Web supplement

An alternative model was tested. It should be noted that equation below without the rain
terms (rainkiro yes, 1@Mnaga yes, 1@Mpiro unk, 1@Mnaga unk) 1S identical to the excess relative risk (ERR)
models that have been used in many analyses of the atomic bombing data.® ’

A, (c,s,b, a)[l +4d- exp(re + vln(a))~ oS + yain,,, . +oain +éerain,,, ..+ é‘rainmgaiunkl

naga _yes

where A, (.) is baseline risks using stratification by city (¢), sex (s), birth year (5), and attained
age (a). The direct radiation effects (@) can be modified by age at exposure (¢€), sex and attained
age, while rain effect is not assumed to vary with other factors.

Thus the difference between this model and the main model in the paper, is that this one
allows effect modification for the direct exposure but not for the rain exposure, which is a less
plausible assumption. We report the results of this model with no effect modification for rain for
comparability to a previous unpublished, but publicized, report.



Tables for Web

Table S1. Parameter estimates for direct radiation, fallout rain exposure and modifying
effects with 95% confidence intervals for all causes of death.

Models

D irect exposure only

model

Rahn hfom atbn nclided
No effectmodificatbon for ran temm)

Common effect
m odifcation

1962-2005

B,:Diect radatbn (hear)
y:Hioshima Ran (es vs No)
8:NagasakiRah (Ves vs No)
Effect m odification

o:Sex Femak=1;Mak=-1)

v:Attaned age

T:Age at exposure
¢:Hioshima Rah Unknown vs No)
{:NagasakiRan Unknown vs No)

Deviance
P aram eters
ALC

LRT?

1950-2005

B,:Diect radatbn (hear)
y:Hioshima Ran (es vs No)
§:NagasakiRain (es vs No)
Effectmodification

0:Sex Femak=1;Mak=-1)

v:Attaned age

T:Age at exposure
¢:Hioshina Ran Unknown vs No)
{:NagasakiRan (Unknown vs No)

Deviance
Param eters
AC
LRT

1950-1961"

B,:Diect radatbn (hear)
v:Hioshia Rahn Yes vs No)
8:NagasakiRah (Ves vs No)
Effect m odification

6:Sex Femak=1;Mak=-1)

v:Attaned age

T:Age at exposure
¢:Hioshima Ranh Unknown vs No)
{:NagasakiRan (Unknown vs No)

0.23 0.18,0.28)

0.36 (0.20,0.52)
057 ¢0.21, 1.47)
-0.48 0.67,-0.32)

34,273
179
34,631

0.23 0.18,0.27)

0.35 (.20, 0.50)
0.20 (-0.33, 0.88)
-0.45 0.61,-0.31)

49,643
179
50,001

0.02 0.01% 0.07)

0.04 050, 0.52)
-2.73 (-4.24,-1.67)

0.23 (.18, 0.28)
-0.02 ¢0.05,0.01)
0.12 0.01, 0.23)

0.36 (0.20,0.52)
0.56 (-0.21, 1.46)
-0.48 (-0.66,-0.31)
0.01 ¢0.02,0.03)
0.02 ¢0.04, 0.08)

34,267
183
34,633
0.18

0.21 .16, 0.26)
-0.01 (0.04, 0.02)
0.06 0.05,0.17)

0.38 0.22,0.54)
053 (0.12,1.43)
-0.55 (-0.73,-0.40)
025 (0.22,0.28)
0.42 (.36, 0.49)

49,053
183
49,419
p<0.001

0.004 (-0.008" 0.03)
0.04 -0.04,0.12)
-0.23 €0.44, 0.02)

-0.06 (-0.68, 0.53)
-3.,59 (595, -2.34)
1.84 (1.69, 1.99)
2.12 (1.89, 2.37)

0.23 (0.18,0.28)
-0.03 0.06,-0.01)
0.08 (0.008, 0.18)

0.38 (.22, 0.53)
042 (-0.32,1.28)
-0.48 (0.66,-0.31)
0.004 (-0.02, 0.03)
0.02 0.04, 0.08)

34,263
183
34,629
0.05

0.21 (.16, 0.25)
0.01 ¢0.02,0.04)
0.08 0.00006, 0.17)

0.37 (0.20, 0.53)
0.72 ¢0.07, 1.87)
-0.58 (-0.76, -0.42)
0.26 (0.23,0.29)
0.43 (.36, 0.49)

49,051
183
49,417
p<0.001

0.003 (0.01% 0.03)
0.000 0.001%, 0.04)

0.0002 ¢0.003%,0.01)

-0.02 (0.64, 0.56)
-3.72 (-6.49, -2.40)
1.81 (1.68,1.95)
2.14 (191, 2.39)

Devance 15,235 12,836 12,840
P aram eters 80 84 84
ALC 15,395 13,004 13,008
LRT - 0<0.001 p<0.001

4. Likelihood ratio test relative to the

direct exposure only model, % M

odel included effect

modification by sex, attained age and age at exposure failed to converge. Effect modification by
age at exposure was removed from the model. : Likelihood-based estimation algorithm failed to
identify an interval. A Wald-type confidence interval was calculated.



Table S2. Parameter estimates for direct radiation, fallout rain exposure and modifying
effects with 95% confidence intervals for solid cancer death.

Models
D rect exposure only Ran nfom atbn nclided Common effect
model No effectmodificatbn for rah temm) m odifcatbon

1962-2005

B,:Direct radatbn (hear)
v:Hioshina Rah (Yes vs No)
§:NagasakiRan (es vs No)
Effect m odification

o:Sex Femak=1;Mak=-1)

v:Attahed age

T:Age at exposure
e¢:Hioshina Rah Unknown vs No)
{:NagasakiRan Unknown vs No)

Devance
Param eters

AL
LRT?

1950-2005

B,:Diect radatbn (hear)
v:Hioshina Ran (Yes vs No)
§:NagasakiRain (es vs No)
Effect m odification

6:Sex Femak=1;Mak=-1)

v:Attaned age

T:Age at exposure
¢:Hioshima Rah Unknown vs No)
{:NagasakiRan Unknown vs No)

Devance
Param eters
AC
LRT

1950-1961"

B,:Diect raditbn (hear)
v:Hioshina Ran Yes vs No)
§:NagasakiRain (es vs No)
Effect modificaton

o:Sex Femak=1;Mak=-1)

v:Attaned age

T:Age at exposure
¢:Hioshima Ran Unknown vs No)
{:NagasakiRan Unknown vs No)

042 0.32,0.53)

0.35 (0.18,0.52)
-0.73 ¢1.57,0.16)
-0.35 0.54,-0.18)

20,184
159
20,602

0.43 0.33,0.53)

0.36 (0.20,0.53)
-0.38 (-1.09, 0.40)
-0.37 (0.55,-0.23)

25,069
179
25,427

0.46 0.15,0.84)

111 052, 1.74
392 (0.23,10.03)

043 0.32,053)
-0.003 €0.07, 0.06)
025 0.01,053)

0.35 (.18, 0.52)
-0.74 (-1.58,0.15)
-0.34 0.54,-0.17)
0.000 (-0.06, 0.06)
-0.03 0.15, 0.09)

20,179
163
20,605
0.31

041 0.31,052)
-0.004 (-0.06, 0.06)
0.18 0.04, 0.43)

0.38 .20, 0.54)
-0.36 1.10, 0.44)
-0.41 (059, -0.25)
0.19 (.13, 0.26)
0.15 ©0.03,0.27)

25,014
183
25,380
Pp<0.001

056 (0.14, 1.08)
-0.05 (-0.22, 0.15)
-0.59 (-0.91, 0.09)

0.99 0.35,1.70%
6.05 0.93, 14.08)
1.87 (1.52,2.28)
1.75 (1.17, 2.46)

042 0.32,0.53)
-0.04 (-0.08,0.01)
0.15 ¢0.003, 0.36)

0.36 (.19, 0.52)
-0.77 ¢1.64%0.11)
-0.35 054, -0.19)
-0.01 <0.07,0.05)
-0.03 (0.15, 0.09)

20,178
163
20,504
0.16

041 0.30,0.52)
-0.02 0.06, 0.04)
0.14 ¢0.01, 0.33)

0.37 (0.21, 0.54)
-0.37 1.20%,047)
-0.42 -0.60,-0.26)

0.19 0.13,0.25)

0.15 0.03,0.27)

25,013
183
25,379
p<0.001

046 0.01%, 1.02)
0.14 0.02, 0.36)

c

1.17 ©0.44%, 1.89%)
629 ©2.24,11.87%)

195 (1.61, 2.34)
1.78 (1.20, 2.50)

Devance 4,777 4,418 4,419

P aram eters 80 84 83

ALC 4,937 4,586 4,685
LRT p<0.001 NA

4. Likelihood ratio test relative to the

direct exposure only model, % M

odel included effect

modification by sex, attained age and age at exposure failed to converge. Effect modification by
age at exposure was removed from the model. ©: Parameter of Nagasaki “Yes” was fixed to 0 in
the common effect modification model. ": Likelihood-based estimation algorithm failed to identify

an interval. A Wald-type confidence interval was calculated.



Table S3. Parameter estimates for direct radiation, fallout rain exposure and modifying

effects with 95% confidence intervals for leukemia death.

Models

D rect exposure only

m odel

Ran hfom atbn nclided
No effectmodificatbn for rah temm)

Common effect
m odificaton

1962-2005

B,:Direct radatbn (hear)
B,:Direct radatbon (uadratic)
v:Hioshina Ran Yes vs No)
§:NagasakiRain (es vs No)
Effectmodificatibn

o:Sex Femak=1;Mak=-1)

v:Attaned age

T:Age at exposure
¢:Hioshima Ran Unknown vs No)
{:NagasakiRan Unknown vs No)

Devance
P aram eters
AC

LRT?

1950-2005

B,:Diect raditbn (hear)
B,:D irect radtbn (Quadratic)
v:Hioshima Ran (es vs No)
§:NagasakiRan (es vs No)
Effectmodification

6:Sex Femak=1;Mak=-1)

viAttaned age

T:Age at exposure
¢:Hioshima Ran Unknown vs No)
{:NagasakiRan (Unknown vs No)

Devance
Param eters
ALC
LRT

1950-1961°

B,:Diect radatbn (hear)
B,:D frect radatbn (quadratic)
v:Hioshina Ran Yes vs No)
8:NagasakiRanh (Yes vs No)
Effect m odification

o:Sex Femak=1;Mak=-1)

v:Attahed age

T:Age at exposure
¢:Hioshima Ran Unknown vs No)
{:NagasakiRan (Unknown vs No)

Devance
Param eters
ALC
LRT

0.70 -0.77,2.54)
1.31 0.23,2.56)

0.25 ¢0.14, 0.59)
-0.73 (2.45,1.04)
0.01 ¢0.38, 0.40)

2,209
160
2,529

0.76 (-0.10, 1.96)
1.16 0.49, 2.00)

0.01 0.31,0.32)
-197 2.78,-1.22)
0.17 0.09, 0.44)

2,980
180
3,340

1.16 ¢0.72%,4.57)
1.50 ©0.31,4.08)

-0.51 (-0.87,0.07)
-1.79 (-2.86,-0.84)

722
81
884

0.69 0.83,2.55)
129 021, 2.60)
0.06 -0.35, 0.62)
-0.09 1.64% 2.48)

0.26 0.14, 0.60)
-0.74 (-2.47,1.05)
0.002 €0.39, 0.40)
-0.13 (-0.44, 0.30)

0.36 0.40, 1.64)

2,207
164
2,535
0.86

0.80 0.07, 2.00)
1.13 .46, 2.00)
0.07 €0.30, 0.58)
-0.16 1.58%221)

0.01 0.31, 0.33)
-1.98 2.81,-1.23)
0.17 ¢0.09, 0.44)
-0.14 0.42,0.26)
0.73 0.11, 2.05)

2977
184
3,345
0.44

153 (-0.16,6.17)
1.72 0.32,5.11)
0.46 (-0.46, 2.49)

C

-0.54 (0.88,0.04)
-1.81 2.88,-0.85)
-0.06 ¢0.70, 1.37)

454 046, 16.53)

716

84
884
NA

0.70 -0.79, 2.54)
1.27 0.19%, 2.57)
0.05 (-0.36% 0.56)
-0.18 €1.39%,1.02%)

0.25 0.14, 0.60)
-0.77 2.42% 0.88%)
0.002 (-0.39, 0.36%)

-0.13 (-0.44, 0.30)

0.35 ¢0.40, 1.63)

2,207
164
2,535
0.56

0.80 0.16%,1.75%)
1.13 (0.42%,1.96)
0.06 (0.15% 0.32)
-0.03 0.07%,0.02%

0.02 <0.31%,0.35"
-2.00. 2.78%, -1.21%
0.17 0.08",0.42"
-0.13 041, 0.24)
0.74 ¢0.10, 2.05)

2,976
184
3,344
0.38

157 0.79%, 3.92%
1.63 027", 353"
0.12 0.25%, 050"
-0.02 027", 0.24%

-051 ¢1.02% 0.004%
-1.87 £2.90%, -0.84%)

-0.11 ¢0.98% 1.20)
463 0.53,16.12)

716
85
886
0.16

2. Likelihood ratio test relative to the direct exposure only model, % Model included effect
modification by sex, attained age and age at exposure failed to converge. Effect modification by
age at exposure was removed from the model. ©: Parameter of Nagasaki “Yes” was fixed to 0 in
the common effect modification model. ": Likelihood-based estimation algorithm failed to identify



an interval. A Wald-type confidence interval was calculated.



Table S4. Parameter estimates for direct radiation, fallout rain exposure and modifying
effects with 95% confidence intervals for solid cancer incidence.

Models

D rect exposure only
m odel

Rain hfom atbn nclided
No effectmodificatbn for rah temm)

Common effect
m odificaton

1962-2005

B,:Diect radatbn (hear)
y:Hioshima Ran (es vs No)
§:NagasakiRah (Yes vs No)
Effectmodification

6:Sex Femak=1;Mak=-1)

v:Attanhed age

T:Age at exposure
¢ :Hioshina Ran Unknown vs No)
{:NagasakiRah Unknown vs No)

Deviance
P aram eters
ALC

LRT*

1958-2005

B,:Diect radatbn (hear)
v:Hioshima Ran Yes vs No)
§:NagasakiRah (Ves vs No)
Effect m odification

o:Sex Femak=1;Mak=-1)

v:Attahed age

T:Age at exposure
¢:Hioshima Ranh Unknown vs No)
{:NagasakiRan Unknown vs No)

Devince
P aram eters
ALC
LRT

1958-1961"

B,:Diect radatbn (hear)
v:Hioshina Rah Yes vs No)
§:NagasakiRain (es vs No)
Effectmodificatibn

o:Sex Femak=1;Mak=-1)

v:Attahed age

T:Age at exposure
¢:Hioshima Ran Unknown vs No)
{:NagasakiRan (Unknown vs No)

Deviance
Param eters
AC
LRT

0.50 041, 0.59)

0.34 0.22,0.46)
-0.82 (-1.40,-0.22)
-0.26 (-0.39,-0.14)

25,692
144
25,880

0.49 0.40,0.57)

0.33 021, 0.45)
-0.94 (-1.45,-0.40)
-0.28 (-0.40, -0.16)

28,420
144
28,708

0.09 (0.008, 0.32)

-0.01 (-0.70, 0.65)
-394 (-6.44,-2.25)

2,715
60
2,835

051 042, 0.60)
-0.03 (-0.08, 0.02)
-0.17 ¢0.33,0.01)

0.34 0.22,0.46)
-0.80 (-1.37,-0.21)
-0.26 (-0.38,-0.14)

-0.01 (-0.06, 0.04)
-0.19 (-0.28,-0.10)

25,673
148
25,869
p<0.001

0.49 0.41,0.58)
-0.03 ¢0.08, 0.02)
-0.21 ¢0.36,-0.04)

0.33 0.21, 0.45)
-091 1.42,-0.38)
-0.27 0.39,-0.16)
-0.006 (-0.05, 0.04)
-0.19 ¢0.27,-0.10)

28,398
148
28,694
p<0.001

0.09 0.06% 0.23"
0.04 0.17% 0.25%
-1.00 ¢1.02%,-0.98%

-0.02 0.82% 077
-4.01 ¢6.00%,-2.03%

0.05 -0.15% 0.25%
-0.23 ¢0.65%,0.18%

2,704
64
2,832
0.02

049 0.41, 0.58)
-0.06 0.10,-0.03)
-0.09 €¢0.19%, 0.03)

0.34 0.22, 0.46)
-0.96 (-1.52%,-0.38)
-0.26 (0.38,-0.14)

-0.02 ¢0.07,0.03)
-0.19 0.27,-0.10%)

25,564
148
25,860
p<0.001

047 0.39% 0.56)
0.06 0.09%,-0.03%

c

0.33 (0.21%,0.45%
-1.06 1.56",-0.56"
-0.28 (-0.40,-0.17%)
-0.02 0.06",0.03"
-0.18 (0.27%,-0.10%)

28,394
147
28,688
NA

0.10 0.06",0.25"
0.006 (0.03 0.04%)
-0.002 ¢0.01%,0.01%)

-0.01 ¢0.79%,0.77"
-3.89 (5.82%, -1.97%

0.05 0.15%,0.24"
-0.21 0.64%,0.21%

2,714
64
2,842
0.88

. Likelihood ratio test relative to the

direct exposure only model,

" Likelihood-based estimation

algorithm failed to identify an interval. A Wald-type confidence interval was calculated.



Table S5. Parameter estimates for direct radiation, fallout rain exposure and modifying
effects with 95% confidence intervals for leukemia incidence in Hiroshima.

Models

D rect exposure only

m odel

Rain hfom atbn nclided
No effectmodificatbn for rah temm)

Common effect
m odificaton

1962-2005

B;:Direct radatbn (Inear)
B,:D frect radatbn (Quadratic)
v:Hioshina Ran Yes vs No)
§:NagasakiRan (es vs No)
Effect m odificatibon

6:Sex Femak=1;Mak=-1)

v:Attahed age

T:Age at exposure
¢:Hioshina Ran Unknown vs No)
{:NagasakiRan Unknown vs No)

Deviance
Param eters

AL
LRT?

1958-2005

B,:Diect radatbn (hear)
B,:D frect radatbn (Quadratic)
v:Hioshina Ran Yes vsNo)
8:NagasakiRah (Ves vs No)
Effectmodificatibn

6:Sex Femak=1;Mak=-1)

v:Attaned age

T:Age at exposure
¢:Hioshima Ranh Unknown vs No)
{:NagasakiRan Unknown vs No)

Deviance
P aram eters
ALC
LRT

1958-1961°

B,:Diect radatbn (hear)
B,:Direct radtbn (Quadratic)
v:Hioshima Ran (es vs No)
§:NagasakiRah (Ves vs No)
Effect modification

6:Sex Femak=1;Mak=-1)

v:Attaned age

T:Age at exposure
¢:Hioshima Ran Unknown vs No)
{:NagasakiRan Unknown vs No)

Devance
Param eters
AC
LRT

1.12 ¢0.53,3.14)
0.82 (-0.29,2.21)

0.11 0.36, 0.54)
-0.49 (-2.73,1.94)
-0.03 ¢0.54, 0.46)

1,987
145
2,277

1.35 0.20, 3.02)
051 (0.29, 1.49)

0.03 0.38,0.43)
-2.05 3.73,-0.59)
0.19 021, 0.62)

2,316
145
2,606

264 0.12, 16.65)
0.12 1.64% 3.54)

-0.51 ¢0.98,0.49)
-2.09 ¢5.23,-0.02)

286
61
408

1.12 ¢0.70, 2.89%
086 (0.31% 2.40)
0.26 0.21,0.93)
-0.79 ¢1.71%,2.03)

0.11 ¢0.37,0.57)
-045 2.79,2.02)
-0.02 (-0.53, 0.50)
-0.03 (-0.39, 0.47)

0.48 (-0.44, 2.15)

1,985
149
2,283
p<0.001

141 0.21,2.79%
0.48 0.32%, 1.49)
0.11 <0.30, 0.70)
-0.90 (1.53% 1.63)

0.02 0.40, 0.44)
-2.02 €3.79,-0.58")
0.18 (-0.18%,0.54%)
-0.10 042, 0.36)
0.35 0.49, 1.85)

2,314
149
2,612
0.72

Not converged

0.98 (-0.73, 3.08)
091 (-0.24, 2.38)
0.31 (0.16, 0.99)

0.13 0.35, 0.56)
-0.25 (2.57,2.33)
-0.11 ¢0.62, 0.40)
-0.02 ¢0.37,0.49)

052 0.42,2.21)

1,985
148
2,281
NA

1.30 ¢0.01%, 2,619
049 0.28" 1.25"
-0.03 0.27%, 021"

c

0.05 (0.37, 0.45)
-2.16 ¢3.63% -0.70"
022 (022, 058"
-0.13 <0.50%,0.23"
0.40 0.72%, 153"

2,315
148
2,611
NA

Not converged

4. Likelihood ratio test relative to the

direct exposure only model, ": Likelihood-based estimation

algorithm failed to identify an interval. A Wald-type confidence interval was calculated.



