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Estimation of Risk due to Radiation Exposure in the Mass
Screening of Cancer in Japan

Takeshi A. Iinuma and Yukio Tateno
Division of Clinical Research, National Institute of Radiological Sciences

Research Code No. : 302, 500
Key Words : Cancer, Mass screening, Radiotion expasure, Risk

Five types of mass screening programs for cancer are performed under the auspices of the Adult
Health Promoting Act of the Japanese Goverment. The cancers involved are those of stomach, uterus,
lung, breast and colon. Radiological images are routinely used for the screening of stomach and lung
cancers, and mammography will be employed in the near future.

In this study, the risk due to radiation exposure in the above-mentioned screening programs was
estimated for an individual who participates in the screening of each cancer annually. The dose
absorbed at each screening was estimated and an additive risk model was used as the pattern of
occurrence of radiation-induced cancers for simplicity. Safety was also estimated.

Results showed that the risk of a shortened life-expectancy as a result of undergoing annual mass
screening for breast, stomach and lung cancer was insignificant in comparison with the average
life-expectancy of about 80 years for Japanese men and women, and much smaller than the benefit of
mass screening expressed in terns of prolonged life-expectancy. However, it should be emphasized that
a quality control program must be established to keep the dose absorbed at each X-ray screening
examination as low as reasonably possible.
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Additive Risk Model

Incidence of Cancer

‘Fr— Exposure

L, : Latent Period

L, :Incident Period

Fig. 1 Schematic explanation for the additive risk
model of radiation-induced cancers. L, indicates
the latent period and L. does the incident period
of radiation-induced cancers.
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Table 1 Age and life expectancy (T) of Japanese men (1985) and caluculat-
ed loss of life expectancy due to leukernia (4M;) and other cancer (4My).
AMy (10) means loss of life expectancy with latent period of 10 years and
incidence (death) period of 35 years. 4AMy (15) means that with latent
period of 15 years, and incidence (death) period of 30 years. T, 4M; and
AMjy are presented in year.

Age T AMy 4AMg(10)  AMg(15) Age T  4Mg  4AM(10)  4Mg(15)
40 36.63 21.63  10.13 7.80 55 23.36 8.43  2.55 1.16
41 35.70 20.70  9.44 7.14 56 22.54 7.69  2.25 0.95
42 34.77 19.77 8.7 6.51 57 21.73 7.00 1.97 0.75
43 33.85 18.85  8.13 5.92 53 20.93 6.34 1.71 0.59
44 32.9317.93  7.51 5.36 59 20.13 5.72 1.47 0.44
45 32.01 17.01  6.92 4.82 60 19.43 5.14 1.27 0.33
46 31.11 16.11  6.37 4.33 6l 18.56 4.60 1.05 0.21
47 30.21 15.21  5.8% 3.86 62 17.78 4.08 0.86 0.13
48 29.32 14.32  5.33 3.42 63 17.02 3.61  0.70 0.07
49 28.43 13.43  4.85 3.00 64 16.26 3.17  0.56 0.03
50 27.56 12.56  4.41 2.63 65 15.52 2.77  0.44 0.01
51 26.70 11.70  3.98 2.28 66 14.78 2.39 0.33 -
52 25.85 10.85  3.50 1.96 67 14.06 2.05 0.24 -
53 25.01 10.01  3.22 1.67 68 13.36 1.75  0.16 —
54 24.18 9.20  2.87 1.40 69 12.67 1.47  0.10 -

Table 2 Age and life expectancy (T) of Japanese women (1985) and caluculated loss of life expectancy due to
leukemia (4Mg) and other cancer (4My). Explanation of 4My (10) and AMy (15) is described in Table 1.

Age T 4Mp 4Mc(10) 4My(15) Age T 4Ma 4Mg(10) AMg(15) Age T 4Mg 4AMi(10)  4M,(15)
30 51.41 36.41 23.91 21.41 44 37.90 22.90 11.12 8.74 58 25.0110.01  1.71 1.67
31 50.43 35.43 22.93 20.43 45 36.96 21.96 10.38 8.04 59 24.12 9.14  1.47 1.39
32 49.46 34.46  21.96 19.46 46 36.01 21.01  9.66 7.36 60 23.24 8.32 1.25 1.13
33 46.48 33.48  20.98 18.48 47 35.07 20.07  8.98 6.71 61 22.36 7.58  1.05 0.90
34 47.5132.51  20.01 17.51 48 34.14 19.14  8.32 6.12 62 21.49 5.80  0.86 0.70
35 46.54 31.54  19.04 16.54 49 33.20 18.20 7.76 5.52 63 20.63 6.11  0.70 0.53
36 45.57 30.57  18.07 15.57 50 32.28 17.28  7.09 4.98 64 19.78 5.46  0.56 0.38
37 44.60 29.60 17.10 14.60 51 31.36 16.36  6.52 4.46 65 18.94 4.86  0.44 0.26
38 43.64 28.64  16.17 13.67 52 30.44 15.44  5.97 3.97 66 18.11 4.30  0.33 0.16
39 42.68 27.68  15.26 12.77 53 29.53 14.53 5.45 3.52 717.29 3.78  0.24 0.09
40 41.72 26.72  14.37 11.90 54 28.62 13.62  4.95 3.09 68 16.48 3.29  0.16 0.04
41 40.76 25.76  13.52 11.06 55 27.71 12.71  4.48 2.69 69 15.68 2.85  0.10 0.01
42 39.80 24.80  12.69 10.25 56 26.81 11.81  4.04 2.32

43 38.85 23.85  11.89 9.48 57 25.91 10.91  3.62 1.98

(60)
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Table 3 Calculated risk expressed as a loss of
life expectancy (personsyears) due to mammo-
graphic exposure performed from age of 30 to
69 years old annually. Two case of absorbed
doses of 0.8 cGy (maximum) and 0.2 cGy
(average) and those of AMy (10) and AMy (15)

are shown
. Loss of Life Expectancy(personsyears)
se
(eGy) AM Breast Leukermi Total
Cancer 3 1a L ota
0 AMx(10) 6.27x10? ] 6.27Xx10"°—2.3days
B
AM(15) 4.99x10°? ] 4.99x107*—1 . 8days
AMg(10) 1,.57x10°* 0 1.57x10-*—0.57days
0.2
AMg(15) 1.25%x10°* 0 1.25x10-*—0.45days

Table 4 Calculated risk expressed as a loss of
life expectancy (personcyears) due to gastric
X-ray screening performed from the age of 40 to
69 years old annually, and those of 4My (10)
and AMg (15) are shown

(a) for men and

Loss of Life Expectancy(person+years)

Dose

(cGy) AN Ség:;};;h Leukemia Total
AMg(10) 4.61X10°% 2.75%107*  7.36x107*—=2.7days
e AM(15) 2.87x107% 2.75x10"* 5.62x10*—2.1days
AMg(10) 1.85X10°* 1.10%10"* 2.95x10-*—1.1days
o AMg(15) 1.15%107* 1,10%10"* 2.25x10"*-0.8days

(b) for women

Loss of Life Expectancy(personsyears)

Dose
(cGy) AM

Stomach  y o 1 emia

Cancer Total

AME(10) 7.32x107* 3.81x107* 11.1x107%—4.1days

1.0
AME(15) 5.14x10* 3.81x107* B8.95x107°—3.3days

AME(10) 2.93%107* 1.52x107° 4.45%107°—1.6days

0.4
AMg(15) 2.06x107* 1.52x10"* 3.57x%107*—1.3days

(4-3) FbfsEs% — Bl B Mg A2

fffEEE CBRT oM EMETOBED ) 22
BEETSH, ZOF L4055 5695k D 30F Ml EE
XHEBELZL LA LTH . rflic Table 5
(), (s, BIEREITRK0.05¢Gy, F¥
0.01cGy @ 2 & & AMx(10) & AMi(15) D& 5T 4
EERDI,
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Table 5 Calculated risk expressed as a loss of life expectancy (personsyears) due to chest
X-ray screening performed from the age of 40 to 9 years old annually, and those of 4Mjy
(10) and 4My (15) are shown.

(a) for men

Loss of Life Expectancy (person-years)

Dose(cGy) AMg

Lung Cancer Leukemia Total
0.05 AM (10) 0.158x10* 0.124x10-%  0.282x10-*-+0.1days
AM(15) 0.098 <102 0.124x10-*  0.222x10-*-»0.08days
0.01 AM(10) 0.032x10-* 0.025x10"*  0.057 X10-*—0.02days

AM(15) 0.020>10-* 0.025>107*  0.045x10-*-0.02days

(b) for women

) Loss of Life Expectancy (person-years)
Dose(cGy) AMy

Lung Cancer Breast Cancer Leukemia Total
AM(10) 0.251x10-% 0.037x10-2 0.171x10°2 0.489%107*—(.17days
005 AM(15) 0.176x10-* 0.026x10-2 0.171x10-* 0.373x10-%*—(.14days
01 AM(10) 0.05x10-® 0.008 x10-* 0.034 <102 0.092 % 10-*—0.03days

AM(15)  0.035x1073 0.006x10-? 0.034x10-% 0.075X10~*~0.03days

Table 6 Calculated risk expressed as a loss of life expectancy (person»years) due to Lung
Cancer Screening CT (LSCT) examination performed from the age of 50 to 69 years old
annually, and those of AMy (10) and AMy (15) are shown.

(a) for men

Loss of Life Expectancy (person*years)
Dose(cGy) AMg

Lung Cancer Leukemia Total
AM10)  0.99%10-¢ 1.85X107°  2.84X10-*—1.0days
Lo AM(15)  0.43%10 1.85%107*  2.28%10-*—0.83days
AM10)  0.30%10- 0.56X10~*  0.86X10-*—0.31days
03 AMc(15)  0.13%10 0.56X10-°  0.69X10-*—0.25days

(b) for women

Loss of Life Expectancy (person*years)
Dose(cGy) AM

Lung Cancer  Breast Cancer Leukemia Total
AM(10) 1.82%10-2 1.32x10-* 2.84x1073 5.98X10-*—>2.2days
-0 AM(15) 1.01x10-® 0.74x10-2 2.84%10°3 4.59%10*~1.7days
AM(10) 0.55x 1072 0.40x10-3 0.86x10-® 1.81x10-%—0.66days
0 AM(15)  0.30x10° 0.22%10- 0.86%10"*  1.38X10-3~0.50days
(4-4) FhfE%EAR—LSCT BezxD) A2 %2HETSH (Table 6(a) & ()2

FEORBTOMBERDO R 7 ) — = v 7 E FE), BUAR BT HAME & LT1.0cGy, & LT
DB L > TED, HLL LSCT it Xk 0.3cGy, AM,(10) & AMx(15) D 4 FEXEw kb e,
HIEREARIBLTWVWAY, &2 CES0ELD (4-5) BARK
695% D20ERBELSCT R L 2 B2 XS 1 HEBDRA 7 ) —= v I BEYTTHEHT

(62) HoRBEMEE H53% H1%5
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Table 7 Calculated risk expressed as a loss of
life expectancy (person*years) due to gastric
endoscopic screening performed from the age of
40 to 69 years old annually.

Loss of Life Expectancy(person-years)

Ag Ag
men women

1.6x10°% 48>10°° 80.9x10~*—29.5days 95.2x10-*—34.7days
3.0%107% 90>107* 152x10*—55.5days 179X 10~"—65.3days

A is an accident rate of mortality by gastric endos-

copy.
A’; is an accident rate of severe injury by gastric
endoscopy.
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10 Tij tx Table 1 iw/R L7z, ROFALIZ X - T
Eoit\5 2 =2 XL FO®@EY,

s=0.8, f,=1.0,

Y - TEPBAF A -2 L TFo®Eb &
L7,

a) B fs=0.85 Wy=0.7, W,=0.3
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Table 8 Benefit of mass screening of various
cancers expressed as a gain of life expectancy
(person+years). Periods of screening correspond
to those described in Table 3, 4, 5, 6 and 7

respectively.
(Gain of Life
Type of Cancer gggﬁi;’é (;E)r(se;}sf;;'ac%’:s)
Women men
Breast Cancer Age 30 to 69 y.o. 6.92x10°% —
40 years —25. 3days

Stomach Cancer
(X-P)

Age 40 to 69 v.o.

30 years

1.74X10"" 3.35x10°!
—+63.5days —122days

Stomach Cancer

Age 40 to 69 y.o.

2.81x10°" 5.42Xx107!

(Endoscopy) 30 vears —103days —198days
Lung Cancer Age 40 to 69 y.o. 1.87x10"* 5.04 %10
(X-P) 30 years —+5.8days —18.4days
Lung Cancer Age 50 to 69 y.o. 5.58%107 1.66x<10°*
(LSCT) 20 years —20.4days —60.4days

d) Fi(LSCT) : fs=0.9, Wy=0.65, W,=0.1

e) BE(REE)  fs=1.0, Wy=0.85, W,=0.3
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DB TI122H, HbEL -0 (X-P) & T
6.8HTH -1z,

6. & 2
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