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Outline of the Radiation Epidemiological Cohort Studies for Leukemia among Nuclear Workers and A-bomb Survivors

Asako TAKAMASA,*!-# Hideki TOMA*! and Shin’ichi KUDO*?

The risk of leukemia related with radiation exposure was pointed out in a case report of a physician in 1911 and in subsequent

reports. After that, many cohort studies among nuclear workers have been conducted in various countries on the leukemia risk
at low dose and/or low dose rate radiation. However, these studies did not have consistent conclusions. INWORKS and UK
NRRW cohort studies argued high risk with leukemia excluding chronic lymphocytic leukemia (CLL) mainly due to chronic
myelogenous leukemia (CML), on the other hand, the 15-country study and J-EPISODE study did not show significant high
risk of CML. There are some possibilities of this discrepancies and one of that may be based on lacking in statistical power
because of that leukemia is a rare disease. Other possibilities of these discrepancies between these studies are based on the
differences of dose rate, main component of cohorts, and statistical methods. In this paper, we summarize the subtypes of

leukemia, baseline mortality by each study, and methods and results from the major radiation epidemiological studies.
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Fig. 1 Age adjusted male leukemia incidence by country, subtype (per 10°).

12)

Data by MIRANDA-FILHO A et al. (2019)."” Japanese leukemia incidence is different from Europe and other countries.
Farther more, the age adjusted leukemia incidence (per 10%) is smaller than other countries.
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Table 1 Summary of the results of LSS and epidemiology studies among nuclear workers.
Study LSS*” LSS J-EPISODE®” 15-country'” INWORKS”  NRRW®  US Pooled”
UK, US, FRA,
Country JPN JPN JPN CAN efe UK, US, FRA UK Us
Observed period 1950-2000 19502001 1991-2010 1943-2000 1944-2005 19552011 1944-2005
Main component of cohort” A-b(.)mb A-bgmb NPP, Res, Fu  NPP, Mili Mili, Fu, Res, Mili, Fu Mili, Res
Survivor survivor NPP
Cohort size 86,611 113,011 204,103 407,391 308,297 173,081 119,196
Total person years 3,184,000 3,613,404 2,889,000 5,192,710 8,221,032 5,300,000 4,019,065
Percentage of females (%) 55 60 0 2 —* 9.8 —*
Person years per person 36.8 32.0 14.2 12.7 26.7 30.6 33.7
Doses used in analysis® RBM RBM Rec RBM RBM Rec Rec
Mean dose 200 mGy* 100 mGy 13.8 mSv 19.4 mSv 15.9 mGy 25.5 mSv 20.2 mSv
. . . . . . Mortalit; .
End point Mortality Incidence Mortality Mortality Mortality Inci denc}é Mortality
Obs 310 371 209 275 669 616
All types ERR/Sv (Gy) 4.7 -0.54 0.70 0.40
CI 35,64 —4.04,2.96 <0,4.52 —0.41, 1.51
All types Obs 312 207 196 531 380 369
excluding ERR/Sv (Gy) 4.7°¢ -0.54 1.93 2.96 1.38 1.7
CLL CI 3.3,6.5° —4.04,2.96 <0,7.14 1.17,5.21 0.04, 3.34 -0.22,4.7
Obs 7 12 2 47 138 236 128'
CLL ERR/Sv (Gy) <0 -1.06 —0.60 -0.30
CI NE, 1.81 <-1.69, 0.65 -2.0,3.6
Obs 19 43 19 19 30 25
ALL ERR/Sv (Gy) 3.7 240" -2.08' <0 5.80 1.79
CI 0.8, 13.0 0.63,7.90" —11.92,7.76' NE/31.57 <-7.19,25.80
Obs 58 75 21 45 100 88
CML ERR/Sv (Gy) 6.4 5.24¢ 9.70 10.1 10.45 6.77
CI 3.0, 13.7 1.92,11.8%5 -10.49,29.890 —0.86, 40.2 4.48,19.65 2.13,15.44
Obs 124 176 119 81 254 177
AML ERR/Sv (Gy) 4.3 111" —0.83 <0 1.29 -0.19
CI 2.7,6.6 0.53,2.08" —5.28,3.61 —1.82,428 <-1.84,2.28
Obs 15 47 21
ATL ERR/Sv (Gy) -0.2 5.20
CI nd,' 1.78 -13.05, 23.45

“ NPP: Nuclear Power Plant, Res: Research, Fu: Fuel processing, Mili: Military.
" Rec: Recorded dose, RBM: Red bone marrow dose.
¢ Deaths among cohort members with colon dose of 0.005 Gy or higher.

4 Not determined.

¢ All types excluding CLL, ATL.
" Linear dose coefficient of only males.
¢ Linear dose coefficient (at 1 Gy) of Hiroshima city.
" Quadratic dose coefficient (at 1 Gy).
' Last estimate (Not converged).

I Not estimated.
* Not denoted.

"Includes nonunderlying cause.
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Fig. 2 Distribution of death due to Leukemia in LSS Cohort
by RICHARDSON et al. (2009).””

2. LSS (HSU 5, 2013)*
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Fig. 3 Distribution of leukemia incidence in LSS Cohort by
HSU et al. (2013).*®

3. J-EPISODE (Japanese Epidemiological Study On
Low-Dose Effects) ”
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Fig. 5 Distribution of death due to Leukemia in 15-country
study.'”

5. INWORKS (The International Nuclear Workers
Study) ”
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Fig. 7 Distribution of death due to Leukemia in UK NRRW
cohort.”
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