Bk < 200603 bR iR i 4k Cic b o T
Bt HHEEER RS & oo IR B R
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(1) ERE O

IR R PRI 310 % JEmge AR R BRAS 2

B b, B WSTe & O EFRE 2 §91/4,

B O o4k mEE, FRIRER, THEH V=2
DN EBT WS (Table 1),

Table 1 Benign diseases treated by radiotherapy.

No. of patients

Diseases | o,

| (&79)
Lymphadenitis colli thc. 75 ( 50.0)
Skin diseases 35 ( 23.4)
Haemangioma 12 ( 8.0
Thyroid diseases 11 ¢ 7.3
Spinal caries 3(C 2.0
Others 14 C 9.3)
Total 150 (100.0)

(2) BB
TBIEREEDMRFE S h T, BRI 2o it
MR o BRAERIPE1H Bovic JEFIL 9B (6
%) T Eitv. ToMOE T, BEORTE
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TR o FER e a s b, X CRAR L4
) 2616, T oo sl X oEE NGRS Hl, X
1 LRV IMER & OO 2 61, FEEAWTI6 & i
5. BEAHMACEEA ST, BENSERSE
YERB MBS EIR 7 & 1o o\ T OEIRA B XERBL
BRI 0 LEEI R,

(3) BFRDA DI & 1R

RERE T 5 BHRERGR L Tz
A DFER & ¥R % Table 210733, A

Table 2 Radiation-induced cancers following
radiotherapy for benign diseases

I No. Latent peiod
Radiation-induced of (years)
CHLCELS €ases | min,-max. | mean

Skin cancer 51 2—44 | 20.7
Hypopharyngeal cancer | 42 | 11—62 | 32.6
Laryngeal cancer 17 | 10—50 | 27.2
Esophageal cancer 13| 20—42 | 31.1
Thyroid cancer 71 19—40 | 29.0
Salivary gland tumor 4| 13—30 | 23.0
Leukemia 1 12.0
Others 15 | 10—58 | 31.2

Total 150 2—62 | 27.3

5161, TIAEEMN A 420, WEEEMA 176, REIA
1361, FORIRDA 70, FTIRAA 46, A
16, Zof1sfirbics., HEHEEREEY S
BRNAEBE S hD T COMM A BRI & 3
% &, H 24, MR624ET, FIH2T.3E LI 5,

2B LR ADEE LTHRAE LERER
2 3 PIHRE Shic, 1 RIS o IR AH 5 344
DRI A 18 THETE D A FURIE S A 2R\ T
HL, 14 ci BRSO BH324:4 @ Fb
A, SOERICTREEA A, S2AEBICHIHEE D A D
FEEZTWA. b5 14CiE, BBOBEE0E
BRICBM A EMRBE A D RAE L, 364EERICIZE
RN A, STEBRITAMEIEN A 2354 LT\
5. WTFhOBAES, BEORS & B BERT
BB LN, KRB LHEIRT WS,

AAESHNRESHE Bk 5158

(4) - FHHEEL

HET S hic FRMRER 15060 ¥:F 3 X o'
ARBWIRE D% Table 317”3, #1176 : 74
THILLRE . FBIEAA DK DERIL 175 X
87T ), LB TRETH » 7.

Table 3 Sex and age distribution of radiation-

induced cancers following radiotherapy for
benign diseases

Radiation-induced | Male ; | Age at diagnosis
cancers Female et [T
“Skin cancer 33:18 | 17--87 | 52.2
Hypopharyngeal cancer | 19: 23 | 34--79 | 55.2
Laryngeal cancer 11: 6| 3574 | 58.7
Esophageal cancer 2:11| 39--75 | 53.8
Thyroid cancer 2: 5| 44—-72 | 54.0
Others 9:11 | 18--76 | 50.0

| Total 76:74 | 1787 | 53.7
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PREECHRET & U TiEGIE ARELION, B B9,
CH2H L7 5.

BIF29BIC I\ TR LT B 4k, Bk
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RO S 01661, BRMIE DD 34¢
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b 45 <42.1% (59/140) # 5 & T\+% (Table
. WCTHBA, BHEBA, EEBA, B
vANE, HAA, R, TR A E &
o T3,

Table 4 Malignant diseases treated by
radiotherapy

Diseases ‘ Mo E' ,‘i’./.f t):ases
Uterine cancer [ 59 ( 42.1)
Breast cancer | 20 ( 14.3)
Laryngeal cancer | 15 € 10.7)
Maxillary cancer 7 C 5.0)
Malignant lymphoma 5( 3.6)
Tongue cancer 5 ( 3.6)
Retinoblastoma 4 ( 2.9)
Thyroid cancer 3( 2.1
Others 22 (15.7)

Total 140 (100.0)

(2) BAHRBERONE
B3 5 BEC v bk iR o i
WL, 7 raeor G, EAE X3, =g
F— XER120, NRE106, NI & SRS & o
PRA216l, T3, TUH221Th S,
TBEHREY, FEEED o RIRE ¥ 2ok
HELTNF I fEl Shtwiz, KAl 43,

27—(27)

2,000rad (20Gy) SR 14, 2,000~4,0000rad
(20~40Gy) 174, 4,000~6,00rad (40~60Gy)
3741, 6,000rad (60Gy) L) E364& fc5.

(3) MREC XN

FUBEMEERHE OB, FRELAIBERS
T AOENFME L /5. bhubiud Table
S T X 5 BB R » T, B
R 5B ADHEEEST AT -7z, AR
Warren & Gates (1932)Y DEENA O ETEL
B35 LT, 522081 AT 58
SHAREPAI & 5 4L o BRI & i B cHek
LTWw3DT, BREEFERSA TH 5 THEM R
DTE. BEETIE, F10ALE2NADFRE
e 5 PRBE YR Utk b 0T, FHELS
ADTTREMED RS . CRETARI 3 7L RS 3 A
Uie T, BEHRFERDA L0 bBRIERY A D
WHEEEA R AT, 1A EE 2B
BEoFRic Ly, EHiflsshs.
HEF S FEMEPEERE 1400 % EitokEiEc
T AL, A-LRETeHI, A-2BE5 6, BREE274,
CHe24fl, wIFhicd By Lis Wb 84l &g
5.
(4)  FHIH A OFIR & BRI
RO AT AIBRCRT AR, BRCE
BF LI BB RS A O TR BE T E e\ &
LTh, FRRMCIIBSRBIEN A & LTI #
SsTIXnbotBbhs, AR k)5 5
FeH A O L RGN Table 6icird-& b
THhsbH. BT D FESE <, % C IKEEA

Table 5 Diagnostic reliability of radiation-induced cancers following radiotherapy

for malignant neoplasms

Criteria
Reliability Histological ———— —— »
w;';'o s Organ of origin Latent period* Site of origin |
. 1 “different | different o moielihan " within the n
A (High) 2 different same 5 years irradiated
B 1 same different (non-continuous) more than within the
(Medium) | o same different (continuous) 5 years irradiated
C (Low) 1 same same ((non-continuous) more than within the
i 2 same same (continuous) D years - Eiq‘!atfl_c}__

* This criteria is excluded when leukemia developed as a second malignancy.
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Table 6 Radiation-induced cancers following
radiotherapy for malignant neoplasms (A-1

Group : 76 cases)
Latent period

Radiation-induced | No. of (years)

Cancers €ases | in.-max.| mean
Leukemia 18 0.5—14 5.6
Soft tissue sarcoma 15 5—28 12.3
Cancer of the =
recto-sigmoid colon 10 10—24 18.6
Skin cancer 6 7—23 14.7
Osteosarcoma or .
chondrosarcoma 5 6—11 8.0
Cancer of the
urinary bladder 4 15—35 25.3
Others 18 5—35 16.3

H AR E S A & B

WAk 1%

Table 7 Sex and age distribution of radiation-
induced cancers following radiotherapy for
malighant neoplasms (A-1 Group : 76 cases)

I i .
| Radiation-induced | Male : | 8¢ at diagnosis
cancers Female min.-max.| rean
Leukemia 4:14 6—173 53.4
Soft tissue sarcoma 0:15 | 38—75 54.4
Cancer of the N I
recto-sigmoid colon | 0710 | 56—76 | 64.6
skin cancer 0: 6| 51—64 58.8
Osteosarcoma or N .
o s 1: 4| 9-59 | 40.2
Cancer of the J AR
urinary bladder 0: 4| 72—81 74.5
Others 414 6—75 55.4
Total 9: 67 6—81 66.2

Table 8 Number of patients treated by radiotherapy for benign diseases

Tuberculous

Hemangioma

i Iy mpladentts Skin diseases Others Total
Uatil 1951 893 14 120 4,603 5,630
1952 103 7 9 771 890
1953 112 15 33 1,208 1,368
1954 189 23 101 848 1,161
1955 230 112 198 720 1,260
1956 152 29 175 590 946
1957 86 38 146 469 739
1953 147 47 123 468 785
1959 139 93 112 494 838
1960 166 261 147 693 1,267
1961 148 308 223 453 1,132
1962 150 304 145 511 1,110
1963 103 267 139 380 889
1964 89 271 151 295 806
1965 91 257 125 275 748
1966 95 188 99 224 606
1967 59 216 125 316 716
1968 36 231 162 252 681
1969 55 146 143 154 498
1970 45 139 132 141 457
1971 41 91 102 177 411
1972 14 82 144 129 369
1973 12 101 192 116 421
1974 10 75 149 229 463
1975 9 64 125 213 411
1976 2 67 211 224 504
1977 2 56 245 209 512
Total 3,178 3,502 3,776 15,162 25,618
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Table 9 Number of patients treated by radiotherapy for malignant diseases

Uterine cancer | Breast cancer giacde t& Neck Others Total

Until 1951 514 639 843 2,778 4,774
1952 116 148 188 587 1,039
1953 152 179 240 630 1,201
1954 159 228 258 744 1,389
1955 199 242 317 968 1,727
1956 209 194 315 960 1,678
1957 206 248 328 908 1,687
1958 519 315 485 1,183 2,502
1959 601 349 629 1,409 2,988
1960 672 432 781 1,770 3,655
1961 826 629 1,042 1,853 4,350
1962 1,014 716 1,296 1,857 4,883
1963 1,025 753 1,300 2,286 5,364
1964 1,345 786 1,528 2,338 5,997
1965 2,101 1,131 1,799 2,945 7,976
1966 2,266 1,151 1,980 3,379 8,776
1967 2,470 1,214 2,274 4,269 10,227
1968 2,739 1,466 2,517 4,997 11,719
1969 3,077 1,497 2,461 4,741 11,776
1970 3,108 1,569 2,765 4,955 12,397
1971 3,418 1,854 3,022 5,636 13,930
1972 3,782 2,110 3,306 6,673 15,871
1973 3,918 2,250 3,507 7,076 16,751
1974 3,829 2,074 3,627 7,465 16,995
1975 3,637 1,903 3,786 7,601 16,927
1976 3,549 1,992 3,93 7,843 17,318
1977 3,656 1,902 3,977 8,556 17,991
Total 49,007 27,971 48,505 96,405 221,888

fE, B - SHRE A A, BN A, BB BERE #itT 5 L, Table 8, 9 DX HKix
&, BB A, TOMOIEE o Tb. BRI 5.

M3, BIUFELAE DA T FIE15.45 ThH 5
A, EIMEOBA L 5 ERMORER b HEF Lic
Fo IS, 648 L FH L.

(B) - FEHRER

A-1FET6R D 5 L OFEF 1A B D4ERS
% Table Tic/m3. Bl 9 1 67 &I EANY
D, HEREBCTEN A, LS
CERXB. B ABWIR OERL 6 B B8I
Hichtc b, FIE56.2TH 5.

2) BRI REROERT

F R L S h AR BIEEE 5 O B

FERNEPDIFEHITONTCEEDOHER KT &
D EHEEROEHTE WSS Bk
B, TO X5 RFEEFET X - CHERERY %
Wi-BE oML HEET s - L EEECh 5.
LA L Table 8 a i, REEFEBICHIT 5 i dHiwin
BHRBHEL2TL LB &, &L HE
B 5 B FaiE e 1970488 X 0 #OR LT
5o LN TE S, —J5 Table 9 T3, HEMHE
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5.
Pelge, (1972) i3, BABEREBC BT 5 B
A DOBEEEEE L LT (1) BRIk WTHY
HOBEIThbhTws, () HY4EHOEHK
Mrba, 3 RSB CHEYS LT
W5, (4) MEEEECEEE GRS, He
MRis EOBSERBMEEEN 2 b s = LR ¥,
2bic (6) REBIEEESTHIHAI,
BRILADEEDALOENHE L. LaLH
Wi r b, RBABULRRBLEEL bR
R WO IR 2R LT\ A 5B a R v
_LTRMIRESThB E LT\ 5.
JFEERBRC ST, & TR %
104ELL B & LTh, MR CHa LB
RVADTEEMEDL RS, FoRRET 2Rl 5T
WHBE TS, HUIRELF Uk SERNRA ORI
M2 BIETER\. L Lbhbho To7 ik
WERFHEFE DA O TERBE/S M (Table 5) wisid 5
A-l B, kORI EHESTHY, BR
DADTRETEEShS. LrbBEHER LD
SEL LR AR THRE LTCWBDT, 8
RICEHF LIRS EESAOWREMITES & L
Th, BRRACIESBEFRTA L LTRY H#-

HAEZRHRESHE $40% H15

TrwbortBibhs,

2) RGBT & REMELE R & o g
o & & <, TEMETEE RS O Bt St
ASEBIOHE LIS - T LT 5. BER
36~37HEIA T b i IO RAE Ik, #Hitxh
T KRR 03 A S4B M B IR S 68 oD S i 13
20 B.7%) T &R, LaLsE ob i
o P T, 226007661 (33.6%) iR
[EFBHEBRE LD THS.
FUEMEZEIBRR Y, R RMEROC Il L < Ef
L% < Abhs (Table 10). 4ok 13 Bk
TAfFT BB, D IFIEMRE o HEEEE R T
XA, ABABE B THD. BROADE
e D4ElniE, FEEFACLEBTH S, BRI
MEEREEFE EC. ChirAnfoBsa s, &
MIFS LA D REMENER OB &b R T h 5.

Table 10 Radiation-induced cancers following
radiotherapy for benign vs malignant diseases

Irradiated
Irradiated | for malig-
for benign | nant dis-
diseases | seses (A-1

R . Group)
No. of cases 150 76
Sex (Male : Fernale) 76 : 74 9:67

56.2

Age at diagnosis of 53.7
(17—87) | ( 6—81)

induced malignancies
Latent period (years)
Leukemia 12.0 5.6

Other malignancies 26.8 15.4

3)  MRGHERE & R IR

MRS IR e Ul M £ 186 2
hic. 09 bRFHRESOH LT 5 166lic
DT, BEESREDTIERE (19700 0 FHEk i X 5
TEBRIE RN U, BiiiE & BRI & o
Bifa 2 b, Fig. loZ <, #EOIE L
D BRI E GER B S .

U LE IR DA O BUHRFE R Ao TR
S & I & o BIfRE 2% &, Fig. 2 o
L, BRUEREERE & ENR0 X 5 T
H5. LB, TOBROFRVPACIT GBS
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Latent period (years)

(221

1 3 5 T x10°g-rad
Bone marrow dose
Fig.1 Latent period and bone marrow dose in
radiation-induced leukemia following radiotherapy
for malignant disease

407
% -
2 30t
H
2 20 .
g L
--‘ -
10+ :

2,000 4,000 6,000
Radiation dose (rad)

Fig. 2 Latent period and radiation dose in radia-
tion-induced cancers (excluding leukemia) after
radiotherapy for malignant disease
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