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Population Doses from Beam-therapy,in Japan, 1978
Part 3. Estimation of Malignancy Significant Dose and Fatal Malignant Risk
Tadashi Hashizume*, Hideo Matsuzawa*, Takashi Maruyama®,
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Division of Physics* and Clinical Research®**, National Institute of Radiological Sciences, 9-1,
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As a series of estimations of population doses and of risk estimates from medical exposures in Japan,
the malignancy significant dose (MSD) and the fatal malignant risk from beam therapy were estimated
based on a nationwide survey of radiotherapeutic treatments, using a malignancy significant factor and
a weighting factor determined from the data on the cancer mortality among the atomic bomb survivors
in Nagasaki. The effective dose was defined as a sum of the product of the weighting factor and the
organ or tissue doses with respect to the malignant diseases. The organ or tissue doses were determined
with ionization chambers placed at the positions of their center in a MixDp-phantom simulated lung
tissues by a block of cork, using a telecobalt unit, a conventional X-ray unit and a medical linear ac-
celerator. The organ or tissue doses were categorized into three dose components; namely 1) dose from
useful beams; 2) scattered radiation dose from irradiated materials and 3) leakage radiation dose through
structures of the units. The effective doses were separately determined for the organs or tissues in the
useful beams and out of the beams.

The resultant MSD was 1 mrad (0.0l mGy)p-ly® (p:person;y:year) for male and 3.3 mrad
(0.033 mGy)p-ty-! for female, with a total 4.3mrad(0.043mGy)p-ty-!. The malignant risk from the beam

therapy was estimated to be 0.53 > 10-5y~!p~! for the organs or tissues irradiated with the useful beams
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and 0.173< 10-°p™!y~! for the organs or tissues out of the beams, with a total of 0.70 % 10-%p-iy~!. Con-

sequently, the population fatal malignant risk were estimated to be about 82 persons per year for the whole

population in Japan.,
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Table 1. Weighting factor (WT).
Risk factor

Organ (10%) Wu
Lung 32 0.2
Stomach 50 0.3
Large Bowel 10 0.06
Other Digestive 23 0.14
Bladder & Urinary 15 0.08
Lymphatic Tissue 13 0.08
Thyroid 2 0.02
Breast (20) (0.12)

Total 165 1.00

The figures in parentheses are used only for female.
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Fig. 1. Grid reference system for degning irradiat-
ed position.
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Table 2. Effective dose per 1 rad at the peak absorbed dose due to useful
beam (M), scattered (S) and leakage (L) radiations for male.
Irradiated* “Co He X Conv X He E Su X
posttions LI M|s|L|M|s|L|M|s |L|mMm]|s|rL|M]|s
1— 3 250 34 91 299 53| 5 38 19 10 | 220 =2 [ 5| 1
2, 4 229 34 8| 275 53| 5 30 19 9| 193 —| 2] 8 511
7, 10 133 34 5| 192 53| 3 32 19 71 170 — | 2] 4 5] 1
14 220 34 7| 266 53| 4 33 19 9| 197 — | 2] 8 511
13, 156 204 34 7| 251 53| 4 28 19 8| 172 —| 2| 6 5| 6
2—3 332 93 21 304| 119| 6 67 68 25| 424 — | 4]12 26| 5
2, 4 434 | 150 15| 286 | 184 | 6 53| 120 20 | 371 200 3|11 64| 4
7, 10 176 | 212 11| 196 | 253 | 4 45| 183 18| 326 | 1 21 6| 116 2
14 291 93 18| 270| 119] 5 60 63 22 | 380 — | 3] 9 26| 5
13, 15 271 | 150 17 | 251 [ 184 | 5 51| 120 19| 332 20| — | 7 64| 3
3—3 566 | 169 54 | 339 | 192 |21 | 148 | 157 41| 106 | 175 7|20| 116 2
2, 4 437 | 140 47 | 322 | 160 | 20| 123 | 102 33| 930 — | 519 60 | 11
» 7. 10, 11) 300 | 150 29| 217 | 184 | 15| 127 120 32| 814 20| 5110 64| 7
14 496 | 169 47 | 301 | 192 |18 | 130 | 157 36| 955 175| 5|16 | 116 14
13, 15 464 | 140 47| 311 | 160 | 19| 110 | 102 30| 833 — | 4112 60| 9
4— 3 1162 34 99 | 449 53|26 | 283 19 | 120 | 1500 — | 15| 33 5|22
2, 4 1004 | 279 85| 421 | 356 22| 235| 205| 131 | 1314 — | 4|32 77| 19
6, 7, 10, 11 617 | 103 65| 289 ) 159 |19 199 56 | 104 | 1026 — | 924 16 | 11
14 1023 34 83| 398 53 |25 | 250 19 | 119 | 1346 — | 12} 28 5117
13, 15 816 | 279 64 [ 376 | 356 |21 | 212 | 205 99 | 1198 — | 10 | 26 771156
» o, 12, 16] 496 == 16 | 341 — | 7| 126 = 29 | 423 — | 4| 1 — | 1
5— 3 1308 | 683 | 157 | 447 | 1060 | 96 | 569 | 374 | 265 | 2205 — |20 | 55| 103 | 25
2, 4 1171 34| 131 | 39 53 | 52| 372 19 | 185 | 1763 — | 15 | 46 80| 19
. 7, 10, 11) 673 | 870 76 | 218 | 1470 | 60 | 254 | 406 | 125 | 1600 — | 922 270 | 12
14 1179 | 683 | 142 | 444 | 1060 | 93 | 463 | 374 | 245 | 2057 — |17 [ 42| 103 | 19
13, 15 1070 34| 119| 376 53 | 47 | 353 19 | 175 | 1644 — | 14 | 33 80 | 15
1, 5 12, 16 556 = 18| 198 — 10 220 == 19| 621 —1 5] 3 —| 2
6— 3 1449 | 203 | 125 | 457 | 343 |78 | 396 95| 214 | 1699 — |17 | 46 18 | 32
2, 4 1147 | 190 93| 3838 | 330 |52 300 81| 186 | 1538 — 12 | 2 18 | 19
6, 7, 10, 11| 744 | 513 55| 221 | 793 |60 | 171 | 280 ( 103 | 1089 — | 9|17 77 | 47
14 1306 | 203 | 104 | 438 | 343 | 89 | 376 95| 203 | 1634 — |15 43 18 | 30
13, 156 1034 | 190 | 108 | 360 | 330 |39 | 294 81 | 158 | 1483 -— |11 | 27 18 | 22
1, 5, 12, 16/ 581 — | 192 | 194 — | 9| 178 i 32| 478 — | 4] 2 -1 1
—35 673 | 232 58 | 274 | 297 | 36| 285 | 172 | 136 | 1038 —| 9] 3 B5 | 23
2, 4 419 — 46 | 267 — |21 161 — 97 | 936 —| 8| 4 — | 24
7, 10 344 = 30| 145 — [ 16| 144 . 46 | 666 — | 6] 4 — | 21
14 607 | 232 52| 295 | 297 | 31| 258 | 172 | 128 | 1000 oA I [ 65 | 21
14, 15 380 = 42 | 235 — 26| 143 = 96 | 910 — | 8| 2 — | 18
8—2, 4, 13, 15 95 - 1 60 — |1 46 == 3| 130 — =/ = — | —
7, 10 15 = 10 o 12 1 22 = fleil o — | —
9—2, 4, 13, 15 43 — 1 60 1 44 31 130 — S= — | —
7, 10 7 = = 8 =A== 7 = 1 20 —|—|— =A==

L: prad rad™, M and S: prad cm™ rad™

#°Co; Cobalt gamma-rays, He X; High energy X-rays,
electrons, Su X; Superficial X-rays

* see Fig. 1.

Conv X; Conventional X-rays,

He E; High energy
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Table 3. Effective dose per 1 rad at the peak ahsorbed dose due to useful
beam (M), scattered (S) and leakage (L) radiations for female.

61 E "

Irradiated Co He X Conv X He E Su X

Clated

pamtians L | M| s L | M|s| L | M| s L | M |s|L|M/|s
1— 3 303| 37| 11| 345| 53| 6 48| 22| 10| 28| —| 2| 9 6| 1
2, 4 297 | 37| 10| 318| 58| 5 31| 22 9| 2a2| —| 2| 7 6| 1
7. 10 166 | 37 6| 220| 58| 4 32| 22 71 210 —| 2| 5 6 1
14 282 37| 9| 308| 58| 5 43| 22 9| 22| —| 2| 7 6| 1
13, 15 269 | 37| 9| 285| 58| 4 36| 22 8| 213| —| 2| 5 6| 6
92— 3 421 100| 25| 375| 13| 7 8| 79| 25| 528| —| 4|17| 33| 5
2, 4 326 | 162| 19| 343| 202| 6 66| 140| 20| 45| 28| 3|15 80| 4
7. 10 216 | 229| 14| 230| 278 | 5 51| 212| 18| 390| 217| 2| 9| 145| 2
14 363| 100| 22| 319| 130 6 72| 79| 22| 40| —| 3|/13| 83| 5
13, 15 342 | 162| 20| 292| 202| 5 63| 140| 19| 399| 20| 3|10 30| 3
3— 3 756 | 183 | 68| 440 | 211 | 23 190 | 182| 41|1282| 245| 7|28| 145] 15
2, 4 660 | 151 | 61| 396| 176 | 25| 160 | 118 | 33|1108| —| 5|27 | 75|11
6. 7, 10, 11| 380 | 162| 35| 280 | 202 | 22| 157 | 140| 32| 9| 28| 5|15| 80| 7
14 671 | 183 | 61| 360 | 211 | 21| 167| 182| 361121 | 245| 5|22| 147 | 14
13, 15 611 | 151 | 78| 364| 176 | 21| 138 | 118| 30| 980 | —| 4|17| 75| 9
4— 3 1489 | 37| 138 | 551 | 58| 32| 367 2| 1201993 | — 1556 6|22
2, 4 1280 | 291 | 121 | 505 | 502 | 26| 203 | 318 | 131 | 1711 | 12012 |58 | 205] 19
6, 7,10, 11] 760 | 111 | 84| 340| 175| 30| 245| 65| 104|140 — | 9[38| 20|11
14 1320 | 37| 119| 467| 58| 31| 303| 22| 119|1692| — 12|40 6|17
13, 15 1072 | 201 | 90| 420| 302 | 24/ 260 | 238 | 99 [1480| —|10|42| 9615
1, 5 12, 16 617| —| 21| a11| —| 8 155| —| 20| 545| —| 4| 2| —]|1
5— 3 1654 | 737 | 208 | 569 | 1166 | 961 605 | 434 | 269 | 2878 | — |20 /96| 129 |25
2, 4 1480 | 37| 171| 472 | 58| 52| 441 | 22| 185 |2173| —|15|64| 100 |19
6 7,10, 11| 893 | 940 | 104 | 254 | 1617 | 60 260 | 470 | 125 | 1288 | — | 9|31 | 338 |12
14 1500 | 738 | 183 | 512 | 1166 | 93| 546 | 434 | 245 | 2512 | — |17|60| 129 |19
13, 15 1305 | 37| 156 | 431 | 58| 47| 413| 22| 175|2032 | — |14 |47| 100 |15
1, 5 12, 16| 688| — | 24| 226, — | 10 255| —| 19| 782 — | 5| 4| —| 2
6— 3 1801 | 220 | 151 | 527 | 377 | 87| 467 | 110 | 214 |2019| — |17|65| 23|35
2, 4 1440 | 205 | 113 | 451 | 363 | 52| 363 | 94| 186 |1814| — |12 |41| 23|19
6, 7, 10, 11| 955 | 554 | 67| 258 | 872 | 60| 201 | 325 | 103 [1275| — | 9|¢€z| 96|11
14 1630 | 220 | 126 | 505 | 377 | 89| 436 | 110 | 203|196 | —|[15|61| 238
13, 15 1303 | 205 | 131 | 413 | 363 | 39| 339 | 94| 160 |1743| —|11|38| 23|2
1, 5 12, 16/ 718| —| 24| 221| —| 9 205| — | 32| 62| —| 4| 3| —|1
7— 3 825 | 250 | 71| 342 | 327 | 37| 328 200 136 |1224| —| 9|57| 81|23
2, 4 56| —| 56| 30| —| 23 19| —| ‘98| 10| —| 8| 4| — |24
7. 10 120| —| 37| 18| —| 18] 17| —| 46| | —| 6| 5| —|21
14 222 | 250 | 62| 332| 327 | 34| 30| 200 122| 17| —| 9| 5| 81|21
13, 15 38| —| s2| 271| —| 29| 17| —| ‘96| 06| —| 8| 3| —|13
8—2, 4, 18, 15| 15| — 1| 72| —| 1 s —| 4| 12| —|1]1 1
7, 10 8| —| —=| 12 —| - 15| — 1| 81| —|—|— —
9—2, 4, 18, 15| 52| — 1| 70| —| 1| 5| —| 3| 0| —|—]|— —
7, 10 gl —| —| 8| —| < 8| — 1] 20| —|—|—=| =]—-

L: pran rad™?; M and S: prad cm™ rad™

89Co; Cobalt gamma-rays, He X: High energy -rays, Conv X; Convetional X-rays, He E; High energy
electrons, Su X; Superficial X-rays

* see Fig. 1.
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Table 4. Malignancy significant factor
(MSF) by age group and sex.

Age Age
MSF MSF

Male | Female Male | Female
— | 0— 4 [0.94 | 35—39 | 40—44 | 0.45
0— 4| 5—90.93 | 40—a4 | 44—49 | 0.34
5— 9| 10—14 [ 0.91 | 50—54 | 50—54 | 0.26
10—14 | 15—19 | 0.87 | 55—59 | 60—64 | 0.18
15—19 | 20—24 | 0.82 | 60—64 | 65—69 | 0.10
20—24 | 25—29 | 0.74 | 65—69 | 70—74 | 0.05
256—29 | 30—34 | 0.65 | 70—74 | 75—79 | 0.02
30—34 | 35—39 | 0.54 | 75— | 80— | 0.004
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Table 5. Malignancy significant dose classified by sex, age-group and type of

radiations used for radiotherapy*

(m. rad person™ year?)

N Age MSD* MDD
Source | 0—14/15—29/30—44{45—59|60~74] 75— | Total | 0—14[15—29|30—44/45—50/60—74] 75— | Tatal
Co- [ 0.04 | 0.11 [ 0.20 [0.13 [ 0.0 | — | 0.49 || 0.84 [ 0.71 [ 1.99 | 4.87 | 6.36 | 1.63 | 16.4
SF-X |0 — o [ = o 0o | — o — 0 [ =10 Jo =
o [Comv.X[ 0 |0 — | = o 0 | — o o — [0.03]0.00 | — | 0.04
S [HeX 10.08|0.11 | 0.17 | 0.1 |0.01 | 0 |0.46 | 0.76 | 0.83 | 1.89 | 3.85 | 6.66 | 1.77 | 15.8
HeE | — | — | — | — | — | 0 f0.01 0.0l 0.0l [0.01|0.140.13 | 0.05 | 0.35
Sub T. | 0.12 | 0.22  0.37 | 0.23 [ 0.02 | — |0.96 | 1.63 | 1.55 | 3.89 | 8.89 [13.16 | 3.45 | 32.6
Co-y 10.0410.08]0.890.77 | 0.14 | 0 [1.92 | 0.54 | 0.54 | 6.67 |13.2 [13.3 | 3.50 | 37.7
SFX | — |0 — =l =10 | =1 =10 | = o[ =10 0.01
g [Conv-X]0 10 ]0.007001f — | 0 [002]0 [0 [0.13]0.17|0.13|0.10 0.5
B [HeX |0.17]0.16 | 0.57 | 0.49 | 0.09 | 0 | 1.26 | 1,83 [ 101 [3.13 10.0 | 9.00 | 2.29 | 27.1
" [MeE | — 17001 0.02/0.00| — | 0 |0.04| 0.0 0.04]0.12| 0.20 | 0.10 | 0.04 | 0.51
Sub T. | 0.21 (0.25 | 1.29 [ 1.28 | 0.23 | 0 |3.26 || 2.08 | 1.69 [10.05 [23.6 [22.5 | 5.93 | 65.9
Total ~ 10.33 | 0.47 | 1.66 | 1.51 | 0.25 | — |[4.22 | 3.71 | 3.24 [13.90 [32.5 [35.7 |9.4 | 98.5

MSD*: Malignancy significant dose; MD**: per Caput mean effective dose
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Table 6. Malignancy significant dose classified by sex, type of disease and type

of radiations used for radiotherapy. merad person™ year~!
Source ——— non Total
B C D E F G H | Sub T. |malignant

Co-y 0.02 0.02 0.04 0.01 0.27 0.08 0.05 0.49 (.006 0.49
SF-X 0 0 0 = 0 0 0 = — ==
2 Conv. X | 0 0 0 — —_— 0 _— = - -
g He-X 0.03 0.02 0.04 0.02 0.17 0.11 0.07 0.46 - 0.46
He-E = = B = — = = — - 0.01

Sub T. 0.05 0.04 0.08 0.03 0.44 0.19 0.12 0.95 0.006 0.96

Co-y 0.01 0.01 0.02 0.81 0.83 0.05 0.09 1.82 0.1 1.92
SF-X 0 0 0 0 0 0 - - - —

< | Conv.X| 0 0 0 i 0.01 0 — 0.01 0.01 0.02
g He-X 0.01 0.04 0.02 0.36 0.36 0.15 0.07 1.28 o 1.28
He-E = — — 0.02 — - . 0.03 0.01 0.04

Sub T. 0.02 0.05 0.04 0.20 1.47 0.20 0.16 3.14 0.12 3.26
Total 0.07 0.09 0.12 1.23 1.91 0.39 0.28 | 4.09 0.13 3.22

* B: M.N. (Malignant neoplasm) of buccal cavity and pharynx.
>: MLN. of digestive organs and peritoneum

D: M.N. of respiratory system

E: M.N. of bone, connective tissne skin and breast.

F: M.F. of genito-urinary organs

31 Neoplasms of lymphatic and haematopoietic tissue.
H: M.N. of other and unspecified sites.

Table 7. Malignancy significant dose classified bp sex, age-group and type of

radiations used for radiotherapy (except main beam). merad person™ year™

N Age MSD* MD**

Source "‘\\ 0-—14{15—29/30—44[45—59/560—74| 75— | Total || 0—14/15—29|30—-44|45—59 60—74‘ 75— | Total
Co-v 0.01]0.03]0.05]0.04| — 0 [0.13)0.19]0.21 |0.52|1.42|2.01|0.56 | 4.91
SF-X |0 — |0 0 0 0 — |0 — |0 — |0 0 —

o | Conv. X] 0 0 - — |0 0 — |0 0 — (001 — | — 0.01

ﬁ He-X |[0.01 |0.02|0.02|0.01| — 0 [0.06 | 0.15|0.11]0.24 | 0.50 | 0.79 | 0.23 | 2.02
He-E — — | = | 0 — ||0.01]0.00 | == |0.03|0.03|0.01| 0.09
Sub T. | 0.02 | 0.05 | 0.07 | 0.05 | — 0 |0.19 10.35]|0.33|0.76 | 1.96 | 2.83 | 0.80 | 7.03
Co-y 0.01 | 0.02 | 0.29 | 0.27 | 0.06 0 0.65 ) 0.14 | 0.18 | 2.54 | 5.12 | 5.27 | 1.36 | 14.61
SIF-X s |10 — |0 - 0 — — |0 o = — |0 .

5 |Conv.Xl0 |0 0.0 — | — | 0 [o.000 [0 |0.08]0.10{0.05|0.05| 0.28

E He-X | 0.01 | 0.02 | 0.05 | 0.07 | 0.02 0 0.17 | 0.12 ] 0.13 | 0.53 | 1.49 | 1.59 | 0.37 | 4.23
He-E 0,01 | — |0.0L]0.00| — 0 |0.03 | 0.01|0.01]|0.10]0.13|0.06|0.02| 0.33
Sub T. | 0.03 | 0.04 | 0.36 | 0.35 [ 0.08| 0 |0.86| 0.27|0.32 | 3.25 | 6.84 | 6.97 | 1.80 | 19.45

Total 0.05 | 0.09 | 0.43 | 0.40 | 0.08 0 1.05 || 0.62 | 0.65 | 4.01 | 8.80 | 9.80 | 2.60 | 26.48

MSD*: Malignancy significant dose; MD*¥: per Caput mean effective dose.
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Table 8. Malignancy significant dose classified by sex, type of disease and type of radiations

used for radiotherapy (except main beam radiation)

m. rad person™ year™

Source malignant® non. Total
B c D E F G H | Sab T. |maliguant
Co-T — 0.01 | 0.01 - 0.08 | 0.02 | 0.01 | 0.13 — 0.13
SF-X 0 0 0 0 0 0 0 —_ pun =
o | Conv. X 0 0 0 e — 0 —_ -_— — _
S | He-X — 1 0.01 | — — | 0.03 | 0.0 | 0.01 | 0.06 - 0.06
He-E = = — — — - - — — —
Sub T. — 0.02 | 0.01 — 0.11 | 0.03 | 0.02 | 0.19 —_ 0.19
Co-y — — — 0.24 | 6.3 | 0.01 | 0.02 | 0.61 0.02 0.63
SF-X 0 0 0 0 0 0 0 0 —_ —
= | Conv. X 0 0 0 — 0.01 | 0 - 0.01 —_ 0.01
E He-X — 0.01 — 0.03 | ¢.11 | 0.01 | 0.01 | 0.17 _ 0.17
He.E = 0 — 0.02 — —_ —_ 0.02 0.01 0.03
Sub T. — 0.01 — 0.29 | 0.46 | 0.02 | 0.03 | 0.81 0.03 0.84
Total - 0.03 | 0.01 | 0.29 | 0.57 | 0.05 | 0.05 | 1.00 0.03 1.03

* see footnote Table 6.
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Fig. 2. Annual number of patients treated with beam therapy and components
of malignancy significant dose by sex and age group.
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