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S1. Stomach cancer, group STOMACH (ICD10: C16)

Model description

The baseline models are sex-dependent but described by the same equation:

a a a
/‘lofit(lo_spy_l) = eXp BO + Blln_ + ﬂz lnz —+ ﬂ3maX2 (0,111—) + ﬂ7(e - 30) .
' 70 70 B,

The baseline in the LSS cohort depends on attained age a and age at exposure e (related to birthyear).
Stomach cancer rates also depend on the city of residence which are weighted according to the
distribution of person years (Jacob 2013):

PYy + PYy exp(Beiry)
Aoss = Ao,fit PY. + PY. )
H N

where PYy and PYn are person years accumulated in the Hiroshima and Nagasaki sub-cohorts,
respectively. For males, PYy=731077 and PYnN=306213. For females, PYn=1232155 and PYn=488748.
The baseline parameters are shown in Table S1.3.

The general form for the stomach cancer risk functions is represented as

ERR
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where s indicates sex, and the first parameter «, has dimension Gy for the ERR-type model, or (PY
Gy)* for the EAR-type model, and the parameter a, has dimension yr. Table S1.1 shows the four
selected risk models with their corresponding weights from multi-model inference (MMI), and the
parameter values are shown in Table S1.2. Further information can be found in the first ProZES report
(Jacob et al. 2013).

Table S1.1: Characteristics of the stomach cancer models selected for ProZES with MMI weights

No. of cases .
Model/Tag - K AIC Weight
baseline ExCcess
EAR(d, a, az)/EARlGa2 4577.4 125.6 16 4688.3 0.4277
EAR(d, a)/EAR15a 4570.8 132.2 15 4688.6 0.3581
ERR(d, s, a)/ERR16a 4571.6 131.4 16 4690.1 0.1741
ERR(d, s, e)/ERR16e 4576.6 126.4 16 4693.0 0.0402

Table S1.2: The MLE estimates of the risk function parameters

MLE estimates for parameter:
Model/Tag
a, a, a, as Ay
EAR(d, a, a%)/EAR16a? 7.640x10* — —0.5840 —3.541 —
EAR(d, a)/EAR15a 9.152x10™* - 1.992 - -
ERR(d, s, a)/ERR16a 0.2676 0.5451 —1.8183 - —
ERR(d, s, €)/ERR16e 0.3215 0.5620 - - —0.0309




Table S1.3: Sex-dependent parameters of the baseline functions for stomach cancer models.

Parameter
Model/Tag
Bo B1 B B3 Ba, Y1 Bz, yr! Beity
Male
EAR(d, a, a%)/EAR16a? —5.023 4.639 —0.242 —-10.46 65.4 3.5x1073 -0.150
EAR(d, a)/EAR15 -5.028 4.580 -0.313 -10.49 65.6 3.5x107 -0.149
ERR(d, s, a)/ERR16a —5.040 4.487 -0.413 —-10.28 65.9 3.4x107 -0.141
ERR(d, s, e)/ERR16e —5.042 4.478 —0.365 -10.30 65.8 3.9x10°3 -0.142
Female
EAR(d, a, a%)/EAR16a? —6.194 3.349 0.477 —-8.78 71.8 1.40x1072 -0.150
EAR(d, a)/EAR15 —6.197 3.267 0.354 -8.50 71.9 1.40x1072 -0.149
ERR(d, s, a)/ERR16a —6.199 3.231 0.234 -8.32 72.3 1.36x1072 -0.141
ERR(d, s, e)/ERR16e —6.209 3.187 0.348 —8.49 72.2 1.48x1072 —-0.142




Table S1.4: Covariance matrix for the model STOMACH-ERR16a for males.

Bo B1 B2 B3 B4 B7 Beity oo o o
Po | 4716E-03 3,050E-02 3,392E-02 5,280E-02 -1,870E-01 -3,000E-05 -3,046E-04 1498E-03 -4,730E-04 -1,011E-03
Pe 3,050E-02 2,614E-01 3,222E-01 1,185E-01 -1,222E+00 -2,733E-04 -1,213E-05 -2,001E-03 7,510E-04 3,625E-03
B2 | 3,392E-02 3,222E-01 4,688E-01 -5,930E-03 -1,402E+00 -1,928E-04 -1594E-05 3,537E-03 4,205E-04 2,295E-02
Bs 5,280E-02 1,185E-01 -5,930E-03 7,563E+00 -6,464E+00 5,713E-04 3,457E-04 -1,363E-03 -1,385E-04 -8,670E-03
Ps -1,870E-01 -1,222E+00 -1,402E+00 -6,464E+00 1,113E+01 -3,855E-05 1,159E-04 -3,925E-03 -1,296E-04 -1,987E-02
Br -3,000E-05 -2,733E-04 -1,928E-04 5,713E-04 -3,855E-05 3,047E-06 1,872E-06 3,850E-06 -9,269E-07 5,249E-07
Beity -3,046E-04 -1,213E-05 -1,594E-05 3,457E-04 1,159E-04 1,872E-06 1,191E-03 1,548E-05 5,940E-05 2,964E-04
Qo | 1,498E-03 -2,001E-03 3,537E-03 -1,363E-03 -3,925E-03 3,850E-06 1,548E-05 6,403E-02 -1,140E-02 -1,007E-02
01 1-4730E-04 7,510E-04 4,205E-04 -1,385E-04 -1,296E-04 -9,269E-07 5,940E-05 -1,140E-02 6,236E-03 2,503E-02
02 1-1011E-03 3,625E-03 2,295E-02 -8,670E-03 -1,987E-02 5,249E-07 2,964E-04 -1,007E-02 2,503E-02 3,746E-01
Table S1.5: Covariance matrix for the model STOMACH-ERR16a for females.
Bo B1 B2 B3 B4 B7 Beity oo o1 o
Bo 1,294E-03 4,994E-03 3,027E-03 -1,394E-03 -4,657E-02 -2,803E-05 -2,951E-04 -7,796E-04 -4,420E-04 -3,090E-03
Pe 4,994E-03 7,536E-02 8,670E-02 -2,036E-01 -3,663E-01 -2,133E-04 2,129E-05 1,501E-03 6,241E-04 3,085E-03
B2 3,027E-03 8,670E-02 1,541E-01 -3,308E-01 -4,114E-01 -9,396E-05 1,226E-05 -3,830E-03 3,556E-03 6,177E-02
Bs -1,394E-03 -2,036E-01 -3,308E-01 1,610E+01 -9,461E+00 9,488E-05 9,132E-04 3,479E-03 -4,247E-03 -7,023E-02
Bs -4,657E-02 -3,663E-01 -4,114E-01 -9,461E+00 1,122E+01 4,937E-05 -1,470E-04 2,607E-03 -2,370E-03 -4,132E-02
pr -2,803E-05 -2,133E-04 -9,396E-05 9,488E-05 4,937E-05 4,003E-06 2,030E-06 3,849E-07 6,837E-07 7,110E-06
Beity -2,951E-04 2,129E-05 1,226E-05 9,132E-04 -1,470E-04 2,030E-06 1,191E-03 1,548E-05 5,940E-05 2,964E-04
Qo | -7796E-04 1,501E-03 -3,830E-03 3,479E-03 2,607E-03 3,849E-07 1,548E-05 6,403E-02 -1,140E-02 -1,007E-02
01 1.4420E-04 6,241E-04 3,556E-03 -4,247E-03 -2,370E-03 6,837E-07 5,940E-05 -1,140E-02 6,236E-03 2,503E-02
02 | -3 090E-03 3,085E-03 6,177E-02 -7,023E-02 -4,132E-02 7,110E-06 2,964E-04 -1,007E-02 2,503E-02 3,746E-01




Table S1.6: Covariance matrix for the model STOMACH-ERR16e for males.

Bo B1 B2 B3 B4 B7 Beity oo o 04
Po 4,717E-03 3,037E-02 3,363E-02 4,899E-02 -1,822E-01 -3,119E-05 -3,067E-04 1,964E-03 -7,227E-04 4,927E-05
P 3,037E-02 2,599E-01 3,204E-01 9,187E-02 -1,187E+00 -2,720E-04 -2,874E-05 -3,570E-04 -6,267E-05 1,095E-04
P2 3,363E-02 3,204E-01 4,651E-01 -3,644E-02 -1,358E+00 -1,931E-04 -3,731E-05 -2,015E-04 3,630E-06 3,710E-05
Ps 4,899E-02 9,187E-02 -3,644E-02 7,331E+00 -6,159E+00 5,668E-04 3,737E-04 -2,867E-05 4,317E-04 -2,535E-04
Pa -1,822E-01 -1,187E+00 -1,358E+00 -6,159E+00 1,068E+01 -4,360E-05 1,712E-04 -1,158E-03 1,141E-03 -4,732E-04
P -3,119E-05 -2,720E-04 -1,931E-04 5,668E-04 -4,360E-05 3,110E-06 1,716E-06 -3,587E-05 7,267E-06 2,691E-06
Beity -3,067E-04 -2,874E-05 -3,731E-05 3,737E-04 1,712E-04 1,716E-06 1,192E-03 -2,429E-05 8,205E-05 -1,809E-05
Go | 1,964E-03 -3,570E-04 -2,015E-04 -2,867E-05 -1,158E-03 -3,587E-05 -2,429E-05 6,967E-02 -1,601E-02 9,510E-04
01 |.7227E-04 -6,267E-05 3,630E-06 4,317E-04 1,141E-03 7,267E-06 8,205E-05 -1,601E-02 8,896E-03 -7,473E-04
04 | 4927E-05 1,095E-04 3,710E-05 -2,535E-04 -4,732E-04 2,691E-06 -1,809E-05 9,510E-04 -7,473E-04 2,737E-04
Table S1.7: Covariance matrix for the model STOMACH-ERR16e for females.
Bo B1 B2 B3 B4 B7 Beity oo o1 04
Po 1,338E-03 5,304E-03 3,583E-03 1,645E-03 -5,024E-02 -2,974E-05 -2,946E-04 -1,055E-03 -4,351E-04 2,513E-05
P 5,304E-03 7,694E-02 8,853E-02 -1,792E-01 -3,897E-01 -2,102E-04 3,318E-06 8,237E-04 -9,936E-05 9,405E-05
P2 3,583E-03 8,853E-02 1,464E-01 -2,921E-01 -4,294E-01 -1,016E-04 -1,358E-05 -5,587E-04 5,198E-04 -1,820E-04
Ps 1,645E-03 -1,792E-01 -2,921E-01 1,638E+01 -9,838E+00 5,634E-05 1,037E-03 -6,399E-03 2,689E-03 -1,227E-03
Pa -5,024E-02 -3,897E-01 -4,294E-01 -9,838E+00 1,151E+01 3,064E-05 -6,387E-05 -1,795E-03 1,660E-03 -5,822E-04
P -2,974E-05 -2,102E-04 -1,016E-04 5,634E-05 3,064E-05 4,325E-06 1,572E-06 5,869E-05 -1,420E-05 8,565E-06
Beity -2,946E-04 3,318E-06 -1,358E-05 1,037E-03 -6,387E-05 1,572E-06 1,192E-03 -2,429E-05 8,205E-05 -1,809E-05
Qo | .1,055E-03 8,237E-04 -5587E-04 -6,399E-03 -1,795E-03 5,869E-05 -2,429E-05 6,967E-02 -1,601E-02 9,510E-04
01 |.4351E-04 -9,936E-05 5,198E-04 2,689E-03 1,660E-03 -1,420E-05 8,205E-05 -1,601E-02 8,896E-03 -7,473E-04
04 | 2513E-05 9,405E-05 -1,820E-04 -1,227E-03 -5,822E-04 8,565E-06 -1,809E-05 9,510E-04 -7,473E-04 2,737E-04




Table S1.8: Covariance matrix for the model STOMACH-EAR15a for males.

Bo B1 B2 B3 B4 B7 Beity oo o
Po 5,244E-03 3,424E-02 3,797E-02 5,216E-02 -1,968E-01 -3,119E-05 -3,203E-04 -4,778E-07 -1,482E-03
P 3,424E-02 2,887E-01 3,548E-01 9,612E-02 -1,276E+00 -2,825E-04 -4,132E-05 1,733E-06 -6,323E-03
P2 3,797E-02 3,548E-01 5,117E-01 -4,448E-02 -1,453E+00 -1,995E-04 -3,359E-05 2,941E-06 1,525E-03
Ps 5216E-02 9,612E-02 -4,448E-02 7,229E+00 -6,050E+00 5,816E-04 3,251E-04 -1,175E-05 -2,469E-02
Pa -1,968E-01 -1,276E+00 -1,453E+00 -6,050E+00 1,076E+01 -4,596E-05 2,015E-04 -1,556E-06 2,642E-02
P -3,119E-05 -2,825E-04 -1,995E-04 5,816E-04 -4,596E-05 3,142E-06 1,897E-06 3,960E-10 4,668E-07
Beity -3,203E-04 -4,132E-05 -3,359E-05 3,251E-04 2,015E-04 1,897E-06 1,257E-03 1,487E-07 6,428E-04
Go |.4,778E-07 1,733E-06 2,941E-06 -1,175E-05 -1,556E-06 3,960E-10 1,487E-07 4,493E-08 7,026E-05
02 |-1482E-03 -6,323E-03 1,525E-03 -2,469E-02 2,642E-02 4,668E-07 6,428E-04 7,026E-05 3,125E-01
Table S1.9: Covariance matrix for the model STOMACH-EAR15a for females.
Bo B1 B2 B3 B4 Bz Beity oo o
Po 1,428E-03 6,177E-03 4,239E-03 6,600E-03 -6,049E-02 -3,060E-05 -3,080E-04 -1,442E-06 -2,347E-03
P 6,177E-03 8,942E-02 1,044E-01 -1,699E-01 -4,740E-01 -2,281E-04 -1,628E-05 5,567E-07 -7,665E-03
P2 4,239E-03 1,044E-01 1,760E-01 -3,033E-01 -5,275E-01 -1,007E-04 5,502E-06 3,568E-06 1,171E-02
Ps 6,600E-03 -1,699E-01 -3,033E-01 1,649E+01 -1,033E+01 9,375E-05 1,023E-03 -3,533E-06 3,042E-03
Pa -6,049E-02 -4,740E-01 -5,275E-01 -1,033E+01 1,266E+01 5,775E-05 -1,721E-05 -1,855E-06 1,181E-02
P -3,060E-05 -2,281E-04 -1,007E-04 9,375E-05 5,775E-05 4,282E-06 1,869E-06 1,045E-08 8,667E-06
Peity -3,080E-04 -1,628E-05 5,502E-06 1,023E-03 -1,721E-05 1,869E-06 1,257E-03 1,487E-07 6,428E-04
Go |.1,442E-06 5,567E-07 3,568E-06 -3,533E-06 -1,855E-06 1,045E-08 1,487E-07 4,493E-08 7,026E-05
02 | .2 347E-03 -7,665E-03 1,171E-02 3,042E-03 1,181E-02 8,667E-06 6,428E-04 7,026E-05 3,125E-01




Table S1.10: Covariance matrix for the model STOMACH-EAR16a? for males.

Bo B1 B2 B3 B4 B7 Beity oo o o3
Po 5,484E-03 3,568E-02 3,937E-02 5,225E-02 -2,026E-01 -3,111E-05 -3,249E-04 -1,344E-06 -1,085E-02 -1,057E-02
P 3,568E-02 2,977E-01 3,634E-01 9,342E-02 -1,304E+00 -2,811E-04 -8,245E-05 -5,622E-06 -1,007E-01 -1,285E-01
P2 3,937E-02 3,634E-01 5,193E-01 -4,897E-02 -1,473E+00 -1,973E-04 -6,933E-05 -4,764E-06 -1,203E-01 -1,842E-01
Ps 5,225E-02 9,342E-02 -4,897E-02 6,961E+00 -5,898E+00 5,751E-04 3,502E-04 -6,649E-06 4,668E-02 1,211E-01
Pa -2,026E-01 -1,304E+00 -1,473E+00 -5,898E+00 1,077E+01 -5,259E-05 3,204E-04 1,854E-05 2,153E-01 2,106E-01
P -3,111E-05 -2,811E-04 -1,973E-04 5,751E-04 -5,259E-05 3,139E-06 1,899E-06 -7,858E-10 -2,710E-05 -4,578E-05
Beity -3,249E-04 -8,245E-05 -6,933E-05 3,502E-04 3,204E-04 1,899E-06 1,256E-03 3,111E-07 2,395E-03 1,815E-03
0o |-1,344E-06 -5,622E-06 -4,764E-06 -6,649E-06 1,854E-05 -7,858E-10 3,111E-07 7,327E-08 4,647E-04 4,701E-04
02 |-1085E-02 -1,007E-01 -1,203E-01 4,668E-02 2,153E-01 -2,710E-05 2,395E-03 4,647E-04 5,329E+00 6,934E+00
03 |.1,057E-02 -1,285E-01 -1,842E-01 1,211E-01 2,106E-01 -4,578E-05 1,815E-03 4,701E-04 6,934E+00 1,042E+01
Table S1.11: Covariance matrix for the model STOMACH-EAR16a? for females.
Bo B1 B2 B3 B4 Bz Beity oo o o3
Po 1,509E-03 6,831E-03 4,925E-03 1,022E-02 -6,520E-02 -3,059E-05 -3,126E-04 -2,427E-06 -1,444E-02 -1,349E-02
P 6,831E-03 9,602E-02 1,111E-01 -1,513E-01 -5,000E-01 -2,273E-04 -6,972E-05 -1,092E-05 -1,677E-01 -2,235E-01
P2 4925E-03 1,111E-01 1,812E-01 -2,825E-01 -5,429E-01 -9,911E-05 -5,438E-05 -1,067E-05 -2,264E-01 -3,625E-01
Ps 1,022E-02 -1,513E-01 -2,825E-01 1,627E+01 -1,022E+01 9,911E-05 1,249E-03 4,653E-05 6,991E-01 9,887E-01
Pa -6,520E-02 -5,000E-01 -5,429E-01 -1,022E+01 1,227E+01 5,076E-05 1,545E-04 3,177E-05 3,713E-01 4,367E-01
P -3,059E-05 -2,273E-04 -9,911E-05 9,911E-05 5,076E-05 4,262E-06 1,872E-06 1,362E-08 4,500E-05 2,480E-05
Peity -3,126E-04 -6,972E-05 -5,438E-05 1,249E-03 1,545E-04 1,872E-06 1,256E-03 3,111E-07 2,395E-03 1,815E-03
Qo | .2 427E-06 -1,092E-05 -1,067E-05 4,653E-05 3,177E-05 1,362E-08 3,111E-07 7,327E-08 4,647E-04 4,701E-04
02 |_-1444E-02 -1,677E-01 -2,264E-01 6,991E-01 3,713E-01 4,500E-05 2,395E-03 4,647E-04 5,329E+00 6,934E+00
03 | .1,349E-02 -2,235E-01 -3,625E-01 9,887E-01 4,367E-01 2,480E-05 1,815E-03 4,701E-04 6,934E+00 1,042E+01




S2. Colon cancer, group COLON (ICD10: C18)

Model description

For colon cancer, the attained-age dependence of the ERR in the LSS differs considerably between
males and females. However, no biological mechanism is known that supports such a difference.
Furthermore, the baseline rates of males and females show similar age dependencies. To take both
aspects into account it was decided to apply multi-model inference (MMI): first, a set of models with
sex-specific age dependencies, and a set of models with common age dependence were selected. Each
set of models was then assigned an equal weight of 50% (see Fig. S2.1).

For each group the criteria of likelihood ratio test and MMI based on AIC values were applied. Of a
total of 46 models applied to the LSS data set for colon cancer, both selection criteria led to a set of
six models, with five models being the same in both approaches (see Fig. S2.1). Then, both models
different in both criteria were included in the final set of models. Thus, MMI was realized among a set
of seven models.

< q
Group 1 Group 2:
50% | Gender-specific 50% | models with the
{ models same age-
dependence for
both genders
| Male | | Female |
| ERR | | EAR | | ERR | | EAR | [ ERR | | EAR |
ERR(d) = EAR(dae) | ERR(da) = EAR(d) | | ERR(dsa) | ERR(ds) | EAR(dsae)

€y @
@ Model selection based on AlC

@ Model selection based onlikelihood ratio test for nested models

Fig. S2.1 Taxonomy of selection of colon cancer models for multi-model inference.

MMI was implemented in the following way: For given sex, the final model is constructed from five
models: two models from the sex-specific models (Group 1), and three models from the group of
models with common age dependence (Group 2). The models of groups 1 and 2 are given a total
weight of 0.5 each.

The set of selected models together with their characteristics are summarized in Table S2.1 and
described explicitly in the following sub-sections.



Table S2.1: Selected colon cancer risk models and their characteristics

No. of cases .
Group Model Gender baseline excess K AIC Weight
1 ERR(d)? m 632.1 55.9 7 1223.3 0.5x0.9121=0.45605
1 EAR(d,a,e)° m 634.4 53.5 9 1228.0 0.5x0.0879=0.04395
1 ERR(d,a) f 800.3 19.7 9 1238.4 0.5x0.1096=0.0548
1 EAR(d) f 805.9 14.1 8 1234.3 0.5x0.8904=0.4452
2 ERR(d,s) m+f 1432.6 75.4 15 24646 0.5x0.4080=0.2040
2 ERR(d,s,a)® m+f 1431.7 76.3 16 2464.0 0.5x0.5371=0.26855
2 EAR(d,s,a,e) m+f 14345 735 17  2468.6 0.5x0.0549=0.02745

2 ‘constant’ ERR model
b EAR model depends on attained age (a) and on age at exposure (€)
¢ERR model with a scale factor depending on sex (s) and having common dependence on attained age (a) for both sexes

Baseline
For all selected models (see Table S2.1) the functional form of the fitted baseline is the same for given
sex. Baseline for males and females are slightly different and for males it is:

a a a
Aom (1073 PY™1) = exp [Bo + BIn— + B, In?> — + B; max? (O,In—) + B,(e — 30)],
' 70 70 B

while for females there is an additional term with parameter Sg:

a a a
Ao (1075 PY™1) = exp [,80 + ﬁlln% + B, In? %+ﬁ3 max? <0,lnﬁ—) + B,(e —30) + Bg(e — 30)2] .
4

Parameters of the baseline functions are given in Table S2.2. Factor f;.,,, accounting for differences in
baselines between the two cities, was found insignificant and is set equal to zero.

Table S2.2: Parameters of baseline functions for the selected colon cancer models.

Parameter
Model
Bo | B | B | B | B | By | Beyr
Group 1 — male
ERR(d) ERR7m —5.5836 12.513 41526  -9.8817 53.60 —0.0713 -
EAR(d,a,e) | EAR9Im —-5.5186 12.896 45514  -10.429 5347 -0.0708 -
Group 1 — female
ERR(d,a) ERROf —6.7953 9.6498 1.9637 —8.2620 62.08 —0.0590 3.69x10°*
EAR(d) EARSf —6.6772 10.635 3.1439 93033 59.69 —0.0608 4.34x10°*

Group 2 — male

ERR(d,s) ERR15m —5.5836  12.513 41527 -9.8818 53.60 —0.0713 -
ERR(d,s,a) | ERR16m —5.5782 12575 3.9071  -9.7864 53.64 —0.0713 -
EAR(d,s,a,e) | EAR17m —5.5080  13.005 46323  -10.530 5347 —0.0713 -
Group 2 — female

ERR(d,s) ERR15f —6.7332 10.256 3.6330 —9.6270 60.85 —0.0590 3.67x10°*
ERR(d,s,a) ERR16f —6.7407 10.269 34968 —9.5641 60.93 —0.0590 3.69x10°*
EAR(d,s,a,e) | EARL7f —6.7044 10.501 3.7446  -9.7891 60.30 —0.0589 3.82x107*
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Excess risks
For all fitted models the dimension of dose in the equations is Gy. Correspondingly, linear dose
response coefficients are either Gy for ERR-type models or (PY Gy)* for EAR-type models.

Group 1: Sex-specific models
For males, the model with a constant ERR,

ERR(d) = ayd = 1.0758 d
and the following model for EAR with modifiers on attained age (a) and age at exposure (e),

a
EAR(d,a,e) = ay d exp (—a3(e —30) + aSIn%)

a
=1.579 x 103 d exp (—0.0818 (e — 30) + 7.805 ln%)

were selected.

For females, the model with a constant EAR,
EAR(d) = ayd = 1.0287 x 107*d
and the model with an ERR depending on attained age,
ERR(d, @) = ay d exp (asln%) — 0.2042 d exp (—4.9141n7%)

were selected.

Group 2: Models with common age dependence for both sexes
This group consists of the three models ERR(d,s,a), ERR(d,s) and EAR(d,s,a,e) (see Fig. S2.1):

ERR(d,s,a) depends on attained age and is given by

a
ERR(d,s,a) = a,d exp (asln% + a7s)

a
= 0.555 d exp (~1.935 In_o — 0.443 s)

The constant ERR(d,s) model is given by

1.0758 d, male

ERR(d,s) = ayd exp(a,;s) = 0.588 d exp(—0.6041s) = {0 3214 d female

The EAR(d,s,a,e) model depends on attained age and age at exposure and is given by

a
EAR(d,s,a,e) = ay d exp (—a3(e —-30) + asln% + a7s)

a
= 6.78 x 10~* d exp (—0.0718 (e = 30) +6.706 In - — 0.784 s)

11



Table S2.3: Covariance matrix for the model ERR(d) for males (ERR7m)

Bo

B:

B | 8 | B

B

Qo

Bo
B1
B2
Bs
Ba
B7

Qo

2,419E-01
1,139E+00
1,101E+00

1,139E+00
5,801E+00
5,878E+00

1,101E+00 -1,117E+00 -1,608E+00
5,878E+00 -6,315E+00 -6,814E+00
6,518E+00 -7,069E+00 -5,889E+00

-1,117E+00 -6,315E+00
-1,608E+00 -6,814E+00

1,589E-04
-6,203E-03

-6,714E-04
-5,014E-03

-7,069E+00
-5,889E+00
-4,664E-04
-4,751E-03

1,016E+01
3,299E+00
1,964E-05
1,325E-02

3,299E+00
1,435E+01
-1,386E-03
-3,016E-04

1,589E-04
-6,714E-04
-4,664E-04
1,964E-05
-1,386E-03
1,587E-05
-1,351E-05

-6,203E-03
-5,014E-03
-4,751E-03

1,325E-02
-3,016E-04
-1,351E-05

6,751E-02

Table S2.4: Covariance matrix for the model EAR(d,a,e) for males (EAR9mM)

Bo

B:

B2

Bs

Ba

Bz

Qo

3

Qs

Bo
B1
B2
Bs
Ba
B,
Oo
3
Qs

2,768E-01
1,273E+00
1,176E+00

1,273E+00
6,337E+00
6,132E+00

1,176E+00 -1,182E+00 -1,778E+00
6,132E+00 -6,581E+00 -7,375E+00
6,519E+00 -7,072E+00 -6,124E+00

-1,182E+00 -6,581E+00
-1,778E+00 -7,375E+00

2,041E-04
-9,405E-06
7,001E-05
-2,190E-02

-8,083E-04
-7,409E-06
-2,608E-03
-2,801E-01

-7,072E+00
-6,124E+00
-5,212E-04
-5,041E-06
-1,643E-03
-2,119E-01

1,049E+01
3,281E+00
6,217E-05
1,004E-05
2,081E-03
2,531E-01

3,281E+00
1,506E+01
-1,667E-03
1,660E-05
-6,776E-04
2,967E-02

2,041E-04
-8,083E-04
-5,212E-04
6,217E-05
-1,667E-03
2,015E-05
-2,712E-07
3,913E-05
1,723E-03

-9,405E-06
-7,409E-06
-5,041E-06
1,004E-05
1,660E-05
-2,712E-07
2,067E-07
-4,847E-06
7,764E-07

7,001E-05
-2,608E-03
-1,643E-03
2,081E-03
-6,776E-04
3,913E-05
-4,847E-06
7,296E-04
3,271E-02

-2,190E-02
-2,801E-01
-2,119E-01
2,531E-01
2,967E-02
1,723E-03
7,764E-07
3,271E-02
2,594E+00
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Table S2.5: Covariance matrix for the model ERR(d,a) for females (ERR9f)

Bo

B:

B2

Bs

Ba

B

Bs

Qo

Qs

Bo
B1
B2
Bs
Ba
By
Bs
Oo
Qs

3,628E-02
2,333E-01
2,875E-01
-6,086E-02
-1,050E+00
3,467E-05
-5,162E-07
7,331E-03
1,359E-01

2,333E-01
2,038E+00
2,738E+00
-1,991E+00
-6,491E+00
-1,148E-03
5,761E-05
1,024E-01
1,641E+00

2,875E-01
2,738E+00
4,605E+00
-3,838E+00
-7,491E+00
-7,350E-04
3,834E-05
1,905E-01
3,510E+00

-6,086E-02
-1,991E+00
-3,838E+00

1,120E+01
-5,025E+00

1,183E-03

-1,549E-04

-1,827E-01
-3,225E+00

-1,050E+00
-6,491E+00
-7,491E+00
-5,025E+00
3,708E+01
-4,951E-04
-1,267E-05
-2,099E-01
-3,386E+00

3,467E-05
-1,148E-03
-7,350E-04
1,183E-03
-4,951E-04
1,511E-05
-1,896E-07
-1,156E-05
-1,005E-04

-5,162E-07
5,761E-05
3,834E-05

-1,549E-04

-1,267E-05

-1,896E-07
3,057E-08
9,032E-07
8,279E-06

7,331E-03
1,024E-01
1,905E-01
-1,827E-01
-2,099E-01
-1,156E-05
9,032E-07
2,833E-02
2,892E-01

1,359E-01
1,641E+00
3,510E+00
-3,225E+00
-3,386E+00
-1,005E-04
8,279E-06
2,892E-01
4,608E+00

Table S2.6: Covariance matrix for the model EAR(d) for males (EARSf)

Bo

B1

B2

Bs

Ba

Bz

Bs

Qo

Bo
B1
B2
Bs
Ba
B7
Bs

Qo

1,0618E-01
6,3332E-01
7,0906E-01
-3,7787E-01
-1,9096E+00
1,6310E-05
1,9777E-06
-7,1385E-08

6,3332E-01
4,3510E+00
5,0803E+00
-3,9687E+00
-1,0708E+01
-1,4978E-03
8,1583E-05
2,6774E-06

7,0906E-01

-3,7787E-01

5,0803E+00 -3,9687E+00
6,7075E+00 -5,6975E+00

-5,6975E+00
-1,1290E+01
-1,0601E-03

6,2546E-05
-3,9385E-06

1,0926E+01
7,5133E-01
1,6123E-03
-1,8365E-04
1,2251E-06

-1,9096E+00
-1,0708E+01
-1,1290E+01

7,5133E-01
3,9172E+01
-2,9029E-04
-1,3035E-05
-3,8568E-06

1,6310E-05
-1,4978E-03
-1,0601E-03

1,9777E-06
8,1583E-05
6,2546E-05

1,6123E-03 -1,8365E-04
-2,9029E-04 -1,3035E-05
1,6198E-05 -2,2695E-07

-2,2695E-07
-1,7660E-08

3,2359E-08
4,4640E-10

-7,1385E-08
2,6774E-06
-3,9385E-06
1,2251E-06
-3,8568E-06
-1,7660E-08
4,4640E-10
2,1844E-09
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Table S2.7: Covariance matrix for the model ERR(d,s) for males (ERR15m)

Bo

B1

B2

B3

B4

Bz

0o

o7

Bo
B1
B2
B3
Ba
B7

0o

o7

2,713E-01
1,284E+00
1,248E+00
-1,280E+00
-1,783E+00
1,793E-04
3,058E-03
-1,829E-03

1,284E+00
6,512E+00
6,595E+00
-7,104E+00
-7,689E+00
-5,693E-04
3,256E-03
-1,948E-03

1,248E+00 -1,280E+00 -1,783E+00
6,595E+00 -7,104E+00 -7,689E+00
7,239E+00 -7,855E+00 -6,783E+00

-7,855E+00
-6,783E+00
-3,634E-04

3,112E-03
-1,862E-03

1,099E+01
4,326E+00
-9,672E-05
-7,051E-03
4,218E-03

4,326E+00
1,535E+01
-1,504E-03
-1,166E-03

6,978E-04

1,793E-04
-5,693E-04
-3,634E-04
-9,672E-05
-1,504E-03
1,587E-05
6,362E-06
-3,806E-06

3,058E-03
3,256E-03
3,112E-03
-7,051E-03
-1,166E-03
6,362E-06
9,809E-02
4,053E-02

-1,829E-03
-1,948E-03
-1,862E-03
4,218E-03
6,978E-04
-3,806E-06
4,053E-02
3,395E-02

Table S2.8: Covariance matrix for the model ERR(d,s) for females (ERR15f)

Bo

B1

B2

B3

Ba

Bz

Bs

Oo

o7

Bo
B1
B2
B3
Ba
B7
Bs

0o

a7

4,628E-02
2,576E-01
2,524E-01
-3,846E-02
-9,709E-01
4,142E-05
-4,295E-07
-4,689E-03
-2,758E-03

2,576E-01
1,847E+00
1,895E+00
-1,337E+00
-5,127E+00
-1,101E-03
5,698E-05
-1,786E-03
-1,050E-03

2,524E-01

-3,846E-02

1,895E+00 -1,337E+00
2,291E+00 -1,864E+00

-1,864E+00
4,752E+00 -4,137E+00

-6,737E-04

3,573E-05
-1,677E-03
-9,862E-04

7,946E+00

1,106E-03
-1,507E-04
2,737E-03
1,610E-03

-9,709E-01
-5,127E+00
-4,752E+00
-4,137E+00

2,465E+01

-6,308E-04

5,859E-06
1,129E-02
6,639E-03

4,142E-05 -4,295E-07

-1,101E-03
-6,737E-04

5,698E-05
3,573E-05

1,106E-03 -1,507E-04

-6,308E-04

5,859E-06

1,512E-05 -1,900E-07

-1,900E-07
-1,236E-07
-7,271E-08

3,065E-08
4,007E-07
2,357E-07

-4,689E-03
-1,786E-03
-1,677E-03
2,737E-03
1,129E-02
-1,236E-07
4,007E-07
9,809E-02
4,053E-02

-2,758E-03
-1,050E-03
-9,862E-04
1,610E-03
6,639E-03
-7,271E-08
2,357E-07
4,053E-02
3,395E-02
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Table S2.9: Covariance matrix for the model ERR(d,s,a) for males (ERR16m)

Bo

B1

B2

B3

Ba

Bz

0o

Ol5

az

Bo
B1
B2
B3
Ba
B
0o
Os
o7

2,647E-01
1,253E+00
1,224E+00
-1,250E+00
-1,772E+00
1,802E-04
1,323E-03
-1,222E-04
2,751E-02

1,253E+00
6,368E+00
6,488E+00
-6,962E+00
-7,636E+00
-5,632E-04
-1,037E-02
1,002E-02
1,864E-01

1,224E+00 -1,250E+00 -1,772E+00
6,488E+00 -6,962E+00 -7,636E+00
7,250E+00 -7,791E+00 -6,761E+00

-7,791E+00
-6,761E+00
-3,422E-04
-2,233E-02
2,383E-02
5,011E-01

1,087E+01
4,249E+00
-1,140E-04

1,312E-02
-1,541E-02
-3,572E-01

4,249E+00
1,554E+01
-1,524E-03

7,113E-03
-7,603E-03
-1,603E-01

1,802E-04
-5,632E-04
-3,422E-04
-1,140E-04
-1,524E-03
1,588E-05
6,149E-06
-2,584E-06
3,842E-05

1,323E-03
-1,037E-02
-2,233E-02
1,312E-02
7,113E-03
6,149E-06
7,535E-02
1,789E-02
-7,513E-02

-1,222E-04
1,002E-02
2,383E-02

-1,541E-02

-7,603E-03

-2,584E-06
1,789E-02
2,578E-02
6,947E-02

2,751E-02
1,864E-01
5,011E-01
-3,572E-01
-1,603E-01
3,842E-05
-7,513E-02
6,947E-02
1,212E+00

Table S2.10: Covariance matrix for the model ERR(d,s,a) for females (ERR16f)

Bo

B1

B2

B3

Ba

Bz

Bs

Oo

0Os

Qa7

Bo
B1
B2
B3
Ba
B7
Bs
0o
Os
07

4,447E-02
2,479E-01
2,461E-01
-3,830E-02
-9,460E-01
4,158E-05
-5,059E-07
-4,555E-03
-1,518E-03
1,102E-02

2,479E-01
1,797E+00
1,859E+00
-1,333E+00
-5,005E+00
-1,101E-03
5,656E-05
-3,524E-03
4,906E-03
7,481E-02

2,461E-01

-3,830E-02

1,859E+00 -1,333E+00
2,302E+00 -1,891E+00

-1,891E+00
-4,676E+00 -4,188E+00

-6,711E-04
3,520E-05
-3,031E-02
7,577E-03
2,660E-01

8,017E+00

1,105E-03
-1,507E-04
1,808E-02
-6,980E-03
-1,855E-01

-9,460E-01
-5,005E+00
-4,676E+00
-4,188E+00

2,447E+01

-6,318E-04

6,448E-06
2,728E-02

-2,309E-03

-1,903E-01

4,158E-05
-1,101E-03
-6,711E-04
1,105E-03
-6,318E-04
1,512E-05
-1,902E-07
-3,402E-06
-8,435E-07
1,139E-05

-5,059E-07
5,656E-05
3,520E-05

-1,507E-04
6,448E-06

-1,902E-07
3,064E-08
4,697E-07
2,125E-07

-5,259E-07

-4,555E-03
-3,524E-03
-3,031E-02
1,808E-02
2,728E-02
-3,402E-06
4,697E-07
7,535E-02
1,789E-02
-7,513E-02

-1,518E-03
4,906E-03
7,577E-03

-6,980E-03

-2,309E-03

-8,435E-07
2,125E-07
1,789E-02
2,578E-02
6,947E-02

1,102E-02
7,481E-02
2,660E-01
-1,855E-01
-1,903E-01
1,139E-05
-5,259E-07
-7,513E-02
6,947E-02
1,212E+00
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Table S2.11: Covariance matrix for the model EAR(d,s,a,e) for males (EAR17m)

Bo

B1

B2

B3

Ba

Bz

0o

o3

Qs

o7

Bo
B1
B2
B3
Ba
B
0o
o3
Os

o7

3,144E-01
1,450E+00
1,341E+00
-1,363E+00
-1,984E+00
2,351E-04
4,449E-03
-2,567E-06
-1,127E-05
-3,279E-02

1,450E+00
7,169E+00
6,904E+00
-7,423E+00
-8,363E+00
-6,704E-04
1,826E-02
-7,984E-07
-2,764E-03
-3,137E-01

1,341E+00 -1,363E+00 -1,984E+00
6,904E+00 -7,423E+00 -8,363E+00
7,234E+00 -7,848E+00 -7,057E+00

-7,848E+00
-7,057E+00
-3,828E-04

1,267E-02
-1,027E-06
-1,688E-03
-2,305E-01

1,130E+01
4,368E+00
-1,170E-04
-1,829E-02
3,773E-06
1,852E-03
2,780E-01

4,368E+00
1,606E+01
-1,825E-03
-8,126E-03

5,980E-06
-4,515E-04

6,319E-02

2,351E-04
-6,704E-04
-3,828E-04
-1,170E-04
-1,825E-03
2,029E-05
-4,460E-05
-9,860E-08
3,833E-05
1,838E-03

4,449E-03
1,826E-02
1,267E-02
-1,829E-02
-8,126E-03
-4,460E-05
8,838E-02
3,066E-05
-1,092E-03
-1,583E-01

-2,567E-06
-7,984E-07
-1,027E-06
3,773E-06
5,980E-06
-9,860E-08
3,066E-05
4,188E-08
-1,595E-06
-2,323E-05

-1,127E-05
-2,764E-03
-1,688E-03
1,852E-03
-4,515E-04
3,833E-05
-1,092E-03
-1,595E-06
6,898E-04
3,436E-02

-3,279E-02
-3,137E-01
-2,305E-01
2,780E-01
6,319E-02
1,838E-03
-1,583E-01
-2,323E-05
3,436E-02
2,802E+00

Table S2.12: Covariance matrix for the model EAR(d,s,a,e) for females (EAR17f)

Bo

B1

B2

Bs

Ba

Bz

Bs

0o

03

Os

a7

Bo
B1
B2
B3
Ba
B7
Bs
0o

a3
Qs

a7

6,239E-02
3,483E-01
3,350E-01
-8,270E-02

2,589E-05
5,426E-07

1,761E-03
1,310E-07

-3,344E-04
-2,938E-02

3,483E-01
2,410E+00
2,406E+00

-1,369E-03
6,966E-05

4,089E-02
1,788E-05

-4,051E-03
-3,297E-01

3,350E-01

-8,270E-02

2,406E+00 -1,717E+00
2,838E+00 -2,295E+00
-1,717E+00 -2,295E+00
-1,206E+00 -6,366E+00 -5,776E+00 -3,404E+00

-7,892E-04
4,227E-05

1,479E-02
8,478E-06

-1,195E-03
-8,557E-02

8,192E+00

1,333E-03
-1,630E-04

-2,327E-02
-9,778E-06

2,205E-03
1,850E-01

-1,206E+00
-6,366E+00
-5,776E+00
-3,404E+00
2,746E+01
-3,213E-04
-6,681E-06

-8,380E-02
-3,786E-05

7,681E-03
6,277E-01

2,589E-05
-1,369E-03
-7,892E-04
1,333E-03
-3,213E-04
1,663E-05
-2,343E-07

-3,451E-05
-3,117E-08

1,940E-05
1,106E-03

5,426E-07
6,966E-05
4,227E-05
-1,630E-04
-6,681E-06
-2,343E-07
3,289E-08

2,717E-06
1,597E-09

-5,200E-07
-3,356E-05

1,761E-03
4,089E-02
1,479E-02
-2,327E-02
-8,380E-02
-3,451E-05
2,717E-06

8,838E-02
3,066E-05

-1,092E-03
-1,583E-01

1,310E-07
1,788E-05
8,478E-06
-9,778E-06
-3,786E-05
-3,117E-08
1,597E-09

3,066E-05
4,188E-08

-1,595E-06
-2,323E-05

-3,344E-04
-4,051E-03
-1,195E-03
2,205E-03
7,681E-03
1,940E-05
-5,200E-07

-1,092E-03
-1,595E-06

6,898E-04
3,436E-02

-2,938E-02
-3,297E-01
-8,557E-02
1,850E-01
6,277E-01
1,106E-03
-3,356E-05

-1,583E-01
-2,323E-05

3,436E-02
2,802E+00
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S3.  Cancer of lung and trachea, group LUNG (ICD10: C33, C34)

Model description

For radiation risk of lung cancer, the model of Furukawa et al. (2010) was selected for use in ProZES.
It is based on the LSS cohort and takes into account information on smoking. An important part of the
model is the interaction of radiation and smoking, as described below.

Denoting the effect of radiation exposure as p(D), the effect of smoking as ¢ (S), and total and baseline
lung cancer incidence rates as A and A, correspondingly, the combined effect of both factors can be
described either with an additive model (AM):

A =21+ ¢(S) + p(D))
or with a multiplicative model (MM):
A=20+¢)NA+pD)).
Consequently, A, is the baseline incidence rate of lung cancer among never-smokers. If both factors are

not independent and there is an interaction between radiation exposure and smoking, then a generalized
additive model (GAM):

2=2(1+ @)+ p(D)w(S)) = 2,1+ ¢(S) + p'(D,S))
and a generalized multiplicative model (GMM):
A=2(1+¢ONA+ p(D)w(S)) = A1+ ¢S +p'(D,S))

can be applied.

Table S3.1: Selection of models for risk of lung cancer using two groups of additive and
multiplicative models from Furukawa et al. (2010)

Model | k] dev | AIC Weight (%)
Simple models
Additive (AM) 25 9428.75 9478.75 13.73
Multiplicative (MM) 25 9425.07 9475.07 86.27
Generalized models
Additive (GAM) 27 9415.70 9469.70 6.21
Multiplicative (GMM) 27 9410.27 9464.27 93.79

Furukawa et al. (2010) built their models using an extended LSS cohort, which included lung cancer
cases being absent in the city at the time of bombing. Correspondingly, the baseline was modelled by
accounting for place of residence (Hiroshima or Nagasaki) and presence in either city at the time of
detonation:
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e —30
10

a a
Ag(L07PY) = exp | Bos + Beay(c = 1) + By Ino + B In? o o f, = + B (INIC

where c is the city index

_ {1, for Hiroshima
€= 2, for Nagasaki

and the index NIC (‘not-in-the-city’ status) equals to zero for 23.46% of the cohort members and equals
to one, otherwise. In the total cohort, 28.8% of members were residents of Nagasaki, others resided in
Hiroshima.

The modified radiation effect is modelled as follows:

, e—30 a cpd , (cpd
p'(D,S) = ayD exp a3T+ as ln%+ agln (%+ 1) + agln <%+ 1) + alos]
where cpd is the smoking intensity, i.e. the number of cigarettes smoked per day. Correspondingly, the
simple radiation-only effect is represented as p(D) = p'(D, 0).

The modelling of the smoking effect, (S), depends on individual smoking habits. For never-smokers,
the smoking effect is apparently zero:

¢(S) = 0and p'(D,S) = p(D) .

For current and past smokers (also called ever-smokers), modelling of the smoking effect depends on
availability of information on smoking habits. That is, when information on smoking habits is available,
then the function for the smoking effect appears as follows:

I e—30

t t
#(S) = £ &P [01s + 62 + 83In==+ &, In? =

0 =0 50+551n(tq+1)]

where IT is the smoking ‘dose’ (pack-year), ts is the smoking duration (year), tq is the number of years
since quit smoking for ex-smokers. For persons with unknown smoking status, the average smoking
effect is modelled as a constant factor:

¢ (S) = exp(8y)

where 6, is a constant dependent on sex and birth cohort (expressed in case of the LSS cohort via age
at exposure e).

Radiation-related risk of lung cancer
The relative risk of radiation-induced lung cancer can be expressed as follows:

A

RR(D,S) = —/10(1 n q')(S))

i.e. the equations for the relative risk are different for additive and multiplicative models:
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1+ ¢(S)+p'(D,S)
1+ ¢(S)

RR(D,S) =1+ p'(D,S) (multiplicative).

RR(D,S) = (additive),

The excess relative risk due to radiation is correspondingly:

p'(D,S)
1+ ¢(S)

ERR, .4 = (additive),

ERR,.q = p'(D,S) (multiplicative).

Applying multi-model inference, the risk for generalized models with non-zero interaction between
radiation and smoking can be written as:

ERR,uq¢ = p'(D 5)<L+w )
rad,G p ’ 1 + ¢(S) M
and for simple models with independently acting factors for radiation and smoking:

ERRyqqs = p(D) ( +wy),

Wa
1+¢(S)
where wa and wy are the AlC-weights of the additive and multiplicative models, correspondingly.

Model of radiation related ERR of lung cancer used in ProZES

Based on AIC alone, the simple models are inferior to the generalized ones and would not be used for
the final MMI. The generalized models can better express the complex interaction between radiation
and smoking. However, for large smoking intensities the functional form of the generalized models
predicts a vanishing ERR. Although this might reflect the large influence of heavy smoking and strongly
increased baseline risk, it is questionable if such a strong decrease in relative radiation risk is plausible.
Therefore, with the aim to be used in compensation claims, the following model is suggested for
ProZES:

ERR,qq = max(ERR,qqs ERRyaac) -

As a result, for large smoking intensities the ERR levels to a constant value instead of going to zero.
This ensures that also heavy smokers might get compensated after occupational exposure.

For never-smokers only generalized models are used because generalized models are preferable based
on AIC, and without smoking term they are indistinguishable from the simple ones.

Implementation of the model of lung cancer depends on availability of information on personal smoking
habits. If such information is absent, then ProZES accounts for German-specific behavioral patterns
regarding smoking (Schulze and Lampert, 2006). If personal smoking status is unknown, then random
sampling is applied to decide whether the person should be regarded as never-smoker (35% of males
and 53% of females), or ever-smoker (65% of males and 47% of females), for which average smoking
habits are assumed based on personal age and birth cohort (Tables S3.2 and S3.3).
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Table S3.2: Adopted average smoking intensity for smokers in Germany based on data from
(Schulze and Lampert, 2006)

Gender-averaged smoking intensity (cpd)
Age
Males Females

18-19 13.3 10.3
20-29 15.6 12.0
30-39 18.5 14.3
40-49 20.2 15.6
50-59 18.6 144
60-69 16.3 125
70-79 11.0 8.4

Table S3.3: Sex-specific median ages of start and quit smoking in Germany for various birth
cohorts based on data from (Schulze and Lampert, 2006)

. Start smoking Quit smoking
Birthyear
male female male female
1921-25 20 22 =55 ~63
1941-45 19 20-21 =55 ~63
1961-65 17 16.5 =55 ~50-55
1976-80 16 16 n.d. n.d.

Transfer of lung cancer risk from the LSS to the German population

The lung cancer model takes into account radiation and smoking effects; thus, the baseline incidence
rate is defined for non-exposed never-smokers. Unfortunately, these data are not readily available for
the German population. Therefore, the transfer factor is modelled stochastically with the assumption
that the ratio of baselines is log-uniformly distributed in range from 1/3 to 3, as outlined in the
methodology section.
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Table S3.4: Parameters and their statistics for lung cancer risk models

Simple models Generalized models
Parameter AM MM GAM GMM
Mean SD Mean SD Mean SD Mean SD
Bo.m 2,29E+00 1,23E-01 231E+00 1,16E-01 2,29E+00 1,23E-01 2,26E+00  1,21E-01
Bos 1,68E+00  7,50E-02 1,71E+00 7,13E-02 1,68E+00 7,44E-02 1,71E+00  7,17E-02
Beity 2,01E-01 5,96E-02 2,08E-01 5,96E-02 2,03E-01 5,96E-02 2,09E-01  5,96E-02
B7 -1,39E-01 4,44E-02 -1,31E-01 4,22E-02 -1,49E-01 4,40E-02  -1,35E-01 4,25E-02
Bo.ui -8,10E-02  6,75E-02 -6,70E-02  6,78E-02 -7,77E-02 6,75E-02  -6,57E-02  6,76E-02
BoNa -1,01E-01 1,12E-01 -948E-02 1,12E-01 -1,01E-01 1,12E-01  -9,63E-02 1,12E-01
Prm 4,98E+00 3,59E-01 4,94E+00 3,56E-01 4,93E+00 3,59E-01 4,94E+00  3,59E-01
P 4,99E+00 3,24E-01 4,95E+00 3,24E-01 5,02E+00 3,25E-01 4,96E+00  3,24E-01
Pom -5,05E+00 1,03E+00 -5,02E+00 1,03E+00 -4,94E+00 1,03E+00 -5,00E+00 1,03E+00
Pas -2,03E+00 8,91E-01 -1,99E+00 8,83E-01 -1,93E+00 8,77E-01  -1,96E+00  8,77E-01
o 9,75E-01 2,38E-01 6,87E-01 1,50E-01 6,43E-01 1,98E-01 591E-01 1,72E-01
a3 2,76E-01  1,59E-01 231E-01 1,51E-01 4,07E-01 1,65E-01 2,58E-01  1,54E-01
s -2,67E+00 1,16E+00 -2,49E+00 1,1SE+00 -3,04E+00 1,19E+00 -2,79E+00 1,18E+00
s 0,00E+00 0,00E+00 0,00E+00 0,00E+00 1,02E+01 2,62E+00  9,17E+00 2,66E+00
a9 0,00E+00 0,00E+00 0,00E+00 0,00E+00 -1,53E+01 5,50E+00 -1,67E+01 5,68E+00
a0 2,94E-01 1,98E-01 5,50E-01 1,37E-01 542E-01 1,61E-01 5,16E-01  1,39E-01
O1m 1,25E+00  1,71E-01 1,19E+00 1,64E-01 1,26E+00 1,70E-01 1,28E+00  1,66E-01
duf 1,.96E+00 1,61E-01 1,83E+00 1,57E-01 1,86E+00 1,72E-01 1,76E+00  1,70E-01
5 3,21E-01 7,79E-02 3,09E-01 7,54E-02 3,15E-01 7,83E-02 2,85E-01  7,50E-02
E -3,00E-01 4,78E-01 -2,57E-01 4,72E-01 -2,19E-01 4,88E-01 -241E-01 4,71E-01
84 -2,59E+00 1,21E+00 -2,55E+00 1,18E+00 -2,82E+00 1,30E+00 -2,50E+00 1,18E+00
ds -5,03E-01 1,15E-01 -4,92E-01 1,13E-01 -4,85E-01 1,15E-01  -4,66E-01 1,08E-01
S0,m,1 1,77E-01  3,30E-01 1,43E-01 3,22E-01 1,34E-01 3,34E-01 2,13E-01  3,19E-01
80,m2 2,47E-01 3,31E-01 1,61E-01 3,30E-01 2,56E-01 3,27E-01 2,44E-01  3,22E-01
80,m3 3,96E-01 2,75E-01 3,47E-01 2,64E-01 4,64E-01 2,67E-01 4,38E-01  2,60E-01
do.f1 -1,00E+01 0,00E+00 -1,00E+01 0,00E+00 -1,00E+01 0,00E+00 -1,00E+01 0,00E+00
do,62 -1,42E+00  6,06E-01 -1,97E+00 9,01E-01 -1,39E+00 5,88E-01 -1,86E+00  8,22E-01
do.53 -9,92E-01  5,06E-01 -1,29E+00 5,87E-01 -9,33E-01 4,84E-01 -1,20E+00  5,50E-01
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Table S3.5: Covariance matrix for AM lung cancer model.

Bom Bo Beity B7 Bo,ni Bona Bim B Bom Bt Oo o3 Os
Pom 1521E-02 9,430E-04 -1,142E-03 2,691E-05 -1,234E-03 -1,890E-04 -3,249E-03 -7,953E-04 -2,707E-02 -3,884E-03 -8,935E-03 7,561E-04 -8,764E-03
Por 9,430E-04 5,618E-03 -1,006E-03 3,461E-04 -1,246E-03 -2,147E-04 -1,095E-03 -3,916E-03 -1,913E-03 -2,731E-02 -6,968E-03 8,212E-04 -1,638E-02
Pty -1,142E-03 -1,006E-03 3,556E-03 2,281E-04 1,128E-03 -2,420E-03 -1,120E-03 -7,489E-04 -3,374E-04 -3,349E-04 2,372E-04 1,351E-04 7,229E-04
pr 2,691E-05 3,461E-04 2,281E-04 1968E-03 5967E-05 -1,081E-04 -6,425E-03 -7,609E-03 -3,812E-03 -3,321E-03 1,395E-04 -3,061E-03 9,868E-03
Pors -1,234E-03 -1,246E-03 1,128E-03 5,967E-05 4,556E-03 3,109E-04 -1,566E-03 -5,359E-04 2,147E-04 1,648E-04 2,711E-03 -8,679E-05 3,718E-03
Para -1,890E-04 -2,147E-04 -2,420E-03 -1,081E-04 3,109E-04 1,248E-02 -2,594E-04 6,793E-04 2,208E-03 1,067E-03 2,491E-03 -4,078E-04 2,736E-03
Pum -3,249E-03 -1,095E-03 -1,120E-03 -6,425E-03 -1,566E-03 -2,594E-04 1,286E-01 3,689E-02 1511E-01 1,865E-02 7,869E-04 9,975E-03 -7,547E-02
Pus -7,953E-04 -3,916E-03 -7,489E-04 -7,609E-03 -5359E-04 6,793E-04 3,689E-02 1,047E-01 1,578E-02 8,469E-02 -1,332E-03 1,201E-02 -1,209E-01
Pam -2,707E-02 -1,913E-03 -3,374E-04 -3,812E-03 2,147E-04 2,208E-03 1,511E-01 1,578E-02 1,066E+00 4,958E-02 3,865E-03 6,628E-03 4,811E-02
P -3,884E-03 -2,731E-02 -3,349E-04 -3,321E-03 1,648E-04 1,067E-03 1,865E-02 8,469E-02 4,958E-02 7,943E-01 2,289E-02 -3,649E-03 2,511E-01
% -8,935E-03 -6,968E-03 2,372E-04 1,395E-04 2,711E-03 2,491E-03 7,869E-04 -1,332E-03 3,865E-03 2,289E-02 5,651E-02 -1,780E-02 1,490E-01
% 7561E-04 8,212E-04 1,351E-04 -3,061E-03 -8,679E-05 -4,078E-04 9,975E-03 1,201E-02 6,628E-03 -3,649E-03 -1,780E-02 2,541E-02 -1,104E-01
% -8,764E-03 -1,638E-02 7,229E-04 9,868E-03 3,718E-03 2,736E-03 -7,547E-02 -1,209E-01 4,811E-02 2,5511E-01 1,490E-01 -1,104E-01 1,351E+00
%0 9,349E-03 -2,592E-03 5,209E-05 -2,583E-04 -4,781E-04 -6,820E-04 -4,963E-03 3,819E-03 2,441E-03 -3,956E-03 -1,152E-02 2,452E-03 -9,822E-03
S1m -1,877E-02 -3,380E-04 2,132E-04 1,475E-04 -5,832E-05 -3,121E-04 2,278E-03 6,220E-04 2,257E-02 4,747E-03 9,203E-03 -8,532E-04 7,495E-03
Bus 4,758E-04 -5,166E-03 1,925E-04 7,528E-04 5,005E-04 1,782E-04 -5591E-03 -1,017E-02 3,019E-03 3,793E-03 5,731E-03 -2,097E-03 2,257E-02
o2 8,782E-04 -3,517E-04 -1,500E-04 -2,449E-03 -2,903E-04 -9,292E-05 5,596E-03 8,452E-03 3,591E-03 2,606E-03 -4,463E-04 3,310E-03 -9,338E-03
% 6,545E-03 1,825E-03 1,148E-03 5,445E-03 1,572E-03 -2,258E-05 -1,040E-01 -3,499E-02 -1,707E-01 -3,569E-02 -2,031E-03 -7,383E-03 4,318E-02
0s -9,924E-03 -3,692E-03 8,090E-04 3,821E-03 1,328E-03 -2,124E-04 -9,333E-02 -3,285E-03 -4,316E-01 -1,664E-02 5,821E-03 -4,679E-03 -2,238E-03
% -3,364E-03 -2,206E-04 2,612E-04 3,090E-04 7,814E-04 4,912E-04 -1,122E-02 -3,145E-03 -1,336E-02 -3,591E-03 1,579E-03 -4,741E-04 4,058E-03
Boma -2,406E-02  7,999E-04 -1,455E-04 4,120E-03 -2,198E-03 -2,367E-03 1,851E-02 -1,057E-02 -2,986E-02 -1,377E-03 1,272E-02 -7,482E-03 1,148E-02
Bomz -2,424E-02 -7,160E-04 -1,204E-03 -1,944E-03 -5509E-04 4,891E-04 2,202E-02 1,026E-02 7,742E-03 9,828E-03 1,262E-02 9,743E-04 -8,848E-04
Boma -2,323E-02 -1,771E-03 -9,742E-04 -6,707E-03 -5,150E-05 8,793E-04 1,530E-02 2,644E-02 1,894E-02 1520E-02 1,161E-02 7,536E-03 -1,623E-02
Bosz -7,085E-04 -2,169E-02 -2,603E-03 -5,214E-03 -1,993E-03 1,159E-03 2,070E-02 3,967E-02 9,492E-03 4,181E-02 2,196E-02 9,542E-04 1,627E-02
Bosa -9,882E-04 -1,774E-02 -2,661E-03 -1,353E-02 -4,520E-04 2,422E-03 4,282E-02 3,758E-02 2,479E-02 4,743E-02 1,825E-02 1,051E-02 4,044E-03
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Table S3.5: Covariance matrix for AM lung cancer model. (cont’d)

010 S1im O 52 83 0S4 35 Som,1 Som.2 Som,3 Sot2 Sot3
Porm 9,349E-03 -1,877E-02 4,758E-04 8,782E-04 6,545E-03 -9,924E-03 -3,364E-03 -2,406E-02 -2,424E-02 -2,323E-02 -7,085E-04 -9,882E-04
Por -2,592E-03 -3,380E-04 -5,166E-03 -3,517E-04 1,825E-03 -3,692E-03 -2,206E-04 7,999E-04 -7,160E-04 -1,771E-03 -2,169E-02 -1,774E-02
ey 5,209E-05 2,132E-04 1,925E-04 -1,500E-04 1,148E-03 8,090E-04 2,612E-04 -1,455E-04 -1,204E-03 -9,742E-04 -2,603E-03 -2,661E-03
B -2,583E-04 1,475E-04 7,528E-04 -2,449E-03 5445E-03 3,821E-03 3,090E-04 4,120E-03 -1,944E-03 -6,707E-03 -5,214E-03 -1,353E-02
Pas -4,781E-04 -5,832E-05 5,005E-04 -2,903E-04 1,572E-03 1,328E-03 7,814E-04 -2,198E-03 -5,509E-04 -5,150E-05 -1,993E-03 -4,520E-04
Pona -6,820E-04 -3,121E-04 1,782E-04 -9,292E-05 -2,258E-05 -2,124E-04 4,912E-04 -2,367E-03 4,891E-04 8,793E-04 1,159E-03 2,422E-03
Pum -4,963E-03  2,278E-03 -5591E-03 5,596E-03 -1,040E-01 -9,333E-02 -1,122E-02 1,851E-02 2,202E-02 1,530E-02 2,070E-02 4,282E-02
Pus 3,819E-03 6,220E-04 -1,017E-02 8,452E-03 -3,499E-02 -3,285E-03 -3,145E-03 -1,057E-02 1,026E-02 2,644E-02 3,967E-02 3,758E-02
Pem 2,441E-03 2,257E-02 3,019E-03 3,591E-03 -1,707E-01 -4,316E-01 -1,336E-02 -2,986E-02 7,742E-03 1,894E-02 9,492E-03 2,479E-02
P -3,956E-03 4,747E-03 3,793E-03 2,606E-03 -3,569E-02 -1,664E-02 -3,591E-03 -1,377E-03 9,828E-03 1520E-02 4,181E-02 4,743E-02
% -1,152E-02  9,203E-03 5,731E-03 -4,463E-04 -2,031E-03 5,821E-03 1,579E-03 1,272E-02 1,262E-02 1,161E-02 2,196E-02 1,825E-02
% 2,452E-03 -8,532E-04 -2,097E-03 3,310E-03 -7,383E-03 -4,679E-03 -4,741E-04 -7,482E-03 9,743E-04 7,536E-03 9,542E-04 1,051E-02
% -9,822E-03  7,495E-03 2,257E-02 -9,338E-03 4,318E-02 -2,238E-03 4,058E-03 1,148E-02 -8,848E-04 -1,623E-02 1,627E-02 4,044E-03
o0 3,910E-02 -1,091E-02 2,836E-03 9,063E-04 2,878E-03 -5449E-03 -1,373E-03 -1,822E-02 -1,430E-02 -1,126E-02 1,095E-02 6,362E-03
Bum -1,091E-02  2,925E-02 1,135E-03 -2,848E-03 -6,898E-03 -1,381E-02 3,598E-03 3,301E-02 3,188E-02 2,971E-02 8,810E-04 -4,286E-04
ot 2,836E-03 1,135E-03 2,581E-02 -2,887E-03 1,504E-02 -3,256E-02 8,007E-04 -1,434E-03 -2,601E-03 -3,450E-03 2,144E-02 1,510E-02
o 9,063E-04 -2,848E-03 -2,887E-03 6,075E-03 -1,384E-02 -7,172E-03 -1,311E-03 -7,474E-03 4,726E-04 7,106E-03 6,215E-03 1,708E-02
% 2,878E-03 -6,898E-03 1,504E-02 -1,384E-02 2,289E-01 2,289E-01 1,660E-02 -1,614E-02 -2,236E-02 -1,902E-02 -2,089E-02 -3,752E-02
o -5,449E-03 -1,381E-02 -3,256E-02 -7,172E-03 2,289E-01 1,453E+00 7,821E-03 4,405E-02 2,675E-02 2,091E-02 1,499E-02 -1,348E-02
% -1,373E-03  3,598E-03 8,007E-04 -1,311E-03 1,660E-02 7,821E-03 1,315E-02 3,583E-03 4,255E-03 5,342E-03 -9,831E-04 -1,314E-03
Boma -1,822E-02  3,301E-02 -1,434E-03 -7,474E-03 -1,614E-02 4,405E-02 3,583E-03 1,091E-01 4,670E-02 2,496E-02 -5,985E-03 -2,705E-02
Bomz -1,430E-02  3,188E-02 -2,601E-03 4,726E-04 -2,236E-02 2,675E-02 4,255E-03 4,670E-02 1,093E-01 4,618E-02 9,229E-03 1,560E-02
Boma -1,126E-02  2,971E-02 -3,450E-03 7,106E-03 -1,902E-02 2,091E-02 5,342E-03 2,496E-02 4,618E-02 7,554E-02 2,054E-02 4,861E-02
Buse 1,095E-02 8,810E-04 2,144E-02 6,215E-03 -2,089E-02 1,499E-02 -9,831E-04 -50985E-03 9,229E-03 2,054E-02 3,677E-01 1,094E-01
Busa 6,362E-03 -4,286E-04 1510E-02 1,708E-02 -3,752E-02 -1,348E-02 -1,314E-03 -2,705E-02 1,560E-02 4,861E-02 1,094E-01 2,565E-01
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Table S3.6: Covariance matrix for MM lung cancer model.

Bom Bo Beity B7 Bo,ni Bona Bim B Bom Bt Oo o3 Os
Pom | 1,349E-02 8,569E-04 -1,153E-03 3,505E-08 -1,201E-03 -1,441E-04 -2,711E-03 -7,313E-04 -2,707E-02 -3,036E-03 -1,529E-03 3,234E-04 -5,516E-03
Bos | 8,569E-04 5,088E-03 -1,040E-03 2,613E-04 -1,255E-03 -1,944E-04 -1,108E-03 -3,960E-03 -1,729E-03 -2,681E-02 -3,704E-03 1,495E-03 -1,518E-02
Beity | -1,153E-03 -1,040E-03 3,550E-03 2,087E-04 1,135E-03 -2,406E-03 -1,017E-03 -6,637E-04 -2,622E-04 -4,055E-04 2,844E-04 3,017E-04 1,925E-05
p- | 3,505E-08 2,613E-04 2,087E-04 1,781E-03 5,504E-05 -9,256E-05 -6,084E-03 -7,345E-03 -3,856E-03 -3,355E-03 3,903E-04 -1,626E-03 7,008E-03
Boni | -1,201E-03 -1,255E-03 1,135E-03 5,504E-05 4,593E-03 3,438E-04 -1,431E-03 -4,510E-04 5281E-04 1,176E-04 1,914E-03 -5570E-05 3,211E-03
Bona | -1,441E-04 -1,944E-04 -2,406E-03 -9,256E-05 3,438E-04 1,250E-02 -2,586E-04 6,817E-04 2,457E-03 1,098E-03 1,641E-03 -5,778E-04 3,083E-03
Bim |-2,711E-03 -1,108E-03 -1,017E-03 -6,084E-03 -1,431E-03 -2,586E-04 1,266E-01 3527E-02 1,493E-01 2,460E-02 -1,621E-03 7,374E-03 -5,504E-02
B | -7,313E-04 -3,960E-03 -6,637E-04 -7,345E-03 -4,510E-04 6,817E-04 3,527E-02 1,050E-01 1,675E-02 8,884E-02 -8,700E-04 7,267E-03 -1,089E-01
Bom | -2,707E-02 -1,729E-03 -2,622E-04 -3,856E-03 5,281E-04 2,457E-03 1,493E-01 1,675E-02 1,065E+00 4,789E-02 2,306E-03 5,053E-03 5,221E-02
B2s | -3,036E-03 -2,681E-02 -4,055E-04 -3,355E-03 1,176E-04 1,098E-03 2,460E-02 8,884E-02 4,789E-02 7,792E-01 9,912E-03 -4,986E-03 2,209E-01
ag |-1529E-03 -3,704E-03 2,844E-04 3,903E-04 1,914E-03 1,641E-03 -1,621E-03 -8,700E-04 2,306E-03 9,912E-03 2,238E-02 -1,193E-02 8,872E-02
oz | 3,234E-04 1,495E-03 3,017E-04 -1,626E-03 -5570E-05 -5,778E-04 7,374E-03 7,267E-03 5,053E-03 -4,986E-03 -1,193E-02 2,289E-02 -1,020E-01
as |-5516E-03 -1,518E-02 1,925E-05 7,008E-03 3,211E-03 3,083E-03 -5504E-02 -1,089E-01 5,221E-02 2,209E-01 8,872E-02 -1,020E-01 1,312E+00
oy | 1,498E-03 -1,014E-03 1,159E-04 -1,925E-04 -5,246E-04 -7,850E-04 -2,381E-03 3,422E-03 2,399E-03 -1,770E-03 -1,239E-04 1,982E-03 -8,821E-03
O1m |-1,663E-02 -1,650E-04 2,135E-04 1,251E-04 -1,984E-04 -4,624E-04 1,596E-03 7,445E-04 2,238E-02 3,374E-03 -1,866E-04 5,433E-04 -2,748E-04
d1t | 6,036E-04 -3,865E-03 1,745E-04 7,435E-04 2,712E-04 -3,549E-06 -4,579E-03 -9,315E-03 1,808E-03 4,331E-04 -1,061E-03 -6,705E-04 -1,415E-03
82 | 7,996E-04 -2,985E-04 -1,427E-04 -2,171E-03 -2,861E-04 -9,175E-05 4,969E-03 8,089E-03 3,489E-03 2,560E-03 -1,063E-04 5,983E-04 -3,571E-03
83 | 5975E-03 2,042E-03 1,073E-03 5,079E-03 1,435E-03 -3,853E-05 -1,001E-01 -3,204E-02 -1,682E-01 -4,389E-02 -4,237E-06 -3,412E-03 4,616E-03
84 |-8,906E-03 -3,023E-03 7,661E-04 3,594E-03 1,120E-03 -3,658E-04 -9,165E-02 -4,067E-03 -4,246E-01 -1,627E-02 -3,447E-03 -1,387E-03 -8,046E-03
85 |-3,130E-03 -1,794E-04 2,498E-04 2,936E-04 7555E-04 4,809E-04 -1,081E-02 -2,857E-03 -1,296E-02 -4,328E-03 3,072E-04 -2,745E-04 5,853E-04
doma | -2,111E-02  6,934E-04 -1,635E-04 3,697E-03 -2,307E-03 -2,480E-03 1,816E-02 -1,080E-02 -3,342E-02 9,268E-05 4,053E-04 -2,695E-03 6,252E-03
domz2 | -2,192E-02 -5,836E-04 -1,151E-03 -1,860E-03 -6,897E-04 2,810E-04 2,163E-02 9,894E-03 6,584E-03 1,087E-02 2,741E-04 6,041E-04 2,678E-03
doms | -2,075E-02 -1,396E-03 -8,861E-04 -6,050E-03 -1,845E-04 6,548E-04 1,364E-02 2,565E-02 1,982E-02 1,410E-02 -1,421E-04 2,742E-03 -1,045E-02
Sot2 | -9,484E-04 -2,855E-02 -3,514E-03 -7,439E-03 -2,784E-03 1,554E-03 2,929E-02 5,916E-02 1,655E-02 6,817E-02 9,796E-03 -1,008E-02 8,994E-02
Sot3 | -6,657E-04 -1,857E-02 -2,916E-03 -1,438E-02 -5,993E-04 2,606E-03 4,718E-02 4,375E-02 2,694E-02 6,044E-02 5,855E-03 -6,947E-03 4,102E-02
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Table S3.6: Covariance matrix for MM lung cancer model. (cont’d)

a0 S1m Suf 32 33 84 35 Som1 Somz2 Som3 Soyf2 30,13

Bom | 1,498E-03 -1,663E-02 6,036E-04 7,996E-04 5,975E-03 -8,906E-03 -3,130E-03 -2,111E-02 -2,192E-02 -2,075E-02 -9,484E-04 -6,657E-04
Bos | -1,014E-03 -1,650E-04 -3,865E-03 -2,985E-04 2,042E-03 -3,023E-03 -1,794E-04 6,934E-04 -5,836E-04 -1,396E-03 -2,855E-02 -1,857E-02
Bery | 1,159E-04 2,135E-04 1,745E-04 -1,427E-04 1,073E-03 7,661E-04 2,498E-04 -1,635E-04 -1,151E-03 -8,861E-04 -3,514E-03 -2,916E-03
Br |-1,925E-04 1,251E-04 7,435E-04 -2,171E-03 5,079E-03 3,594E-03 2,936E-04 3,697E-03 -1,860E-03 -6,050E-03 -7,439E-03 -1,438E-02
Boni | -5,246E-04 -1,984E-04 2,712E-04 -2,861E-04 1,435E-03 1,120E-03 7,555E-04 -2,307E-03 -6,897E-04 -1,845E-04 -2,784E-03 -5,993E-04
Bona | -7,850E-04 -4,624E-04 -3,549E-06 -9,175E-05 -3,853E-05 -3,658E-04 4,809E-04 -2,480E-03 2,810E-04 6,548E-04 1,554E-03 2,606E-03
Bim | -2,381E-03 1,596E-03 -4,579E-03 4,969E-03 -1,001E-01 -9,165E-02 -1,081E-02 1,816E-02 2,163E-02 1,364E-02 2,929E-02 4,718E-02
Bis | 3,422E-03 7,445E-04 -9,315E-03 8,089E-03 -3,204E-02 -4,067E-03 -2,857E-03 -1,080E-02 9,894E-03 2,565E-02 5916E-02 4,375E-02
Bem | 2,399E-03 2,238E-02 1,808E-03 3,489E-03 -1,682E-01 -4,246E-01 -1,296E-02 -3,342E-02 6,584E-03 1,982E-02 1,655E-02 2,694E-02
B2¢ | -1,770E-03  3,374E-03 4,331E-04 2,560E-03 -4,389E-02 -1,627E-02 -4,328E-03 9,268E-05 1,087E-02 1,410E-02 6,817E-02 6,044E-02
ao |-1,239E-04 -1,866E-04 -1,061E-03 -1,063E-04 -4,237E-06 -3,447E-03 3,072E-04 4,053E-04 2,741E-04 -1,421E-04 9,796E-03 5,855E-03
az | 1,982E-03 5,433E-04 -6,705E-04 5,983E-04 -3,412E-03 -1,387E-03 -2,745E-04 -2,695E-03 6,041E-04 2,742E-03 -1,008E-02 -6,947E-03
as |-8,821E-03 -2,748E-04 -1,415E-03 -3,571E-03 4,616E-03 -8,046E-03 5,853E-04 6,252E-03 2,678E-03 -1,045E-02 8,994E-02 4,102E-02
ap | 1,870E-02 1,798E-04 -1,093E-03 3,129E-04 -8,982E-04 -2,321E-04 -1,776E-04 -2,618E-03 -1,377E-05 1,213E-03 5,904E-04 -1,600E-03
Oim | 1,798E-04 2,682E-02 1,033E-03 -2,671E-03 -6,284E-03 -1,365E-02 3,311E-03 2,951E-02 2,943E-02 2,711E-02 5,381E-04 -1,434E-03
d1¢ | -1,093E-03 1,033E-03 2,450E-02 -2,852E-03 1,420E-02 -3,163E-02 6,766E-04 -1,112E-03 -2,774E-03 -3,651E-03 2,594E-02 1,492E-02
S, | 3,129E-04 -2,671E-03 -2,852E-03 5,686E-03 -1,325E-02 -6,942E-03 -1,253E-03 -6,732E-03 4,864E-04 6,423E-03 9,459E-03 1,882E-02
83 |-8,982E-04 -6,284E-03 1,420E-02 -1,325E-02 2,226E-01 2,276E-01 1,592E-02 -1,534E-02 -2,214E-02 -1,786E-02 -3,247E-02 -4,269E-02
84 |-2,321E-04 -1,365E-02 -3,163E-02 -6,942E-03 2,276E-01 1,400E+00 8,104E-03 4,304E-02 2,633E-02 1,991E-02 2,141E-02 -1,466E-02
ds |-1,776E-04 3,311E-03 6,766E-04 -1,253E-03 1592E-02 8,104E-03 1,273E-02 3,276E-03 3,968E-03 4,998E-03 -1,612E-03 -1,559E-03
Soma | -2,618E-03 2,951E-02 -1,112E-03 -6,732E-03 -1,534E-02 4,304E-02 3,276E-03 1,035E-01 4,382E-02 2,259E-02 -9,147E-03 -2,918E-02
Somz | -1,377E-05 2,943E-02 -2,774E-03 4,864E-04 -2,214E-02 2,633E-02 3,968E-03 4,382E-02 1,086E-01 4,328E-02 1,397E-02 1,748E-02
doms | 1,213E-03 2,711E-02 -3,651E-03 6,423E-03 -1,786E-02 1991E-02 4,998E-03 2,259E-02 4,328E-02 6,978E-02 3,002E-02 5,251E-02
Sof2 | 5,904E-04 5381E-04 2594E-02 9,459E-03 -3,247E-02 2,141E-02 -1,612E-03 -9,147E-03 1,397E-02 3,002E-02 8,123E-01 1,870E-01
Sof3 | -1,600E-03 -1,434E-03 1,492E-02 1,882E-02 -4,269E-02 -1,466E-02 -1,559E-03 -2,918E-02 1,748E-02 5,251E-02 1,870E-01 3,450E-01
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Table S3.7: Covariance matrix for GAM lung cancer model.

Bo.m Bos Bcity Bz Bo i Bo.na Bim Bus Ba.m Bas Oo 03 Os Os

Bom | 1,501E-02 9,000E-04 -1,136E-03 9,004E-05 -1,214E-03 -1,677E-04 -2,992E-03 -1,237E-03 -2,691E-02 -2,851E-03 -4,567E-03 6,154E-04 -5,642E-03 9,924E-03
Bos | 9,000E-04 5,534E-03 -1,017E-03 3,678E-04 -1,237E-03 -1,933E-04 -1,310E-03 -3,952E-03 -1,174E-03 -2,636E-02 -5576E-03 1,118E-03 -1,565E-02 1,762E-02
Beiry | -1,136E-03 -1,017E-03 3,557E-03 2,337E-04 1,132E-03 -2,416E-03 -1,166E-03 -7,616E-04 -4,174E-04 -3,274E-04 2,417E-04 1,034E-05 1,226E-03 -5,633E-04
Bz | 9,004E-05 3,678E-04 2337E-04 1934E-03 5468E-05 -1,218E-04 -6,389E-03 -7,580E-03 -3,791E-03 -3,247E-03 -2,907E-05 -2,859E-03 9,828E-03  8,110E-04
Bomi | -1,214E-03 -1,237E-03 1,132E-03 5,468E-05 4,550E-03 2,980E-04 -1,604E-03 -4,843E-04 2582E-04 -4,548E-06 1,850E-03 -1,530E-04 3,619E-03 -1,030E-02
Bona | -1,677E-04 -1,933E-04 -2,416E-03 -1,218E-04 2980E-04 1,246E-02 -2,718E-04 7,694E-04 2410E-03 8,982E-04 1,556E-03 -3,066E-04 1,921E-03 -9,550E-03
Bim |-2,992E-03 -1,310E-03 -1,166E-03 -6,389E-03 -1,604E-03 -2,718E-04 1,291E-01 3,595E-02 1546E-01 2,087E-02 -1,309E-04 9,966E-03 -6,804E-02 -1,460E-02
Bis | -1,237E-03 -3,952E-03 -7,616E-04 -7,580E-03 -4,843E-04 7,694E-04 3,595E-02 1,055E-01 1,940E-02 8,690E-02 3,002E-04 1,130E-02 -1,252E-01 -3,408E-04
Bom | -2,691E-02 -1,174E-03 -4,174E-04 -3,791E-03 2,582E-04 2,410E-03 1546E-01 1,940E-02 1,069E+00 3,364E-02 -1,064E-03 7,346E-03 -5577E-03 -6,861E-04
B2s | -2,851E-03 -2,636E-02 -3,274E-04 -3,247E-03 -4,548E-06 8,982E-04 2,087E-02 8,690E-02 3,364E-02 7,694E-01 1,091E-02 -3,424E-03 2,040E-01 -5,747E-02
ap | -4,567E-03 -5,576E-03 2,417E-04 -2,907E-05 1,850E-03 1,556E-03 -1,309E-04 3,002E-04 -1,064E-03 1,091E-02 3,908E-02 -1,779E-02 1,242E-01 -2,349E-01
az | 6,154E-04 1,118E-03 1,034E-05 -2,859E-03 -1,530E-04 -3,066E-04 9,966E-03 1,130E-02 7,346E-03 -3,424E-03 -1,779E-02 2,716E-02 -1,246E-01  5,526E-02
as |-5,642E-03 -1,565E-02 1,226E-03 9,828E-03 3,619E-03 1,921E-03 -6,804E-02 -1,252E-01 -5,577E-03 2,040E-01 1,242E-01 -1,246E-01 1,411E+00 -6,804E-01
ag | 9.924E-03 1,762E-02 -5,633E-04 8,110E-04 -1,030E-02 -9,550E-03 -1,460E-02 -3,408E-04 -6,861E-04 -5,747E-02 -2,349E-01 5,526E-02 -6,804E-01 6,875E+00
ay |-1,179E-02 -2,313E-02 7,627E-04 -1,893E-03 1916E-02 1,851E-02 3,135E-02 3,916E-03 4,543E-02 1,244E-01 2,600E-01 -2,619E-02 8,973E-01 -1,354E+01
ap | 7,438E-03 -1,456E-03 1,000E-04 -8,888E-05 -3,595E-04 -5357E-04 -1,881E-03 1,022E-03 7,205E-04 -3,152E-04 -9,244E-03 3,982E-03 -1,584E-02 5,266E-02
S1m | -1,843E-02 -3,038E-04 2,042E-04 8,205E-05 -6,620E-05 -3,134E-04 1,884E-03 9,096E-04 2,319E-02 3,614E-03 4,632E-03 -8,612E-04 5,340E-03 1,301E-03
d1¢ | 5902E-04 -5,143E-03 1,817E-04 7,229E-04 4,260E-04 1,154E-04 -5225E-03 -1,044E-02 2,788E-03 1,881E-03 5,894E-03 -2,686E-03 2,153E-02 -2,459E-02
%, | 8,097E-04 -3,884E-04 -1537E-04 -2,421E-03 -3,020E-04 -9,798E-05 5,633E-03 8,609E-03 3,282E-03 2,610E-03 -1,610E-05 3,095E-03 -9,574E-03 -4,177E-03
d; | 7,038E-03 2,034E-03 1,190E-03 5,465E-03 1,557E-03 -6,288E-05 -1,072E-01 -3,438E-02 -1,739E-01 -3,533E-02 -2,668E-03 -6,453E-03 3,665E-02 1,111E-02
84 |-1,397E-02 -4,045E-03 7,841E-04 3,917E-03 1,363E-03 -2,656E-04 -9,049E-02 -3,346E-03 -4,723E-01 -1,193E-02 1,283E-02 -8,824E-03 2,031E-02  3,810E-02
o |-3,239E-03 -1,880E-04 2,659E-04 3,157E-04 7,915E-04 5,003E-04 -1,163E-02 -2,999E-03 -1,387E-02 -3,700E-03 1,028E-03 -5,594E-04 3,595E-03  2,400E-03
Som1 | -2,392E-02  8,158E-04 -1,639E-04 3,998E-03 -2,265E-03 -2,441E-03 1,859E-02 -1,058E-02 -3,196E-02 -7,234E-04 5,841E-03 -6,924E-03 1,345E-02 -7,185E-03
Somz | -2,388E-02 -6,695E-04 -1,193E-03 -2,053E-03 -5,323E-04 4,870E-04 2,205E-02 1,073E-02 6,839E-03 9,046E-03 5,799E-03 1,650E-03 -5,608E-03 -5,952E-03
Soma | -2,265E-02 -1,704E-03 -9,480E-04 -6,544E-03 -2,757E-06 9,028E-04 1,492E-02 2,623E-02 1,824E-02 1,383E-02 5,575E-03 7,782E-03 -2,199E-02 -2,581E-03
dos1 | -6,679E-04 -2,084E-02 -2,499E-03 -5,153E-03 -1,947E-03 1,084E-03 2,060E-02 3,861E-02 8,687E-03 3,896E-02 1,647E-02 6,303E-04 1,206E-02 -1,348E-02
dos2 | -1,125E-03 -1,694E-02 -2,541E-03 -1,283E-02 -4,584E-04 2,292E-03 4,114E-02 3,576E-02 2,263E-02 4,343E-02 1,361E-02 8,861E-03 3,740E-03 -5,271E-03
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Table S3.7: Covariance matrix for GAM lung cancer model. (cont’d)

Og Q10 S1m 1t 32 33 34 35 dom.1 Som2 Soma o141 o 12
Bom | -1,179E-02 7,438E-03 -1,843E-02 5,902E-04 8,097E-04 7,038E-03 -1,397E-02 -3,239E-03 -2,392E-02 -2,388E-02 -2,265E-02 -6,679E-04 -1,125E-03
Bos | -2,313E-02 -1,456E-03 -3,038E-04 -5,143E-03 -3,884E-04 2,034E-03 -4,045E-03 -1,880E-04 8,158E-04 -6,695E-04 -1,704E-03 -2,084E-02 -1,694E-02
Bety | 7,627E-04 1,000E-04 2,042E-04 1,817E-04 -1,537E-04 1,190E-03 7,841E-04 2,659E-04 -1,639E-04 -1,193E-03 -9,480E-04 -2,499E-03 -2,541E-03
Br | -1,893E-03 -8,888E-05 8,205E-05 7,229E-04 -2,421E-03 5,465E-03 3,917E-03 3,157E-04 3,998E-03 -2,053E-03 -6,544E-03 -5,153E-03 -1,283E-02
Bomi | 1,916E-02 -3,595E-04 -6,620E-05 4,260E-04 -3,020E-04 1,557E-03 1,363E-03 7,915E-04 -2,265E-03 -5,323E-04 -2,757E-06 -1,947E-03 -4,584E-04
Bona | 1,851E-02 -5,357E-04 -3,134E-04 1,154E-04 -9,798E-05 -6,288E-05 -2,656E-04 5,003E-04 -2,441E-03 4,870E-04 9,028E-04 1,084E-03 2,292E-03
Bim | 3,135E-02 -1,881E-03 1,884E-03 -5,225E-03 5,633E-03 -1,072E-01 -9,049E-02 -1,163E-02 1,859E-02 2,205E-02 1,492E-02 2,060E-02 4,114E-02
Bir | 3,916E-03 1,022E-03 9,096E-04 -1,044E-02 8,609E-03 -3,438E-02 -3,346E-03 -2,999E-03 -1,058E-02 1,073E-02 2,623E-02 3,861E-02 3,576E-02
Bom | 4543E-02 7,205E-04 2,319E-02 2,788E-03 3,282E-03 -1,739E-01 -4,723E-01 -1,387E-02 -3,196E-02 6,839E-03 1,824E-02 8,687E-03 2,263E-02
Bas 1,244E-01 -3,152E-04 3,614E-03 1,881E-03 2,610E-03 -3,533E-02 -1,193E-02 -3,700E-03 -7,234E-04 9,046E-03 1,383E-02 3,896E-02 4,343E-02
oo 2,600E-01 -9,244E-03 4,632E-03 5,894E-03 -1,610E-05 -2,668E-03 1,283E-02 1,028E-03 5,841E-03 5,799E-03 5,575E-03 1,647E-02 1,361E-02
az | -2,619E-02 3,982E-03 -8,612E-04 -2,686E-03 3,095E-03 -6,453E-03 -8,824E-03 -5594E-04 -6,924E-03 1,650E-03 7,782E-03 6,303E-04 8,861E-03
s 8,973E-01 -1,584E-02 5,340E-03 2,153E-02 -9,574E-03 3,665E-02 2,031E-02 3,595E-03 1,345E-02 -5,608E-03 -2,199E-02 1,206E-02 3,740E-03
ag | -1,354E+01 5,266E-02 1,301E-03 -2,459E-02 -4,177E-03 1,111E-02 3,810E-02 2,400E-03 -7,185E-03 -5,952E-03 -2,581E-03 -1,348E-02 -5,271E-03
a9 | 3,021E+01 1,125E-03 -1,476E-02 5,275E-03 6,997E-03 3,736E-03 -2,654E-01 -1,039E-02 2,036E-03 9,482E-03 4,554E-03 7,331E-03 -1,029E-02
duf 1,125E-03 2,601E-02 -8,889E-03 2,747E-04 6,950E-04 2,844E-03 -1,433E-02 -1,464E-03 -1,393E-02 -1,159E-02 -9,775E-03 7,038E-03 3,797E-03
S1m | -1,476E-02 -8,889E-03 2,874E-02 1,156E-03 -2,754E-03 -7,263E-03 -1,371E-02 3,421E-03 3,261E-02 3,112E-02 2,868E-02 8,507E-04 -9,378E-05
S1f 5275E-03 2,747E-04 1,156E-03 2,951E-02 -2,843E-03 1,478E-02 -3,728E-02 8,330E-04 -1,658E-03 -2,918E-03 -3,617E-03 2,091E-02 1,490E-02
32 6,997E-03 6,950E-04 -2,754E-03 -2,843E-03 6,130E-03 -1,425E-02 -6,403E-03 -1,357E-03 -7,358E-03 6,268E-04 6,952E-03 6,224E-03 1,626E-02
83 3,736E-03  2,844E-03 -7,263E-03 1478E-02 -1,425E-02 2,384E-01 2,206E-01 1,741E-02 -1,809E-02 -2,370E-02 -1,937E-02 -2,104E-02 -3,679E-02
84 | -2,654E-01 -1,433E-02 -1,371E-02 -3,728E-02 -6,403E-03 2,206E-01 1,701E+00 7,153E-03 5,925E-02 3,624E-02 2,637E-02 1,448E-02 -1,280E-02
ds | -1,039E-02 -1,464E-03 3,421E-03 8,330E-04 -1,357E-03 1,741E-02 7,153E-03 1,313E-02 3,314E-03 3,904E-03 4,944E-03 -1,124E-03 -1,443E-03
Som1| 2,036E-03 -1,393E-02 3,261E-02 -1,658E-03 -7,358E-03 -1,809E-02 5,925E-02 3,314E-03 1,113E-01 4,682E-02 2,478E-02 -5,992E-03 -2,544E-02
Som2 | 9,482E-03 -1,159E-02 3,112E-02 -2,918E-03 6,268E-04 -2,370E-02 3,624E-02 3,904E-03 4,682E-02 1,066E-01 4,487E-02 8,934E-03 1,528E-02
Soms | 4,554E-03 -9,775E-03 2,868E-02 -3,617E-03 6,952E-03 -1,937E-02 2,637E-02 4,944E-03 2,478E-02 4,487E-02 7,125E-02 1,951E-02 4,515E-02
dos1 | 7,331E-03 7,038E-03 8507E-04 2,091E-02 6,224E-03 -2,104E-02 1,448E-02 -1,124E-03 -5,992E-03 8,934E-03 1,951E-02 3,457E-01 1,017E-01
dos2 | -1,029E-02 3,797E-03 -9,378E-05 1,490E-02 1,626E-02 -3,679E-02 -1,280E-02 -1,443E-03 -2,544E-02 1,528E-02 4,515E-02 1,017E-01 2,346E-01
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Table S3.8: Covariance matrix for GMM lung cancer model.

Bom Bo Beity B7 Bo,ni Bona Bim B Bom Bt Oo o3 Os Og
Pom 1,465E-02 9,380E-04 -1,177E-03 -2,551E-05 -1,245E-03 -1,599E-04 -2,914E-03 -5,985E-04 -2,649E-02 -3,276E-03 -2,188E-03 8,394E-04 -8,425E-03 -4,828E-04
Pos 9,380E-04 5,145E-03 -1,059E-03 2,531E-04 -1,258E-03 -1,721E-04 -1,132E-03 -3,887E-03 -1,073E-03 -2,639E-02 -4,223E-03 1,881E-03 -1,717E-02  2,130E-02
Pty -1,177E-03 -1,059E-03 3,552E-03 2,196E-04 1,140E-03 -2,402E-03 -1,065E-03 -7,108E-04 -3,449E-04 -3,564E-04 4,506E-04 1,134E-04 1,040E-03 -2,814E-03
b -2,551E-05 2,531E-04 2,196E-04 1,804E-03 6,204E-05 -9,882E-05 -6,114E-03 -7,453E-03 -3,920E-03 -3,305E-03 4,448E-04 -1,612E-03 7,492E-03 -3,743E-04
Pors -1,245E-03 -1,258E-03 1,140E-03 6,204E-05 4,574E-03 3,166E-04 -1,504E-03 -4,342E-04 4,852E-04 6,863E-05 1,805E-03 -1,298E-04 3,590E-03 -1,256E-02
Para -1,599E-04 -1,721E-04 -2,402E-03 -9,882E-05 3,166E-04 1,246E-02 -3,033E-04 7,585E-04 2,509E-03 1,010E-03 1,306E-03 -4,073E-04 2,220E-03 -9,223E-03
Pum -2,914E-03 -1,132E-03 -1,065E-03 -6,114E-03 -1,504E-03 -3,033E-04 1,287E-01 3,525E-02 1,521E-01 2,497E-02 -1,673E-03 7,816E-03 -5,490E-02 -3,710E-03
Pus -5,985E-04 -3,887E-03 -7,108E-04 -7,453E-03 -4,342E-04 7,585E-04 3,525E-02 1,053E-01 1,767E-02 8,986E-02 -1,847E-03 7,507E-03 -1,096E-01  1,152E-02
Pam -2,649E-02 -1,073E-03 -3,449E-04 -3,920E-03 4,852E-04 2,509E-03 1,521E-01 1,767E-02 1,066E+00 4,213E-02 -1,571E-03 6,646E-03 2,735E-02 -4,942E-03
P -3,276E-03 -2,639E-02 -3,564E-04 -3,305E-03 6,863E-05 1,010E-03 2,497E-02 8,986E-02 4,213E-02 7,686E-01 1,026E-02 -6,008E-03 2,067E-01 -1,023E-01
% -2,188E-03 -4,223E-03 4,506E-04 4,448E-04 1,805E-03 1,306E-03 -1,673E-03 -1,847E-03 -1,571E-03 1,026E-02 2,959E-02 -1,495E-02 1,179E-01 -2,171E-01
% 8,394E-04 1,881E-03 1,134E-04 -1,612E-03 -1,298E-04 -4,073E-04 7,816E-03 7,507E-03 6,646E-03 -6,008E-03 -1,495E-02 2,361E-02 -1,146E-01  4,089E-02
% -8,425E-03 -1,717E-02 1,040E-03 7,492E-03 3,590E-03 2,220E-03 -5490E-02 -1,096E-01 2,735E-02 2,067E-01 1,179E-01 -1,146E-01 1,386E+00 -8,134E-01
% -4,828E-04 2,130E-02 -2,814E-03 -3,743E-04 -1,256E-02 -9,223E-03 -3,710E-03 1,152E-02 -4,942E-03 -1,023E-01 -2,171E-01 4,089E-02 -8,134E-01 7,094E+00
% 8,647E-03 -2,490E-02 3,214E-03 -1,221E-03 2,431E-02 2,079E-02 1,070E-02 5,292E-03 6,477E-02 1,805E-01 2,580E-01 -7,095E-03 1,008E+00 -1,422E+01
Bus 2,739E-03 -3,944E-04 7,123E-05 -2,115E-04 -3,598E-04 -5,267E-04 -1,690E-03 3,093E-03 3,252E-03 -3,326E-03 -5,244E-03 4,713E-03 -2,687E-02  2,640E-02
S1m -1,781E-02 -3,230E-04 2,409E-04 1,760E-04 -6,202E-05 -3,464E-04 1,867E-03 2,696E-04 2,120E-02 3,600E-03 1,432E-03 -6,442E-04 6,047E-03  2,142E-02
Bus 5,332E-04 -4,422E-03 2,297E-04 8,276E-04 3,153E-04 -2,374E-05 -4,873E-03 -1,017E-02 -3,915E-04 9,147E-04 4,089E-03 -3,228E-03 1,534E-02 -4,269E-02
o2 8,123E-04 -2,802E-04 -1,481E-04 -2,202E-03 -3,157E-04 -1,208E-04 4,996E-03 8,267E-03 3,586E-03 2,669E-03 -1,269E-04 8,121E-04 -4,346E-03 -9,548E-03
% 6,454E-03 2,089E-03 1,070E-03 5,086E-03 1,356E-03 -8,842E-05 -1,025E-01 -3,161E-02 -1,679E-01 -4,225E-02 -2,332E-03 -2,885E-03 1,863E-03  3,744E-02
04 -1,117E-02 -4,339E-03 8,642E-04 3,780E-03 1,387E-03 -1,895E-04 -9,075E-02 -5,422E-03 -4,308E-01 -1,100E-02 8,913E-03 -7,104E-03 3,353E-02 -5,906E-02
% -3,036E-03 -1,849E-04 2,627E-04 3,314E-04 7,547E-04 4,717E-04 -1,102E-02 -3,011E-03 -1,307E-02 -4,106E-03 4,370E-04 -4,590E-04 1,896E-03  3,469E-03
Boma -2,259E-02 5,269E-04 -1,112E-04 3,690E-03 -2,133E-03 -2,356E-03 1,856E-02 -1,115E-02 -3,307E-02 1,130E-03 1,474E-03 -3,082E-03 1,184E-02  1,900E-02
Bomz -2,299E-02 -5,423E-04 -1,093E-03 -1,773E-03 -5,751E-04 3,479E-04 2,168E-02 9,296E-03 5,799E-03 1,078E-02 4,520E-05 5,304E-04 2,339E-03  2,604E-02
Boma -2,163E-02 -1,288E-03 -8,563E-04 -5895E-03 -9,486E-05 7,282E-04 1,357E-02 2,489E-02 1,858E-02 1,372E-02 -6,921E-04 2,640E-03 -1,250E-02  3,155E-02
Bosa -1,166E-03 -2,611E-02 -3,200E-03 -6,909E-03 -2,623E-03 1,318E-03 2,715E-02 5515E-02 1,275E-02 5,828E-02 8,027E-03 -8,783E-03 6,577E-02  3,255E-02
Borz -8,568E-04 -1,744E-02 -2,700E-03 -1,377E-02 -6,252E-04 2,312E-03 4,454E-02 4,230E-02 2,507E-02 5,507E-02 4,479E-03 -4,812E-03 2,746E-02  4,308E-02
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Table S3.8: Covariance matrix for GMM lung cancer model. (cont’d)

g 10 S1m Suf 32 33 84 35 Som1 Somz2 Som3 So,f1 o2
Pom 8,647E-03 2,739E-03 -1,781E-02 5,332E-04 8,123E-04 6,454E-03 -1,117E-02 -3,036E-03 -2,259E-02 -2,299E-02 -2,163E-02 -1,166E-03 -8,568E-04
Por -2,490E-02 -3,944E-04 -3,230E-04 -4,422E-03 -2,802E-04 2,089E-03 -4,339E-03 -1,849E-04 5,269E-04 -5423E-04 -1,288E-03 -2,611E-02 -1,744E-02
Pt 3,214E-03 7,123E-05 2,409E-04 2,297E-04 -1,481E-04 1,070E-03 8,642E-04 2,627E-04 -1,112E-04 -1,093E-03 -8,563E-04 -3,200E-03 -2,700E-03
b -1,221E-03 -2,115E-04 1,760E-04 8,276E-04 -2,202E-03 5,086E-03 3,780E-03 3,314E-04 3,690E-03 -1,773E-03 -5_895E-03 -6,909E-03 -1,377E-02
Pors 2,431E-02 -3,598E-04 -6,202E-05 3,153E-04 -3,157E-04 1,356E-03 1,387E-03 7,547E-04 -2,133E-03 -5,751E-04 -9,486E-05 -2,623E-03 -6,252E-04
Pana 2,079E-02 -5,267E-04 -3,464E-04 -2,374E-05 -1,208E-04 -8,842E-05 -1,895E-04 4,717E-04 -2,356E-03 3,479E-04 7,282E-04 1,318E-03 2,312E-03
Pum 1,070E-02 -1,690E-03 1,867E-03 -4,873E-03 4,996E-03 -1,025E-01 -9,075E-02 -1,102E-02 1,856E-02 2,168E-02 1,357E-02 2,715E-02 4,454E-02
Pus 5292E-03 3,093E-03 2,696E-04 -1,017E-02 8,267E-03 -3,161E-02 -5,422E-03 -3,011E-03 -1,115E-02 9,296E-03 2,489E-02 5,515E-02 4,230E-02
e 6,477E-02 3,252E-03 2,120E-02 -3,915E-04 3,586E-03 -1,679E-01 -4,308E-01 -1,307E-02 -3,307E-02 5,799E-03 1,858E-02 1,275E-02 2,507E-02
P 1,805E-01 -3,326E-03 3,600E-03 9,147E-04 2,669E-03 -4,225E-02 -1,100E-02 -4,106E-03 1,130E-03 1,078E-02 1,372E-02 5,828E-02 5,507E-02
® 2,580E-01 -5,244E-03 1,432E-03 4,089E-03 -1,269E-04 -2,332E-03 8,913E-03 4,370E-04 1,474E-03 4,520E-05 -6,921E-04 8,027E-03 4,479E-03
% -7,095E-03 4,713E-03 -6,442E-04 -3,228E-03 8,121E-04 -2,885E-03 -7,104E-03 -4,590E-04 -3,082E-03 5,304E-04 2,640E-03 -8,783E-03 -4,812E-03
% 1,008E+00 -2,687E-02 6,047E-03 1534E-02 -4,346E-03 1,863E-03 3,353E-02 1,896E-03 1,184E-02 2,339E-03 -1,250E-02 6,577E-02 2,746E-02
% -1,422E+01  2,640E-02 2,142E-02 -4,269E-02 -9,548E-03 3,744E-02 -5906E-02 3,469E-03 1,900E-02 2,604E-02 3,155E-02 3,255E-02 4,308E-02
* 3,229E+01 2,679E-02 -5,840E-02 -7,210E-03 1,594E-02 -3,635E-02 -7,481E-02 -7,228E-03 -4,857E-02 -4,228E-02 -4,743E-02 -8,903E-02 -1,041E-01
Bus 2,679E-02 1937E-02 -2,353E-03 -3,915E-03 3,950E-04 2,034E-03 -8,521E-03 -4,059E-04 -4,663E-03 -2,025E-03 -8,721E-04 -3,133E-04 -1,962E-03
Bum -5,840E-02 -2,353E-03 2,748E-02 1,093E-03 -2,518E-03 -6,624E-03 -1,094E-02 3,132E-03 3,070E-02 3,001E-02 2,748E-02 1,217E-03 -5,970E-04
Bus -7,210E-03 -3,915E-03 1,093E-03 2,878E-02 -2,689E-03 1,324E-02 -2,458E-02 7,893E-04 -1,044E-03 -3,301E-03 -4,285E-03 2,483E-02 1,481E-02
o 1,594E-02 3,950E-04 -2,518E-03 -2,689E-03 5,628E-03 -1,326E-02 -6,401E-03 -1,271E-03 -6,607E-03 4,685E-04 6,270E-03 8,528E-03 1,762E-02
% -3,635E-02 2,034E-03 -6,624E-03 1,324E-02 -1,326E-02 2,222E-01 2,217E-01 1,612E-02 -1,619E-02 -2,190E-02 -1,725E-02 -2,907E-02 -4,019E-02
o -7,481E-02 -8,521E-03 -1,094E-02 -2,458E-02 -6,401E-03 2,217E-01 1,384E+00 7,409E-03 4,618E-02 2,773E-02 2,041E-02 2,205E-02 -1,201E-02
% -7,228E-03 -4,059E-04 3,132E-03 7,893E-04 -1,271E-03 1,612E-02 7,409E-03 1,159E-02 3,029E-03 3,562E-03 4,513E-03 -1,535E-03 -1,680E-03
Buma -4,857E-02 -4,663E-03 3,070E-02 -1,044E-03 -6,607E-03 -1,619E-02 4,618E-02 3,029E-03 1,016E-01 4,450E-02 2,381E-02 -7,626E-03 -2,684E-02
Bomz -4,228E-02 -2,025E-03 3,001E-02 -3,301E-03 4,685E-04 -2,190E-02 2,773E-02 3,562E-03 4,450E-02 1,039E-01 4,288E-02 1,274E-02 1,620E-02
Bama -4,743E-02 -8,721E-04 2,748E-02 -4,285E-03 6,270E-03 -1,725E-02 2,041E-02 4,513E-03 2,381E-02 4,288E-02 6,747E-02 2,716E-02 4,860E-02
Bosa -8,003E-02 -3,133E-04 1,217E-03 2,483E-02 8,528E-03 -2,907E-02 2,205E-02 -1,535E-03 -7,626E-03 1,274E-02 2,716E-02 6,764E-01 1,604E-01
Bure -1,041E-01 -1,962E-03 -5,970E-04 1,481E-02 1,762E-02 -4,019E-02 -1,201E-02 -1,680E-03 -2,684E-02 1,620E-02 4,860E-02 1,604E-01 3,029E-01
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S4.  Female breast cancer, group BREAST (ICD10: C50)

Model description

The pooled study of Preston et al. (2002) includes not only the LSS, but also several other studies of
radiation-induced breast cancer from Western populations. Therefore, it was decided to use the pooled
study for ProZES. Radiation risk is given by the following EAR-model (EAR per 10* PY):

a a

6
EAR(a,e,d) = pd exp (E (e—25)+y, ln% + y, max (0, In %)) (S4.1)

where parameters of Eq. (S4.1) and their covariances are shown in Table S4.1. Diagonal elements of
the covariance matrix represent variances of the parameters.

Table S4.1. Parameters of the EAR model (S4.1) according to Preston et al. (2002)

Covariance
Parameter Value
B ‘ 6 V1 ‘ V2
B 9.74 2.5811
0 -0.51 0.078078 0.00991
Y1 35 0.33353 -0.018353 0.38194
¥ —2.47 -1.0913 -0.011519 —0.46549 1.0273

The model (S4.1) describes the excess absolute risk. Correspondingly, excess relative risk in the target
population is estimated by dividing EAR from Eq. (S4.1) by the baseline incidence rate observed in
Germany in the year the cancer was diagnosed. The age-dependent baseline rate in the pooled cohort
is not available, so the transfer of risk from the pooled cohort to the German population cannot be
modelled taking into account the (unknown) ratio of the baseline rates. The LSS is a major (64% of
person-years) contributor to the pooled cohort, so baseline rates in the LSS were compared to
Germany to estimate the range of baseline ratios. For ProZES, the transfer factor is then modelled
stochastically with the assumption that the ratio of baselines is log-uniformly distributed in range
from 1/3 to 3, as outlined in the methodology section.
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S5.  Thyroid cancer, group THYROID (ICD10: C73)

Model description

The thyroid cancer model is based on an analysis of the LSS data with explicit modelling of the screening
effect of medical surveillance for members of the so-called Adult Health Study (AHS) (Jacob 2014). The
screening effect was found to be statistically significant.

The baseline incidence rate Ao (s,a,e,c,AHS,NIC) depends on the explanatory variables of sex s, attained
age a, age at exposure e, city (Hiroshima: c=1; Nagasaki c=2), status of participation in the AHS screening
program (no: AHS = 0; yes: AHS = 1) and of having been in the city at the time of bombing (for distance
from hypocenter <10 km: NIC = 0; otherwise: NIC = 1). The baseline incidence rate factorizes

Aorss(s,a,e,c, AHS,NIC) = A fit (s, a, e)Fyr(a,e, AHS)g(c, NIC)

into a fit function common for all cohort members:

4 a , a e—20 e —20\*
Ao,fit(s' a,e) =10""exp| Bos + ﬂal,s ln% + ﬂaz,s In 50 + ﬁel,s 10 + ﬁez,s (T)
and an adjustment factor accounting for screening effect for the AHS members:
Fscr(a' e'AHS) = eXp(ﬁAHS(a - e)AHS),

where for non-zero factor AHS:

_ (Banus a — e > 25 (AHS in 1970 and later);
Bans(a =€) = {ﬁAHS,mo, a — e < 25 (AHS before 1970)

and a factor accounting for residential status (city and ‘not-in-the-city’ factor—NIC):

g(c,NIC) = exp(B.(c — 1) + Byic NIO).

In the further calculations, city- and NIC-status have been averaged out with weights defined from the
number of cancer cases observed in each of the sub-groups of the LSS cohort. For the dose response an
ERR model was chosen using the form

e—20)

a
ERR(s,e,a) = ay D exp (ass+ aaln%+ae 10

where the o's are the model parameters, D is the thyroid dose and the parameter s equals to +1 for
females and to —1 for males.
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Table S5.1: MLE estimates and confidence intervals (Cls) for the parameters of the ERR model
for risk of thyroid cancer. Cls are calculated from the likelihood profile.

Parameter Unit  MLE Confidence interval for probability:

P=0.68 P=0.95
Bon - -039  (—0.62; —0.17) -

Bo. - 0.53 (0.36: 0.70) -

Beiry —~ —0.22  (—0.33; —0.11) _

Bans - 0.21 (0.08: 0.33) -
Barsio0 - 0.33 (0.22; 0.44) -

Bnic - —047  (—0.61; —0.34) -

Bal.m - 1.9 (13, 25) —

Ba.s - 2.0 (1.5:2.4) -

Ba.s - —0.75  (—1.30; —0.24) -

6{&1;11 yr‘l 0.091 (n.a.; 0. 19) —

Be,.s yr~! —024  (—0.33;-0.16) -

Be,.r yr! 0.080  (0.060; 0.098) _

O Gy! 1.07 (0.71; 1.51) (0.44; 2.04)
. - —0.59 (—0.89; —0.32)  (—1.20;—0.08)
o, yr-' 103 (—1.89; -0.16)  (—2.74;0.70)
oty = 0.11  (—0.16;0.42)  (—0.52;0.77)
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Table S5.2: Covariance matrix for thyroid cancer risk model.

Bo,m Bos Beity Bans  Pansioro  Pnic Bal,m Bal,f Baz,f Bel,m Bel,f Bez,f og Oe oa Os
BO,m 5241E-02 2,327E-02 -3,056E-03 -1,892E-02 5,710E-03 -2,224E-03 5,505E-02 1,699E-02 -1,074E-03 -1,357E-02 -2,472E-03 -4,034E-05 -2,749E-03 1,059E-02 -2,086E-02 1,971E-02
B 0,f 2,327E-02 2,884E-02 -3,049E-03 -1,811E-02 5,245E-03 -2,452E-03 1,605E-02 1,796E-02 -6,867E-03 -2,457E-03 -2,898E-03 -4,456E-04 8,365E-03 5,869E-03 -1,805E-02 -2,437E-03
Beity -3,056E-03 -3,049E-03 1,193E-02 -2,150E-04 9,150E-05 9,485E-04 4,324E-04 5871E-04 3,448E-04 1,813E-04 2,259E-04 -6,845E-06 1,126E-03 -3,210E-05 2,007E-04 1,641E-04
BAHS -1,892E-02 -1,811E-02 -2,150E-04 1,639E-02 -5,500E-03 -1,483E-03 -1,196E-02 -1,387E-02 -4,604E-03 2,067E-03 1,487E-03 1,828E-04 -1,832E-02 -4,334E-03 -2,793E-03 -1,540E-03
BAHS,197O 5710E-03 5,245E-03 9,150E-05 -5,500E-03 1,234E-02 -8,012E-05 2,584E-02 3,053E-02 1,282E-02 -4,817E-03 -4,493E-03 -1,728E-04 2,275E-03 -4,968E-03 1,343E-02 -5,197E-04
BN IC -2,224E-03 -2,452E-03 9,485E-04 -1,483E-03 -8,012E-05 1,820E-02 -2,594E-04 6,213E-04 -5353E-05 1,217E-04 5,920E-05 5,509E-05 1,087E-02 3,192E-03 -3,338E-04 9,432E-04
Bal’m 5505E-02 1,605E-02 4,324E-04 -1,196E-02 2,584E-02 -2,594E-04 3,528E-01 7,866E-02 -1,278E-02 -4,479E-02 -1,317E-02 2,426E-04 2,085E-03 9,012E-03 -1,147E-01 -2,482E-02
Bal,f 1,699E-02 1,796E-02 5,871E-04 -1,387E-02 3,053E-02 6,213E-04 7,866E-02 1932E-01 1,081E-01 -1,422E-02 -2/411E-02 -1,325E-05 7,592E-04 9,804E-03 -4,351E-02 6,663E-03
Baz,f -1,074E-03 -6,867E-03 3,448E-04 -4,604E-03 1,282E-02 -5,353E-05 -1,278E-02 1,081E-01 2,795E-01 -8,967E-04 -2,902E-03 -2,816E-03 4,084E-02 -2,315E-02 1,930E-01 -8,443E-03
Bel,m -1,357E-02 -2,457E-03 1,813E-04 2,067E-03 -4,817E-03 1,217E-04 -4,479E-02 -1,422E-02 -8,967E-04 1,048E-02 2,591E-03 -9,358E-05 5457E-03 -3,190E-03 1,288E-02 -4,067E-03
Bel,f -2,472E-03 -2,898E-03 2,259E-04 1,487E-03 -4,493E-03 5920E-05 -1,317E-02 -2,411E-02 -2,902E-03 2,591E-03 6,903E-03 -9,600E-04 2,431E-03 -8,304E-03 1,785E-02 5,136E-04
Bez.f -4,034E-05 -4,456E-04 -6,845E-06 1,828E-04 -1,728E-04 5509E-05 2,426E-04 -1,325E-05 -2,816E-03 -9,358E-05 -9,600E-04 3,761E-04 -2,924E-04 2,230E-03 -4,203E-03 7,320E-05
Od -2,749E-03  8,365E-03 1,126E-03 -1,832E-02 2,275E-03 1,087E-02 2,085E-03 7,592E-04 4,084E-02 5457E-03 2,431E-03 -2,924E-04 1,596E-01 1,162E-02 1,322E-01 -4,987E-02
Ole 1,059E-02 5,869E-03 -3,210E-05 -4,334E-03 -4,968E-03 3,192E-03 9,012E-03 9,804E-03 -2,315E-02 -3,190E-03 -8,304E-03 2,230E-03 1,162E-02 7,686E-02 -1,359E-01 1,104E-02
Oa |-2086E-02 -1805E-02 2,007E-04 -2,793E-03 1,343E-02 -3338E-04 -1,147E-01 -4,351E-02 1,930E-01 1288E-02 1785E-02 -4203E-03 1322E-01 -1359E-01 7,040E-01 -2,217E-02
Os 1971E-02 -2,437E-03 1,641E-04 -1,540E-03 -5/197E-04 9,432E-04 -2,482E-02 6,663E-03 -8,443E-03 -4,067E-03 5,136E-04 7,320E-05 -4,987E-02 1,104E-02 -2,217E-02 8,117E-02
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S6. Cancer of digestive organs, excluding stomach and colon, group DIG
(ICD10: C00-C15, C17, C19-C26, C48)

Table S6.1: Statistical properties of the models fitted to characterize risk of cancers of digestive
organs (group DIG) for members of the LSS cohort

Estimated cases

Model type (name) K deviance AAIC AIC-weight (%)
baseline excess

ERR (DIG-ERR14) 14 39703 1127 8030.01 0 71.3

EAR (DIG-EAR14) 14 39835 995 8031.83 1.82 28.7

The ERR-type model dominates in the generated distribution of assigned share Z and contributes with
71.3% to the total generated sample. The parametric form of the baseline rate appears as follows:

70

2
+ (Bo + Bios) 197171(;915 + (P11 + Pi2s) (b110915) +

Ao(1074PY 1) = exp (}31 4 Bos + B4IC + BsIn % 1 Bysin? =t

+ (B3 + Bras) max® (O,In ﬁals) )

and the risk function as:

a
ERR = BioDexp (ﬁzs, In %)

The EAR-type model contributes with 28.7% to the generated sample of Z. For this model, the
parametric baseline rate is defined in the following form:

20107 PY~") = exp (ﬁn  Bas+ BalC+ (s + o) In 25+ Basin’ 2+

bh— 1915 131915)2
+

+ (Bo + Bios) T + (Bi1 + Bi2s) (

+PB13 max > (O,In ;1-3) ) .

The EAR is defined with linear dose response, and the only modifier depends on attained age:

10

—4 py—1y _ a
EAR(10*PY )—ﬁ]gDexp(ﬁg5ln7O).
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Table S6.2: Parameters and parameter statistics for the selected models of the DIG group

Parameter ERR-type model (ERR14) EAR-type model (EAR14)

Estimate (p-value) 95%CI Estimate (p-value) 95%CI
Bi 3.71 (<0.001) (3.64; 3.88) 3.71 (<0.001) (3.63;3.9)
B —0.51 (<0.001) (—0.57; —0.46) —0.45 (<0.001) (—0.48; —0.41)
Ba 0.078 (0.040) (0.04; 0.15) 0.083 (0.028) (0.046; 0.16)
Bs 6.88 (<0.001) (6.63; 7.43) 6.91 (<0.001) (6.64;7.5)
Bs — — — 0.66 (<0.001) (0.52; 0.96)
Bs 0.95 (<0.001) (0.41; 1.49) 1.91 (<0.001) (1.24; 2.6)
By —0.25 (<0.001) (—0.28; —0.22) —0.25 (<0.001) (—0.28;—-0.22)
Bro 0.045  (0.003) (0.016; 0.073) 0.041  (0.009) (0.026; 0.072)
B 0.020 (0.005) (0.006; 0.033) 0.019 (0.007) (0.005; 0.033)
Bi2 —0.020 (0.003) (—0.033; —0.007)  —0.019 (0.006) (—0.033; —0.006)
Bis —6.36  (<0.001) (—8.24; —4.72) —6.50 (<0.001) (—8.6; —4.8)
B4 1.64 (<0.001) (1.16; 3.0) — —
Bis 585 (<0.001) (54; 63.5) 58.7 (<0.001) (53.4;64.4)
Bio 0.24 (0.001) (0.17; 0.40) 6.85 (<0.001) (4.9;11)
Bas —3.04 (<0.001) (=3.9;-1.2) 226 (<0.001) (0.93;3.7)
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Table S6.3: Covariance matrix for the model DIG-ERR14

B1

B2

B4

Bs

Bs

Bo

PB1o

P11

P12

P13

B1a

Bis

Bao

B2s

1
B2
Ba
Bs
Bs
Bo
B1o
P11
P12
P13
B1a
Bis
B9
B2

3

5,271E-03
-4,840E-04
-1,009E-03
1,380E-02
5,838E-04
1,024E-04
-1,104E-04
-4,971E-05
2,299E-05
2,557E-02
-1,647E-02
-1,315E-01
-7,043E-04
-1,514E-02

-4,840E-04
7,918E-04
-3,100E-05
-1,526E-03
-1,087E-03
5,122E-06
1,336E-04
4,664E-06
-8,241E-05
-6,553E-03
-3,204E-03
2,086E-02
1,029E-04
1,437E-03

-1,009E-03
-3,100E-05

1,443E-03

1,005E-04
-5,498E-05
-8,872E-06
-8,783E-06
-7,841E-06

5,767E-06

2,968E-05
-7,811E-05
-6,136E-04
-5,652E-04
-2,952E-03

1,380E-02
-1,526E-03
1,005E-04
6,589E-02
-1,205E-03
-9,456E-04
-4,687E-04
4,039E-04
1,008E-04
2,758E-02
-4,307E-02
-3,702E-01
-2,984E-03
-8,025E-02

5,838E-04
-1,087E-03
-5,498E-05
-1,205E-03
7,473E-02
2,984E-04
1,359E-03
-9,869E-05
-5,375E-04
1,893E-02
-1,597E-02
-4,057E-02
6,358E-04
1,099E-02

1,024E-04
5,122E-06
-8,872E-06
-9,456E-04
2,984E-04
2,328E-04
5,244E-05
-3,228E-05
-1,762E-05
1,499E-03
-7,870E-04
-4,655E-03
1,626E-05
4,553E-04

-1,104E-04
1,336E-04
-8,783E-06
-4,687E-04
1,359E-03
5,244E-05
2,168E-04
-1,722E-05
-2,638E-05
-1,419E-03
-2,497E-03
5,046E-03
3,027E-05
4,087E-04

-4,971E-05
4,664E-06
-7,841E-06
4,039E-04
-9,869E-05
-3,228E-05
-1,722E-05
4,741E-05
7,265E-06
-1,463E-03
3,001E-04
1,015E-03
3,295E-06
-1,336E-04

2,299E-05
-8,241E-05
5,76 7E-06
1,008E-04
-5,375E-04
-1,762E-05
-2,638E-05
7,265E-06
4,529E-05
3,027E-04
-6,813E-05
-8,512E-04
-9,889E-06
-8,867E-05

2,557E-02
-6,553E-03
2,968E-05
2,758E-02
1,893E-02
1,499E-03
-1,419E-03
-1,463E-03
3,027E-04
9,205E-01
-2,615E-01
-1,730E+00
8,810E-04
3,126E-02

-1,647E-02
-3,204E-03
-7,811E-05
-4,307E-02
-1,597E-02
-7,870E-04
-2,497E-03
3,001E-04
-6,813E-05
-2,615E-01
2,399E-01
6,916E-01
1,583E-03
3,393E-02

-1,315E-01
2,086E-02
-6,136E-04
-3,702E-01
-4,057E-02
-4,655E-03
5,046E-03
1,015E-03
-8,512E-04
-1,730E+00
6,916E-01
5,346E+00
1,519E-02
3,073E-01

-7,043E-04
1,029E-04
-5,652E-04
-2,984E-03
6,358E-04
1,626E-05
3,027E-05
3,295E-06
-9,889E-06
8,810E-04
1,583E-03
1,519E-02
5,472E-03
4,590E-02

-1,514E-02
1,437E-03
-2,952E-03
-8,025E-02
1,099E-02
4,553E-04
4,087E-04
-1,336E-04
-8,867E-05
3,126E-02
3,393E-02
3,073E-01
4,590E-02
7,238E-01
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Table S6.4: Covariance matrix for the model DIG-EAR14

B1

B2

B4

Bs

Bs

Bs

Bo

B1o

P11

P12

P13

Bis

Bao

B2s

1
B2
Ba
Bs
Be
Bs
Bo
B1o
P11
P12
P13
Bis
B9
B2s

6,633E-03
1,548E-04
-1,038E-03
1,743E-02
-4,424E-04
-1,575E-03
1,469E-04
-1,992E-05
-5,791E-05
-8,160E-06
4,239E-02
-1,831E-01
-4,064E-03
-4,266E-03

1,548E-04
5,042E-04
-1,657E-05
3,352E-04
-3,721E-05
-1,606E-03
2,403E-05
-1,068E-05
5,445E-06
-8,029E-05
1,222E-04
-4,185E-03
-2,717E-03
-7,262E-04

-1,038E-03
-1,657E-05

1,436E-03
-1,988E-05
-2,478E-05
-8,186E-05
-3,156E-06
-1,726E-06
-6,690E-06

6,709E-06

1,052E-04
-4,512E-05
-1,274E-02
-2,291E-03

1,743E-02
3,352E-04
-1,988E-05
7,603E-02
1,202E-03
-3,112E-03
-9,031E-04
-2,795E-04
4,263E-04
2,406E-05
7,339E-02
-5,125E-01
-1,427E-02
-2,561E-02

-4,424E-04
-3,721E-05
-2,478E-05
1,202E-03
2,270E-02
2,697E-02
-1,284E-04
-1,406E-03
7,975E-05
9,644E-05
-2,281E-02
2,533E-02
2,733E-03
-9,584E-04

-1,575E-03
-1,606E-03
-8,186E-05
-3,112E-03
2,697E-02
1,203E-01
5,084E-05
-3,430E-04
2,038E-05
-5,107E-04
-4,151E-02
6,809E-02
1,506E-02
4,687E-03

1,469E-04
2,403E-05
-3,156E-06
-9,031E-04
-1,284E-04
5,084E-05
2,489E-04
6,411E-05
-3,583E-05
-2,126E-05
2,004E-03
-6,187E-03
-1,339E-03
-1,529E-04

-1,992E-05
-1,068E-05
-7,726E-06
-2,795E-04
-1,406E-03
-3,430E-04

6,411E-05

2,445E-04
-2,090E-05
-3,329E-05
-2,786E-04

1,540E-03

3,781E-05
-8,086E-05

-5,791E-05
5,445E-06
-6,690E-06
4,263E-04
7,975E-05
2,038E-05
-3,583E-05
-2,090E-05
5,052E-05
9,106E-06
-1,633E-03
1,268E-03
-3,223E-04
-2,082E-04

-8,160E-06
-8,029E-05
6,709E-06
2,406E-05
9,644E-05
-5,107E-04
-2,126E-05
-3,329E-05
9,106E-06
4,854E-05
-8,612E-05
3,102E-04
-3,294E-04
6,598E-08

4,239E-02
1,222E-04
1,052E-04
7,339E-02
-2,281E-02
-4,151E-02
2,004E-03
-2,786E-04
-1,633E-03
-8,612E-05
1,134E+00
-2,352E+00
-7,023E-03
3,578E-03

-1,831E-01
-4,185E-03
-4,512E-05
-5,125E-01
2,533E-02
6,809E-02
-6,187E-03
1,540E-03
1,268E-03
3,102E-04
-2,352E+00
7,261E+00
1,137E-01
9,920E-02

-4,064E-03
-2,717E-03
-1,274E-02
-1,427E-02
2,733E-03
1,506E-02
-1,339E-03
3,781E-05
-3,223E-04
-3,294E-04
-7,023E-03
1,137E-01
4,033E+00
9,201E-01

-4,266E-03
-7,262E-04
-2,291E-03
-2,561E-02
-9,584E-04
4,687E-03
-1,529E-04
-8,086E-05
-2,082E-04
6,598E-08
3,578E-03
9,920E-02
9,201E-01
4,628E-01
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S7.  Cancer of the remaining organs, group REM (ICD10: C30-C32,
C37-C41, C45-C47, C49, C62, C74-CT76)

Table S7.1: Statistical properties of the models fitted to characterize risk of cancer for
remaining organs (group REM) for members of the LSS cohort

Estimated cases

Model type (name) K Deviance AAIC AIC-weight (%)
baseline excess

ERR (REM-ERR11) 11 308.6 15.4 2031.12 — 67.04

EAR (REM-EARI11) 11 309.6 14.4 2032.54 1.42 32.96

The group of “remaining” solid cancers, the REM group, has combined all diagnoses in the LSS
cohort, for which the number of the observed cancer cases was not sufficient for statistically
significant inference of radiation risk.

Radiation risk modelling was performed using descriptive models of ERR- and EAR-types. Structure
of the baseline function was the same for both risk models and appears as follows:

Ao = exp (ﬁ] +ﬁzs+ﬁ41(ﬁ'+ﬁ5ln%+ﬁ7ln2%+

by — 1915
+BoZ o+ (Bia + Buas) max’ (o,ln “) )

15

Radiation risk in the ERR-type model is expressed with an age-dependent modifier:

ERR = B9 Dexp (st In ;—0) ,

while in the EAR-type model no statistically significant effect modifiers were found:
EAR(107*PY™") = (Bi9 + Baos) D.

Table S7.2: Parameters and their statistics for the fitted risk models of solid cancers of
remaining organs (group REM) among members of the LSS cohort

Parameter ERR-type model (REM-ERR11) EAR-type model (REM-EARI1)
Estimate  (p-value) 95%CI Estimate (p-value) 95%CI

Bi 0.95 (0.007) (0.27; 2.72) 0.90 (0.037) (0.48; 4.3)
B —0.57 (<0.001) (—0.65;-0.41) —0.56 (<0.001) (—0.64; —0.37)
Ba 0.41 (0.006) (0.26; 0.71) 0.41 (0.005) (0.27;0.7)
Bs 5.32  (<0.001) (2.6; 10.3) 5.01 (0.005) (1.5; 8.6)
B 2.03  (0.084) (—2.5;4.4) 1.76  (0.25) (—1.2;4.8)
Bo 0.12 (0.018) (0.07;0.21) 0.12 (0.016) (0.07;0.22)
B3 —9.83 (0.001) (—197; —4.4) —9.57 (0.005) (—36; -3.4)
P14 —-2.34 (0.12) (—26; —0.19) —2.56 (0.18) (—17.5;0.23)
Bis 55.5 (<0.001) (46.4; 85.2) 55.9 (<0.001) (32; 100)
Bio 0.25 (0.20) (0.06; 0.76) 0.60 (0.030) (0.33; 1.24)
Bao — — -0.41  (0.136) (—0.95; 0.048)
Bas =277 (0.019) (—=5.1; —0.43) —_ — —
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Table S7.3: Covariance matrix for the model REM-EAR11.

B1 B2 B4 Bs Bz Bo P13 P14 B1s B1o B20
P 1,833E-01 1,063E-02 -1,693E-02 7,018E-01 5,387E-01 -1,893E-03 -2,105E-02 5,152E-01 -2,194E+00 -2,147E-03 -8,946E-05
B 1,063E-02 7,204E-03 -3,601E-04 3,391E-02 2,640E-02 8,139E-05 7,605E-03 -2,537E-02 -1,395E-01 2,856E-03 -4,213E-03
P -1,693E-02 -3,601E-04 2,196E-02 2,989E-03 2,257E-03 -2,028E-04 -1,646E-03 2,644E-03 -7,520E-03 -4,754E-03 3,868E-03
Ps 7,018E-01 3,391E-02 2,989E-03 3,250E+00 2,622E+00 -1,701E-02 -1,183E+00 1,970E+00 -8,251E+00 -9,607E-03 -3,437E-04
iy 5,387E-01 2,640E-02 2,257E-03 2,622E+00 2,338E+00 -8,545E-03 -1,414E+00 1,434E+00 -6,038E+00 -1,482E-02 1,369E-03
Bo -1,893E-03 8,139E-05 -2,028E-04 -1,701E-02 -8,545E-03 2,614E-03 1,746E-02 7,181E-03 -1,419E-02 6,221E-04 -6,820E-04
e -2,105E-02 7,605E-03 -1,646E-03 -1,183E+00 -1,414E+00 1,746E-02 1,150E+01 3,121E+00 -9,608E+00 6,521E-04 9,870E-03
Pas 5,152E-01 -2,537E-02 2,644E-03 1,970E+00 1,434E+00 7,181E-03 3,121E+00 3,686E+00 -9,522E+00 -3,033E-02 2,929E-02
Pas -2,194E+00 -1,395E-01 -7,520E-03 -8,251E+00 -6,038E+00 -1,419E-02 -9,608E+00 -9,522E+00 3,802E+01 4,292E-02 -2,277E-02
Pao -2,147E-03 2,856E-03 -4,754E-03 -9,607E-03 -1,482E-02 6,221E-04 6,521E-04 -3,033E-02 4,292E-02 7,726E-02 -6,472E-02
Po -8,946E-05 -4,213E-03 3,868E-03 -3,437E-04 1,369E-03 -6,820E-04 9,870E-03 2,929E-02 -2,277E-02 -6,472E-02 7,645E-02
Table S7.4: Covariance matrix for the model REM-ERR11.
B1 B2 Ba Bs Bz Bo B3 B1a Bis B1o Bes
P 1,241E-01 6,371E-03 -1,796E-02 4,359E-01 3,152E-01 -1,514E-03 -7,692E-02 2,621E-01 -1,257E+00 7,135E-03 5,209E-02
P 6,371E-03 6,250E-03 -1,717E-04 1,617E-02 1,203E-02 1,883E-05 -3,590E-04 -3,717E-02 -7,123E-02 4,280E-04 2,483E-03
P -1,796E-02 -1,717E-04 2,224E-02 -3,259E-03 -4,381E-03 -1,219E-04 3,120E-03 -1,496E-03 2,577E-03 -5,506E-03 -1,729E-02
Ps 4,359E-01 1,617E-02 -3,259E-03 2,015E+00 1,554E+00 -1,451E-02 -1,131E+00 9,443E-01 -4,361E+00 4,993E-02 3,784E-01
p7 3,152E-01 1,203E-02 -4,381E-03 1,554E+00 1,387E+00 -6,643E-03 -1,178E+00 6,386E-01 -2,964E+00 5,948E-02 5,775E-01
B -1,514E-03 1,883E-05 -1,219E-04 -1451E-02 -6,643E-03 2,429E-03 1,282E-02 6,490E-03 -1,327E-02 -1,160E-04 -3,321E-04
Pas -7,692E-02 -3,590E-04 3,120E-03 -1,131E+00 -1,178E+00 1,282E-02 9,135E+00 2,137E+00 -6,740E+00 -5,625E-02 -5,041E-01
Pas 2,621E-01 -3,717E-02 -1,496E-03 9,443E-01 6,386E-01 6,490E-03 2,137E+00 2,303E+00 -5,000E+00 1,002E-02 8,181E-02
Pas -1,257E+00 -7,123E-02 2,577E-03 -4,361E+00 -2,964E+00 -1,327E-02 -6,740E+00 -5,000E+00 2,166E+01 -4,474E-02 -3,633E-01
Pao 7,135E-03 4,280E-04 -5506E-03 4,993E-02 5,948E-02 -1,160E-04 -5,625E-02 1,002E-02 -4,474E-02 3,829E-02 1,783E-01
Pas 5,209E-02 2,483E-03 -1,729E-02 3,784E-01 5,775E-01 -3,321E-04 -5,041E-01 8,181E-02 -3,633E-01 1,783E-01 1,402E+00
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S8.  Cancers of female genital organs, group GNF1 — Uterus/Cervix
(ICD10: C53)

Table S8.1: Statistical properties of the models fitted to characterize risk of female cervical
cancers (group GNF1) for members of the LSS cohort

Estimated cases: . .
Model type (name) K baseline  excess Deviance AAIC AIC-weight (%)

EAR (GNFI-EAR8) 8 970.0 8.0 2861.05 - 57.08
ERR (GNF1-ERR8) 8 973.6 4.4 2861.62 0.57 42.92

The fitted models share the similar parametric representation for the baseline:

~4py—1y _ a 2 4
Ao(107*PY )—exp(ﬁ1+ﬁsln70+ﬁ7ln 704—

b—1915 b—1915\7 5 a
In —
+ o o +ﬁ11( T )+Bl3max (0701815))

Both models are simple models with a linear dose-response without effect modifiers. The EAR model
is represented by:

EAR(107*PY 1) = B1oD

and the ERR model by:
ERR=f1oD

Table S8.2: Parameters and parameter statistics for the selected models of the GNF1 (cervical
cancer) model group

Parameter ERR-type model (GNF1-ERRS) EAR-type model (GNF1-EARS)
Estimate (p-value) 95%CI Estimate (p-value) 95%Cl

Bi 091 (0.11) (—1.3; 1.64) 0.75 (0.23) (—4.1; 1.6)

Bs —5.92 (0.006) (—8.0; —3.0) —6.62 (0.007) (=9.0; —3.3)
B7 —6.69 (<0.001) (—10.4; —3.9) —7.40 (0.001) (—11.9; —4.1)
Bo 0.34  (<0.001) (0.31;0.41) 0.35 (<0.001) (0.32; 0.41)
B —0.030 (0.034) (—0.057;, —0.003) —0.031 (0.031) (—0.058; —0.003)
Bi3 6.52 (0.002) (4.4;11.6) 7.27 (0.005) 4.7, 14.6)
Bis 48.5 (<0.001) (40.5; 60) 48.0 (<0.001) (35.5;59)

Bio 0.06 (0.68) (—0.08; 0.35) 0.57 (0.41) (—=0.11;2.0)
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Table S8.3: Covariance matrix for the model GNF1-EARS8

B1 Bs B7 Bg Bu1 P13 Bis B1o
P 3,874E-01 1511E+00 1,361E+00 -1,707E-03  1,784E-04 -1,387E+00 1,628E+00 -1,344E-01
Ps 1511E+00 6,066E+00 5,579E+00 -8,892E-03 1,474E-03 -5,842E+00 5,786E+00 -5,622E-01
p 1,361E+00 5579E+00 5,278E+00 -5,433E-03 3,053E-04 -5567E+00 4,816E+00 -5,632E-01
Po -1,707E-03  -8,892E-03 -5,433E-03  1,059E-03 -7,939E-05 6,037E-03  -4,084E-04  2,686E-03
P 1,784E-04 1,474E-03 3,053E-04 -7,939E-05 1,999E-04 -3,555E-03 7,000E-05 -6,102E-04
P13 -1,387E+00 -5,842E+00 -5,567E+00 6,037E-03 -3,555E-03 6,775E+00 -3,442E+00 5,861E-01
P1s 1,628E+00 5,786E+00 4,816E+00 -4,084E-04 7,000E-05 -3,442E+00 1,024E+01 -3,899E-01
P1o -1,344E-01 -5,622E-01 -5,632E-01 2,686E-03 -6,102E-04 5,861E-01 -3,899E-01 4,696E-01

Table S8.4: Covariance matrix for the model GNF1-ERR8

B1 Bs Bz Bo P11 P13 Bis B1o
P 3,172E-01 1,183E+00 1,006E+00 -6,870E-04 -7,482E-05 -9,164E-01 1,964E+00 -1,219E-03
Ps 1,183E+00 4,566E+00 3,984E+00 -4,718E-03 4,550E-04  -3,824E+00 6,746E+00 1,047E-03
p7 1,006E+00 3,984E+00 3,603E+00 -1,448E-03 -6,422E-04  -3,534E+00 5,342E+00 6,149E-04
Po -6,870E-04 -4,718E-03 -1,448E-03 1,023E-03 -7,113E-05 2,040E-03 3,493E-03  1,432E-05
Pu -7,482E-05 4,550E-04 -6,422E-04 -7,113E-05 1,947E-04 -2,580E-03 -8,506E-04 1,861E-05
P13 -9,164E-01 -3,824E+00 -3,534E+00 2,040E-03 -2,580E-03 4523E+00 -2,933E+00 2,121E-04
i 1,964E+00 6,746E+00 5,342E+00 3,493E-03 -8,506E-04 -2,933E+00 1,652E+01 2,403E-03
Pao -1,219E-03 1,047E-03  6,149E-04 1,432E-05 1,861E-05 2,121E-04 2,403E-03  1,783E-02
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S9. Cancer of female genital organs, group GNF2 — Uterus/Corpus and
other (ICD10: C51-C52, C54-C58)

Table S9.1: Statistical properties of the models fitted to characterize risk of cancers of female
genital organs other than cervix uteri (group GNF2) for members of the LSS cohort

Model type (name) K Estln‘.lated cases: Deviance AAIC AIC-weight (%)
baseline excess

EAR (GNF2-EAR5) 5 472.0 7.0 1970.87 1.93 27.59
ERR (GNF2-ERRS5) 5 4659 13.1 1969.11 — 72.41

The fitted models have the same structure of the parametric baseline, which appear as follows:

Ao(1074PY l)—exp(ﬁ1+ﬁsln B7ln [39 1915)

The statistical significance was not sufficient to identify effect modifiers. Therefore, both for the EAR-
and ERR-type model, risk functions depend linearly on dose without additional age dependencies. The
EAR model is represented by:

EAR(10 *PY 1) = B1oD

and the ERR model by:

ERR = B9 D.

Table S9.2: Parameters and parameter statistics for the selected models of the GNF2 group
(female genital organs, excluding cervix uteri)

Parameter ERR-type model (GNF2-ERRS) EAR-type model (GNF2-EARS)
Estimate (p-value) 95%ClI Estimate (p-value) 95%CI
B 1.49  (<0.001) (1.4;1.6) 1.51 (<0.001) (1.4;1.6)
Bs 1.1 (0.009) (0.28; 1.9) 1.07 (0.012) (0.24; 1.9)
B —2.98 (<0.001) (—4.4; —1.6) —3.13 (<0.001) (—4.6; —1.7)
Bo —0.12  (0.004) (—0.21; —0.04) —0.12  (0.005) (—0.21; —0.04)
Bio 035 (0.12) (0.13; 0.86) 049 (0.30) (0.03; 1.6)
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Table S9.3: Covariance matrix for the model GNF2-EAR5

Bl BS B7 B9 B19
P 3,230E-03 6,747E-03 -4,422E-03 -6,243E-04 -3,824E-03
Ps 6,747E-03 1,807E-01 2,388E-01 -9,865E-03 -4,304E-03
P -4,422E-03 2,388E-01 5,774E-01 -5,541E-03 -3,777E-02
Po -6,243E-04 -9,865E-03 -5,541E-03 1,856E-03 6,006E-04
P1o -3,824E-03 -4,304E-03 -3,777E-02 6,006E-04 2,195E-01

Table S9.4: Covariance matrix for the model GNF2-ERR5

Bl BS B7 B9 B19
P 3,372E-03 6,579E-03 -4,235E-03 -5,963E-04 -3,845E-03
Ps 6,579E-03 1,745E-01 2,244E-01 -9,658E-03 1,707E-03
P -4,235E-03  2,244E-01 5,184E-01 -5,345E-03 1,789E-03
Po -5,963E-04 -9,658E-03 -5,345E-03 1,814E-03 2,126E-05
P1o -3,845E-03 1,707E-03 1,789E-03 2,126E-05 5,009E-02
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S10. Cancer of male genital organs, group GNM (ICD10: C60-C61, C63)

Table S10.1: Statistical properties of the models fitted to characterize risk of cancers of male
genital organs (group GNM) for members of the LSS cohort

Model type K Estimated cases: Deviance AAIC AIC-weight
(name) baseline excess (%)
EAR (GNM-EAR7) 7 396.2 6.8 1518.05  5.565 4.72
ERR (GNM-ERR8a) 8 398.6 4.4 1510.48 — 76.35
ERR (GNM-ERR8b) 8 396.7 6.3 1513.27  2.789 18.93

Modelling of radiation risk of cancers of male genital organs (dominated by cancers of prostate: 387 of
403 considered) resulted in three models (see Table S10.1).

In the selected models, the parametric baseline is described using a simple representation which
accounts only for effects of age and birth year. However, despite of general similarity, the baseline rate
representations for different models vary. For example, the baseline equation for the ‘GNM EAR7’
model includes no quadratic spline term and appears as follows:

1915 — 1915
Ao(107*PY ™~ l)@Xp(ﬁ]—f—ﬁsln + B71n* +ﬁ9 ﬁll( 0 ) )
with the risk function of the following form:

Y
EAR(107*py~1) = BlgDexp(ﬁ25]n7())

The model ‘GNM-ERR8a’ is formulated with the following baseline function:

Ao(1074PY 1) =exp (ﬁ] -I-ﬁsln— + B71n? %-0-

+ﬁ9 1915 ﬁ]l( 10915) +ﬁ13max2 (O,IH%))

and with a simple, linear dose-response risk model:

ERR = B1oD.

The model ‘GNM-ERRS8b’ has a simpler baseline function:

Ao(1074PY 1) =exp ([31 +Bs ln— + B;1n? E +ﬁ9 1915 + Brzmax? (O In 5_))
15
with radiation risk including also an attained-age effect modifier:
ERR = Bi9Dexp (ﬁzs In 70)

Parameter values and statistics are shown in Table S10.2. As seen from the table, parameters of the

radiation risk functions show low statistical significance.
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Table S10.2: Parameters and parameter statistics for the selected models of the group GNM for cancers of male genital organs

Parameter EAR-type model (GNM-EAR7) ERR-type model (GNM-ERR8a) ERR-type model (GNM-ERRS8b)
Estimate (p-value) 95%CI Estimate (p-value) 95%CI Estimate (p-value) 95%CI

B 2.36 (<0.001) (2.28; 2.51) 2.78 (<0.001) (2.39; 4.7) 2.75 (<0.001) (2.38; 4.8)
Bs 10.8 (<0.001) (9.3:12.3) 17.5 (<0.001) (11.7; 25.4) 16.1 (<0.001) (10.6; 27.6)
B —13.8 (<0.001) (—17.2; —6.9) 8.2(0.010) (—4.2;9.8) 6.82 (0.087) (—8.6; 8.8)
Bo —0.32 (<0.001)  (—0.45; -0.19)  —0.32 (<0.001) (—0.39; —0.2) —0.25 (<0.001)  (—0.34; —0.15)
B 0.043 (0.078) (—0.005; 0.09) 0.044 (0.061) (—0.002; 0.089) — —
B3 — — —24.5(<0.001)  (=99.7; =9.98)  —21.3(<0.001) (—341; —6.6)
Bis — — 61.5 (<0.001) (54.2; 110) 61.7 (<0.001) (54; 114)
Bio 1.39 (0.38) (—0.14; 5.2) 0.12 (0.56) (—0.083; 0.62) 0.20 (0.37) (—0.016; 0.74)
Bas 2.7 (0.27) (—7.0; 42.6) — — —3.7(0.33) (—=7.4;26.7)
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Table S10.3: Covariance matrix for the model GNM-EAR7

B1 Bs Bz Bo B11 B1o B2s
B 6,230E-03 -3,331E-03 -8,874E-02 -2,726E-05 -5,558E-04 -2,386E-02 -3,509E-02
Bs -3,331E-03 5,675E-01 -1,733E+00 -3,415E-02 8,526E-03 2,681E-01 -7,107E-02
pr -8,874E-02 -1,733E+00 1,217E+01 9,246E-02 -3,428E-02 -8,625E-01 1,001E+00
P -2,726E-05 -3,415E-02 9,246E-02 4,435E-03 -1,165E-03 -1,244E-02 9,736E-05
Pu -5,558E-04 8,526E-03 -3,428E-02 -1,165E-03 5,970E-04 4,193E-03 2,270E-04
B -2,386E-02 2,681E-01 -8,625E-01 -1,244E-02 4,193E-03 2,46 7TE+00 2,725E+00
s -3,509E-02 -7,107E-02 1,001E+00 9,736E-05 2,270E-04 2,725E+00 6,138E+00
Table S10.4: Covariance matrix for the model GNM-ERR8a
Bs Bz Bo P11 P13 B1s B1o
B 1,616E-01 1,075E+00 9,293E-01 -1,094E-03 2,202E-04 -3,885E-01 -1,419E+00 -4,497E-03
Bs 1,075E+00 8,772E+00 8,092E+00 -4,933E-02 1,676E-02 -7,264E+00 -8,964E+00 -1,514E-03
Br 9,293E-01 8,092E+00 1,020E+01 -2,773E-02 9,173E-03 -9,684E+00 -7,234E+00 -8,757E-04
Bo -1,094E-03 -4,933E-02 -2,773E-02 3,991E-03 -1,025E-03 9,625E-02 -5,351E-03 -1,649E-05
Pua 2,202E-04 1,676E-02 9,173E-03 -1,025E-03 5,476E-04 -3,408E-02 -1,859E-03 3,026E-05
Pas -3,885E-01 -7,264E+00 -9,684E+00 9,625E-02 -3,408E-02 2,338E+01 -9,923E-01 5,371E-03
Pas -1,419E+00 -8,964E+00 -7,234E+00 -5,351E-03 -1,859E-03 -9,923E-01 1,383E+01 2,067E-03
Pao -4,497E-03 -1,514E-03 -8,757E-04 -1,649E-05 3,026E-05 5,371E-03 2,067E-03 4,536E-02
Table S10.5: Covariance matrix for the model GNM-ERR8b
B1 Bs B7 Bo P13 B1s B1o B2s
i 1,423E-01 9,835E-01 1,025E+00 -1,093E-03 -5,812E-01 -1,409E+00 -6,429E-03  3,080E-01
Bs 9,835E-01 8,062E+00 9,262E+00 -1,863E-02 -8,231E+00 -9,166E+00 -3,581E-03 3,162E+00
p7 1,025E+00 9,262E+00 1,585E+01 -1,089E-02 -1,499E+01 -8,457E+00 -8,795E-02 9,181E+00
Po -1,093E-03 -1,863E-02 -1,089E-02 2,180E-03 3,065E-02 -6,687E-03 -1,673E-06 -1,294E-04
Pas -5,812E-01 -8,231E+00 -1,499E+01 3,065E-02 2,664E+01 1,362E-01 6,377E-02 -8,464E+00
Pas -1,409E+00 -9,166E+00 -8,457E+00 -6,687E-03 1,362E-01 1,586E+01 8,564E-03 -1,896E+00
Pao -6,429E-03 -3,581E-03 -8,795E-02 -1,673E-06 6,377E-02 8,564E-03 5,073E-02 3,908E-03
Pas 3,080E-01 3,162E+00 9,181E+00 -1,294E-04 -8,464E+00 -1,896E+00 3,908E-03 1,428E+01
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S11. Cancer of urinary organs, group URI (ICD10: C64—-C68)

Table S11.1: Statistical properties of the models fitted to characterize risk of cancers of urinary
tract organs (group URI) for members of the LSS cohort

Model type (name) K Estimated cases Deviance AAIC AIC weight (%)

baseline excess

ERR (URI-ERR9) 9 6823 58.7 3368.67 024 470
EAR (URI-EAR10) 10 687.0 54.0 336643 - 53.0

The group of urinary cancers (URI) combines cases diagnosed with cancer of kidney (178 cases), renal
pelvis and ureter (92 cases), urinary bladder (511), and other parts of urinary system (26 cases). The
ERR-type model has a baseline of the form:

70

+ﬁ9b 1915 Bn( 10915) + Bramax? (o lnﬁ))

ERR = (B1o + Pros) D.

Ao(1074PY 1) =exp (ﬁl +ﬁzs+ﬁ5ln—

and the risk is represented as:

The baseline of the EAR-type model has the following form:

2.0(10 dpy- l)*exp (ﬁl—i—ﬁg?—l—ﬁsln——f—ﬁﬂn 70

gl 1915 B“( 1915) + Bramax? (0]“]3]5))

and the risk is represented as:

EAR(10*PY 1) = BoDexp (ﬁ25 In %) .
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Table S11.2: Parameters and parameter statistics for the selected models of the URI (cancers of
urinary tract organs) model group

Parameter ERR-type model (URI-ERRY) EAR-type model (URI-EARI10)
Estimate (p-value) 95%CI Estimate (p-value) 95%CI

B 1.80 (<0.001) (1.72; 1.98) 2.25 (<0.001) (1.9;3.7)
B> —0.66 (<0.001) (—0.75; —0.58) —0.66 (<0.001) (—0.74; —0.58)
Bs 7.07 (<0.001) (6.65; 8.0) 10.6  (<0.001) (8.8; 14)
B —_ — — 4.1 (0.018) (0.72; 4.4)
Bo —-0.26  (<0.001) (—0.33; —0.19) —0.29 (<0.001) (=0.36; —0.21)
B 0.033 (0.035) (0.002; 0.063) 0.040 (0.017) (0.007; 0.072)
B3 —14.6 (0.015) (—26.3; —6.6) —13.4 (<0.001) (—19; =7.7)
Bis 69.6 (<0.001) (62.3;76.8) 58.6 (<0.001) (49.3;72)
Bio 1.21 (<0.001) (0.94; 1.85) 42 (<0.001) (3.2:6.4)
Bro 0.73 (0.011) (0.45; 1.36) — — —
Pas — — 3.6 (<0.001) (2.7, 5.7)
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Table S11.3: Covariance matrix for the model URI-EAR10.

B1 B2 Bs B7 Ba P11 B1s Bis B1o Bos
P 1,271E-01 5,962E-04 6,191E-01 5,195E-01 7,290E-04 -1,603E-04 2,746E-02 -1,593E+00 -8,526E-03 -2,023E-02
P2 5,962E-04 1,747E-03  -2,548E-04 -2,028E-04 5,195E-05 7,027E-05  -1,792E-03  -1,384E-03  -6,699E-03  -2,691E-03
Ps 6,191E-01 -2,548E-04  3,443E+00 3,012E+00 -9,588E-03 4,693E-03 -1,126E+00 -7,324E+00 1,615E-02 -1,325E-01
p7 5195E-01 -2,028E-04  3,012E+00  3,008E+00  -4,828E-03 2,428E-03 -1,575E+00 -5,883E+00 2,464E-02  -5,339E-02
Po 7,290E-04 5195E-05 -9,588E-03 -4,828E-03 1,457E-03 -2,557E-04 2,439E-02 -2,055E-02 -8,952E-04 6,488E-04
Pu -1,603E-04 7,027E-05 4,693E-03 2,428E-03 -2,557E-04 2,783E-04  -1,321E-02 2,862E-03 7,338E-05 -6,007E-04
K 2,746E-02  -1,792E-03 -1,126E+00 -1,575E+00 2,439E-02 -1,321E-02  7,897E+00 -4,426E+00 5,996E-02 9,252E-02
Ps -1,593E+00 -1,384E-03 -7,324E+00 -5,883E+00 -2,055E-02 2,862E-03 -4,426E+00 2,257E+01  -1,090E-01 1,449E-01
Pao -8,526E-03  -6,699E-03 1,615E-02 2,464E-02  -8,952E-04 7,338E-05 5996E-02 -1,090E-01  1,096E+00 4,173E-01
Pas -2,023E-02 -2,691E-03 -1,325E-01  -5,339E-02 6,488E-04 -6,007E-04 9,252E-02 1,449E-01 4,173E-01 8,479E-01
Table S11.4: Covariance matrix for the model URI-ERR 9.
B1 B2 Bs Bo B Bi3 Bis B1o Bao
P 5,552E-03 4,581E-04 1,508E-02 -1,608E-05 -2,801E-04 1,626E-01 -1,698E-01 -6,374E-03  -3,842E-03
P2 4,581E-04 1,899E-03 -5,879E-04 2,849E-05 6,459E-05 -2,069E-03 -1,933E-03 -3,692E-03 -6,007E-03
Ps 1,508E-02 -5,879E-04 1,846E-01  -7,895E-03 2,485E-03 3,689E-01 -7,594E-01 5,456E-04 1,887E-04
Po -1,608E-05 2,849E-05 -7,895E-03 1,241E-03 -2,068E-04 2,050E-02 -6,450E-03  -4,898E-05 4,011E-05
Pu -2,801E-04 6,459E-05 2,485E-03 -2,068E-04 2,414E-04  -7,231E-03  -4,503E-03 7,095E-05 1,079E-05
BE 1,626E-01 -2,069E-03 3,689E-01 2,050E-02 -7,231E-03  3,585E+01 -1,926E+01  -1,593E-03 2,250E-03
P1s -1,698E-01 -1,933E-03 -7,594E-01 -6,450E-03 -4,503E-03 -1,926E+01 1,389E+01 9,377E-03 3,798E-03
Bao -6,374E-03  -3,692E-03 5,456E-04  -4,898E-05 7,095E-05  -1,593E-03 9,377E-03 8,214E-02 5,567E-02
Po -3,842E-03  -6,007E-03 1,887E-04 4,011E-05 1,079E-05 2,250E-03 3,798E-03 5,567E-02 8,204E-02

49




S12. Cancer of brain and central nervous system, group BCNS (ICD10:
C69-C72)

Table S12.1: Statistical properties of the models fitted to characterize risk of cancers of brain and
central nervous system (group BCNS) for members of the LSS cohort

Estimated cases ¢

Model type (name) K Deviance AAIC AIC-weight (%)
baseline excess
EAR (BCNS-EAR6) 6  236.9 10.2 1870.31 0.65 41.91
ERR (BCNS-ERR7) 7 2339 12.1 1867.66 — 58.09

¢ Screening effect of the autopsy program (mostly, before 1970) is excluded

The fitted models have the following common parametric form for the function describing the
baseline rate:

b—1915
A(1074PY 1) =exp (ﬁl +ﬁ4lc+ﬁ51n7% +ﬁ910) ,
and the radiation risk is specified using a constant linear dose-response EAR-type model:
EAR(10 *PY ') = BoD,

and a linear dose-response ERR-type model with an attained age effect modifier:

ERR = BioDexp ([325 In 7%) .

For cancers of the BCNS group, the screening factor for the LSS cohort is
Fier = exp (Bazsign (cy — 1970))

where sgn is +1 for positive value of the argument, and -1 for negative values.

Table S12.2: Parameters and their statistics for the BCNS cancer group risk models

Parameter ERR-type model (BCNS-ERR7) EAR-type model (BCNS-EARG6)
Estimate (p-value) 95%ClI Estimate (p-value) 95%CI

By 0.26 (0.16) (—0.10; 0.61) 0.23  (0.21) (—=0.13;0.57)
B4 0.63 (<0.001) (0.46; 0.99) 0.64 (<0.001) (0.47;0.99)
Bs 391 (<0.001) (3.42;4.92) 3.77 (<0.001) (3.28; 4.76)
Bo —0.36 (<0.001) (—0.52; —0.19) —0.34 (<0.001) (-0.51;—-0.17)
Bro 0.24 (0.23) (0.045; 0.79) 0.46 (0.046) (0.24; 0.99)
Bos —2.97 (0.009) (—5.2; —0.66) — —

Bs3 —0.31 (0.007) (—0.53; —0.086) —0.27 (0.015) (—0.49; —0.06)
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Table S12.3: Covariance matrix for the model BCNS-EARG6

Ba Ba Bs Bo B1o B33
P 3,346E-02 -2,465E-02 4,294E-02 -6,459E-03 -2,826E-03 -9,378E-03
Pa -2,465E-02  2,998E-02 1,329E-03  -3,866E-04 -4,701E-03 -5,709E-04
Ps 4,294E-02  1,329E-03 2,485E-01 -3,614E-02 -7,879E-03 -4,088E-02
Pe -6,459E-03  -3,866E-04 -3,614E-02  7,313E-03 2,543E-03 7,404E-03
P1o -2,826E-03 -4,701E-03 -7,879E-03  2,543E-03 5,358E-02 5,091E-03
Pss -9,378E-03  -5,709E-04 -4,088E-02  7,404E-03 5,091E-03 1,236E-02

Table S12.4: Covariance matrix for the model BCNS-ERR7

B1 Ba Bs Ba B1o Bos B3
P 3,360E-02 -2,501E-02 4,423E-02 -6,476E-03 -7,774E-04 -1,910E-02 -9,576E-03
Ba -2,501E-02 3,025E-02 -6,719E-05 -1,508E-04 -5,820E-03 -1,824E-02 -6,060E-05
Ps 4,423E-02 -6,719E-05 2,567E-01 -3,613E-02 -4,392E-03 -1,346E-01 -4,251E-02
Po -6,476E-03 -1,508E-04 -3,613E-02 7,065E-03 9,906E-04 1,215E-02 7,459E-03
Pro | -7,774E-04 -5,820E-03 -4,392E-03 9,906E-04 3,791E-02 1,785E-01 9,478E-04
Bos | -1,910E-02 -1,824E-02 -1,346E-01 1,215E-02 1,785E-01 1,281E+00 1,027E-02
Pss | -9,576E-03 -6,060E-05 -4,251E-02 7,459E-03 9,478E-04 1,027E-02 1,260E-02
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S13. Non-melanoma skin cancer, group SKIN (ICD10: C44)

Table S13.1: Statistical properties of the models fitted to characterize risk of non-melanoma
skin cancers (group SKIN) for members of the LSS cohort

Estimated . .
Model type (name) K SHMACCCASES  Deviance  AAIC AlC-weight (%)

baseline excess

ERR (SKIN-ERR8) & 2014 38.6 2061.85 — 71.71
EAR (SKIN-EAR10) 10 293.1 36.9 2059.71 1.86 28.29

The fitted risk models, one of ERR-type and one of EAR-type, share the same form of parametric
baseline:

~4py -1y — N -~ 2@
A0(1074PY 1) = exp (ﬁl +Bas + BaIC + (Bs+ Bos)In 5 -+ yn 70)
Radiation risk for skin cancer demonstrates essentially a non-linear dose response, and the model fitting
resulted in a risk function with a dose response to the power of 1.55 for the ERR-type model and to the
power of 1.60 for the EAR-type model (see equation below and Table S13.2). Besides the dose
response, the risk function for the ERR-type model only has an age-at-exposure modifier:

ERR = B1o DP' exp (ﬁwe 1030) )

while the risk function for the EAR-type model also depends on attained age:

EAR (107 PY™") = Big DP*' exp (ﬁzs ln% + Bao IO3O> :

Table S13.2: Maximum likelihood estimates (MLE) and statistics of parameters for the selected
models of radiation risk for non-melanoma skin cancers (group SKIN)

Parameter ERR-type model (SKIN-ERRS) EAR-type model (SKIN-EAR10)
Estimate (p-value) 95%CI Estimate (p-value) 95%CI
Bi 0.30 (0.028) (0.03; 0.56) 0.31 (0.027) (0.04; 0.57)
B> —0.12  (0.029) (—0.18; —0.01) —0.16 (0.015) (—0.22; —0.03)
Ba 035 (0.022) (0.20; 0.65) 0.35  (0.020) (0.20; 0.66)
Bs 6.53 (<0.001) (6.2:7.2) 6.33  (<0.001) (5.6;7.1)
Be — — 0.91 (0.010) (0.57; 1.6)
B 3.05 (<0.001) (2.1;3.9) 2.36 (0.001) (0.9; 3.7)
Big 0.71 (0.018) (0.42; 1.46) .12 (0.021) (0.65; 2.3)
Ba 1.55 (<0.001) (1.3;2.1) 1.60  (<0.001) (1.3;2.2)
Bos — — 3.65  (<0.001) (2.7, 5.9)
Bro —0.89 (<0.001) (—1.26;—-0.56) —0.75 (<0.001) (—1.2; —0.35)
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Table S13.3: Covariance matrix for the model SKIN-EAR10.

B1

B2

Ba

Bs

Bs

Br

B1o

B2z

Ba2s

Ba2o

B1
B2
Ba
Bs
Be
B
B1o
Ba1
Bas
Bag

1,953E-02
-6,551E-04
-1,804E-02
-8,772E-03
-1,256E-04
-2,151E-02
-1,132E-03

2,746E-04
-1,944E-03
-2,820E-05

-6,551E-04
4,181E-03
-1,720E-04
-4,834E-03
-3,660E-03
2,555E-03
-7,158E-04
3,006E-04
1,415E-03
-4,623E-04

-1,804E-02
-1,720E-04

2,280E-02
-1,038E-03
-3,159E-04
-1,096E-03
-7,426E-03

2,583E-03
-1,154E-03
-1,969E-03

-8,772E-03
-4,834E-03
-1,038E-03
1,388E-01
-2,146E-02
1,518E-01
1,502E-02
-9,066E-03
-2,347E-03
1,745E-03

-1,256E-04
-3,660E-03
-3,159E-04
-2,146E-02

1,246E-01
-1,276E-01
-1,737E-03
-3,625E-04
-2,042E-02

1,886E-03

-2,151E-02
2,555E-03
-1,096E-03
1,518E-01
-1,276E-01
5,493E-01
2,101E-02
-3,444E-04
6,831E-02
-8,403E-04

-1,132E-03
-7,158E-04
-7,426E-03
1,502E-02
-1,737E-03
2,101E-02
2,346E-01
-7,571E-02
9,415E-02
5,822E-02

2,746E-04
3,006E-04
2,583E-03
-9,066E-03
-3,625E-04
-3,444E-04
-7,571E-02
6,808E-02
1,965E-02
-1,169E-02

-1,944E-03
1,415E-03
-1,154E-03
-2,347E-03
-2,042E-02
6,831E-02
9,415E-02
1,965E-02
9,437E-01
-1,054E-01

-2,820E-05
-4,623E-04
-1,969E-03
1,745E-03
1,886E-03
-8,403E-04
5,822E-02
-1,169E-02
-1,054E-01
5,011E-02

Table S13.4: Covariance matrix for the model SKIN-ERRS.

Bs

B2

Ba

Bs

B

B1o

B21

B2g

B1
B2
Ba
Bs
B
B1o
Ba1
Bag

1,914E-02
-6,570E-04
-1,805E-02
-7,860E-03
-1,267E-02
-1,135E-03

3,004E-04
-8,182E-05

-6,570E-04

3,287E-03
-1,792E-04
-1,703E-03
-8,357E-04
-4,791E-05

3,173E-04
-1,142E-04

-1,805E-02
-1,792E-04

2,291E-02
-1,071E-03
-1,166E-03
-8,332E-03

3,298E-03
-1,866E-03

-7,860E-03
-1,703E-03
-1,071E-03
1,188E-01
9,922E-02
1,374E-02
-7,749E-03
-1,032E-02

-1,267E-02
-8,357E-04
-1,166E-03
9,922E-02
2,226E-01
1,597E-02
-2,605E-03
1,068E-02

-1,135E-03
-4,791E-05
-8,332E-03
1,374E-02
1,597E-02
9,095E-02
-5,182E-02
3,612E-02

3,004E-04
3,173E-04
3,298E-03
-7,749E-03
-2,605E-03
-5,182E-02
7,176E-02
-6,567E-03

-8,182E-05
-1,142E-04
-1,866E-03
-1,032E-02
1,068E-02
3,612E-02
-6,567E-03
3,589E-02
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S14. Leukaemia group HEM1 (ICD10: C91.0, C91.3, C91.9)

The leukaemia group HEML1 includes the following diagnoses: acute lymphoblastic leukaemia (ALL),
prolymphocytic leukaemia of B-cell type, lymphoid leukaemia/unspecified

The risk models of the group HEML are represented by the two EAR-type models:

e EAR-LNT model of EAR-type with linear non-threshold (LNT) dose response (w,
=90.18%);
e EAR-QDR model of EAR-type with pure quadratic (QDR) dose response (w,
The models share the same form of the parametric baseline:

IC

= 0.82%).

1C

Ao(107*PY 1) = exp (ﬁl +BIn % + BsNICy; + ﬁ4N1CNn) .
NIC is an indicator variable for not-in-city at the time of bombing in Hiroshima (Hi) and Nagasaki
(Na) (NIC=1 for being not-in-city, NIC=0 for being in city). The risk functions have different dose
response but the same effect modifiers. The model with the linear dose response has the form:
4 —1 a
EARuyr(10#PY 1) = ByDexp (Bsin o+ Bs f)
and the model with the quadratic dose response:

EARgpr(104PY 1) = 1.12B:D% exp (55 In % + Bﬁf) ,

The variable f indicates females (f=1 for females, f=0 for males). These two models form a twin pair.
The model parameters and their standard deviations are shown in Table S14.1.

Table S14.1: Parameters (MLE and standard deviations) of the fitted models for radiation and
baseline risks of the group HEM1 leukaemias

EAR-LNT EAR-QDR
Parameter
MLE e MLE e
B —2.334 0.295 —2.297 0.283
B 1.700 0.766 1.267 0.814
B —0.020 0.567 —0.137 0.557
Ba —-0.134 1.036 —0.274 1.032
Ps —1.810 0372 —1.869 0.384
Be —0.922 0.480 —0.908 0.514
B 0.232 0.121 0.174 0.093
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Table S14.2: Covariance matrix for the EAR-LNT model with linear non-threshold (LNT) dose
response (waic =90.18%)

P P2 p7
ps 8,709E-02 9,545E-02  -7,143E-02 -6,659E-02 -1,495E-02 -3,847E-04 -5,345E-03
P2 9,545E-02 5,867E-01 8,491E-04 3,058E-02  -1,441E-03 6,999E-03 1,357E-03
Bs -7,143E-02 8,491E-04 3,216E-01 7,161E-02 1,471E-02 1,533E-03 5,568E-03
Pa -6,659E-02 3,058E-02 7,161E-02  1,073E+00 1,464E-02 1,888E-03 5,637E-03
Ps -1,495E-02  -1,441E-03 1,471E-02 1,464E-02 1,383E-01 -1,063E-02 3,673E-02
Pe -3,847E-04 6,999E-03 1,533E-03 1,888E-03  -1,063E-02 2,305E-01  -2,055E-02
p7 -5,345E-03 1,357E-03 5,568E-03 5,637E-03 3,673E-02  -2,055E-02 1,458E-02
Table S14.3: Covariance matrix for the EAR-QDR model with pure quadratic (QDR) dose
response (Waic = 9.82%)
B1 B2 B3 Ba Bs Be B7
B1 8,030E-02 1,157E-01  -5,658E-02 -5,026E-02  -1,134E-02 4979E-03  -2,384E-03
B2 1,157E-01 6,618E-01 2,004E-02 5,623E-02  -3,069E-02 4,652E-02  -1,397E-03
Bs -5,658E-02 2,004E-02 3,107E-01 6,179E-02 5,050E-03 4,560E-03 2,097E-03
Ba -5,026E-02 5,623E-02 6,179E-02  1,065E+00 3,372E-03 7,103E-03 2,021E-03
Bs -1,134E-02  -3,069E-02 5,050E-03 3,372E-03 1472E-01 -1,675E-02 2,886E-02
Be 4,979E-03 4,652E-02 4,560E-03 7,103E-03  -1,675E-02 2,643E-01 -1,729E-02
Br -2,384E-03  -1,397E-03 2,097E-03 2,021E-03 2,886E-02  -1,729E-02 8,673E-03
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S15. Leukaemia group HEM2 (ICD10: C81-C86, C88, C91.1, C91.4)

The leukaemia group HEMZ2 includes the following diagnoses: Hodgkin lymphoma, Non-Hodgkin
lymphoma, chronic lymphoblastic leukaemia (CLL), lymphoma of peripheral and cutaneous T-cell,
malignant immunoproliferative disease, hairy cell leukaemia.

The group HEMZ2 contains a relatively large number of cancer cases — 449, including 103 ‘not-in-city’
cases. However, fitting male and female cases separately resulted in no radiation risk for females and
in a reasonably well-defined radiation risk function for males. Fitting both genders together also
resulted in significant non-zero risk. Since such gender differences are not biologically plausible and
also problematic for compensation claims, the decision was made to use for both genders the same set
of risk models. An MMI weight of 50% is given to a set of models derived jointly for males and
females, and another 50% weight to models derived from the male dataset only. Within the two
groups further AlC-based weighting was performed, resulting in one ERR and one EAR model for
each group. Thus, radiation risk is characterized by a set of four linear (LNT) models:

= 21.00%)
= 29.00%)

= 35.87%)
= 14.13%)

e EAR-LNT model of EAR-type (w
e ERR-LNT model of ERR-type (w,,
e EAR-LNT-male model of EAR-type (w
e ERR-LNT-male model of ERR-type (w,
These four models are applied for the both sexes.

AIC

AIC

All selected models share the same form of the sex-specific parametric baseline:

. 191‘5
20(1074PY 1) =exp (ﬁmH—Baf#—ﬁzln +[34mln [33

2
b— 1915\~
+Bﬁ (?T) +B’]N[CH;+ﬁ8N[C.\-’u)

The variable f indicates females (f=1 for females, f=0 for males), correspondingly for males (m=1 for
males, m=0 for females), and b is the birthyear. NIC is an indicator variable for not-in-city at the time
of bombing in Hiroshima (Hi) and Nagasaki (Na) (NIC=1 for being not-in-city, NIC=0 for being in
city). The risk functions for all models are linear in dose without effect modifiers:

EAR(107*PY 'Y= BoD and ERR = ByD.

Since all models are linear in dose the HEM2 group has no twin models.
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Table S15.1: Parameters (MLE and standard deviations) of the models selected to describe
radiation risk of lymphomas including chronic lymphoblastic leukaemia (group HEM?2)

EAR-LNT EAR-LNT-male ERR-LNT ERR-LNT-male
Parameter
MLE o MLE c MLE o MLE o
Bi 1.430 0.094 1.409 0.096 1.392 0.097 1.361 0.101
B2 0.890 0.079 0.896 0.079 0.863 0.082 0.890 0.078
Bs 4.391 0.297 4.378 0.298 4.369 0.290 4.369 0.290
By 1.188 0.368 1.028 0.426 1.310 0.305 1.309 0.305
Bs 0.239 0.039 0.237 0.039 0.236 0.039 0.237 0.039
Be —0.058 0.020 —-0.057 0.020 —0.056 0.020 —-0.055 0.020
B —0.086 0.124 —-0.077 0.124  —0.065 0.126  —0.066 0.125
Bs —0.176 0.226 —0.163 0.226  —0.155 0.227 -0.152 0.226
Bo 0.175 0.161 0.699 0.390 0.306 0.223 0.610 0.369
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Table S15.2 Covariance matrix for the EAR-LNT model (waic = 21.00%)

B1 B2 B3 Ba Bs Bs Bz Bs Bg
Bs 8,822E-03 2,551E-03 1,874E-03  -3,465E-03 1,169E-04 -9,708E-04 -3,294E-03 -3,651E-03 -4,788E-04
P2 2,551E-03 6,284E-03 1,507E-03 3,155E-03 1,153E-04  -6,906E-04 -3,188E-03 -2,982E-03  -1,205E-03
Bs 1,874E-03 1,507E-03 8,811E-02 5,819E-02 6,100E-03 9,297E-04  -4,166E-04 6,042E-04 2,967E-03
Pa -3,465E-03 3,155E-03 5,819E-02 1,355E-01 1,808E-03 -1,214E-04 -1,160E-03 -3,363E-04 -1,071E-02
Ps 1,169E-04 1,153E-04 6,100E-03 1,808E-03 1,551E-03 4,506E-05 -2,351E-05 -2,196E-04 3,813E-04
Pe -9,708E-04  -6,906E-04 9,297E-04  -1,214E-04 4,506E-05 4,142E-04 5,536E-05 1,082E-04 -2,447E-04
p7 -3,294E-03  -3,188E-03  -4,166E-04 -1,160E-03 -2,351E-05 5,536E-05 1,534E-02 3,154E-03 1,916E-03
Pe -3,651E-03  -2,982E-03 6,042E-04  -3,363E-04 -2,196E-04 1,082E-04 3,154E-03 5,090E-02 1,959E-03
Po -4,788E-04  -1,205E-03 2,967E-03  -1,071E-02 3,813E-04 -2,447E-04 1,916E-03 1,959E-03 2,594E-02
Table S15.3 Covariance matrix for the EAR-LNT-male model (waic = 35.87%0)
B1 B2 B3 B4 Bs Bs Bz Bs Ba
pe 9,225E-03 2,536E-03 1,499E-03  -4,895E-03 9,384E-05 -9,496E-04 -3,455E-03  -3,838E-03 -4,763E-03
P2 2,536E-03 6,166E-03 1,786E-03 3,157E-03 1,204E-04 -6,971E-04 -3,121E-03 -2,912E-03 -4,737E-04
Ps 1,499E-03 1,786E-03 8,907E-02 6,496E-02 6,094E-03 9,562E-04 -6,123E-04 4,381E-04 2,378E-03
Pa -4,895E-03 3,157E-03 6,496E-02 1,812E-01 1,896E-03 -2,526E-04 -1,095E-03 -1,936E-04 -2,434E-02
Ps 9,384E-05 1,204E-04 6,094E-03 1,896E-03 1,557E-03 6,593E-05 -5,672E-05 -2,575E-04 2,564E-05
Pe -9,496E-04  -6,971E-04 9,562E-04  -2,526E-04 6,593E-05 4,052E-04 6,992E-05 1,162E-04  -1,751E-04
p7 -3,455E-03  -3,121E-03 -6,123E-04 -1,095E-03  -5,672E-05 6,992E-05 1,533E-02 3,162E-03 3,754E-03
Pe -3,838E-03  -2,912E-03 4,381E-04 -1,936E-04 -2,575E-04 1,162E-04 3,162E-03 5,092E-02 4,265E-03
Ps -4,763E-03  -4,737E-04 2,378E-03  -2,434E-02 2,564E-05 -1,751E-04 3,754E-03 4,265E-03 1,523E-01
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Table S15.4 Covariance matrix for the ERR-LNT model (waic = 29.00%)

B1 B2 B3 Ba Bs Bs Bz Bs Bg
Bs 9,338E-03 3,202E-03 2,247E-03  -2,188E-03 1,127E-04  -9,395E-04 -3,930E-03 -4,271E-03 -6,362E-03
P2 3,202E-03 6,775E-03 1,651E-03 2,330E-03 1,334E-04 -6,833E-04 -3,713E-03 -3,512E-03  -5,853E-03
Bs 2,247E-03 1,651E-03 8,399E-02 5,277E-02 5,894E-03 8,818E-04  -5582E-04 4,096E-04 1,264E-03
Pa -2,188E-03 2,330E-03 5,277E-02 9,278E-02 1,928E-03 -2,022E-04  -8,719E-05 6,666E-04 9,259E-04
Ps 1,127E-04 1,334E-04 5,894E-03 1,928E-03 1,500E-03 5323E-05 -5379E-05 -2,419E-04 3,260E-05
Pe -9,395E-04  -6,833E-04 8,818E-04 -2,022E-04 5,323E-05 3,861E-04 8,632E-05 1,353E-04 1,248E-04
p7 -3,930E-03  -3,713E-03  -5582E-04 -8,719E-05 -5,379E-05 8,632E-05 1,580E-02 3,621E-03 5,886E-03
Pe -4,271E-03  -3,512E-03 4,096E-04 6,666E-04  -2,419E-04 1,353E-04 3,621E-03 5,136E-02 5,950E-03
Po -6,362E-03  -5,853E-03 1,264E-03 9,259E-04 3,260E-05 1,248E-04 5,886E-03 5,950E-03 4,995E-02
Table S15.5 Covariance matrix for the ERR-LNT-male model (waic = 14.13%)
B1 B2 B3 B4 Bs Bs Bz Bs Ba
pe 1,010E-02 2,677E-03 2,261E-03  -2,170E-03 1,000E-04 -9,428E-04 -3,909E-03  -4,322E-03  -1,475E-02
P2 2,677E-03 6,157E-03 1,761E-03 2,414E-03 1,348E-04 -6,721E-04 -3,212E-03 -3,011E-03 -2,045E-03
Bs 2,261E-03 1,761E-03 8,402E-02 5,282E-02 5,897E-03 8,817E-04  -6,262E-04 3,525E-04 1,398E-03
Pa -2,170E-03 2,414E-03 5,282E-02 9,294E-02 1,930E-03 -2,012E-04 -1,536E-04 6,236E-04 8,775E-04
Ps 1,000E-04 1,348E-04 5,897E-03 1,930E-03 1,500E-03 5,372E-05 -5134E-05 -2,421E-04 1,499E-04
Pe -9,428E-04  -6,721E-04 8,817E-04 -2,012E-04 5,372E-05 3,855E-04 8,170E-05 1,298E-04 2,006E-04
p7 -3,909E-03  -3,212E-03  -6,262E-04 -1,536E-04 -5,134E-05 8,170E-05 1,553E-02 3,369E-03 7,448E-03
Pe -4,322E-03  -3,011E-03 3,525E-04 6,236E-04  -2,421E-04 1,298E-04 3,369E-03 5,114E-02 8,246E-03
Po -1,475E-02  -2,045E-03 1,398E-03 8,775E-04 1,499E-04 2,006E-04 7,448E-03 8,246E-03 1,364E-01
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S16. Leukaemia group HEM3 (ICD10: C92.0, C92.2, C92.3, C92.4, C92.5,
C93-C96)

The leukaemia group HEM3 includes the following diagnoses: acute myeloid leukaemia (AML), sub-
acute myeloid leukaemia, myeloid sarcoma, acute promyelocytic leukaemia, acute myelomonocytic
leukaemia, monocytic leukaemia, other leukaemia of specified cell type, leukaemia of unspecified cell
type, other or non-specified.

The fitting resulted in four models of EAR- and ERR-types with quadratic (QDR) and threshold linear
spline (TLS) dose dependencies. The models are:

e ERR-TLS model of ERR-type and threshold linear spline dose response (w,, = 6.33%);
e ERR-QDR model of ERR-type and quadratic dose response (w,,. = 30.35%);
e EAR-TLS model of EAR-type and threshold linear spline dose response (w, .= 8.44%);

e EAR-QDR model of EAR-type and quadratic dose response (w, .= 54.87%).
Both models of ERR-type have the same structure of the parametric baseline rate:

Ao(1074PY 1) =exp (ﬁ1m+ﬁvf+ﬁzln+ﬁ4 n ﬁ+

b—1915 — 1915
ﬁb(

+PBs ) +B7N1CHf+ﬁ8NICNa)

The variable f indicates females (f = 1 for females, f = 0 for males), correspondingly for males
(m=1 for males, m=0 for females), and b is the birthyear. NIC is an indicator variable for not-in-city at
the time of bombing in Hiroshima (Hi) and Nagasaki (Na) (NIC=1 for being not-in-city, NIC=0 for
being in city). Their risk functions appear as follows with a linear spline dose response:

e—30 e—30\°
ERRTLS=CXP( 0 +1310( T ) +ﬁ11f)><

« BisD if D < B>
B12P13 + Pra(D — B12) otherwise

and with a pure quadratic response:

e—30\7 5
10 +Bunf | x 1.12D"Bys.

—30
ERRppr = exp (ﬁg ﬁlO (

The other two models of EAR-type also share the parametric form of the baseline rate:

Ao(107*PY ") = exp (ﬁl’"+ﬁ2f+(ﬁ%m+ﬁ4f) + (Bsm+ Bof) In® %WL

+ B

b— 1915 — 1915
Bs(

T ) + BoNICy; + 510N1CN(1)

and the risk functions of EAR-type appear as follows for a linear spline dose response:
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EARr15(107*PY~") =exp (}3,, ln% + BioIn? i) x

70
% B14D if D < B13
Bi3B1a+ Bis(D— P13) otherwise
and for a pure quadratic dose response:
EARgpr(107*PY 1) = exp (ﬁnln % + B2 In? 7%) x 1.12D*By3.

The four selected models form two pairs of twins, one pair is formed by the ERR-TLS and ERR-QDR
models, and one pair by the EAR-TLS and EAR-QDR models.

Table S16.1: Maximum likelihood estimates and standard deviations of the model parameters
selected to describe radiation risk of acute myeloid leukaemia and related malignancies (group
HEM3)

Para- EART{_S EARQDR ERRTLS ERRQDR

meter MLE (¢ MLE c MLE (¢ MLE (o)
B 0.675 0.165 0.678 0.163 0.623 0.164 0.617 0.162
633 —0.397 0.161 —0.379 0.156 —0.319 0.157  —-0.310 0.152
B3 3.952 0.761 3.975 0.750 3.584 0.441 3.587 0.441
B 3.700 0.713 3.661 0.683 1.633 0.269 1.635 0.269
Bs 1.216 0.749 1.243 0.729 0.135 0.081 0.134 0.079
Pe 1.868 0.463 1.831 0.452 —-0.208 0.050 —-0.199 0.048
B 0.166 0.082 0.166 0.080 —0.313 0.242 —-0.328 0.240
Bs —0.180 0.049 —-0.174 0.046 —0.184 0.393 —-0.199 0.391
Bo —0.311 0.243 —-0.329 0.240 0.008 0.127 0.017 0.125
Bio —0.183 0393  —0.201 0.391 0.312 0.073 0.299 0.073
B 2.556 0.858 2.585 0.843 0.773 0.437 0.741 0.430

Bi2 1406 0477 1426 0467 0748  0.175 0834  0.340
B 0718  0.195  1.587 0370 0346  0.249

Bua 0.704  0.456 2809  1.260

Bis 5250  1.846
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Table S16.2: Covariance matrix for the EAR-QDR model and quadratic dose response (wyc = 54.87%).

B1

B2

B3

B4

Bs

Bs

Bz

Bs

Bo

PB1o

B

P12

P13

1
B2
B3
Ba
Bs
Be
Br
Bs
Bo
B1o
P11
P12
P13

2,668E-02
7,230E-03
2,656E-02
1,680E-03
7,600E-03
5,830E-03
1,800E-03
-3,810E-03
-1,079E-02
-1,182E-02
-3,730E-03
-1,190E-03
-3,310E-03

7,230E-03
2,440E-02
4,300E-04
1,775E-02
4,020E-03
5,040E-03
9,900E-04
-2,700E-03
-1,016E-02
-9,040E-03
-1,150E-03
1,900E-04
-3,440E-03

2,656E-02
4,300E-04
5,620E-01
6,217E-02
4,141E-01
1,138E-02
2,267E-02
2,100E-03
-2,730E-03
-7,400E-04
-2,312E-02
-1,238E-02
-1,490E-03

1,680E-03
1,775E-02
6,217E-02
4,670E-01
2,073E-02
2,512E-01
1,626E-02
8,300E-04
4,800E-04
5,520E-03
-4,648E-02
-2,373E-02
3,850E-03

7,600E-03
4,020E-03
4,141E-01
2,073E-02
5,315E-01
8,790E-03
8,310E-03
-2,470E-03
-8,700E-04
4,200E-04
-8,040E-03
-6,410E-03
1,880E-03

5,830E-03
5,040E-03
1,138E-02
2,512E-01
8,790E-03
2,042E-01
4,070E-03
-3,100E-03
9,600E-04
2,500E-03
-1,831E-02
-1,137E-02
4,150E-03

1,800E-03
9,900E-04
2,267E-02
1,626E-02
8,310E-03
4,070E-03
6,350E-03
-2,200E-04
-1,000E-04
-8,400E-04
1,560E-03
6,000E-04
1,340E-03

-3,810E-03
-2,700E-03
2,100E-03
8,300E-04
-2,470E-03
-3,100E-03
-2,200E-04
2,150E-03
2,100E-04
4,300E-04
-3,700E-04
-1,100E-04
-7,600E-04

-1,079E-02
-1,016E-02
-2,730E-03
4,800E-04
-8,700E-04
9,600E-04
-1,000E-04
2,100E-04
5,763E-02
1,001E-02
7,200E-04
-3,100E-04
4,290E-03

-1,182E-02
-9,040E-03
-7,400E-04
5,520E-03
4,200E-04
2,500E-03
-8,400E-04
4,300E-04
1,001E-02
1,533E-01
-6,500E-04
-9,200E-04
3,970E-03

-3,730E-03
-1,150E-03
-2,312E-02
-4,648E-02
-8,040E-03
-1,831E-02
1,560E-03
-3,700E-04
7,200E-04
-6,500E-04
7,111E-01
3,638E-01
1,486E-01

-1,190E-03
1,900E-04
-1,238E-02
-2,373E-02
-6,410E-03
-1,137E-02
6,000E-04
-1,100E-04
-3,100E-04
-9,200E-04
3,638E-01
2,181E-01
5,326E-02

-3,310E-03
-3,440E-03
-1,490E-03
3,850E-03
1,880E-03
4,150E-03
1,340E-03
-7,600E-04
4,290E-03
3,970E-03
1,486E-01
5,326E-02
1,366E-01
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Table S16.3:

Covariance matrix for the EAR-TLS model and threshold linear spline dose response (w ;e = 8.44%);

Ba

B2

Bs

Ba

Bs

Bs

Bz

Bs

Bo

B1o

Bll

B2

Bis

BM

BlS

P
B2
Bs
Ba
Ps
Bs
B
Ps
Po
By
B1
BlZ
3t
B1
P1

S)

=

@

=

a

2,737E-02
7,740E-03
2,654E-02
7,700E-04
7,440E-03
5,520E-03
1,870E-03
-3,970E-03
-1,128E-02
-1,236E-02
-2,000E-03
-2,200E-04
5,000E-04
-4,070E-03
-2,130E-03

7,740E-03
2,606E-02
-1,900E-04
1,382E-02
3,940E-03
2,810E-03
9,500E-04
-2,650E-03
-1,136E-02
-1,022E-02
3,400E-03
3,030E-03
-9,400E-04
-1,235E-02
7,100E-04

2,654E-02
-1,900E-04
5,786E-01
6,649E-02
4,282E-01
1,248E-02
2,330E-02
2,380E-03
-2,270E-03
-1,200E-04
-3,506E-02
-1,809E-02
-3,590E-03
3,440E-03
-4,900E-02

7,700E-04
1,382E-02
6,649E-02
5,079E-01
2,229E-02
2,709E-01
1,769E-02
-5,100E-04
5,620E-03
1,087E-02
-8,258E-02
-4,388E-02
1,380E-03
5,903E-02
-9,417E-02

7,440E-03
3,940E-03
4,282E-01
2,229E-02
5,613E-01
9,810E-03
8,550E-03
-2,740E-03
-6,300E-04
6,900E-04
-8,200E-03
-6,690E-03
1,400E-04
5,100E-03
-2,010E-03

5,520E-03
2,810E-03
1,248E-02
2,709E-01
9,810E-03
2,140E-01
4,750E-03
-4,120E-03
3,940E-03
5,510E-03
-3,5612E-02
-2,130E-02
1,910E-03
3,474E-02
-3,394E-02

1,870E-03
9,500E-04
2,330E-02
1,769E-02
8,550E-03
4,750E-03
6,720E-03
-3,600E-04
1,400E-04
-6,500E-04
1,050E-03
2,100E-04
2,500E-04
3,540E-03
1,100E-03

-3,970E-03
-2,650E-03
2,380E-03
-5,100E-04
-2,740E-03
-4,120E-03
-3,600E-04
2,440E-03
-1,200E-04
1,300E-04
5,000E-05
3,200E-04
-6,800E-04
-4,270E-03
-1,820E-03

-1,128E-02
-1,136E-02
-2,270E-03
5,620E-03
-6,300E-04
3,940E-03
1,400E-04
-1,200E-04
5,907E-02
1,144E-02
-4,420E-03
-3,540E-03
9,800E-04
1,539E-02
-1,820E-03

-1,236E-02
-1,022E-02
-1,200E-04
1,087E-02
6,900E-04
5,510E-03
-6,500E-04
1,300E-04
1,144E-02
1,547E-01
-6,330E-03
-4,370E-03
7,700E-04
1,503E-02
-4,500E-03

-2,000E-03
3,400E-03
-3,506E-02
-8,258E-02
-8,200E-03
-3,512E-02
1,050E-03
5,000E-05
-4,420E-03
-6,330E-03
7,368E-01
3,790E-01
8,780E-03
4,320E-03
6,698E-01

-2,200E-04
3,030E-03
-1,809E-02
-4,388E-02
-6,690E-03
-2,130E-02
2,100E-04
3,200E-04
-3,540E-03
-4,370E-03
3,790E-01
2,272E-01
1,970E-03
-1,474E-02
2,637E-01

5,000E-04
-9,400E-04
-3,590E-03
1,380E-03
1,400E-04
1,910E-03
2,500E-04
-6,800E-04
9,800E-04
7,700E-04
8,780E-03
1,970E-03
3,822E-02
3,040E-02
2,186E-01

-4,070E-03
-1,235E-02
3,440E-03
5,903E-02
5,100E-03
3,474E-02
3,540E-03
-4,270E-03
1,539E-02
1,503E-02
4,320E-03
-1,474E-02
3,040E-02
2,080E-01
4,527E-02

-2,130E-03
7,100E-04
-4,900E-02
-9,417E-02
-2,010E-03
-3,394E-02
1,100E-03
-1,820E-03
-1,820E-03
-4,500E-03
6,698E-01
2,637E-01
2,186E-01
4,527E-02
3,409E+00
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Table S16.4: Covariance matrix for the ERR-QDR model and quadratic dose response (waic = 30.35%0);

Ba

B2

Bs

Ba

Bs

Bs

B

Bs

Bo

Bio

Bll

B2

P
B2
Ps
Pa
Ps
Ps
i
Pe
Po
BlO
Bll
BlZ

2,637E-02
8,590E-03
1,419E-02
6,990E-03
1,720E-03
-4,140E-03
-1,075E-02
-1,168E-02
-1,600E-04
4,990E-03
2,100E-02
-2,604E-02

8,590E-03
2,325E-02
7,240E-03
3,640E-03
1,540E-03
-2,920E-03
-1,032E-02
-9,340E-03
8,200E-04
3,690E-03
-1,906E-02
-8,680E-03

1,419E-02
7,240E-03
1,946E-01
9,685E-02
1,484E-02
1,560E-03
-1,550E-03
1,000E-03
1,870E-03
-1,640E-03
3,240E-03
5,840E-03

6,990E-03
3,640E-03
9,685E-02
7,239E-02
5,060E-03
-1,090E-03
-3,200E-04
6,700E-04
3,890E-03
-8,800E-04
1,570E-03
3,390E-03

1,720E-03
1,540E-03
1,484E-02
5,060E-03
6,300E-03
-5,600E-04
-7,000E-05
-9,000E-04
5,520E-03
8,300E-04
-1,590E-03
4,700E-04

-4,140E-03
-2,920E-03
1,560E-03
-1,090E-03
-5,600E-04
2,320E-03
2,400E-04
4,800E-04
-9,300E-04
-2,480E-03
-9,200E-04
3,960E-03

-1,075E-02
-1,032E-02
-1,550E-03
-3,200E-04
-7,000E-05
2,400E-04
5,763E-02
9,970E-03
4,500E-04
-6,100E-04
-7,000E-04
1,201E-02

-1,168E-02
-9,340E-03
1,000E-03
6,700E-04
-9,000E-04
4,800E-04
9,970E-03
1,532E-01
-7,300E-04
-8,400E-04
-2,850E-03
1,308E-02

-1,600E-04
8,200E-04
1,870E-03
3,890E-03
5,520E-03

-9,300E-04
4,500E-04

-7,300E-04
1,564E-02

-1,200E-04

-5,400E-03
6,710E-03

4,990E-03
3,690E-03
-1,640E-03
-8,800E-04
8,300E-04
-2,480E-03
-6,100E-04
-8,400E-04
-1,200E-04
5,390E-03
2,990E-03
-1,424E-02

2,100E-02
-1,906E-02
3,240E-03
1,570E-03
-1,590E-03
-9,200E-04
-7,000E-04
-2,850E-03
-5,400E-03
2,990E-03
1,853E-01
-9,012E-02

-2,604E-02
-8,680E-03
5,840E-03
3,390E-03
4,700E-04
3,960E-03
1,201E-02
1,308E-02
6,710E-03
-1,424E-02
-9,012E-02
1,154E-01
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Table S16.5: Covariance matrix for the ERR-TLS model and threshold linear spline dose response (Waic = 6.33%);

B1 B2 Bs Ba Bs Ps B7 Ps Bo B1o P11 P12 B3 B1a
B 2,704E-02 8,830E-03 1,413E-02 6,890E-03 1,720E-03 -4,280E-03 -1,117E-02 -1,213E-02 -2,600E-04 0,00524 2,281E-02 1,490E-03 -1,223E-02 -8,633E-02
P 8,830E-03 2,466E-02 7,220E-03 3,620E-03 1,590E-03 -2,780E-03 -1,138E-02 -1,034E-02 1,140E-03 0,00374 -2,071E-02 -1,600E-04 -8,600E-03 -2,434E-02
B 1,413E-02 7,220E-03 1,945E-01 9,681E-02 1,488E-02 1,640E-03 -1,640E-03 9,100E-04 1,990E-03  -0,00169 3,340E-03 -3,000E-05 1,450E-03 2,091E-02
P 0,00689 0,00362 0,09681 0,07243 0,00519 -0,00103 -0,00037 0,0006 0,00417 -0,00093 0,00128 -0,0002 0,0011 0,01169
Bs 1,720E-03 1,590E-03 1,488E-02 5,190E-03 6,590E-03 -6,100E-04 -6,000E-05 -9,300E-04 5,960E-03 8,200E-04  -0,00188 3,900E-04 6,800E-04 2,780E-03
Bo -4,280E-03 -2,780E-03 1,640E-03 -1,030E-03 -6,100E-04 2,530E-03 0,000E+00 2,600E-04 -8,600E-04 -2,630E-03  -0,00133 -5,400E-04 -3,000E-05 1,447E-02
B7 -1,117E-02 -1,138E-02 -1,640E-03 -3,700E-04 -6,000E-05 0,000E+00 5,873E-02 1,104E-02 1,700E-04 -6,200E-04  -0,00035 1,000E-04 1,061E-02 3,628E-02
Pe -1,213E-02 -1,034E-02 9,100E-04 6,000E-04 -9,300E-04 2,600E-04 1,104E-02 1,542E-01 -1,070E-03 -8,500E-04  -0,00265 -7,000E-05 1,073E-02 3,986E-02
Bs -2,600E-04 1,140E-03 1,990E-03 4,170E-03 5,960E-03 -8,600E-04 1,700E-04 -1,070E-03 1,614E-02 -2,600E-04  -0,00649 9,500E-04 1,910E-03 2,913E-02
Po 5,240E-03 3,740E-03 -1,690E-03 -9,300E-04 8,200E-04 -2,630E-03 -6,200E-04 -8,500E-04 -2,600E-04 5,360E-03 0,00353 5,800E-04 -5,700E-03 -4,599E-02
Pu 2,281E-02 -2,071E-02 3,340E-03 1,280E-03 -1,880E-03 -1,330E-03 -3,500E-04 -2,650E-03 -6,490E-03 3,530E-03 0,19121 7,610E-03 -3,598E-02 -2,887E-01
Pz 1,490E-03 -1,600E-04 -3,000E-05 -2,000E-04 3,900E-04 -5,400E-04 1,000E-04 -7,000E-05 9,500E-04 5,800E-04 0,00761 3,059E-02 9,130E-03 7,772E-02
Pz -1,223E-02 -8,600E-03 1,450E-03 1,100E-03 6,800E-04 -3,000E-05 1,061E-02 1,073E-02 1,910E-03 -5,700E-03  -0,03598 9,130E-03 6,218E-02 1,344E-01
Pas -8,633E-02 -2,434E-02 2,091E-02 1,169E-02 2,780E-03 1,447E-02 3,628E-02 3,986E-02 2,913E-02 -4,599E-02 -0,28871 7,772E-02  1,344E-01 1,587E+00
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S17. Leukaemia group HEM4 (ICD10: C92.1)

The leukaemia group HEM4 includes only chronic myeloid leukaemia (CML).

The fitting resulted in a group of six models, four of ERR-type and two of EAR-type. These models
are:

o ERR-t-QE model of ERR-type with quadratic-exponential dose response and time-since-
exposure effect modifier (w,, = 7.08%);

e ERR-t-LNT model of ERR-type with linear dose response and time-since-exposure effect
modifier (w,. = 21.00%);

o ERR-e-QE model of ERR-type with quadratic-exponential dose response and age-at-
exposure effect modifier (w,, = 1.72%);

o ERR-e-LNT model of ERR-type with linear dose response and age-at-exposure effect
modifier (wa;c = 7.00%);

e EAR-t-LNT model of EAR-type with linear dose response and time-since-exposure effect
modifier (w,. = 55.12%);

o EAR-e-LNT model of EAR-type with linear dose response and age-at-exposure effect
modifier (w,. = 8.08%).

The four models of ERR-type share the same form of the parametric baseline rate:
A0(107*PY 1) =exp (ﬁl + (Bam+ B3 f)1In % + BaNICyi + ﬁSNICNa) .

The variable f indicates females (f=1 for females, f=0 for males), and correspondingly for males (m=1
for males, m=0 for females). NIC is an indicator variable for not-in-city at the time of bombing in
Hiroshima (Hi) and Nagasaki (Na) (NIC=1 for being not-in-city, NIC=0 for being in city). For the
ERR-type models, the risk functions appear as follows:

B7

ERR;pr = exp ([3 +Bsn) X l.lZﬁgD2 exp (BioD).

25

h

]37 a —
10 25

ERR;L\,T = exp (ﬁ@ In— + ¢ +ﬁ8”) X ﬁQ)D

if time since exposure is selected as an effect modifier for risk, and

—30

ERR.or = exp (ﬁﬁln— +B71In* +l38 +ﬁ9”) x 1.12B1oD? exp (B11 D),

ERR. N7 = €xp (ﬁ@ In—+p7 In’ + ﬁs + ﬁ)”) x BioD

if age at exposure is used to modify radiation risk. The variable n indicates the city (n=1 for Nagasaki,
n=0 for Hiroshima).

The two models of EAR-type also have their common, sex-independent, structure of simple
parametric baseline:

Ao(107*PY 1) = exp (ﬁ, +BoIn 7“—0 + BsNICh; + ﬁ4NICN“) .
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Radiation-attributed excess rates for the EAR-type models appear as follows:

» _ d a—e
EAR,yr (1074PY 1) = exp (ﬁsfln55+?gln 5 ) x B7D.

e—30
10

EAR n7(1074PY 1) = exp ((B5m+ﬁ6f) In % + B71n? % + Bg ) x BoD.

Of the six models belonging to the group HEM4, the four models of ERR-type are treated as twin
models. One pair of models is formed by the ERR-t-QE and ERR-t-LNT models, and one pair by the
ERR-e-QE and ERR-e-LNT models.
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Table S17.1: Maximum likelihood estimates and standard deviations of the model parameters selected to describe radiation risk of chronic myeloid
leukaemia (group HEM4)

Parameter  EARILNT EARNT ERR,NT ERR, o ERR.NT ERR,op
MLE c MLE c MLE c MLE o MLE c MLE c
il —1.551 0210 —1.535 0210 —1.554 0207 —1.472 0.193 —1.555 0208 —1.474  0.194
B> 2.284 0.662 2358  0.671 1.322 0.615 1.200 0.546 1361  0.627 1212 0545
Bs —0.162 0.427  —0.169  0.426 3.149 0.679 3.023 0.636  3.189 0702  3.036  0.645
Ba —0.807 1.020 —0.811 1.020  —0.188 0.425  —0.286 0418 —0.182 0425 —0282 0418
Bs 2.187 0932 —5.658 1588 —0.835 1.019  —0.939 1.016 —0.827 1019 —0935  1.016
Be —16.650 3330 —3257 1597 —1.374 0731  —1.336 0671 —6.545  1.647 —6.648  1.662
By 0.599 0203 —1.762 0794 —15.951 3443 —16.678 3.668 1551 0746 —1.570  0.759
Bs 1.005 0262 —1.499 0.744  —1.710 0757 0966 0255  1.006 0274
Bo 0.608  0.239 5.275 2333 10.533 6311 —1489 0741 —1.707 0756
Bio —0.752 0.289  5.643 2700 11347 7.125
Bii —0.761 0288
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Table S17.2: Covariance matrix for the EAR-t-LNT model with linear dose response and time-since-exposure effect modifier (waic = 55.12%);

B1 B2 B3 B4 Bs Bs Bz

p 4,428E-02 4,747E-02 -3,864E-02 -3,643E-02 -1,054E-02 -1,082E-01 -9,330E-03
p 4,747E-02 4,379E-01 4,540E-03 2,494E-02 -7,265E-02 5,400E-02 8,370E-03
Ps -3,864E-02 4,540E-03 1,820E-01 3,939E-02 1,910E-03 1,147E-01 1,032E-02
Pa -3,643E-02 2,494E-02 3,939E-02 1,041E+00 -1,470E-03 1,172E-01 1,071E-02
Ps -1,054E-02 -7,265E-02 1,910E-03 -1,470E-03 8,685E-01 -6,120E-01 -2,284E-02
Pe -1,082E-01 5,400E-02 1,147E-01 1,172E-01 -6,120E-01 1,109E+01 5,469E-01
p -9,330E-03 8,370E-03 1,032E-02 1,071E-02 -2,284E-02 5,469E-01 4,107E-02

iy

N

Table S17.3: Covariance matrix for the EAR-e-LNT model with linear dose response and age-at-exposure effect modifier (waic = 8.08%).

B Be Bs Ba Bs Be Bz Bs Bo

p 4,413E-02 4,806E-02 -3,866E-02 -3,645E-02 -6,774E-02 -6,362E-02 -2,728E-02 8,340E-03 -1,197E-02
p 4,806E-02 4,506E-01 3,180E-03 2,398E-02 -5,278E-02 -9,059E-02 -4,356E-02 -2,450E-03 5,720E-03
Ps -3,866E-02 3,180E-03 1,819E-01 3,917E-02 6,174E-02 5,331E-02 2,233E-02 -8,620E-03 1,263E-02
Pa -3,645E-02 2,398E-02 3,917E-02 1,040E+00 5,931E-02 4,913E-02 2,032E-02 -8,730E-03 1,289E-02
Ps -6,774E-02 -5,278E-02 6,174E-02 5,931E-02 2,523E+00 1,948E+00 1,107E+00 -3,474E-01 2,833E-01
Pe -6,362E-02 -9,059E-02 5,331E-02 4,913E-02 1,948E+00 2,551E+00 7,740E-01 -3,279E-01 2,498E-01
P -2,728E-02 -4,356E-02 2,233E-02 2,032E-02 1,107E+00 7,740E-01 6,302E-01 -1,153E-01 8,487E-02
Pe 8,340E-03 -2,450E-03 -8,620E-03 -8,730E-03 -3,474E-01 -3,279E-01 -1,153E-01 6,875E-02 -4,960E-02
Po -1,197E-02 5,720E-03 1,263E-02 1,289E-02 2,833E-01 2,498E-01 8,487E-02 -4,960E-02 5,700E-02

=

N
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Table S17.4: Covariance matrix for the ERR-t-LNT model with linear dose response and time-since-exposure effect modifier (waic = 21.00%);

B1 B2 B3 B4 Bs Bs Bz Bs Ba
4,281E-02 4,434E-02 3,703E-02 -3,739E-02 -3,520E-02 -5,103E-02 -9,287E-02 3,210E-03 -2,609E-01
p 4,434E-02 3,786E-01 2,608E-01 2,800E-04 1,775E-02 -3,917E-01 4,188E-02 3,373E-02 1,867E-01
p 3,703E-02 2,608E-01 4,610E-01 2,190E-03 2,045E-02 -2,836E-01 -7,800E-04 2,510E-02 2,583E-01
Pa -3,739E-02 2,800E-04 2,190E-03 1,803E-01 3,754E-02 4,440E-03 9,691E-02 8,200E-04 2,868E-01
Ps -3,5620E-02 1,775E-02 2,045E-02 3,754E-02 1,039E+00 -1,393E-02 9,819E-02 2,420E-03 2,983E-01
Pe -5,103E-02 -3,917E-01 -2,836E-01 4,440E-03 -1,393E-02 5,343E-01 -3,980E-01 -2,323E-02 -8,418E-02
p -9,287E-02 4,188E-02 -7,800E-04 9,691E-02 9,819E-02 -3,980E-01 1,186E+01 -1,044E-01 5,032E+00
Ps 3,210E-03 3,373E-02 2,510E-02 8,200E-04 2,420E-03 -2,323E-02 -1,044E-01 5,541E-01 -1,984E-01
Po -2,609E-01 1,867E-01 2,583E-01 2,868E-01 2,983E-01 -8,418E-02 5,032E+00 -1,984E-01 5,441E+00

p

iy

N

w

Table S17.5: Covariance matrix for the ERR-e-LNT model with linear dose response and age-at-exposure effect modifier (Waic = 7.00%);

B1 B2 B3 Ba Bs Bs Bz Bs Ba B1o

P 4,333E-02 4,515E-02 4,024E-02 -3,788E-02 -3,561E-02 -1,092E-01 -2,496E-02 8,260E-03 2,870E-03 -2,946E-01
P2 4515E-02 3,934E-01 2,797E-01 3,300E-04 1,855E-02 -4,306E-01 -1,833E-02 1,280E-03 3,763E-02 1,963E-01
Ps 4,024E-02 2,797E-01 4,932E-01 6,200E-04 2,012E-02 -4,225E-01 -9,793E-02 1,390E-03 2,613E-02 2,857E-01
Pa -3,788E-02 3,300E-04 6,200E-04 1,808E-01 3,795E-02 5,604E-02 2,038E-02 -8,100E-03 1,460E-03 3,215E-01
Ps -3,561E-02 1,855E-02 2,012E-02 3,795E-02 1,039E+00 3,351E-02 1,765E-02 -8,030E-03 3,190E-03 3,338E-01
Ps -1,092E-01 -4,306E-01 -4,225E-01 5,604E-02 3,351E-02 2,712E+00 9,861E-01 -3,256E-01 -5,154E-02 2,422E+00
p -2,496E-02 -1,833E-02 -9,793E-02 2,038E-02 1,765E-02 9,861E-01 5,559E-01 -1,066E-01 8,200E-04 7,437E-01
Pe 8,260E-03 1,280E-03 1,390E-03 -8,100E-03 -8,030E-03 -3,256E-01 -1,066E-01 6,495E-02 7,550E-03 -4,760E-01
Pe 2,870E-03 3,763E-02 2,613E-02 1,460E-03 3,190E-03 -5,154E-02 8,200E-04 7,550E-03 5,495E-01 -2,096E-01
Po -2,946E-01 1,963E-01 2,857E-01 3,215E-01 3,338E-01 2,422E+00 7,437E-01 -4,760E-01 -2,096E-01 7,287E+00
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Table S17.6: Covariance matrix for the ERR-t-QE model with quadratic-exponential dose response and time-since-exposure effect modifier (waic =

7.08%);

B1

B2

B3

Ba

Bs

Bs

Bz

Bs

Bg

B1o

B1
B2
Bs
Ba
Bs
Bs
B7
Be
Bo
B1o

3,728E-02
3,961E-02
3,416E-02
-3,201E-02
-2,999E-02
-4,443E-02
-6,963E-02
5,770E-03
-5,149E-01
6,410E-03

3,961E-02
2,981E-01
1,940E-01
-2,050E-03
1,176E-02
-3,049E-01
2,381E-02
1,115E-02
2,606E-01
-3,310E-03

3,416E-02
1,940E-01
4,051E-01
-3,200E-04
1,476E-02
-2,103E-01
-1,377E-02
4,650E-03
4,777E-01
-7,120E-03

-3,201E-02
-2,050E-03
-3,200E-04
1,746E-01
3,171E-02
5,610E-03
7,165E-02
-4,450E-03
5,581E-01
-6,990E-03

-2,999E-02
1,176E-02
1,476E-02
3,171E-02

1,032E+00

-8,780E-03
7,211E-02

-3,990E-03
5,769E-01

-7,250E-03

-4,443E-02
-3,049E-01
-2,103E-01

5,610E-03
-8,780E-03

4,508E-01
-4,407E-01
-1,370E-03
-8,726E-02

6,580E-03

-6,963E-02
2,381E-02
-1,377E-02
7,165E-02
7,211E-02
-4,407E-01
1,345E+01
-1,319E-01
1,227E+01
-9,743E-02

5,770E-03
1,115E-02
4,650E-03
-4,450E-03
-3,990E-03
-1,370E-03
-1,319E-01
5,727E-01
-6,184E-01
4,650E-03

-5,149E-01
2,606E-01
4,777E-01
5,581E-01
5,769E-01

-8,726E-02
1,227E+01

-6,184E-01
3,982E+01

-1,242E+00

6,410E-03
-3,310E-03
-7,120E-03
-6,990E-03
-7,250E-03
6,580E-03
-9,743E-02
4,650E-03
-1,242E+00
8,374E-02

Table S17.7: Covariance matrix for the ERR-e-QE model with quadratic-exponential dose response and age-at-exposure effect modifier (wWaic =

1.72%);

B1

B2

B3

Ba

Bs

Be

Bz

Bs

Bo

B1o

B

B1
B2
Bs
Ba
Bs
Bs
B7
B
Bo
B1o
B1

[

3,767E-02
3,985E-02
3,580E-02
-3,235E-02
-3,029E-02
-8,531E-02
-1,653E-02
6,150E-03
5,170E-03
-5,814E-01
6,400E-03

3,985E-02
2,975E-01
1,949E-01
-2,590E-03
1,119E-02
-3,036E-01
2,900E-03
1,390E-03
1,083E-02
2,248E-01
-2,270E-03

3,580E-02
1,949E-01
4,162E-01
-1,780E-03
1,356E-02
-3,039E-01
-1,457E-02
9,700E-04
-3,000E-05
4,949E-01
-6,920E-03

-3,235E-02
-2,590E-03
-1,780E-03
1,749E-01
3,190E-02
4,379E-02
1,434E-02
-5,980E-03
-4,050E-03
6,211E-01
-6,860E-03

-3,029E-02
1,119E-02
1,356E-02
3,190E-02

1,033E+00
2,743E-02
1,280E-02

-5,910E-03

-3,700E-03
6,391E-01

-7,090E-03

-8,531E-02
-3,036E-01
-3,039E-01
4,379E-02
2,743E-02
2,764E+00
1,027E+00
-3,683E-01
-1,888E-02
5,925E+00
-2,511E-02

-1,653E-02
2,900E-03
-7,457E-02
1,434E-02
1,280E-02
1,027E+00
5,763E-01
-1,180E-01
1,132E-02
1,706E+00
-5,600E-03

6,150E-03
1,390E-03
9,700E-04
-5,980E-03
-5,910E-03
-3,683E-01
-1,180E-01
7,507E-02
9,450E-03
-1,154E+00
6,860E-03

5,170E-03
1,083E-02
-3,000E-05
-4,050E-03
-3,700E-03
-1,888E-02
1,132E-02
9,450E-03
5,716E-01
-6,752E-01
4,930E-03

-5,814E-01
2,248E-01
4,949E-01
6,211E-01
6,391E-01

5,925E+00
1,706E+00

-1,154E+00
-6,752E-01
5,076E+01
-1,334E+00

6,400E-03
-2,270E-03
-6,920E-03
-6,860E-03
-7,090E-03
-2,511E-02
-5,600E-03
6,860E-03
4,930E-03
-1,334E+00
8,318E-02
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S18. Lung cancer after exposure to radon in mines

Currently, the implemented model is based on a study of the German Wismut miner cohort (Kreuzer
et al. 2015). The Wismut cohort is the worldwide largest epidemiological cohort of miners exposed to
radon. Furthermore, the cohort is relevant for compensation claims after radon exposure in mines in
Germany.

The model selected for ProZES was developed for a sub-cohort of Wismut workers hired in 1960 or
later, when dosimetric control and safety in workplaces were significantly improved compared to the
preceding period, thus resulting in generally lower and better quantified estimates of exposures.
Exposure is given in terms of working level month, WLM (ICRP 2010).

The parametric baseline has the following form:

Ao = exp <B1 + B,(cy —1973) + B3 In— + B,max> (O, In i)),
70 Bs

cy is the calendar year. Radiation risk is described by a simple ERR model with a linear dose
response without effect modifiers, where D is the total exposure in WLM:
ERR = B¢ - D.

Table S18.1: Parameters of the lung cancer risk model after exposure to radon for miners
(Kreuzer et al. 2015)

Parameter Unit MLE o 95%CI
Bi none —4.635  0.235 (—5.096;—4.174)4
B2 yr! —0.0251 0.0066 (—0.0379; —0.0123)“
Bs none 7.650 0.427  (6.814; 8.486)*
Ba none —15.57 4.67 (—2472; —6.41)¢
Bs yr 60? — —

Bs WLM~'  0.0130 0.0033  (0.0072; 0.0206)°

@ Wald-type CI
b optimised separately (manual fit)
¢ log-likelihood profile-based CI
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S19. Lung cancer after indoor exposure to radon

The model for lung cancer after indoor exposure to radon and progeny was defined using results of
the study of Darby et al. (2005). It is based on a pooled analysis using data from 13 European case-
control studies of lung cancer after residential radon exposure.

Radon exposure is quantified by indoor air activity concentration (Bg m~3) times duration of
exposure. According to Darby et al. (2006, Table B15), the average percentage of time spent indoors
at home among cases was approximately 60%. Correspondingly, the excess relative risk value
reported in this study (0.16 per 100 Bg m™3) is attributed to 30 years of residential exposure to radon
in air at concentration of 100 Bq m™ with average indoor occupancy 60%, which corresponds to the
cumulative exposure time of 157788 hours.

Thus, the required input includes both the average radon activity concentration in air g (Bq m?) and
the duration of indoor exposure T (hours). Concerning the duration of exposure, it is important to note
that the radon indoor model is different from all other ProZES models. In other models the exposure
duration is only used to estimate the dose rate and correct for a potential low dose rate effect, which
might increase in particular the error bounds of assigned share. In contrast, for the indoor model the
total exposure is directly proportional to exposure duration, and risk increases linearly with duration.
For example, an average annual working time in Germany in the period 2000-2016 accounted for
approximately 1400 hours (OECD.Stat, https://stats.oecd.org/Index.aspx?DataSetCode=ANHRS).

The excess relative risk of lung cancer after indoor radon exposure is therefore estimated as follows:

T _.Bm'CI'T

ERR=8. -q-
Bm 435 36525 2406 157788 '

where S, = 1.6 kBq~! m? is the risk coefficient from Darby et al. (2005) with 95% confidence
interval (0.5 — 3.1) kBq~! m3. The following equation is used in ProZES to compute the excess
relative risk:

ERR=B-q-T,
where the parameter f is sampled from a Gaussian distribution with the following parameter values:

u(Bqg'm3h 1) =1.01-1078,ando(Bqg ' m3h™1) = 0.42-1078.
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