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Some problems on epidemiological method of radiationinduced cancer
By

KITABATAKE, Takashi
(Department of Radiology, Nagoya University School of Medicine and
Department of Radiology, Nagoya City University School of Medicine)

(Annex No. 2 to be attached to the paper ‘‘S. Takahashi et al:
A statistical study on human cancer induced by medical radiation.
Nippon Acta radiol. Vol. 24, No. 1, in press’)

Some problems on the epidemiological study of radiationinduced cancer, particularly
on the prospective survey, were discussed. When the matched sampling was adopted,
the minimum number to be surveyed was calculated as

7(k+1)(2-—k—1)
= I(k—1)?
for obtaining the statistically significant difference at the level of 1%, where 1 was cance-

Under the conditions of k=1.5/10%, 1=10k, N=10,000, ¢ was limited as follows: d<<30/104,
If non-matched sampling was taken, number to be surveyed was limited as Nl}(l_Hgll;_yz
in the irradiated group and Nnglag_k%_jﬂ— in the control group.
OBERROTFICAECERRER HT b T 299,
MRUID =TI RREER D Y, BEETRERED
WEAECBVCTYRZEHEERZALNE, 2, &
ARG L TR ERI/EL NS 8056,

1. @ANEESETHBH

BT LM BB D 5T SR D — BBV S R R
), TOBREEH LESREEARE L LR
SEERSHUTEINTE YU-9, ENYIFEE O

Bk Y, AR E S oREBERAED b T
W39, ZoBEHRE—RIAMICT % B, L
L, NETIEEES N7k YT OB AT
b5, FIT, NECH URE & 320 RFES
RLEAMTT B0, BRSNS kD
FE L B0 hh DA, fEkd b PHEFAEI
. BAEAEOMAINREN, FBETER & fiE

ARG FHRIERIMBMINZRE THS 510,
Bol, ZEERHEED IR X o TEABERRC
& B NEREDAED I FERLAERER)
PEME N, BR2AFCEVHER TR A
B, koBeE, BEHEEOFHREBIED TE
WiED D EEA B L RN SEENL, R
WEHEESEAE AW, LhL, EERBENE

— 145 —



1272

BT, BRAEFEREOBRELLITHREENRE
BELO», ABBROPIRLFAL L ORLNES
Do, IOV, BELEFTH 358, B
FIaEfEIko b TE bR, Lh LIESELT
B 3 & AR OWA 1T 51240 CEFRITH
5 5.

F I THABRTRIES DRIV THETF ORI
MmA7z-EE S,

2. BEMEE ENLLEN

RERDFEN B A T, BNBREOHRRIIL

DRELAVHLDEEALAZVD, t3hEH
HHIBD DM E 3 L FEZORE kv &
EAbhb. FEEHREOR, WG L X
% (HHEL) 2723, SMoBEy 24y
I, BERIRETEIOTHIXEDEL 2L 22
32 (Yates DIEIEZ4T 9 &ELENC 2 48). £
THRAER (RAEED, SRBESLHREHNE €3
L, BREERECIERER S,

SHRATEANIB D BEDO D L E X b BB
Hi#kEl L Matched Sampling, 19 % #5565
FIGBA L LED. MHEBETREELICINAG Y
U, MEKE VIO LTS BEHRORER
¥, HEEOZTNE k 723 L REEORER
I IN, JEfE#u (1—D N, @i gREETs
kKN, (L-kN&ZBE0TX 2EE T3

. 2N (I—k)?
L= TR D (2 —k—=1)

1 %K BETHAEROERIFRBEBEO T X Y
ﬁﬁi: E=AVRY <Y el & o
1i=x0, 0 t=0),

— T(k+1)(2—k—I)
N=——ny M

ThyhEabn, HREORERE—BAD
DREFERERERCEZIALNBDT, KEEK
LT ENOBEREZRD L 5.

KIS k=T'DHEEEL LD (K TRLE
EORE R 7 T2 3)10~10), AR Rt
BEEDEND 3%, 54% 10E0%H4E, B 1 =
3k, 1=5k, I=10kDHAEADON & X2 [HDEEFK %
ko5 EEIRKE 25, #ifh EoX?0. 015256
TANDER 1 %RBETHEREL 2 3ELADK X
X THB, k=50, ‘k=VBuwDBE 12 2Ty [FH

BARE MBS oM 523% 5108

BROBIRERD 2 L HE2 X EIME 2 3. Bl vk
RFEERDNENE TR EFN T HEEE R A &
BV EEREFEVI 2 ECA S, flzg
— AR TEREAERE AN 102D ¥ 108iE 08
CGEE0ES) 0EE T, BEBEERIEDS

Minimum size of sample
for obtaining the signiticant ditterence

k=Lri0e

Size-of sample

. // /"
=1l //
/

10000

NN
\\\

4.0 60 x5, 80 100
)
‘Velue of chi-squorg

HIE ERFELSER U1 i 5o Bt
MrWELT, FREY I D LHOR
b BB EA R

Mirimum size of somple
for obteining the srqnﬁc.:mr differance

k=304

Size of sample

/ =5k

/ A

5000 | /: //
;//
%

Value ot chi- square

H2M BRFERMN 510 k5B

— 146 —



WEF394E 1 H25R

Kiimum  size of somple
fer cbtaining the signiticant ditference

KEIS/IO'

Size ot somple

’F
S000 1=3k

/ f=i0k

1000 T i /

/dl

Wy 10 20 30
Value of chi-square

B3R AR 1510 s m G
HORICHEMEREEREATE 250, @
BEIL3S00 MBI G NI L L, FREBRFERN:
E AR O10fE D FA T HH910,00046FETH 5.

S ozt e LT k=1t, k=1t k=
Blo'hs 3 BRBEREF T 2MEITOWT, AR
FRERLAGREEREEOL ke, ZOBUAE
FEPEBBNERGINOERKE OBBFR T R®
BEEARL D,

X TPl oI e ORI REROE T
T 3BAETHEE, BREFHLEIBEMrLHE
FRME D 24T\, & OEEAD b BB IEE O
HEF A I ETHHRIEALTHA I, ZD
SARMREESOSELECI, ROV T
VY ZTEBOEIFNLEIL LIV, HRERO
KREI (2RFEH TN, ELH (RIEFHL LT
FAEINDH) o, BER L], FEE 2,
KRy 7)) v 7% FLTHIE

R

REAERINIZEE 3 & AR mid 72 a v L3
ARG,

N—n=N—-1

n=(—%—)2hﬂh4)

1 @B T/hE 2,

20001

1273

Relationstip between the value ot |/
and minimum size of sample

Size of sample
s000001 ‘

10000 | —— k=)0t

—— k=510
1000 \\

""-»-.......,_____. K= 15‘%0

23 s 19 yalue of LA;

AR R S
wmLR— ] #e5e 5 DikoRESLEREY

3 &b o B SN BRAVEL

n=1(_;_)2 )

SR $30% 3 THLE/N= 0.3L 7 3),
FeREER 1=10/4¢ 2§ 11E n=100,000 £ 72%. B
HRTREE LRI, AT, TOERTE:
HEFAFx 51003, FREBI 7=RK0F106%
OFERNIETH 3.

3. Matched Sampling THVEIZES M

# L Matched Sampling #4577, i
BSRA 2L ¥ 53 ThD I . SEHFFIH#HEZ Ny
EHERZE Y o, BIRERY 1, FREKE NoiF
Wi T o2, WIAERTK L TNE, HFOFE
REGEZELF T 3503

I—k=34/s}+03
BN

. (1) , k(l—k)
‘l—kg3\/ N+

N,

b4
IkﬂﬁﬁmwrmémwfﬁT-

R L, N1 FHUN2 20w TR 2:’

9k M, _
N.= N, (1—k)*—01 {
g1 '@

S )
1% NNz 558 LRUk offic & > Tz

k2 .
Ny DL E

— 147 —



1274

3%, REECOWTHELBE, k=Y® BE
2 T~ FRITEOD FEE A 0 104, 5045,

1004280% 1=10/105, 1=50/1¢5, 1=100/1¢5 T}x N1, N2
O i O fEEF 2Ny 10,000 KU N2=130,000,
N1=4000%1f Na= 20,000 , N1=1,000 &UN;
=9,000 L72%. {HL k=1/100~2/105FREE DfE D
B N, N2 0B DL 0T L.

4, EFOBREOTFHHBEZE (Available respo-
nse) HSAEMN

TG SiFe 2 O\ T prospecive survey 4T
3, QRS EICLT, ThLDE
EORAEDRMELEBEILSB. ABSTOEE
DHEORINTH BT H S 5 B, —ED BHIE
B 2 AEDEERRE IR/ EOTHR LMD 28R
Hisewad bz, BIbahH & hi@ERo i
Y FHEAEENRBEES T NGB, oM
ERBPEFTH 20, JHETHB2NTMBEIRY
skl GEDThhBHEELTOLSEE, MATFE
R AR A A I, RETOMEE T
TIEE L AL, SREBEOMEZE T TEER
fd+, Elb%e4L7 Over-estimate %450 T 4LEL
L iiE b 2w,

RN H» B HEE RN RTEMT S L1
FOML A5 5. WOBEEMHENSE TH LT
Y, WIBEROIEESE by RNHEENCL R B, B
1, Quenoullitz X NiZE 13RI T, ThLT T
HhiZ,

1= (al_'bl:JH(Ta_q[‘b) T\!IG (4)

'I/T:.
2, EPE0, 58 1 0ERSHET 54T
XD, Matched sampling % 47 9 &£ Ta=T,
Th3. (=NL73) REFOFEHAFER Lz,
FHE#HE aN 5%, aN ofofE#Hzm,

JEE#r m1 2§95, FHAHK (I-a) N%
g1 &
f iy | dinL |
L mosom | a a, T,
% @ B | b | b T
& i | T, G

B AR R W23% w105

TARTIFEE T, JEEHE (I-a) N4+ms
LB, WICHMBENAT, FHEAERE B, [F
gz BN &§5. ON FTOREHE n,,
SEERE me T 5. FHAREHE (1-8) N3
NTHEEH LTS, BRI (1-8) N+n?
ERB. SEENLEa=L BT (WRITT,

a,=1n,

a,=(1—a)N-+4m,

b= (1—g)N+n,

b,=m,

H e=8=c, 21T (4) iz
n—{n,4(1—c) N}
1/n,+n,4+(1—c)N

TEDT, RATROFRERIFRICE T 1 %k
BTHEZLFET 310

n,—-{n;+(1--c)N}=
Vidog=y Vn+n,+0—c)N

&T, FRUHESONMERERE k, HAER
FERE L LT,

N{—k—14+&)Zy/ % a=n Vv N+ -IEk—wc)
5)

B TR 2 —RANC B 3R EFEA LR
L E&FBA T L. BRI, "EEEHAE nIEE 0>
FEDRERIAHTRBRB10BETH 30T,

(=10/101, N= 10,000 ¢ L X 5. RiEBCHE
HOMOFEERNIS,  EIY 1=10k D#E1x

Cancer incidence
in control group
per |04

u=

1s0F 4 y
S S
e,

a5/ /)

L
N

L / ] 1 L L 1 1
10 20 50 100 200 500 1000 1300
Permissible number of no-response

#5 5 Prospective Survey iz k2T Uil
RBEOWELFIHEG, HAEEhD
Mo-response #{. & 4= 5 p1 05\ T2 it
BESmoTh L,

— 148 —



FEFN3945 1 H25H

FHAE, (ORnbKRD B &, 0BHEH
ANZEICA B, R—BADO BRERE B0

(Hm fEE A0 L5 OFRAER ICHSE L) &
L, H1=10k, Elb@HNEIRERE W00 &3
Z % EW1500, EPH15%ofEmgR#EENS. k
Y10t ~10108C B B D 1= 2k, 1=5k, 1=10k
DEACEHE W B WELEE 5 BITR L.

5 % &

HORRE oV T #EE NHTIT S 54A,
AR, BEADA B0, DRYCIERREEORIED,
S R & VAT AEEME TS 5 0
AN, BRI 0Z o0& MBRRIAEE
RIS, ERREC HRE Lo#HEST
BTHAHH. MBTHETE R TR EO=2D
ARy AR LIRS T, ERBEHIRC X 3
NERLEOFHED I (REEEBEREE) &
a0 T, RAREFRRE T
7-2%, $EEH97c g Y H-JT, Prospective sur-
vey 3hw b4 L, Retrospective survey
27072, R LLOBAEENC, £SLM
R P IToThH B, Z ok, RERHPLEA
WHEBRRH NS B, Fanc, RENFERN
TRADREZBE- LR MA BFXEET
B3,

N BRERT, FEETHROBRISEOM
COHIEERTHS S LEIATS. FEET
VEIRE ¥ ERCE XD T, BERN Vid~10d
BEOFPHRO:N, i~ 25 BT T8
A3k, FREE, SHHESEDAOEICETET B
BEOPAHLFNE > HTUEBIHCES. H
LA TR, 16727 0RERCEER
RAFWIFEREWEKRTHIZLEZIN TR
Ao, FHERINICA T, RVEI LWEAKRTAS L
E3HTHS. FECIED L OEEOR
12, ZOREEBNAEEIRETHS IR, B
WhhBLOPEHECB IR ED SHIE
ELETIRDD b

6. F&H

Prospective survey 12 X THATHFERE O
EEIFIH4A, 2,3 OREPHRE L7z, Matched

1275

sampling #4F YWelc, TRAEEIEME RN SHRICE
RT1YGKMETCEEELTET B ROLERER
N= 70{;8531);{ L .

k5. HURHEEERE |, ARERER
Pk b3 %, MBOEERAELCEREL, %
n#crthd, c ¥N d—k—1+4c) 2VvV'7
VN (1+1Tk——c) #WMEeEzbn. k=
L5hgt, 1=10k, N= 10,000 ¢ = IFMHT TR
<t B.

Matched sampling 7z \ [k, FREIERFIAEK

Tha.

x &
1) Court Brown W.M. and R. Doll: Leukaemia
and aplastic anaemia in patients treated with
X.rays for ankylosing spondylitis, Annex of
The hazards to man of nuclear and allied ra-
tiations, Her Majesty’s Stationery Office. Lon-
don, 1956. —2) Simpson C.L. and L.D. Hempel-
mann: The association of tumors and roentgen-
ray treatment of the thorax in infancy, Cancer
10 : 42, 1957. —3) Goolden A.W.G.: Carcinoma
of thyroid following irradiation, Brit. M.J. 2:
954, 1958, —4) Rooney D.R. and R.W. Powell:
Carcinoma of the thyroid in children after X-
ray therapy in early childhcod, J.A.M.A. 169:
1, 1959. -—5) Rubin P. et al.: Incidence of
pelvic malignancies following irradiation for
benign gynecological conditions, Am. J. Roent-
genol. 85 : 503, 1961, — 6) Glucksmann A. et
al.: Carcinogenic effects of radiation, Cancer
Vol. 1 edited by R.W. Raven, 497--539, Butter-
worth, London, 1957. —7) Report of the United
Nations Scientific Committee on the Effects of
Atomic Radiation, United Nations, New York,
1962. —8) Doll R. and A.B. Hill: A study of
the etiology of carcinoma of the lung, Brit.
M.J. 2: 1271, 1952. —9) Berkson J.: The sta-
tistical study of association between smoking
and lung cancer, Proc. Staff Meet. Mayo Clin.
30 : 319, 1955, —10) Witts L.J.: Medical sur-
veys and clinical trials, Oxford Univ. Press,
London, 1959. —11) #§i#{a kil « A EEHRIC £
B AJESEEDWETE. —12) Mainland D.: Sta-
tistics in medical research, Methods in medical
research Vol. 6, The Year Book Publ., Chicago,
1954, translated into Japanese by T. Kashiwagi

— 149 —



1276

and K. Takahashi, 1962, Tokyo Univ. —13) &
FEE : SEEE, SSEM, @, B35 —14)
52 BV RN, T AARMER, B
36. --15) Segi M.: Cancer Mortality for Sele-
cted Sites in 24 Countries, No. 2, (1958—1959),
Dept of Publ. Hlth., Tohoku Univ, Sendai, 1962.
—16) THRA= : BT 5 B e o
FERYWITE, EiEM4, 2504, 393, R34, (Chigusa
K.: The epidemiological study of malignant
neoplasms in Aichi prefecture, Race Hyg. (To-

B AR IR S o gt

kyo) 25:393, 1959). —I7) By E=HE : —o
HREERET 2 RCEVEBE0 2 X2 Suk o i
%, NHREESEE, mE36. — 18) Quenouille M.H.:
Rapid statistical calculations, A collection of dis-
tribution-free and easy methods of estimation
and testing, Charles Griffin, London, 1959, tran..
slated into Japaness by M. Masuyama, Assoc.
of Jap. Industr. Standards, Tokyo, 1961, —19)-
#iA&J7 : Non sampling error {k2% o gl i,

36, 157, i34,

— 150 —

W234s 105~



