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SUMMARY

In the spring of 1986, RERF received a new dosime-
try system which was developed by the US-Japan
Committee for Reassessment of Atomic Bomb Ra-
diation Dosimetry in Hiroshima and Nagasaki. This
report presents the comparisons of leukemia and
nonleukemia cancer mortality risk estimates under
the old and new dosimelries.

In terms of total kerma (essentially whole-body
gamma-ray plus neutron exposure), the risk esti-
matcs for both types of cancer are 75%-85% higher
with the new dosimetry. This and other summary
comparisons here make some allowance for possi-
ble nonlinearity at high estimated doses. It is also
important to consider the changes in relation to or-
gan doses and assumptions about the relative bio-
logical effectiveness (RBE) of ncutrons. Without
regard to RBE, the risk estimates for total organ
dose are essentially unchanged by the dosimelry re-
vision. However, with increasing assumed values of
RBE, the estimated low-LET risk decreases much
less rapidly under the new dosimetry, due to the
smaller neutron component. Thus al an assumed
constant RBE of 10, for example, the effect of the
dosimelry revision is to increase organ dose risk es-
limales, relative to those based on the old dosimetry,
by 30% for nonleukemia and 80% for leukemia. At
an RBE of 20 these increases are 72% and 136%,
respectively.

A number of other issucs are discussed. The city
difference in dose-response is smaller with the new
dosimetry, and is no longer statistically signilicant,
even at an RBE of one. Estimation of RBE is even
less feasible with the new dosimetry. There is sub-
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stantial question of the linearity in dose-response, in
the sense of a leveling off at higher doses. Finally,
some indication is given of how estimated lifetime
risks from this dosimetry may compare to widely-
used estimates based largely on the RERF data with
the previous dosimeltry.

INTRODUCTION

The analysis of excess cancer risks in the Japanese
atomic bomb survivors has for some time been based
on a dosimetry system developed in 1965 by ABCC
and the Oak Ridge National Laboratory. In the late
1970s it was suggested that there were serious in-
adequacies in this system. In 1983 the US-Japan
Joint Committee for Reassessment of Atomic Bomb
Dosimetry in Hiroshima and Nagasaki was estab-
lished to conduct a thorough review of all aspects of
the dosimetry for A-bomb survivors. In the spring
of 1986 this committee provided results to RERF
from which a revised dosimetry system was devel-
oped. The purpose is to give a general view of the
differences in cancer mortality risk estimates be-
tween the old and new dosimetries.

The comparisons presented here are based upon can-
cer mortality follow-up data through 1985 for a
fixed cohort of A-bomb survivors. Separate re-
sults are given for all cancers except leukemia, as
a group, and for leukemia. This is done because
both the general levels and temporal pattems of ra-
diogenic risk are quite different for these. Further
details regarding particular cancer sites, and other
aspects of the excess risk, will be given in the RERF
Life Span Study (LSS) Report 11 which is in prepa-
ration.

It is not straightforward to describe the changes in
risk estimates. The excess risk for either class of
cancer is not adequately summarized by a single
number. Rather, there are complex patterns involv-
ing both exposure level and a number of other fac-
tors, such as age at exposure, age at risk, and sex.
These patterns of risk are largely just scaled up or
down by the changes in dosimetry, which simpli-
fies the task somewhat. However, since the models
and stalistical methods for dealing with risk estima-
tion are not highly standardized, and a number of
somewhat different interpretations of the data have
been used, it is necessary to include a brief discus-
sion of the modeling and statistical methods used in
these analyses to insure proper interpretation of the
results.
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In addition to these complications, there are oth-
ers involving different ways of describing dose. In
the discussion of statistical methods the term "dose”
will sometimes be used loosely to refer to tissue
kerma, absorbed dose, or dose equivalent. More
precise terminology will be used in the presentation
and discussion of specific results.

In previous RERF and ABCC reports risk estimates
were usually based on the total, ie., gamma ray
plus neutron, tissue kerma in air at the location of
each survivor, adjusted for shielding by structures or
terrain (hereafter called kerma). For this reason, the
comparisons include kerma-based risk estimates. In
terms of total kerma, risk estimates for both types
of cancer are about 75%-85% higher with the new
dosimetry. This and other summary comparisons
here make some allowance for possible nonlinearity
at high estimated doses.

It would be seriously misleading to restrict attention
to these comparisons, because the changes in terms
of organ doses and dose equivalents can be differ-
ent from those for kerma-based risks. The contrast
between the kerma and organ dose resulls is due
to changes in kerma being substantially offset by
increases in the ratio of organ dose to kerma, espe-
cially for organs with substantial shiclding by the
body. Using the dose to the active bone marrow
for leukemia and the dose to the large intestine as a
representative dose for all cancers except leukemia
there is little difference between the new and the
old dosimetries based on total organ dose.

Very little in the way of estimation of RBE of neu-
trons can be done from these data, especially with
the new dosimetry. However, it is important to
consider the consequences of various assumed RBE
valucs. As the RBE is increased, estimates of the
risk per sievert decrease less rapidly with the new
dosimetry than with the old. Thus, the comparison
of such risk estimates depends heavily on assump-
tions about the RBE. For example at an RBE of 10
risk estimates are increased 30% for nonleukemia
and 80% for leukemia, relative to the old dosime-
try. At an RBE of 20 these increases are 72% and
136%, respectively.

It is important to determine whether there is an
unexplained city difference in the radiation-related
excess risks, particularly when examining the ade-
quacy of the dosimetry. This issue can also be in-

RERF TR 9-87

ChooBEMEABMBOIE» 2, Bit2ETHLD
HiEbLMETH L. HatFm bk e R+ 508,
BRTEVORABEFLTLLE—MIIAVWSAT
o9, EEIDIEEMS — =, BALHE, X
LA ERT AHBAH TV, FBTRBED
RREABETLBHTAHG I I VHELHES
Auva.

PEH @ BB /ABCC & T ) A 7 HFE LT,
WA LI kA A I L - SR
DB TOZRPRE (F v BH kT ) My ——=
(UFA—=¢HT)izETwTnd, zoz&hs
FROKBIE A — < 2T i) 27 HFEMTH B,
Bh—<IC LAWY 4 7O ) A 7 HEE WL it
HEMD H AP ETE% ~85% mw. FETHieo
BIEM A AT 3R, SERETEMTORSE
HEER+ 5.

ZhoolkBOHIEHT S L, RESGEAE I
YROTEE D -1 T ) A 7O ERE 5
THEMEA D 2D ICHEALBELEL, A=~k
MR OBROMIZERDY S 2013, FIZHEL
EoT, W-<OEFLY, +oEKs RS
FE, BRGSO miNC gD kg
H#HEL220TH 5. HIMEIC X 7@ kR
ARV, MmO 2@ RmER s
LTARMUBRILERR % v 3 », BRESatizEs <
FIOmARAEEMISIIEL A Y E R 2w,

Bt izBl o A2BEZ, F—yhodETo
RBE ##E+ A2 LIZELALTER L. LAL,
ficn{EEL - RBE ixFV &R EE T 52 &
EHRETHE. RBEFORMME » & 12—~
W) A7 B I E R & 0 b B HEE il %
AunithHii@dehricE@lbTas LAN-T, Z0LS
Y AZHEEMO LEIE RBE OEIZKE AEA
Eh3. i1, RBE 210+ e L =84, D&
HESEAR & JEBE L C U A 7 HESE L B s DL Ak o 4 T
1430%, AMmMHETIE80% MK+ 2. RBE 2204+ 5
EEFNFNT2%, 136% kT 5.

BHHEMNAERRY A2 W TAHBEZBTHO
LRVBLEHEI P IHRBEEORT LML BN T S
LeHIcEETHS., ZOMME RBE 4 B L -



RERF TR 9-87

vestigated only in conjunction with consideration of
RBE. For the RBE values considered, the city dif-
[erences in risk estimates are smaller with the new
dosimeltry than with the old. With the old dosimetry
and an assumed RBE of 1.0, the risk per unit dose
in Nagasaki is about 35% of that in Hiroshima, and
this difference is statistically significant. However,
with the new dosimetry, the risks in Nagasaki arc
60%-70% of those in Hiroshima, and this difference
is not statistically significant. With either dosimetry
the assumption of an RBE greater than 1.0 reduces
the apparent city difference.

Although the matter is too complex to consider in
detail in this report, some discussion of nonlinearity
in the dose response with the new dosimetry is pre-
sented. Finally, some indication is given of how
estimated lifetime risks from this dosimetry may
compare Lo widely-used estimates based largely on
the RERF data with the previous dosimelry.

MATERIALS AND METHODS

Background and Terminology

Studies of mortality among A-bomb survivors at
RERF are based upon an ongoing follow-up of mor-
tality among members of the Life Span Study (LSS)
cohort. The part of the LSS cohort used in these
analyses consists of 91,228 people who were within
10,000m of the hypocenter in Hiroshima or
Nagasaki at the time of the bombing (ATB). The
full LSS cohort also includes 26,580 persons who
were not in either city ATB, but who were res-
idents of Hiroshima or Nagasuki in 1950, 2,391
survivors for whom T65D dose estimales cannot
be compuled, and 122 survivors in various expo-
sure categories with incomplete follow-up informa-
tion. As in most reporls on mortality in the LSS?2
these people have been excluded from the analyses
reported here. Beebe and Usagawa® describe the
composition and construction of the original LSS
cohort. Preston et al' describe recent additions to
the cohort.

Recent analyses of the LSS cohort have used in-
dividual survivor lissue kerma estimates computed
using the tentative 1965 dosimetry (T65D)
system.?*® Because of questions about the valid-
ity of the T65D dosimetry,®~° the US-Japan Joint
Committee for Reassessment of Atomic Bomb
Dosimetry in Hiroshima and Nagasaki®!? has re-
viewed all aspects of the dosimetry and developed
a new dosimetry system, called DS86, for the A-
bombs used in Japan. A complete description of
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the development of DS86 is being prepared by the
reassessment committee, 1

In April 1986 the computer programs and data bases
which constitute the DS86 system were provided
to RERF by the committee. This system can be
used directly to compute new dose estimates for
about 18,500 of the 22,513 survivors in the LSS
with detailed shiclding information. Based upon an
analysis of these direct estimates, RERF has devel-
oped procedures to compute DS86 dose estimates
for about 57,000 additional members of the LSS.
Thus, DS86 dose estimates have been computed and
complete mortality data are available for 75,991 sur-
vivors or 83% of the people in the LSS cohort with
T65D dose estimates. The group of survivors for
whom DS86 doses have been computed will be re-
ferred to as the DS86 subcohort.

The brief discussion of the T65D and DS86
dosimetries presented below and the supplementary
material given in Appendix B are intended to pro-
vide information necessary for a basic understand-
ing of DS86 dose estimates and the definition of the
DS86 subcohort. Kerr et al'? describe RERF’s use
of DS86 to compute dose estimales for individual
SUTvivors.

The analyses described herein make use of dara
on leukemia and nonleukemia cancer mortalily in
the LSS cohort during the period from 1 October
1950 through 31 December 1985. This extends the
follow-up interval three years beyond that of the
most recent comprehensive survey of cancer mor-
tality in the LSS.! Tt should be noted that for leu-
kemia, but not for other cancers, there is evidence
of substantial excess mortality prior to 1950.1% Ta-
ble 1 contains information on the composition of
the LSS cohort. The total number of deaths and
the numbers of deaths due to leukemia and cancers
other than leukemia during the follow-up period are
also indicated in the table. The primary compar-
isons considered here are between T63D risk esti-
mates based on the full LSS cohort and DS86 risk
estimates computed from the subcohort. In order to
assess the effect of restricting analyses to the sub-
cohort, some comparisons are also madc using risk
estimates computed from the DS86 subcohort us-
ing T65D doses. The rationale for emphasizing the
comparison to the full T65D cohort was a general
aim to assess the changes due to the new dosime-
try relative to the levels of estimated risk that are
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in current use. In this sense, the "new dosimetry”
consists not only of new computational formulas,
but also restriction of the cohort, in parl 1o remove
some groups of survivors whose shiclding was par-
ticularly difTicult to resolve,
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TABLE 1 SAMPLE SIZE AND MORTALITY SUMMARY FOR THE

LIFE SPAN STUDY COIIORT: 1950-85
£1 BEBEHET—F— FRIMO RS SR U 1950—85F
Mortality
S 1 Cuancer [ t
:;r;;];c All Canses  Leukemia df;:kcr:;: P
DS86 dose (Subcohort) 75991 28737 202 5734
T65D dose only 15237 5524 33 1127
Total 91228 34261 235 6681

In this paper a number of terms will be used to de-
scribe the level of radiation received by survivors.
The tissue kerma in air at specific locations unad-
justed for the effect of shielding by structures or ter-
rain will be called the [ree-in-air(FTA) kerma. The
lissuc kerma in air at the survivor location after ad-
justment for the effects of shiclding by structurces
or terrain will be called kerma. Organ dose will be
used to refer 1o the mean absorbed dose for specilic
organs. The terms total kerma and total organ dose
will be used to mean the sum of gamma-ray and
neutron kerma or organ dose, respectively. In anal-
yses which make use of assumed or estimated RBE
values the level of radiation is expressed in terms of
dose equivalent. FIA kerma, kerma, and organ dose
is given in Sl units," gray (Gy) or milligray (mGy),
while dose equivalent is expressed in sieverts (Sv)
or millisieverts (mSv). The ratio of kerma to FIA
kerma will be called the environmentul transmission
factor while the ratio of organ dose to kerma
will be referred 1o as the body transmission/organ

absorptien factor.

Analyses of radiation risk at RERF have gencrally
been based on T6SD total kerma estimates. How-
ever, as noted in the Introduction, it was felt inap-
propriate to restrict atiention Lo risk estimates based
on total kerma, since changes in organ dose risk es-
timates arc very different from the changes in risk
estimates based on kerma. For leukemia, the ab-
sorbed dose 1o the aclive bone marrow was used
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as the organ dose. For the broad category of can-
cers other than leukemia the absorbed dose to the
large intestine was used on the grounds that this
might provide an approximation to the organ dose
for many important tissues.

In describing the relationship between FIA kerma
and an individual survivor’s kerma, the environmen-
tal transmission factor provides a convenient sum-
mary for both the old and the new dosimetries. An
important difference between the T65D and DS86
dosimetry sysiems is thal the new system, while ac-
counting fully for structural and terrain shielding,
does not explicitly include environmental transmis-
sion factors, but they can be computed from the dose
component estimates. Similar comments apply for
body transmission/organ absorption factors.

T65D Dose Estimates

The T65D dosimetry system provides estimates of
total gamma and neutron kerma for individual sur-
vivors. The most comprehensive discussion of the
original T65D system and its use by ABCC is given
by Milton and Shohoji.* Auxier® also describes the
history and application of T65D in some detail.
Noble!® describes the shiclding histories collected
by ABCC and how the information in these histo-
rics was used to compute estimates of T63D envi-
ronmental transmission factors. Recent minor revi-
sions to the original T65D system are described by
Kato and Schull.? Kerma estimates computed using
this revised version of the original T65D dosimetry
system have gencrally been referred to as T65DR
dose estimates. In this paper, however, T65D will
be used to refer to the revised T6SD dosimetry sys-
tem. In LSS Reports,}? the T65D total kerma is
set equal 1o 6 Gy for all survivors whose T65D to-
tal kerma estimalc is greater than 6 Gy. Additional
information about the T65D system is contained in
Appendix B.

The T65D system per se does not contain informa-
tion on body transmission/organ absorption factors.
However, what will be referred to as T65D organ
doses can be computed from the T65D kerma es-
timates using the factors given by Kerr'® in 1979.
Such organ doses have been used in only a limited
number of analyses at RERF, but they have been
widely used in other reports,13:17.18

DS86 Dose Estimates
The DS86 system can be used to compute detailed
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estimates of kerma and 15 organ doses [lor sur-
vivors with detailed shielding histories in selected
shielding categories who were within 2,500 m of
the hypocenter ATB. Of the 22,513 survivors with
shielding histories, direct DS86 estimates could be
computed for 18,517. Additional information on
these categories and on the nature of the DS86 cal-
culations are contained in Appendix B. As with the
T6E5D estimates, the DS86 kerma estimates used in
these analyses have been adjusted so that the max-
imum DS86 total kerma for any survivor is 6 Gy.

Since direct DS86 estimates can be computed for
only 20% of the LSS cohort it was necessary to de-
velop indirect methods to provide DS86 estimates
for additional survivors in the LSS. In the T65D sys-
tem kerma estimates for 2,535 proximal survivors
(i.e. survivors who were within 1,600 m of the
hypocenter in Hiroshima or 2,000 m in Nagasaki)
without detailed shielding histories but who were
believed to have been in Japanese-style houses or
tenements, were computed by application of average
environmental transmission factors to FIA kerma
estimates. In the DS86 system kerma estimates
for these survivors were computed in an analogous
manner, using average environmental transmission
factors taken from those with dircct DS86 estimales,
The FIA kerma estimates for these survivors, and
the distal survivors discussed below, were computed
using city-specific parametric models of the DS86
FIA kerma versus distance relationships.

The T65D kerma estimates for all distal survivors
(65,969 people) were taken to be equal to the T65D
FIA kerma estimates. For 54,939 of these survivors
indirect DS86 estimates have been computed as fol-
lows. If the DS86 FIA kerma is less than about
5 mGy the kerma estimate is laken as zero. Among
distal survivors with larger DS86 FIA kerma esti-
mates, those determined to have been in Japanese-
style houses were assigned average environmental
transmission factors, as discussed above for certain
proximal survivors. This departure from the T65D
procedure of implicitly taking a transmission fac-
tor of 1.0 in these cases was necessary because of
the generally higher DS86 FIA kerma estimates for
distal survivors and the smaller DS86 environmental
transmission factors.

The final system for the computation of DS86 organ
dose component estimates for individual survivors is
still being developed. For this report, DS86 marrow
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and intestinal doses for individual survivors were
computed by application of average body transmis-
sionforgan absorption factors for gamma rays, neu-
trons, and neutron-capture gamma rays produced by
the passage of neutrons through the surrounding tis-
sue, which will be called n-gammas in this report.
These averages were computed as the ratios of or-
gan dose to kerma for the appropriate gamma-ray
and neutron components for survivors with direct
DS86 estimates.

Work on the new dosimelry system is still in
progress. It is certain that various aspects of the
basic dosimetry system and the way in which this
system is used will be modified over the next few
years. It is felt that these changes will be small and
should not have an appreciable effect on the general
conclusions in this or other early reports of analyscs
which make use of the new dosimetry.

Comparison of T65D and DS86 Dose Estimates

Some comparisons between T65D and DS86 indi-
vidual survivor dose estimates will be presented.
These comparisons are focused on malters relevant
to the analyses of this report. A more thorough dis-
cussion of the differences between T65D and DS86
dose estimates for individual survivors is contained
in Kerr et al.t?

The DS86 FIA gamma kerma estimates in Hiroshima
arc larger than the corresponding T65D estimates.
This difference increases with distance. Thus at
a distance of 700 m [rom the hypocenter the ra-
tio of the DS86 FIA gamma kerma estimate to the
T65D value is 1.3 while at 2,000 m the ratio is
3.7. Hiroshima DS86 FIA neutron kerma estimates
are about 10% of the T65D estimates at all ground
ranges. In Nagasaki there is little change in the FIA
pgamma kerma and a reduction of about 30% in the
neutron kerma.

Simple transmission factors are not used in the com-
putation of direct D586 kerma or organ dose esti-
mates. However, it is possible to compute post hoc
factors for each survivor with DS86 estimates. Ta-
ble 2 contains T65D and DS86 average gamma-ray
and neutron environmental transmission factor val-
ues for persons beyond 1,000 m from the hypocenter
ATB with direct DS86 estimates who were inside
Japanese-style houses or tenements. Allthough the
neutron factors changed very little with the intro-
duction of the new dosimetry, the average DS86
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environmental transmission factor for gamma radi-
ation is about 50% of that for T65D in Hiroshima
and about 60% in Nagasaki.

{F 80 E 5T d TEsD J £ 1R BLE B (R B E950%,
R TIEH60%TH 3.

TABLE 2 COMPARISON OF T65D AND DS86 AVERAGE
HOUSE TRANSMISSION FACTORS

# 2 T65D M (F DS86 8% 5 A (% o kg
Hiroshima Nagasaki
Radiation T65D DS86 T65D DS86
Gamma 090 046 0.81  0.48
Neutron 031 036 035  0.41

Since a large fraction of the survivors were either
inside houses or tenements or outside and shielded
by houses or other light structures, and since trans-
mission factors are used for distal survivors inside
houses, the change in gamma-ray transmission for
houses and tenements has a dramatic impact on
gamma kerma estimates. In Hiroshima the aver-
age DS86 gamma kerma estimate is less than the
T65D estimate for ground ranges of less than about
1,300 m and greater than the T65D estimate at larger
ground ranges. In Nagasaki, the DS86 gamma kerma
estimates are smaller than the corresponding T65D
estimates for all survivors. The ratio of neutron
to total kerma increases smoothly with kerma from
less than 1% to about 6.5% in Hiroshima and from
less than 1% to about 1.5% in Nagasaki.

Tables 3 and 4 provide more detailed information
about differences between T65D and DS86 kerma
estimates and the nature of the DS86 subcohort. In
these tables members of the LSS are cross-classified
into T65D and DS86 kerma categories. The propor-
tion of persons in each T65D category for whom
DS86 kerma could not be computed is shown in the
last column of cach table.

In Hiroshima, the general tendency for DS86 kerma
to be higher than T65D kerma for more distal sur-
vivors is apparent. However, few Hiroshima sur-
vivors with T65D kerma estimates in excess of 1 Gy
moved into higher DS86 categories, while a sub-
stantial number of these survivors did move into
lower DS86 categories. Examination of the data on
the proportion of people without DS86 estimates in-
dicates that the greatest losses occurred in the lower
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dose categories. These people are primarily distal A FEELCHFRAERXEKRERREAIZIWE >
survivors who were not inside Japanese-style houses PR R E T 5
or wooden tenements.

TABLE 3 COMPARISON OF DS86 AND T65D KERMA DISTRIBUTIONS: HIROSHIMA
#3 DS85 R TED A—v4 Mok 1Ly

Total T65D Total DS86 Kerma in Gray Unknown  T65D % of T65D
Kerma Subcohort D586 Kerma with Unk
in Gray <.005 005-.1 1-5 3-1 1-2 23 34 4+ Tonal Kerma Total D586 Kerma
<.005 20609 4635 25244 2324 27568 84
.005-.1 11032 386 11418 5155 16573 31.1
.1-3 522 8335 297 9154 1209 10363 11.7
S-1 776 1762 56 2594 113 2707 42
1-2 807 809 10 1626 99 1725 54
24 473 119 2 504 63 657 9.6
34 64 213 51 328 41 369 11.1
4+ 7 140 114 171 432 74 506 14.6
Unk 1426 1426
DS86 Kerma
Toal 20609 16189 9497 2866 1409 482 167 171 51390 10504 61894 17.0

TABLE 4 COMPARISON OF DS86 AND T65D KERMA DISTRIBUTIONS: NAGASAKI
F4 DS8 R TED #—=510 B il

Total T65D Total D586 Kerma in Gray Unknown  T65D % of T65D
Kerma Subcohort DS86 Kerma with Unk
in Gray <005 .005-1 1-5 51 1.2 23 34 4+ Total Kerma Total  DS86 Kerma

<.005 9431 9431 172 9603 1.8
.005-.1 4.846 5130 9976 3218 13194 24.4
1-3 1779 958 2737 1068 3805 28.1
5-1 849 83 932 485 1417 34.2
1-2 107 474 76 657 718 1375 522
2-3 140 275 13 428 295 723 408
34 3 13 37 1 172 95 267 356
4+ 37103 43 85 268 108 376 287
Unk 957 957

DS86 Kerma

Total 14277 6909 1914 700 519 153 44 85 24601 7116 31717 224

11
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The picture for Nagasaki is quite different. In no
case did the DS86 kerma estimate for Nagasaki
survivors exceed the T65D estimate by enough to
cause a shift into a higher DS86 category. There
were, however, many large downward shifts, espe-
cially in the higher dose calegories. In addition,
although the numbers of people are small, DS86
estimates could not be computed for almost 50%
of the Nagasaki survivors with T65D estimates be-
tween .5 and 2 Gy. This largely reflects the inabil-
ity of the current DS86 system to produce kerma
estimates for persons shielded primarily by terrain
(about 300 Nagasaki survivors) or persons who were
in factories (about 700 survivors).

If accurate dose estimates were available for these
survivors, their inclusion in analyses would lead to
improved precision in risk estimates. However, as
has been noted by various authors,!%:2° the spe-
cial difficulties in dose estimation for individuals
in these groups makes it likely that the errors in
kerma estimates for them are greater than those for
survivors in other shiclding categories. Hence, their
inclusion in analyses does little, if anything, to im-
prove the quality of risk estimates. For this rea-
son, no efforts have yet been made by RERF to
develop ad hoc procedures to assign environmental
transmission factors to survivors shielded by terrain
or in factories. However, as part of the contin-
uing work of the reassessment commillee special
consideration is being given to dose estimation pro-
cedures for Nagasaki survivors in these important
categories. It is anticipated that the Commitiee’s
efforts will permit extension of the DS86 system to
provide direct estimates for some of these survivors
in the near future.

The final system for the computation of organ dose
component estimates for individual survivors was
still being developed when the analyses described
herein were carried out, Therefore, for this report,
DS86 marrow and intestinal doses for individual
survivors were computed by application of aver-
age body transmission/organ absorption factors for
gamma rays, neutrons, and n-gammas. These av-
erages were computed as the ratios of organ dose
to kerma for the appropriate gamma-ray and neu-
tron components for survivors with direct DS86 es-
timates. These average body transmission/organ ab-
sorption factors and the corresponding T65D factors
taken from Kerr!® are shown in Table 5.
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TABLE 5 COMPARISON OF T65D AND DS86 AVERAGE
BODY TRANSMISSION/ORGAN ABSORPTION FACTORS

#5 TeHD B U DS86 T 4 5 iE i /N RN B AR
Active Bone Marrow Large Intestine
Radiation T65D DS86 T65D DS86
Gamma 0.56 0.79 0.40 0.72
Neutron 0.28 0.34 0.14 0.15
n-Gamma 0.07 0.57 0.08 0.55

The DS86 gamma-ray body lransmission/organ ab-
sorption factors for bone marrow are greater than
the corresponding T65D values by about 40%. For
intestinal doses, the DS86 body transmission/organ
absorption factor is 80% larger than the T65D fac-
tor. Because the radiation exposure received by sur-
vivors is primarily duc to gamma radiation, these
changes have a large effcct on comparisons of DS86
and T65D risk estimates. There is little difference,
however, between T65D and DS86 neutron body
transmission/organ absorplion factors for these or-
gans. The contrast between the T65D and DS86
n-gamma transmission factors reflect differences in
the neutron energy specira, particularly for low en-
ergy neutrons, between the two systems. Tt should
be noted that there are some organs, nolably female
breast, for which there is little dilference between
DS86 and T65D body transmissionforgan absorp-
lion factors.

Statistical Considerations

For simplicity the discussion in this section is given
m terms of models for risk which are linear in dose.
Such models, when applied with care, can provide
useful summaries of these data. There are important
issues regarding nonlinearity some of which will be
discussed as necessary in subsequent sections.

As noted above, the excess risk per unit dose can-
not be adequately summarized by a single number,
because it depends on factors other than dose. Tt
is not appropriate to ignore cffects of these other
factors in carrying out the basic dose-response anal-
ysis. The reason for this is that the comparison of
experience of survivors at different exposure lev-
els is extremely imprecise unless il is elfeclively
made within levels of the other risk [actors. This
is particularly important in regard to age, since the
background risk changes rapidly. Only if there was
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perfect "balance" regarding the other risk factors at
every level of exposure would simpler methods of
analysis be adequate, and even then there would be
question regarding proper assessment of the errors
of estimation. Since the patterns of excess risk at a
given dose are quite different for leukemia and other
cancers, it is necessary to treat these separately in
the discussion of models and the analysis.

First, consider models which describe the excess
risk of radiation-induced nonleukemia cancer mor-
tality and which are somewhat less complex than
those for leukemia. The most important features of
any reasonable model for nonleukemia cancer mor-
tality are reflections of the following two aspects of
the data. First, for a given age at exposure, the abso-
lute excess risk per unit dose has increased over the
follow-up period quite similarly to the age-specific
increase of the background rate. Second, for any
given time since exposure, and thus generally over
the follow-up period, the absolute excess risk (per
unit dose) increases with age at exposure, while the
excess relative risk (ratio of excess to background)
decreases with age at exposure. The excess relative
risk also depends subslantially on sex, although this
dependence apparently serves primarily to counter-
balance the sex ratio in the background risk. There
is no evidence for a dependence of the absolute ex-
cess risk on sex for all nonleukemia cancers as a
group, but this is an instance where such a group-
ing may obscure important issues.

For the purposcs here, an adequate model for can-
cers other than lcukemia is obtained by allowing
the excess relative risk per unit dose to depend
upon age at exposure and sex, bul not on time since
exposure.! There is, of course, a latent period dur-
ing which no substantial increased mortality occurs.
The model used here assumes a constant relative
risk beginning in 1950; however, changing this to
1955 results in essentially the same parameter esti-
mates as those given below. The constant relative
risk model reflects the observation noted above that,
for a given age at exposure, the absolute excess risk
has increased similarly Lo the background rates over
the follow-up period. The suitability of this model
has been investigated in LSS Report 10! and other
investigations by statisticians at RERF. This type of
model was also adopted, after careful consideration
of both the LSS and other data, by the NIH Radio-
epidemiological Tables Committee.?* This model
is not necessarily meant Lo represent the model that
should be used for extrapolation to other cohorts or
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beyond the current follow-up peried for this cohort. MEMM AN AL THERTNETHI LESTLE
Rmhc‘r, .11 has been uscd bCCﬂ-llSC.l[ prt}wde:q a good Sih0. BLAZOEFME, REOHMIZE 5T
description of these data, which is all that is neces- T
. e e © !|:I _\ r_. a C-. -~ \'.: P.i 5 % &
sary for the present purposes. Pierce and Preston®? fas HEC T = 5 el

have shown that reasonably simple explicit models L 7z. Pierce /& U Preston®™ |1 # 4k f &8 ik ) O
for the absolute exeess risk, which incorporate an WO E A A n g, NALA -2 BRI E 3
increasing effect of time since exposure, can pro- ERNZAEREY A7 EFUANEITN RSN

vide essentially the same fit to the LSS data. S s LAl A AL

This is expressed more formally in terms of the fol-
lowing notation. Let ZThiBLToR, CEA L&T.

c=cily §=sex a = age (at risk)

fill if7 s T R
p = period (calendar) e = age at exposure d = dose
W] I PR S

and wrile A, for the age-specific background risk WREOMA, HEECHEECOERMN Ay 2 779 2 F
for given values of city, sex, and calendar time. VAT & Mgy THET. BROER L ERIEL T
The precise meaning of dose will be discussed be- M 5. KWTHAS BME Ry s T5EY
low. The primary models used here for the observed : : ) el

background plus excess risks are essentially of the ~  * 7 \Ci@H U A7 & IIA 24 OO HAEET NI,
form AEERORTEENS.

Acsup(l"i'ﬁaaﬁcd) . (1)

The parameters e, and &, represent the variation 8 A8 — o, BOF O, (2L T O BEIE 0 GG 1o PR S
in relative risk with sex and age at exposure. The
estimates of these parameters change very litlle be- - )
tween the two dosimetries. The primary change can HETE AR BT IE AR HE R TR & A KL B
be described in terms of the estimates of the main PRSI EAR oM EH Lo THET LY
cffect, B. For various reasons it is important also to TES. fha 2B 6 Q) OIIAOE o8
consider wththlhc exeess relative risk, that is L'he HATY 2 2 2L IRTET 22 23 &S 3
second lcnq in .rackcls in (1), dcpcndz:z upon city CLLEECHS. TR BB RO —
as well. This will be part of the analysis here, but PR i i

oy 3 7 . P A L FEm T
it is best to think of the above model without that <% ##% Wil & ZRIZAN L Eed T 70 & 34
effect as the fundamental one. ETNELTERGOHFRETH S,

Mty Ay nBEMEFRYT., o029 -0

Several representations of dose (d, in the above HEopoEN BB (FEETFTLODECD D T
model) will be considered here. Primary emphasis T S LAE ST, 2y ]

will be placed on taking d to be either total kermaor 11+ 2+ FHLEEIE, & . < f“" . o
total organ dose, as defined above. Additional es- RMummite deT s ModeRRuite LT
timates will be given for a range of values of RBE ~ Wi ¥ 23 &, Wz —i o) RBE #E5% il ' 5 2 5

where d in (1) is calculated as a dose equivalent, ha,
d = gamma kerma or organ dose + RBE * neutron kerma or organ dose. (2)
# o A — 7 I R HVPE £ — v 5L I R

15
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Use of d as defined here leads 1o estimates of risk
per sieverl, or equivalently, the risk per gray of
gamma-ray exposure. The dose equivalent given by
(2) is an oversimplification since RBE presumably
varies with exposure level and by cancer site; nev-
ertheless, modeling in these simplified terms seems
uselul for the present purpose.

In addition 1o relative risk estimates, the tables in
Appendix A present estimates, for each dosimetry,
of the average absolute excess risk per person-year
per unit dose, over the curmrent follow-up period,
for six combinations of sex and age at exposure
described below. These estimates were computed
by applying the fitted relative risk model (1) to the
cohort experience of dose and lime at risk. Il is
important to understand the interpretation and lim-
itations of any such estimate, regardless of how it
is computed. First, estimates of average absolute
excess risk over the follow-up are in the face of
competing causes ol death. That is, for each age
at exposure (and sex) group, they are average risks
over the follow-up, weighted by the chance of a
person being at risk (alive) at each time. Further,
because of the way that the excess risk increases
with time, such estimates do not stabilize to some
value as the follow-up lengthens for either type of
cancer. For nonleukemia, the excess risk has been
increasing much faster than the time at risk, for any
given dose, and hence the average excess risk has
been increasing. The temporal patterns of excess
leukemia are more complex.

In the case of leukemia it is more complicated to de-
scribe an adequate model for the joint efTects of dose
and the other factors discussed above. The primary
difficulty is in describing the temporal variation in
the excess risk. It is well-known that in the LSS co-
hort the excess risk of leukemia does not increase
over the follow-up similarly to the background rate,
for given age at exposure, as it does for the case of
other cancers. For those exposed at an early age,
the excess risk after 1950 decrcases rather sharply
with time. For those exposed at a later age it is
more dilficult to estimate the temporal patiern, but
the excess appears to change little over much of the
[ollow-up.

Even though estimates of these temporal patierns
differ litile between the two dosimetries, explicit
models for them are sufficiently more complex than
(1) and no single estimated parameter such as 4 can
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adequately reflect the change in general levels of
risk. The resolution of this taken here is to focus
on the changes in estimates of the average excess
risk per person-year per unit dose over the follow-
up. This summary suffers somewhat from the draw-
backs indicated above for the case of nonleukemia,
but seems to be the only reasonably simple sum-
mary of the effect of changes in the dosimetry for
leukemia.

It is important to choose an appropriate estimator
of the average excess risk. For the same reasons as
indicated for nonleukemia, it is inadvisable simply
to ignore the age and temporal variations in risk in
the data analysis. The approach taken incorporates
additional factors into a relative risk model of the
form (1) to allow for variation of the relative risk
with time since exposure. A model which appears
to fit the data reasonably well?®24 is given by a
risk model of the form

Au:mp(l + By, b, % d) s

where ¢ is time since exposure and k. is an ex-
ponent which depends on age at exposure, e. The
fitted values of the k, parameters are substantially
negalive, indicaling a marked decrease in the ex-
cess relative risk with time, and this effect is more
pronounced in those exposed at a young age. The
choice of the above model in terms of relative risk,
rather than absolute excess risk, was made primarily
on the grounds of convenicnce in analysis. Use of
an explicit time-varying model for the absolute ex-
cess risk gives essentially the same fit to the data,*®
and thus very nearly the same final resulls as given
here. The average risks reported here were com-
puted by fitting models of the form (3), estimating
the age-time specific excess risk as the product of
estimated background and relative risks, and then
averaging this according to the cohort experience
of the time at risk.

The [itting of models (1) and (3) to the LSS data
is done in essentially the same way as for LSS Re-
port 10.1:2%:26 The methods, which rely on well-
accepled principles of survival analysis and epi-
demiology, fit the paramelers in these modcls so as
to maximize the probability that they ascribe to the
data at hand. Ti is emphasized that these methods
utilize the information on the (approximate) ages
and times since exposure at which cancer mortali-
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ties oceur, so that a reasonably precise comparison
of the experience at different exposure levels can be
made. None of the analyses of the LSS prior to LSS
Report 10, by either RERF or the various commit-
tees reporting on these data, used statistical methods
with this character. We are not aware of any seri-
ously misleading conclusions which have emerged,
but it is clearly advisable to move to more modern
and adequate methods of analysis of these data.

A brief general description of the method can be
given as follows. The data are summarized by com-
puting the number of cancer deaths and the person-
years at risk for cach cell of cross-classification of
the cohort experience by city, sex, and intervals of
age-at-risk, time-since-exposure, and dose. The pa-
rameters in models (1) or (3) are then estimated by
maximum likelihood for a model in which the num-
ber of cancer deaths in the cells are considered as
Poisson random variables, with expectation given
by the product of the person-years at risk and the
rates specified by models (1) or (3). For relative
risk models of this form, it is possible to allow the
parameters for every stratum to be totally [ree, and
estimated from the data. This analysis is essentially
a grouped-data form of the widely-used Cox regres-
sion method for survival analysis (sece, for example,
Cox and Oakes,?” Kalbfleisch and Prentice,?® or
Breslow?®). Somewhat more intuitively, this can
be thought of as smoothing the raw estimates of
riales given by the ratios of deaths to person-years
for cach cell of the table, by fitting to them models
of the forin (1) or (3) using suitably-weighted lcast
squares methods.

RESULTS

The emphasis in this paper is on comparison of
T6SD risk estimates from the LSS cohort to DS86
risk estimates from the subcohort for which dose
eslimates are currently available. In order to as-
sess the effect of restriction to the subcohort T65D
risk estimates were also computed using only those
survivors in the DS86 subcohort. In this regard,
it is noted that there are reasons to suspect that
survivors without DS86 estimates may have more
poorly-estimated T65D doses than do survivors in-
cluded in the subcohort. It is known on general
statistical grounds that the elimination of a group
of people with poorly-estimated doses would tend
to increase the risk estimates, that is, random errors
in the dose estimates have the effect of creating a
downward bias in estimates of risk.
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Results will first be given for risks in terms of to-
tal kerma. Then parallel results will be given in
terms of total organ dose, using marrow doses for
lenkemia and intestinal doses for all cancers except
leukemia. After that, some results will be given
based on a range of assumed values for RBE. This
is done in terms of RBE for both kerma and organ
dose. Finally, a discussion of the extent of unex-
plained city differences is presented.

Total Kerma

Figures 1 and 2 provide a useful display of the risks
as a function of kerma averaged over sex and age
at exposure. For nonleukemia the plotted points are
estimates of excess relative risk, while for leuke-
mia they are estimates of the average absolute ex-
cess risk per person-year over the follow-up period,
1950-85. Care must be taken in drawing dctailed
conclusions from these plots, since the standard er-
ror for many plotted points are as high as 50% of
the value shown. In addition, the patterns seen are
influenced by the arbitrary choice of kerma intervals
used 1o construct these plots.

The principle underlying the construction of these
plots is that the plotled points should reflect the
replacement of the linear dose-response in models
(1) and (3) by a much less restrictive model. Thus
the points have been obtained by precisely the same
methods as those used 1o estimate the slopes of the
linear dose-response given below, except that the
parameler § in models (1) and (3) is replaced by a
separate parameler for cach dose calegory.

A general increase in the level of risk with DS86
exposures is apparent from Figures 1 and 2. There
is not a substantial difference in T65D risk estimates
between the full cohort and the DS86 cohort. More
precise comparisons are discussed below. An inter-
esling aspect of the plots is the suggestion of non-
linearity in the higher range of DSR6 risk estimates.
More complete treatment of this will be given in the
Discussion section, but this is the motivation for the
presentation of DS86 risk estimates based on omit-
ting the survivors with over 4 Gy kerma, as well as
those based on the entire range of kerma. Making
this restriction when estimating T65D risks has little
effect. Further, the aim of this paper is comparison
to risk estimaltes used in the past, which have been
based on modcls over the enlire range to 6 Gy.
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FIGURE 1 NONLEUKEMIA EXCESS RELATIVE RISK FOR INTERVALS OF KERMA.

Six points are plotied and connected by lines for each of the three dose-response curves. The

points correspond to dose categories of 0.1-0.5, 0.5-1, 1-2, 2-3, 3-4, and >4 Gy. The coeflicient
of variation for the plotted points ranges from about 25% to 50%
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FIGURE 2 LEUKEMIA EXCESS RISK FOR INTERVALS OF KERMA. Six points are plotted

and connected by lines for cach of the three dose-response curves. The points correspond to the

same dose categories as in Figure 1. The cocfficient of variation for the plotied points ranges from
about 25% to 50%
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For all cancers except leukemia, the estimates of
A in model (1), corresponding to slopes for linear
fits in Figure 1, are shown in Table 6. Thus, for
example, the T65D excess risk per gray is 27% of
the background risk. These estimates arc the av-
crages, using equal weights, over the six sex and
age at exposurc groups defined in Table 7. In or-
der to compule the relative risk estimate for one of
these categories, the estimate from Table 6 is multi-
plied by the relevant factor from Table 7. Although
the relative risks for females are much larger than
those for males, the absolute excess risks do not
dilfer markedly by sex since the background risk of
death from cancers other than leukemia is smaller
in women than in men (Appendix A).
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TABLE 6 ALL CANCER EXCEPT LEUKEMIA, KERMA:
Estimates of excess relative risk averaged, with equal
weights, over six catepories of sex and age ATB. For each
of these estimates the coctficient of variation is about 14%
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Excess Relative

Dosimetry Risk per Gray
T65D 027
T65SD, DS86 subcohort 0.30
DS86 .43
DS86 total kerma <4Gy 0.50

TABLE 7 ALL CANCER EXCEPT LEUKEMIA, KERMA:
Factors for adjusting the excess relalive risk
for sex and age at exposure
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T63D M 0.98 0.74 0.33

I 1.89 1.43 0.64

DS86 M 097 0.58 0.32

I 2.16 1.29 0.71
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As discussed in the Methods section, the leukemia
risk is described in terms of the average excess risk
over the follow-up period. The slopes for the linear
fit were computed as follows. First, model (3) was
fit to the data. Using this fit, the number of ex-
cess cases was estimated for each cell of the cross-
classification described at the end of the Methods
section. Then, for each of the six categories of sex
by age at exposure, a slope for the exposure-average
risk rclationship was estimated as the ratio of the
total number of estimated excess cases 1o the total
number of person-year-gray of exposure. The ex-
cess risk estimates given in Table 8 are the average
of these six estimates, using equal weights.

Table 9 contains the [actors to adjust these rates for
sex and age at exposure. These eflects are modeled
in a product form in model (3), but this does not
result in a product form for the average risks.

HEO®ETHREL 28 2z, CUi ) A 7 1338888
M R ) 2 712k TR, SFESO
DEgRO LI LTk, 23, EFL(3) %
FoylIMGgsEE., ZOBEEHVT, HFEOMHD
LD L - R EFMEOE R 5 0 B &
BadEE LA, KUEPERUHEBEERNON 2D
AT TU—=OFLI220T, w0 Fl 4R & e
ANECGy OB OIS L LT, Fmsht s 7
A2 OMFOWE EHEE LA, LBILALE
MY A sHEEM L, KL OIEEEMNCTHL AL
AN TIOMEMDTEHMCTH S,

O oh o O PR &R BRI R o0 T
WMETALOOFERETRL TS, 2O
EFAL(G) OO TEFLEERTUEA, ZHIL

Ey 2 e viEMOS I 5 4,

TABLE 8 LEUKEMIA, KERMA: Estimates of averge excess
leukemia risk over the follow-up period averaged, with equal
weights, over six categorics of sex and age ATB. For cach
of these estimates the coefficient of variation is about 14%
#8 HAMmFB, #—<: ERUEBREERTIDN 2O
A7) = &% L oA EGTEL L ABHETE
0 b o 1 I35 T R R Y A OHEE i

FHEE M OE WM RGBT H S

Excess Risk 1950-85

Dosimetry per 10* person-year Gray
Tes5D 1.55
T65D, DS86 subcohort 1.85
D586 2.58
D586 total kerma <4Gy 2.75

TABLE 9 LEUKEMIA, KERMA: TFactors for adjusting the
average over the follow-up period for sex and age at exposure
29 B, #—~: BHR BT TEio
7zt O P Ry UF R R 06 12k 3 B HEAF £

Age at Exposure

Sex <20 20-35 >35
T65D M 0.90 1.20 1.67
F 0.56 0.65 1.02
DS86 M 1.01 1.46 145
F 0.57 0.63 0.88
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These resulis, based on the total of gamma and neu-
tron kerma, correspond to an implicit assumption of
an RBE of one. As will be discussed later, it is not
possible to produce precise estimates of the RBE
from these data. It is of interest, though, to calcu-
late risk estimates for a range of assumed values of
RBE. Such calculations in terms of kerma, as op-
posed to organ dose, are of limited value but are
given here for completeness. The estimates shown
in Table 10 are computed in the same manner as
those above, except that the d in models (1) and (3)
is taken as a dose equivalent given by expression
(2), using kerma. The estimates are labeled as risk
per sievert, although strictly speaking, these units
are not appropriate for kerma. Although this table
shows an even greater change in risk estimates with
dosimetry at RBEs greater than one, it is empha-
sized that the primary investigation of this issue is
given below in terms of organ dose equivalent,
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TABLE 10 LEUKEMIA AND NONLEUKEMIA, KERMA:
Estimates of tisk for selected kerma RBE values

#10 AR OE RSO, h - HRED
#—~v RBE iz #t¥ 5 A 7 fE5E
Nonleukemia Leukemia
Excess Relative Risk Average Excess Risk
Risk per Sievert per 10* person-year Sievert
DS86 DS86
RBE T65D DS86 <4Gy T65D DS86 <4 Gy
1 027 043 050 155 256 275
5 0.17 038 045 1.00 229 249
10 0.12 0.32 0.39 0.68 2.03 222
20 0.07 0.25 0.31 0.42 1.65 1.84
30 0.05 0.20 0.26 0.30 1.39 1.56
Organ Dose and Dose Equivalent MReREURRY R

Because the body transmission/organ absorption fac-
tors have changed substantially with the new dosime-
try, thus changes in risk estimales in terms of organ
dose can be quite different from those in terms ol
kerma. LSS Report 11°¢ will contain DS86 risk
estimates based on tissue-specific individual organ
dose estimates. For the present report marrow dose
is used for leukemia and the dose to the large in-
testine is used as a representative dose for cancers
olher than leukemia. Since as noted earlier, individ-
ual DS86 organ dose eslimales were not available
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for all members of the DS86 subcohort at the time
of these analyses, DS86 organ doses were calcu-
lated using the average DS86 transmission faclors
given in Table 5. Risk estimates were computed for
both the full DS86 subcohort and for those members
of the subcohort whose estimated DS86 total kerma
estimate is less than 4 Gy. This latter restriction
was based on total kerma rather than organ dose for
the sake of simplicity.

Tables 11 and 12 contain organ dose estimates anal-
ogous to those given above for kerma estimaies.
The factors to adjust the values shown in these ta-
bles for sex and age al cxposure are essentially the
same as the kerma factors given in Tables 7 and 9.

TABLE 11

il A DSB6 BRI FE M A R AN D THEL L
DT, F#HICHFT DSS6 F-HE B EAHWwT DSES
Mgttt &k 2. DSSEH 73— — baELE,
DS86 4 H — < HEEMA 4Gy LT Th 247 23—
F—bOMBELIOVWTY RASHEEMARD . HE
DFEIPRIE MRz 240, BMEERTEIEY -7

[ S ATl A I T

FUNR U212 B A — = 8658 1 a4 2
BRHEEM AT LA, Sh s OFRITHRL LM AMT
BUHESEM Iz o0 Tl 4 A Ao,
BTRUFITHRL AL -~k EAHMEIFILTHS,

ALL CANCER EXCEPT LEUKEMIA,

INTESTINAL DOSE: Estimates of excess relative
risk averaged, with equal weights, over six categories
of sex and age ATB. For each of these estimates
the coefficient of variation is about 14%

#11 {HMwELS o 2%, KBk ERT
IR ER O S 2OH 7 ) — 2L W INE
THEHL ZBRAEAY 2 7 oft el
HHEOZED FBILH14% TH 5

Excess Relative

Dosimetry Risk per Gray
T63D 0.72
T65D, DS86 subcohort 0.80
DS86 0.60
D586 total kerma <4Gy 0.70

TABLE 12 LEUKEMIA, MARROW DOSE: Estimates of
averape excess leukemia risk over the follow-up period averaged,
with equal weights, over six categories of sex and age ATB.
For each of these estimates the coefficient of variation
is about 14%

#212 P, EEERE PR RS ER O o0
H7 T —2% L GIEETEE L CEMEE
AR b o A LR ) A 7 OHERE L
EHEMOEMRIEINU%TH S

’ Excess Risk 1950-85
Dosimeltry

per 10* person-year Gray
T65D 2.87
T65D, DS86 subcohort 3.52
DS86 323
DS86 total kerma <4Gy 3.46




The above results describe organ dose risk estimaltes
computed without regard to RBE. However, be-
cause rick estimales are often based upon organ dose
equivalents in which some allowance for RBE has
been made and because the DS86/T65D comparison
depends upon the choice of RBE, it is important to
examine the effect of RBE on the estimated risks.
Table 13 contains estimates for sclected values of
the RBE. These estimates are analogous to thosc
shown in Table 10, with kerma replaced by organ
dose equivalent. An important point is that the ratio
of the DS86 10 T65D risk estimates depends quite
strongly on the assurmed value of the RBE. Also, the
differences between the leukemia and nonleukemia
eslimates are consistent with the differences in or-
gan transmission factors scen in Table 5. Figures 3
and 4 display the same lype of estimates for an as-
sumed RBE of 10 as those given in Figures 1 and 2
for total kerma. In these plots, for both dosimetries,
kerma eslimates in excess of 6 Gy were reduced Lo
that level, with corresponding adjustments made in
the organ dose gamma-ray and neutron components
prior to the dose equivalent computation.
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TABLE 13 LEUKEMIA AND NONLEUKEMIA, ORGAN DOSE
EQUIVALENT: Estimates of risk for sclected values of the organ dose RBE

13

CEMEE A OF s L vk o4, R RS b hLe

T B ¢ it RBE @

Rttt 2 0 A o HER

Nonleukemia Leukemia
Excess Relative Risk Avcragc Iixcess Risk
Risk per Sievert per 10* person-year Sicvert
DS86 DS&6
RBE 165D DSB6  <4Gy T6SD  DS86 <4 Gy
i 072 0.60 0.70 292 323 3.46
5 0.60 0.58 0.68 2.26 3.09 331
10 050  0.56 0.66 175 2.91 3.15
20 0.36 0.53 0.62 1.21 2.62 2.86
30 0.28 0.49 0.59 0.93 2.37 2.62
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FIGURE3 NONLEUKEMIA EXCESS RELATIVE RISK FOR INTERVALS OF DOSE EQUIV-
ALENT TO THE LARGE INTESTINE FOR AN RBE OF 10. Six points are plotted and connected
by lines for each of the three dose-response curves. The dose equivalent categories were defined by
rescaling the kerma categories used in Figure 1 by dosimetry-specific average transmission factors
appropriate for an RBE of 10. These factors are 0.77 for DS86 and 0.60 for T65D. The coefficient
of variation for the plotted points ranges from about 25% to 50%
M3 RBEI0OH GO, AMMLAOSOKIBHR Y RE S 2L 0@ ®ilgdy 27, o08k
RIGCHBOEA LR 20070y PLEBETEASL. BMITEHLAY A7) -2 HHEY L
RBE 10& Lz 2 @it -FERBERBICMR YR, F T —%AR L. EiRENIT DSBS T
0.77, TSD TH.60THS. 70w b LASOBEMELIND%~50%TH S
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Dose Equivalent (RBE=10) to Large Intestine (Sv)

FIGURE 4 LEUKEMIA EXCESS RISK FOR INTERVALS OF DOSE EQUIVALENT TO TIE
BONE MARROW TFOR AN RBE OF 10. Six points are plotted and connected by lines for cach
of the three dose-tesponse curves. The dose equivalent categories were defined by rescaling the
kerma categories used in Figure 1 by dosimetry-specific average transmission factors appropriate
for an RBE of 10. These factors are 0.89 for DS86 and 0.95 for T65D. The coelficient of variation
for the plotted points ranges from about 25% to 50%
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Estimation of RBE

It is well-understood that RBE cannot be usefully
estimated [rom the cancer mortality data, because
the gamma-ray and neutron exposures to individuals
are very highly correlated. What little information
on this was available within the T65D dosimetry
was largely due to the ratio of neutron to gamma-
ray exposures differing substantially between cities.
Since this is no longer the case in the DS86 dosime-
try, even less information is now available about
RBE in these data. It may be useful to give a more
quantitative summary of these problems. This is
presented only in terms of organ dose equivalents.

Inference about RBE can be considered by fitting
models (1) and (3), which contain no parameter for
city dilference in excess risk, using a dose equiva-
lent given by (2) above for a range of RBE values.
The point is to examine the extent to which the fit of
the data to these models can be improved by suitable
choice of an RBE value. Largely, but not entirely,
the influence of RBE on this fit is due to its role
in diminishing apparent city differences in the ex-
cess risk. With T65D the it is improved enough by
increasing RBE [rom one to provide statistical evi-
dence at a reasonable level of significance that the
RBE is greater than about five, for both classes of
cancer., The RBE values maximizing the goodness-
ol-fit are in the range of 20-30, and the data are
also consistent with RBE values much larger than
this. For DS86 this type of evidence regarding plau-
sible values of RBE is almost totally lacking. The
goodness-of-fit varies almost negligibly with RBE
values in the range of 1 to 50. The primary reason
for this is that, as will be seen below, the city differ-
ence in the excess risk is not statistically significant
even at an RBE of one, and it does not diminish
rapidly as the RBE is increased.

The curves shown in Figure 5 provide a more quan-
titative summary of this. The curves are the relative
likelihood of various RBE values based on com-
parison of goodness-of-fit as discussed above. The
point at which the curves take on 4 maximum is the
maximum likelihood estimator of RBE. The range
of RBE values where the curves are above a speci-
fied confidence level given on the verlical axis is a
confidence interval for RBE at the specificd level.
For example, under the T65D dosimetry a 90% con-
fidence interval for RBE in nonleukemia would be
from about 10 to some value larger than 50. The
much flatter curves for DS86 indicale the extent o
which the ability to estimate RBE has been lost.
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Whereas some RBE values near one were fairly in-
consistent with the data under the T65D dosimetry,
even these limited inferences are not possible with
DS86. Al no reasonable level of confidence are any
values of RBE in the range 1 to 50 implausible in
the sense that the resulting goodness-of-[it is poor.

FIGURE 3
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0.80 TEED
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L L 1 1 L 1 L

18 10 20 30 a0 50
RBE OF NEUTRON

City Differences

The question of apparent differences in dose-
responsc between the two cities for each dosime-
try is important but complex. This issuc also in-
volves the matter of RBE, since assuming an RBE
of 1.0 would, if untrue, induce an apparent city ef-
fect in dose-response duc to the fact that the ratio
of neutron to gamma-ray exposures differs between
the cities. Since this ratio is much more similar
between the cities in DS86, any apparent city dil-
ference in the dose-response should be much less at-
tributable to RBE. Because the RBEs are unknown,
the approach taken here involves examination of the
apparent city effect for selected values of the RBE.

Another complication involves whether one should
compare the relative risk or the absolute excess risk
between cities. For nonleukemia this is not a signif-
icant issue because background rates are very sim-
ilar between cities and thus, the comparison is es-
sentially the same on cither scale. The background
rate of leukemia, though, is much lower in Nagasaki
than in Hiroshima. For an assumcd RBE of 1.0, the
estimated relative risk is also smaller for Nagasaki.
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This fact, combined with Nagasaki's lower back-
ground rate for leukemia, results in an even bigger
city difference in the absolute risks. Since assess-
ment of city effect differs on the two scales and
both may be of interest, it was felt to be important
to report both estimates.

It is misleading to interpret cstimated city effects
in the dose-response without regard to the precision
with which they have been estimated. These effects
are poorly-estimated for both types of cancer, since
they depend on comparison of the excess number of
cases at different dose levels. Thus, in the tables be-
low, P-values for testing the hypothesis of no city
effect in the dose response are given for each of
several assumed values of the RBE. For leukemia,
the hypothesis of a city effect has a different mean-
ing for the relative risk than for the absolute excess;
thercfore, the P-values are different.

The results for nonleukemia and leukemia are pre-
sented in Table 14. The city effects are the ratio
of Nagasaki to Hiroshima. For nonleukemia these
are ratios of city-specific parameler estimates com-
puied in the same manner as the parameter estimates
shown in Tables 6 and 11. For leukemia the ratios
of average excess risks are from city-specific pa-
rameters cstimates computed in the same manner
as the parameter estimates shown in Tables 8 and
12. The ratios of relative risks for leukemia were
computed by fitting model (3) where the parameter
J was allowed to depend on city. In all cases, the
age at exposure and sex effects were taken to be the
same in both cities. Because of the importance of
these results, they are given for both excess relative
risk and absolute excess risk. It is emphasized that
the purpose of these analyses is to examine apparent
city effects for assumed values of the RBE, rather
than to estimate RBE as that value which makes the
city effect disappear. Discussion of this and other
aspects of the table will be given in the following
section.

DISCUSSION

It is evident that before summarizing the results
some attention must be given to the apparent non-
linearity in DS86 dose response seen in Figures 1-4.
It is not, however, an aim of this paper to give a se-
rious treatment of the general question of the shape
of dose-response curves that should be used for risk
estimation purposes.
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TABLE 14 NONLEUKEMIA AND LEUKEMIA, ORGAN DOSE EQUIVALENT:
Estimated city effects in dose-response and two-sided P-values for testing no city
effect. Comparisons are shown as the ratio of the Nagasaki to Hiroshima risks
£14 AMFHLIFO®R R AN, WAEGER YA REEIZE T
MfeE s AR, AUMHmSEEL & 2MMEEP i

EWmoRRcatas) 27 k#ORE R

(a) Nonleukemia, Excess relative risk

T65D DS86
Ratio of Ratio of
RBE relative risks  P-value relative risks  P-value
1 0.34 <.001 0.67 0.2
5 0.44 0.01 0.68 0.2
10 0.60 0.1 0.71 03
20 0.86 =0.5 0.73 0.4
30 1.07 =0.5 0.78 0.5
(b) Leukemia, Average excess risk
TesD DS86
Ratio of Ratio of
RBE excess risks  P-value excess risks  P-value
1 0.36 0.01 0.58 0.2
5 0.54 0.08 0.59 0.2
10 0.73 0.5 0.62 0.3
20 1.10 0.4 0.64 0.4
30 1.39 0.09 0.71 0.5
(c) Leukemia, Excess relative risk
T65D DS86
Ratio of Ratio of
RBE relative risks  P-value rclative risks  P-value
1 0.32 0.01 0.72 0.5
5 0.48 0.1 0.75 >0.5
10 0.65 03 0.76 =0.5
20 0.96 >0.5 0.87 >0.5
30 1.17 >0.5 0.93 >0.5

In comparison of the dosimetries in Figures 1 and
2, it is important to realize that individual kerma
estimates of greater than 6 Gy have been set to 6 Gy.
For T65D this has been roulinely done for many
years, on grounds that estimates higher than this
are likely to be erroneous, and it has been presumed
that the same policy would be continued for DS86.
However, the DS86 kerma estimates in the higher
range (>2 Gy, say) tend to be about 60% of the
T65D kerma estimates, and nearly all of those in
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the 4-6 Gy DS86 kerma range were in the 6-10
Gy T65D range. The apparent leveling off of the
D886 dose response in the figures is due almost
entircly to these survivors, and the same pattern in
response is also scen with T65D if those in the 6-10
Gy range are not moved back to 6 Gy. In organ dose
equivalent plots, such as those shown in Figures 3
and 4, the dose range reflects both the truncation
of the total kerma at 6 Gy and differences between
DS86 and T65D organ dose transmission [aclors.

Thus there is no substantial change with dosimetry
in the shape of the dose-response curves. Furiher,
it should be pointed out that the apparent nonlin-
carity of the DS86 response in these plots is not
as statistically sipnificant as it might appear. Using
a quadratic departure as a rough measure, the one-
sided P-values for nonlincarity of the nonleukemia
response in Figures 1 and 2 are about 0.05. For
the leukemia response in Figures 3 and 4 the down-
wrn at the highest dose interval is not at all statis-
tically significant. Nevertheless, restricting analysis
to individuals with DS86 kerma less than 4 Gy or-
gan dose risk increases risk estimates by approxi-
mately 17% lor nonleukemia and 6% [or lcukemia.
If, when all things are considered, it scems likely
that the dose-response is not linear over the entire
range used here, then it will be more appropriate
to either make a restriction such as this or to [it
nonlinear models.

Tt is widely held,'? quite aside from these data, that
there are two important aspects of nonlinearity for
the carcinogenic dosc-response to low LET irradia-
tion: possible concave-upward shape at low doses,
and possible concave-downward shape at high doses,
Very little about the first point can be inferred [rom
these data. Morcover, important as it may be in ra-
diation protection, it need not be a major concern
in comparing these two dosimetries. The extent of
such nonlinearity must be inferred primarily from
sources other than these data, and the allowance for
it made in a way which would be largely indepen-
dent of the change in LSS dosimetry. This point
will be addressed again below.

Decisions regarding how to react to the possible
nonlinearity at high doscs involve issues that can
only be bricfly mentioned here. In addition to con-
sideration of the strength of the statistical evidence
indicated above, these include, (i) what is known
from radiation biology about the anticipated shape
of the dose-response curve, (ii) the extent of system-
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atic overestimation of doses in the higher range. In
regard to (i) there are widely-discussed "cell-killing"
models, but based on our experience in fitting these
it seems unlikely that they would explain the extent
of nonlinearity seen here. More generally, though,
biological considerations should be used to the max-
imum possible extent. Point (ii) has been rather
neglected in general, bul is very important. This is-
sue was raised by Jablon'® and, although we agree
with his basic rationale, recent investigations lead
us to believe that the extent of overestimation is
likely to be larger than he indicated. The source of
this is that there are certainly quite substantial "ran-
dom" errors in dose estimaltes, and the lact that an
individual gurvived is important information to be
combined with the conventional exposure estimates,
which take no account of this.

For the purpose of this paper, it scems best 10 use
models that are linear in dose, but to place some em-
phasis on estimates obtained by restricting the DS86
data lo those with DS86 kerma less than 4 Gy. This
is comparable to a restriction of T65D kerma 1o un-
der 6 Gy. It makes little difference in the DS86
dosc-response whether one omits the individuals at
over 4 Gy kerma or reduces the kerma over 4 Gy to
that level. It is emphasized that the possible nonlin-
earity discussed here is in regard to estimated dose,
and not necessarily in terms of true dose.

With the analysis limited to persons with DS86
kerma less than 4 Gy, the DS86 kerma risk esti-
mates are about 1.8 times those from T65D. On
the other hand, the DS86 organ dose risk estimates
without regard to RBE for nonleukemia and leuke-
mia are about 1.0 and 1.2 limes those for T65D,
respectively. For nonleukemia, roughly comparable
changes should be expected for specific cancer sites,
provided that they have substantial shiclding by the
body. Details of this are discussed by Shimizu et
al.>® The more important comparisons, though, are
probably those which involve consideration of RBE.

With the DS86 dosimetry there is no useful infor-
mation from the cancer mortality data regarding the
value of the RBE, or the separate gamma-ray and
neutron effects. There was also little such infor-
mation with the T65D dosimetry, and what existed
was of dubious value because it came largely from
the comparison of the two cilies, since the neutron
component in kerma for Hiroshima was about 20
times than that of Nagasaki. It is now only about 3
times larger, and is very small for both citics,
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It is quile important, though, to investigate how the
smaller neutron component in the DS86 eslimales
affects the estimation of risks for low LET radia-
tion under a range of assumed values of RBE. Ta-
ble 13 is of more importance than Table 12 in this
regard. The DS86 low LET risk estimates decrease
by 6%-10% there, as the assumed value of RBE is
increased from 1 to 10, whereas the T65D estimates
decrease by 30%-40%. When considering plausible
RBE wvalues for analyses of these data, it should
be noted that under modcls with subslantial current
support in radiobiology, the RBE decreases with in-
creasing dose. Survivors with dose estimates in the
1-2 Gy range play a major role in risk estimation
from the LSS cohort and so, if the approximation
of a constant RBE is used, the value chosen should
be appropriate for this range of doses.

The quite different effect of RBE assumptions in
the two dosimetries makes it difficult to provide
any straightforward comparison of old and new risk
estimates. Indeed, not only are there many possible
comparisons, but the basic rationale which should
underly the comparison is rather unclear. From Ta-
ble 13 it can be scen that at an assumed conslant
RBE of 10, for example, the effect of the dosimetry
revision is to increase organ dose risk estimates, rel-
ative Lo the old dosimetry, by 30% for nonleukemia
and 80% for leukemia. At an RBE of 20 these
increases are 72% and 136%, respectively. The
purposes of such comparisons are complex enough,
however, that these numbers should not be inter-
preted without careful consideration of the intended
meaning and use of them.

The comparison of apparent risks between the two
cities is important primarily in cfforts to evaluaie
the validity of the dosimetry. There is substantially
more consistency in this regard with DS86 than with
T65D. For DS86, even at an RBE of 1.0, there is no
longer a statistically significant city difference. The
estimated difference declines more slowly with in-
creasing RBE for DS86 than for T65D, because the
neutron component for the two cities is more nearly
the same. It is very important to understand that city
differences in risk are quile poorly estimated, e.g.,
for DS86 an estimated ratio of excess risks of even
0.58 for leukemia at an RBE of 1.0 is nol statisli-
cally significant. Further, the current knowledge of
radiation carcinogenesis is not adequate 1o permit
one to determine whether the results for leukemia
excess risk or for leukemia relative risk describe
the most meaningful "city effect” in evaluating the
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dosimetry. Although not shown in Table 14, re-
stricting the comparison Lo those with DS86 kerma
less than 4 Gy makes the city dilTerence smaller for
nonleukemia. For example, at an RBE of 10 this
restriction increases the ratio of city risks from 0.71
to 0.82. However, for leukemia there is very little
change from this restriction.

Finally, although the primary purpose here is com-
parison of dosimetries, it will make the results here
much more concrete if some discussion is given of
how they might relate to lifetime risks from expo-
sure 1o low doses of low LET radiation. To make
such estimates requires a number of assumptions,
the most critical of which involve: (i) extrapolation
of the nonleukemia risks beyond the current follow-
up, especially for those individuals who were young
when exposed; and (ii) the method used for extrap-
olation to rclatively small doses from the range of
1-2 Sv. Regarding (i) it will be tentatively assumed
that for each age-at-exposure group, the excess rel-
alive risk remains constant throughout life at the av-
erage value for the current follow-up, as estimated
above. Such a constant relative risk model [its the
data well for the current follow-up. The primary
concern in extrapolation by this means concerns sur-
vivors who were young al the time of exposure.
These people have had the largest relative risk, but,
because they are just entering the age at which most
cancer is seen, their background risk has thus far
been low. It is possible, by making use of the fac-
tors in Table 7, to adjust the following calculations
by taking a smaller lifetime relative risk for this
group. Regarding point (ii), it is suggested in a re-
cent UNSCEAR report'® (Annex B, paragraph 153)
that linear extrapolation in this setting will overes-
timate low-dose risks by a [actor of 1.5 to 3.0. This
is a major source of uncertainty which must remain
in the following calculations.

For cancers other than leukemia, the projection of
age-specific risks to lifetime risks can be usefully
done as follows. At doses such that the lifetime ex-
cess risk is small, under an age-constant relative risk
model, the lifetime excess risk for one exposed at
age e is the product of the age-specific excess rela-
tive risk and the lifetime background risk given that
one is alive at age e. This latter risk is estimated as
about 20% for the LSS cohort, averaged over e, by
the proportion of all deaths due 1o this cause. Thus
the lifetime excess risk, averaged over e, can be es-
timated simply by multiplying age-specific risk co-
efficients given in this paper by 20%. The resulting
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risk estimates should be interpreted as for a popu-
lation with equal numbers in each of the six age-
at-exposure and sex categories of Table 7. There
are some approximations involved here in regard
to the averaging over these factors. It should be
pointed out that use of the 20% background risk
for this cohort may be appropriate for extrapola-
tion to other populations with different background
rates. In particular, in BEIR-III,'® even for the rel-
ative risk projection, it was decided to "transport”
the Japanese absolute excess, rather than the rela-
tive excess, to the US population. This would also
be the recommendation of the present authors.

Others, particularly BEIR-III, have used detailed
life-table calculations for this purpose. Such meth-
ods also involve approximations. For example, life-
table calculations as usually made use background
cancer rates in a population cross-section at a given
time, rather than a birth cohorl. When cancer rates
are increasing with time, the increase with age in
such a cross-section is correspondingly less rapid
than the more appropriate increase with age for a
birth cohort, resulting in underestimation of life-
time excess risks. In view of all the uncertainties
involved in such projections, the alternative method
above secems reasonably adequate for the purposes
here and has important strengths in its transparency.

The lifetime risk estimates for nonleukemia will be
made from the risk coefficients of Table 13 based
on omission of those at over 4 Gy kerma. In BEIR-
1IT such mortality estimates were increased by 23%
to allow for errors in death certificate information,
and in lack of further information on this, the same
adjustment will be made here. Allowance for the
possible overestimation of risk by linear extrapo-
lation to low doses will be made by dividing by
the limits 1.5 and 3 cited above. Some results, in
units of deaths per 10,000 persons al an exposure
of 10 mSv are:
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Range suggested by use
of UNSCEAR factors for

low-dose extrapolation

Linear
RBE estimate
a 16.7
10 16.2
20 15.2

56-111
54-108
5.1-10.1
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There are a number of major uncertainties not
explicitly allowed for in the above range. The
UNSCEAR factors were clearly intended as a ten-
tative guide, and are used here in part to emphasize
the degree of uncertainty involved. It is not the
authors” intention to imply exclusion of the lincar
estimates.

For leukemia, the average risk during 1950-85 will
be used to estimate lifetime risks as follows. The
excess risk was at its maximum somewhere near
1950,2% at a value of about 50% above the average
risk for the entire follow-up. It will be assumcd
that the average risk during 1946-49 was half this
level. Risk beyond 1985 will be neglected, since
the primary concern there would be those young at
exposure, and other analysis®® suggests that their
risk is small by then. The mean follow-up per per-
son during 1950-85 is 29 years. Thus the lifetime
risk is estimated by multiplying risk coeflicients in
Table 13 by (4 x 1.5/2 + 29) = 32 years, and by
the factor 1.23 as above. Some results, in the same
units as above, are:
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Range suggested by use
of UNSCEAR factors for

low-dose extrapolation

Linear
RBE eslimate
5 13
10 12
20 1.1

04 -09
0.4 - 0.8
0.4 -0.7

In spite of these wide ranges, cerlain values can
be emphasized for useful comparison to the BEIR-
III estimates, by making more specific assumptions
comparable to theirs. The BEIR-III "relative risk
projection” estimate for all cancers was 2.0 (Table
V-19, p206, averaging over sex). Their LQ-L model
provides explicitly for nonlinearity and a variable
RBE, but a somewhat comparable model of the form
used here can be selected as follows. The RBEs for
the LQ-L model at 0, 1, 1.5, and 2 Gy gamma doses
are 27.8, 15, 12.1, and 10.2 respectively. An RBE
of 12 will be taken as representative of the range
of doses important in risk estimation from the LSS,
and interpolating above gives a linear risk estimate
of 16. In regard to nonlinearity, the BEIR-IIT Com-
mittee obtained a linear slope of 2.5 times the low-
dose slope in the LQ-L model. Essentially the same
factor is obtained when the two models are fitted by
the methods here. Thus a low-dose risk estimate of
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16/2.5 = 6.4 can be selected from the above range
for comparison to the BEIR-III estimate, Further,
this may for comparability be reduced by 25% to
5.1 on the grounds that the organ dose sclected by
the BEIR-II1 Commitiee to represent all cancers ex-
cept leukemia was about 25% greater than thal to
the large intestine, which was taken here rather ar-
bitrarily.

The increase from 2.0 to 5.1 is due primarily to
three factors: the additional follow-up from 1975-
85, the change in dosimetry, and the different sta-
tistical methods used. The elfect of the additional
follow-up is estimated as increasing the BEIR-III es-
timate by 30%, to 2.6. This assessment results from
fitting either the BEIR-ITT TQ-L model, or the one
used here, to both the 1975 and the 1985 follow-
up. As in the BEIR-IIT analysis, those under age
10 at exposure were omitted in fitting the follow-up
through 1975. The rationale for this was that this
group had a large but poorly-estimated relative risk
by 1975. By 1985 the risk for this group is more
stably-estimated, and it makes very little difference
whether they are included. Almost all of the 30%
increase does result from no longer needing to omit
this group, and it does seem reasonable to refer to
this as the effect of additional follow-up.

The effect of the change in dosimelry is to increase
the BEIR-ITI estimate by about 35%-40%. Although
this cannot be measured directly, it can be assessed
in two ways. The clearest of these is that interpo-
lation in Table 13 for an RBE of 12 indicates an
increase of 40% from the T65D to the DS86 linear
risk. This is confirmed by a 35% increase in the
Jow-dose slope when the BEIR-III LQ-L model is
used with the old and new dosimelries. As noted
above, the effect of the change in dosimetry de-
pends on RBE assumptions, and these figures arc
appropriate, more or less, to those madc by BEIR-
III. It is also noted that the BEIR-III Committee
would probably have made different assumptions
about RBE had they been using the DS86 doses.

There remains an approximate 40% incrcase which
is largely due to statistical methods, including both
the methods now used to fit relative risk models
to the cohort data and the method used here to
project age-specific risks to lifetime risks. Calcula-
tions have been made which suggest that about hall
of this increase is due to each of these factors. In
particular, the BEIR-III age-specific risk estimates
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were made without stratifying on age, and calcu-
lations made with and without this suggest a 20%
increase due to use here of such stratification. Al-
though no direct calculations have been made on
the effect of the projection methods, it scems rea-
sonable to attribute the remaining increase to this.
A specific reason to expect such an increase was
noted carlier in this section.

In regard to leukemia risk, the BEIR-IIT estimate
was 0.23, and the one obtained {rom the above ta-
ble, taking an RBE of 12 and dividing by 2.5 as for
nonleukemia, is 0.47. This entire change is rather
clearly altributable to the new dosimetry, as the ra-
tio of risks in Table 13 at an RBE of 12 is 1.88 .
Adding to this increase the small adjustment made
above for mortality prior to 1950 brings the BEIR-
IIT value to precisely 0.47. It is to be expected that
the extended follow-up would not have much cffect
for leukemia, and the other factors discussed for the
case of nonleukemia do not apply in this case.

The UNSCEAR-7717 lifctime risk estimate for all
cancer morlality was 1 per 10,000 persons at 10
mSv. This was based on an estimated leukemia risk
of .2 per 10,000, and a projected ratio of five for all
cancers relative to leukemia. As seen above, mast
of the change between their leukemia estimate and
that given here is attributable to the new dosime-
try. Multiplication by five to estimate total cancer
risk clearly corresponds more closely to a constant
absolute excess risk projection than to projection
based upon a constant relative risk. The correspond-
ing ratio from the approach used above is about
13, and that reported in BEIR-III for relative risk
projection is about 11. Thus, the UNSCEAR-77
estimale was made on quite different grounds than
those used here. The constant relative risk model
for nonleukemia fits the data of the current follow-
up remarkably well, but it does remain to be seen
what will transpire with those exposed at an early
age.
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APPENDIX A. Excess Risk Estimates for Non-
leukemia

The tables in this appendix summarize the average
excess risk over the follow-up period for all can-
cer except leukemia. The age-specific excess risk
for nonleukemia cancer mortality, within age ATB
and sex categories, is generally proportional to the
background risk. Thus the excess relative risk esti-
mates presenied in the main text provide, for most
purposes, a more useful summary of the excess non-
leukemia cancer mortality than do excess risk esti-
maltes averaged over the current follow-up. How-
ever, since the latter type of summary has often
been used, it is presented in Tables Al (kerma) and
A3 (dosc 1o the large intestine). Table A2 contains
multiplicative factors which can be used Lo compute
the excess risk estimates for specific age ATB and
sex groups.
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TABLE A1 ALL CANCER EXCEPT LEUKEMIA, KERMA:
Estimates of average excess risk for cancers other than lenkemia
over the follow-up periad averaged, with equal weights, over six

categories of sex and age ATB. For cach of these estimates

the coefficient of variation is about 13%
£A1 BEME LSO, A= MR ORI i
HRODATFITY — L wiNEMTES L ABH
T M R o (0 M L) S 4 T ) A
e, SHEEOLMFEIENBYS TS 2.

Excess Risk 1950-85

Dosimetry per 104 person-year Gray
T6es5D 5.46
T65D, D586 subcohort 5.86
DS86 8.24
DS86 total kerma <4 Gy 937

TABLE A2 ALL CANCER EXCEPT LEUKEMIA:
Factors for adjusting the average over the follow-up
period for sex and age at exposure

# A2 ML O %

A5 0SB AN U P

OYE R PRI ER LT 5 SO

i 1E % 2.
Age at Exposure
Sex <20 20-35 >35
T65D M 0.29 1.10 1.37
F 0.47 1.20 1.56
DS86 M 0.29 0.83 1.43
F 0.52 1.09 1.84
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TABLE A3  ALL CANACER EXCEPT LEUKEMIA, LARGE
INTESTINE DOSE: Estimates of average excess risk for cancers
other than leukemia over the follow-up period averaged, with equal
weights, over six categories of sex and age ATB. For each of these

estimates the coefficient of variation is about 14%

#A3

DRHOHT T — 1%

FLIALAS LLoE 0 et DR L - M B OF ISR I £ i
LWl @i ¢ F 8L b

FEW M O H MR L O o T8 80 A o
HEM., SHEMOEMERIIA%THS

Excess Risk 1950-85

Dosimetry per 10* person-year Gray
T6s5D 14.59
T65D, DS86 subcohort 15.81
DS86 11.46
DS86 total kerma <4 Gy 13.03

APENDIX B. Dose Estimation and Definition of
the DS86 Subcohort

The material presented here is not a complete de-
scription of the new dosimetry and its use by RERF.
However, because more detailed reports are not yet
available, it is left that this report should include ad-
ditional information about DS86 and the definition
of the DS86 subcohort, Tt is certain that over the
next few years the DS86 system will be modified
and enhanced. In addition, there will be changes
in the ways in which this system is used at RERF
to provide dose estimates for individual survivors.
The information in this appendix describes DS86 in
its initial form and how it was used to arrive at the
dose estimates used in this report. A major report on
all aspects of the dose reassessment effort has been
prepared by the US-Japan Dosimetry Reassessment
Committee,!* In addition, a detailed description of
the use of the system at RERF is in preparation.'?

T65D Dose Estimates

In order to explain how the DS86 system has been
used, it is necessary to review briefly the data and
procedures used in the computation of T65D dose
estimates.  As noted carlier, Milton and Shohoji,*
Auxier,® and Noble!® present detailed descriptions
of various aspects of the T65D syslem,

The T65D dosimetry system makes use of city-
specific parametric functions to describe the FIA
kerma versus distance relationships for total gamma
ray and total neutron FIA kerma. While a number
of methods for the estimation of gamma-ray and
neutron transmission factors for various types of
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external shiclding are used to arrive at kerma esti-
males for individual survivors. In order to compulte
a T65D kerma estimate for an individual survivor,
one [irst computes the estimated FIA gamma-ray
and neutron kerma as a [unction of distance from the
epicenter. Then, based upon the survivors shielding
category and distance from the hypocenter, gamma-
ray and neutron transmission factors are computed
or assigned. The kerma estimates are then com-
puted as the product of the FIA component estimates
and the appropriate transmission factors. As men-
lioned in the main text, the original T65D dosime-
try system did not include information about or-
gan dose transmission [actors. In recent years, the
gamma-ray, neutron, n-gamma transmission [actors
suggested by Kerr!® for selected organs have been
used, in a limited number of analyses, to computed
organ dose estimates. The DS86 estimates are based
on revised organ dose transmission factors.

The primary methods used to estimate T65D trans-
mission factors for persons with shiclding historics
are:

(i) the nine-parameter method in which the trans-
mission factor is computed as a lincar func-
tion of nine covariates which describe a sur-
vivors location inside a Japanese house or
similar light wooden structure;

(ii) the globe method in which the amount of
shielding was determined by dircct observa-
tion of the shadows produced by a "spheri-
cal coordinate projector” which was placed in
the position of the survivor, in a scale model
of the survivor’s surrounding shiclding con-
ditions; and

(ii) ad hoc assignment of transmission factors

based on a review of individual histories or

groups of similar histories.

The globe method was used for survivors who were
outside but shiclded wholly or partially by either
Japanese houses or terrain and for some Nagasaki
survivors who were in concrete buildings. Two im-
portant examples of ad hoc assignment arc:

(i) the assignment of transmission faclors Lo
workers in various Nagasaki factories; and

(ii) the use of average house transmission factors
for persons with shiclding histories who were
known to be inside a Japanese-type house but
for whom the nine-parameter data were in-
complete or unavailable.
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T65D doses have not been computed for 2,391 sur-
vivors in the LSS cohort who have shielding histo-
ries due to the complexity of or uncertainty about
the surrounding shielding conditions.

ABCC did not routinely collect detailed informa-
tion on shielding for distal survivors, i.e., those
survivors beyond 2,000 m from the hypocenter in
Nagasaki and beyond 1,600 m in Hiroshima, In the
T65D dosimetry, the FIA kerma estimate was used
as the kerma estimate for all distal survivors. This
is equivalent to the assumption that the gamma-ray
and neutron transmission factors were equal to one
for these survivors.

Direct DS86 Kerma Estimates

The DS86 dosimelry system is considerably more
complex than T65D. In particular, estimates of FTA
kerma, kerma, and absorbed dose Lo specific organs
are all derived from detailed descriptions of the en-
ergy and angular fluence distributions for gamma
rays and neutrons at the survivor location. The sys-
tem provides much more detailed dosimetric infor-
mation than could be obtained from T65D.

The DS86 dosimeltry system provided to RERF con-
sists of a computer program and various data bases
which contain detailed information on:

(i) the energy and angular distribution of
the gamma and neutron radiation (fluence
distribution) produced by the bombs in
Hiroshima and Nagasaki for four heights
above the ground at 97 equally spaced points
between 100 and 2,500 m from the hypo-
center;

(i1) transfer functions which describe how the flu-
ence distribution is modified due to external
shielding by Japanese houses or tenements for
specific shielding configurations;

(iii) transfer functions which describe how the
fluence distribution is modified as it passes
through the body to reach specific organs;
and

(iv) weights needed to convert an energy-
dependent fluence distribution to soft tissue
kerma or organ doses.

The DS86 system currently includes information on
transfer functions for over 50 typical locations in-
side Japanese houses or wooden tenements, for a
similar number of situations in which the survivor
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was oulside but partially shielded by houses or ten-
ements, and for 15 organs.

Unlike T65D, the DS86 system does not provide
FIA kerma estimates as a simple function of dis-
tance from the epicenter. Nor does the new system
make explicit use of transmission factors in the di-
rect computation of kerma or organ dose estimates.

The DS86 system can be used directly to compute
kerma and organ dose estimates for survivors with
detailed shiclding histories in selected shielding cat-
egories who were within 2,500 m of the hypocenter.
The categories are:

(i) survivors who were inside Japanese houses or
wooden tenements and for whom the T65D
ninc-parameter data are available;

(ii) survivors who were outside but wholly or par-

tially shielded by light wooden structures for

whom globe dala are available; and

(iii) survivors who were in the open and un-

shielded.

Of the 22,513 survivors in the LSS with detailed
shielding histories, 18,517 fall into one or the other
of these groups.

For survivors with adequate shiclding data, the
DS86 program first computes the distance from the
hypocenter. If this distance is less than 2,500 m,
the appropriate FIA fluence distribution is extracted
from the fluence data-base. This distribution to-
gether with the soft tissue kerma conversion factors
is used to compute the FIA kerma components at
the survivor location. Next, shielding history data
are used to determine which shiclding case best de-
scribes the survivors external shielding. The trans-
fer function data for this shielding case are used to
compute the adjusted fluence distribution which is
then used to compute kerma component estimates.
For a person who was in the open and unshielded,
the FIA kerma and kerma components are identi-
cal. Because of questions about the accuracy of the
shielding information, any survivor who, according
to the detailed shielding history, was in the open
and unshielded, but for whom there is no evidence
of fash burns, was not included in the DS86 sub-
cohort. For each organ of interest the appropriate
transfer function data are extracted from the data
base and used to produce the fluence distribution
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at the organ. The response function for the organ
of interest is then used to compute the organ dose
components. The direct compulation of kerma and a
[ull set of organ dose estimates required almost two
minules per person on the NEC ACOS-750 main-
frame computer currently in use at RERF.

Indirect DS86 Kerma Estimates

In order to provide DS86 estimates for survivors
without detailed shielding histories, it has been nec-
essary to develop supplementary procedures for the
indirect computation of DS86 kerma and organ dose
estimales.

The first step in this process was the development
of regression models to describe the observed
component-specilic DS86 FIA kerma versus dis-
tance relationships in each city. It was found that
functions similar in form to those used for the T65D
air dose curves? could be used 1o predict the value
of each FIA kerma component to within 0.5% over
the range for which data were available. These
equations, which will be described in detail else-
where, were then used to compute DS86 FIA kerma
component estimates for all survivors in the LSS
cohort.

As noted in the main text, because of the increased
shiclding provided by Japanese houses and simi-
lar light structures, it was felt to be inappropriate
to continue to use the FIA kerma estimate as the
kerma estimate for distal survivors. Because little
is known about other shielding situations, it was
decided to compute indirect DS86 kerma estimates
only for distal survivors who, according to various
early records, were shiclded by Jupanese houses or
light structures or who have a very small DS86 FIA
kerma estimate.

Informal exploratory analyses of the observed
component-specific transmission factors were car-
ried out. Based on analyses of these factors for all
survivors with direct DS86 estimates and for that
subset of this group with nine-parameter data who
were inside Japanese houses or tenements, it ap-
pearcd that there were differences in the average
transmission factors between the cities. However,
within each city, there was no apparent trend in
the average transmission factors with distance for
survivors beyond about 1,000 m from the hypocen-
ter. In both cities those survivors who were within
1,000 m of the hypocenter appeared to have some-
what greater shielding than more distal survivors.

Ty AFMEER TS, KICTEAN SRS oM
RiGMEEAw CBEREY> 2L T 2. v—7
B tf -l OB SHsR bHEE AT 2, BOROF TEREEH G
D NEC ACOS-T50 AR B v Ka— 4 —THEL -
EZA AN LENEITF 2 b,

F‘IE DS86 H — v HER
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Fo Az tk, DS86 # — v K U BRI HE G T & A
AR AaiEmt FIROMBFGETH S L.
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% B DS86 FIA 71 — v & Bliff & @ P {F & F 4 (uh
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Indirect DS86 kerma estimates were computed for
the following subgroups of the LSS cohort:

(i) all survivors with shielding histories but with-
oul nine-parameter data whose T65D expo-
sure kerma estimale was compuled by appli-
cation of average T65D house transmission
factors (2,535 people).

all survivors in the LSS cohort whose total
DS86 exposure kerma estimates, calculated
by application of component-specific average
transmission factors to FIA component esti-
mates, were less than 5 mGy (34,043 people).

(i)

(iii) all remaining survivors who were beyond
1,600 m from the hypocenter in Hiroshima or
2,000 m in Nagasaki, without detailed shield-
ing histories who, based on responses (o
questions about shiclding as recorded on the
ABCC Master Sample Questionnaire,® were
inside a house , tenement, or similar light
structure (20,896 people).

The survivors in these three groups, together with
those survivors for whom direct DS86 estimates
could be computed make up the DS86 subcohort.
For all members of the DS86 subcohort, FIA kerma
component estimates were computed using the FIA
regression models. For subcohort members with di-
rect DS86, estimates exposure kerma components
were calculated using individual transmission fac-
tors computed from the direct FIA and exposure
kerma estimates. For persons in groups 1) and iii)
exposure kerma estimates were computed using the
city-specific average transmission factors for all sur-
vivors beyond 1,000 m from the hypocenter with
nine-parameter data for whom direct DS86 expo-
sure dose estimates were available. All persons in
groups ii) were assigned DS86 kerma estimates of
ZeT0.

A total of 15,237 survivors in the LSS cohorl with
known T65D doses were not included i the DS86
subcohort. Survivors in the LSS without DS86 ex-
posure kerma estimates include:

(i) persons with shielding histories for whom di-
rect DS86 dose estimales could not be com-
puted. This group includes persons with globe
data who were shielded by terrain or who
were inside concrete buildings; persons who
were in factories; and other persons assigned
ad hoc T635D transmission factors (3,620 peo-

ple).
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(ii) persons with shiclding histories which indi-
cate they were outside and unshielded but for
whom there is no evidence of flash burns (587
people).

all other survivors with nonzero DS86 FIA
exposure kerma estimates for whom there is
no indication in ABCC/RERF records that
they were inside a house or tenement (11,030

people).

(iii)

It should be kept in mind that the D586 dosimetry
and the way in which it is used at RERF will change
with time. These changes will arise because of en-
hancements and extensions to the original system
and RERF's further development of procedures for
computation of indirect estimates. However, such
changes are not expected to alter the general results
presented in this or other early reports which make
use of the DS86 dose estimates.

APPENDIX C. LSS Cancer Mortality 1950-85 -
Summary Data

The tables in this appendix provide a summary of
the data used in these analyses. Although more de-
tailed data was used for this reporl, many issues,
such as temporal patterns of risk, sex effects, and
nonlinearity of dose-response can be usefully in-
vestigated from this summary. In scparate tables
for leukemia and nonleukemia cancer mortality, the
observed and expected number of background cases
are cross-classified by age ATB, time since expo-
sure, sex, and DS86 organ dose, without regard Lo
RBE. The expected numbers are calculated from
maximum likelihood estimates of the stratum pa-
ramelers Aguqp in models (1) and (3) of the text

TABLE C1

(ii) FAFC O TEIEMTH - 2 2 & 2R ik
BEEH T, WEBREOTERL L v A
(587 A) .

(iil) ABCC/BUMoit 4k T& R X F B RWiC

W ENTENTES T, DSSE FIA # M

A—7HEEMA O CLLZ OO RS 2O

(11,030 A) .

DS86 #htHEE i\ RO HEIRTo 2 ol Hikid,
HEDFME b A L AT RETHA, M
OERHEEF AL UR, AL, 2oREN AR
HEE Mo FRsECMBETs 28108, Zhs
DEIFEFTETHAI. Lol, 20LI5FHELZ
kT, DS8E A AHEEMAMER L Tuv 3 A%,
LAl 2 o fh sz s n b R o g H
EnArIRELILALG,

182 C. HawAEMIET 1950~85F — BT — 4

FitgghogE Lo LG A T7— 55
HHALTWS, SRoOWmEZI¥ - ##MeT— v &
FHRLAM V2 7aknmsy— 2, Moy,

R U MR GO T 2 { OB Z0OEHI 25
oot 462 LA T& 5. FLIMM & U A M
LIS 12 L SR 12 24 O & T, RBE #
ERCANG T, FHREFERS, B R EE R,
PR O DS86 MESSE Rz Sy 2 T v FRER O
AR MR E ML, A mETN (1)
BRU(3) OREILST Ay — A OB REHEHEEM
TR R T LA

ALL CANCER EXCEPT LEUKEMIA; INTESTINAL DOSE:

Summary of mortality in the DS86 subcohort of the LSS during the period
1950-85 classificd by age at exposure, sex, lime since exposure
and intestinal dose

#Cl

FLonsE PASE o &4 KRN . BERRNEE RS, 1%, BORRRES

B ) B O A BB R TR B 12 43 B L 2= 1950 —854F @ W op > F & M
DS86 # 72—k — FIHT S HOER

Dos~ in Time since Exp.--2 5- 15 15 - 25 25 - 35 35 - 40 Total
Gy Sex -  Hale Female Male Female Male Female Hale Female Male Female
Age ATB 20 539 obaerved deaths 489.72 expected
< 0.1 Ohs 3 12 17 38 67 70 31 T 178 197
Exp Z.28 10,48 17.33 38.98 66,92 74.47 94.05 T4.43 1R0.67 198.34
EMR 1.32 1.13 0.98 0.97 1.00 0.94 Q.97 1.03 0.89 0.99
0.10 - 0.40 Gbs L] 2 ¥4 9 9 18 24 12 35 41
Exp 0.29 1.93 2:93 6.98 11.57 14.46 16.31 12.95 31.08 36.31
SMR Q.00 1.01 0.68 1.29 0.78 1.24 .47 0.93 1.12 1.13
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TABLE 1C (Continued #t% )

I in Tamwe sinoo Lyp.--2 5 - 13 15 - 25 25 - 3b a5 - 40 Tatal
Gy Son --%  HMale Frmale Male Femle Male Fenonle Male Feav e Male Female
o0 0,75 Chis 0 1] 0 Hi b 7 13 17
Exp 0.0 0.73 .91 2.62 3.65 1.60 Bt 3.55% .87 11.60
Sl 0.00 Q.00 .00 1.50 1.64 1.28 1.0 1.64 1.32 1.47
0.76 - 1.50 (G 0 ! -] 3 1 g e 5 13 18
Exnp 0,05 0.39 0:57 ) o 224 .60 3.4 2.00 G.23 G.39
sMi 0.00 2,03 353 2.8 1.7 3.46 2.10 2,50 2.09 Z.82
1.0 - 2.25 O 14 1 2 2 1 2 2 2 A
Lxp 0.0 0.13 0.27 .50 1.09 0.8/ L.G1 D, 66 3.00 2.7
5 .00 V.M 7.42 1.02 1,68 3.49 1.24 3.04 287 =1
2idh = Fon s n n 4] 1 1 1 (1] F's 1 4
Lxp .01 .05 .08 0.17 0.35 0.40 0,49 0.a7 0,93 0.99
b1 0.00 0,00 0,00 h.80 Z.82 250 0,00 - 1,06 4.00
» A.00 U u o 1 i 2 2 0 4] 3 3
0.2 (105 0.13 D.18 0. 49 0.32 .61 Q.32 125 0. HE
0.0 .00 704 583 4.08 6.21 n.eo 0.0 2.40 2.47
A ATTL 20-34 1002 olwierved denths 929,70 expected
LB 7 | Bha TU 120 it 147 Kl 144 256 470
760 1336 91,66 146 . a0 Bl 106,88 unt il AN .42
Ll 1.04 [FRILS {haR 1.0 L bo [LRRCH] 1.0 1.01
(N EERE ¢ B L] The l 4 H 6 L& i} 13 a1 L] 113
2.18 13.13 11,11 25.94 16,62 pa: ) 1106 3.3 11.27 92.26
.46 Bl .74 1.349 .96 1.4 [ g 1.3 (LIS B 1. 2E
Q2 - .55 the (1] 5 '3 B il 11 3 | 11
B 0,34 Q.08 2017 i ] 1,08 G457 3.15 1,06 RN ]
St 0.00 1.26 D, 92 1.03 1.62 1.46 U.H7 110 1.36
a. 18 = L[S0 Clei 1 u 4 H il 12 5 (5 18 26
o 0. 56 1.45 2.8 3.48 4.81 4,37 T | 3.93 .85 13.24
SME 1.79 oo 1.41 2.29 2.05 2,75 1.97 142 1.3 1.96
L0 = 2025 b Q 2 1 4 ] 3 1 a 2 16
Exp 0,05 0.78 0,45 1.52 0.73 2.19 T 2i9h 1.9 6,75
&M {0 2.55 2.25 2.62 0,00 2.28 1.41 e 1.03 2.37
3,00 0 a 1 1 1 0 2 2 i
0,06 022 0.21 .42 0.54 0. 56 0.50 052 1.30 1:7d
.00 15,80 A HD 4.35 1.84 1RO ({414} 3.85 1.54 4.47
» .00 a L} Q 0 Lt} 1 1 d 1
¢, 018 .38 0,40 .50 0:44 Q. ud T 1,39
n.00 04 $.00 0.0 wonn 2.8 4. 1,60 072
A ATH 354 1193 observed deaths e bed
<0 Az a5 487 1m 106 440 il o} 26 1546 1493
40%.89 aGL.B7 ARD. T 423.48 4 9 437,94 AL 264,40 LG 148512
1.06 1. a8 1.00 b.02 @896 1.02 0.97 0.490 1.00 1.0
old = 0,40 Cibis (28] T8 107 114 100 i 51 4] ARy a5y
Enpr .81 6T 100,98 a7 .80 AT. 1 5.0 46356 LE R Aa.83 0 333.8L
SR .88 1.00 1.00 { 553 ) IS K | 1,00 1.16 1.07 1. 1.08
Q.30 - 0.75 ks ] a i) 24 45 43 21 23 130 119
kxp bol 3 22 .46 .02 2B.61 31.44 29,24 15.28 19,06 113.06 99,86
SHR 0.88 1.70 1.03 .84 1.43 B 1.37 1.21 b B l.149
6,75 - 1.50 s 11 1 1 17 20 n 13 10 4 B5
Exp 16,12 10.4% 20. 58 13,20 17.32 13.71 10.19 L ] £4.2 A6.69
SMI 0.87 1.73 1.51] 1:29 1.16 1.46 1.28 107 1e2] 139
1:50 = 2.25 bz B 1 8 1 5 7 1 5 22 23
Exyp 4,33 2.9 4. 68 .65 1.76 3.49 1.72 1. BD 11,66 11.61
MR 1.05 2.53 1.64 1.10 b cec . 2.06 n.58 .4 1.50 1.98
2,25 - 3.00 Chin 1 1 o ] 4] 1 1 3 2 6
Exp 15 0% 0.53 1.54 0.70 1.8 0.78 $.36 .47 4.55 2.8
aidil} 0.4 1.BR .00 1.47 0.00 1.29 2,70 6.0 0.4 2.42
¥ 1,00 Ohis 2 1 3 J 5 & 1 5 11 11
Lap 2.06 0,98 Lok 1.4 b BO 1.2 a7 0.79 T.38 4.02
sk 0.97 1.02 1,17 2 i .78 1.65 1,07 G.36 1.49 2.74
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TABBLE 2C LEUKEMIA; MARROW DOSE: Summary mortality in the
D586 subcohort of the LSS during the period 1950-85 classificd by
age at exposure, sex, time since exposure and marrow dose.

#C2 AIMIE; WA mAaReEams, 1, BRReRRkm Y

751 A R 12 4 2 L 7= 1950~ 854 o U il op o 33 A
DS86 H 7 a3 —h— koK B BOEL.

Dosein  Time since Exp.-=) 5 - 15 15 - 25 25 - 35 a5 - 40 Total
Gy Sex --»  Hnle Female Male Female Male Female Male Female Male Female
Age ATB <20 61 observed desths 27.41 expected
s 0.l Obs 1 2 3 3 B 4 1 4] 11
Exp 2.59 1.36 1.28 1.30 1.8 5.16 0.63 1.64 11.30 9.37
SR o 2% 1.47 0.70 2.31 1.58 0.77 1.58 0.00 0.97 0.95
0.10 - 0.40 Ohs 2 2 ] o 1 1 Q 2 7 5
Exp €.34 0.30 C.B6 0.186 0.83 1.06 0.14 0.430 .22 1.93
Sm 5.13 6.59 4.66 0.00 1.20 0.84 0.00 4.96 .16 2,59
0.40 - 0.75 Qbs 4 2 ] o 0 o i} 0 1 2
Ep 0.1z 0.08 0.23 0.05 0.26 0.37 0.04 0.07 .65 0.58
SHR 33.88 23,53 0.00 0.00 0.00 .o 0.00 0.00 6.16 3.4
0.75 = 1.50 CObs 1 L] 1 0 o 1 Lt} 1] 5 5
Exp 0.08 0.04 0.13 0.03 0.186 0.7 0.02 0,03 0.40 D.27
SMI 51.28 100,75 7.64 0.00 a.o00 5,92 0.00 0.an 12.59 18,45
1,50 - 2.25 Obs 2 1 2 0 0 3 o o 4 L]
Exp 0.03 0.01 0.05 0.01 0.0R 0.07 0.01 0.01 0.18 0.11
ki) B1.76 67.27 41,79 0.00 Q.00 44.33 a.00 0.06 2Z.82 Al
2.25 - 3.00 Obs 2 | 0 1] 0 0 0 1] 2 1
Exp 0.0 0.0t 0.02 0.0t 0.02 .02 .00 0.00 0.06 0.04
SMRE 190.69 136,13 0.00 0.00 0.00 .00 o.0on .00 35435 23.24
3 3.00 Obs 2 0 4 Q 0 o 0 4] 2 o
Exp 0.01 0.00 0.02 ¢.00 0,00 0.02 0.06 0.08 o.12 0.11
SMR 190,26 0.00 0.00 0.00 0.00 0.00 0.00 00 1664 0.00
Age ATH 20-34 44 observed denths 2B. 13 expectod
L | Obs 1 2 2 1 3 4 5 4 11 11
Exp 1.50 2.00 1.57 3.55 3.37 2.31 3.08 ar 9.61 I1.24
SME 0.67 1.00 1.28 0.28 0.86 1.73 1.62 1.19 1.14 .98
D.10 = 0.40 Obs 0 4 1 0 1 4] 0 2 Z 6
Exp 0.35 0.42 0.19 0.97 0.70 0.51 .68 0.9 1.93 2.81
SMR 0.00 9.60 5.17 0,00 1.43 0.00 0.00 2.19 1.04 2.13
(.40 - 0.75 Uhs 0 0 2 0 0 0 Q 2
Exp 0.05 0.1a 0.07 o.z8 0.12 0.16 18 0.29 0.42 0.88
SR 0.00 o 0.00 7.03 0.00 00 00 0.00 0.00 2.33
0.73 = 1.50 Cbs 3 i 0 2 1 o 0 ] 1 2
Exp 0.08 .06 0.08 0.13 0.16 0.08 0.15 0.12 .44 0.38
SMR 39.87 .00 0.400 18471 6.42 0.00 0.00 0. 9.16 5.25
1.50 - 2.25 O 0 1] z 0 1 0 [1] 4] 3
Exp 0.01 0.03 D.0z 0.05 0.02 0.05 0.0z 0.05 006 0.19
SMi 0.a0 .00 0.on AR.45 0.00 18.82 0.00 .00 0.00 16.03
2,25 - 3.00 Obs 1 0 o o 0 o 0 1 Q
Exp 0.01 0.01 .01 0.02 0.02 0.02 0.02 0.01 0.05 0.05
SMR 137.18 G.0o .00 0.00 0.00 .00 0.00 .00 19.69 0.00
» 3.00 Obs a 1 1 4] 0 (4] o z
Exp .00 0.01 0.01 0.01 0.01 0.01 D.o2 0.01 0.05 0.04
SR 0.00 142.80 0.00 A6.05 i} 0.00 0.00 0.00 0.0 52.33
Are ATB 15+ 97 observed deaths 67.51 expected
< 0.1 Obs B 8 L] 9 12 7 5 3 29 27
Exp B.43 5.51 3.50 7.99 9.61 6.31 1,39 3.96 25.93 23.78
SMR 0.95 1.45 1.14 1.13 1:25 1.11 1.14 0.76 lL.12 1.14
t.10 - 0.4 Ohs 3 4] 1 1 2 3 0 2 & _a
Exp 1.41 l.ag 0.52 1.55 .14 1.44 1.1G 0. 8E LoGH 5.74
SMR 1.63 .00 1.91 0.65 0.93 1.63 0.0u 2.33 1.06 1.04
Continue ## { ——w
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TABLE 2C (Continued #t% )

Desein  Time since Exp.--3 E - 1f 15~ 25 25~ 35 35 - 40 Total
Gy Sex -=} Mnle Femnle Mle Femnle Male Female Male Female Male Female
0.40 - DTS Obs 2 3 o 2 | 1 o 0 5 6
Exp ©.in 0.45 0,18 0.47 .76 0,51 0.35 0.27 2.0l 1.69
sMR 2.85 G.64 Q.00 4.30 J.92 1.96 0.00 0,00 2,49 3.5q
0.75 = 1.50 Cha z 1 ] o 1} o 3 o € 1
Exp 0.38 0.21 0.13 0.22 0.41 0.23 0.22 0,13 1.14 0.80
SHRt 5.29 4.81 T.67 0.00 0,00 0.00 13.63 0.00 5.26 1.26
1.50 - 2.25 Obs 1 L] 4] 2 ] ] 0 1 1 &
Exp 0.11 0.08 0.62 0.06 0.08 0.04 0.04 0,03 .26 0.20
SHR 9.34 0.00 .00 a1.248 Q.00 0.00 0.00 32.06 3,82 1522
2.25 - 3.00 Obs g 1 0 @ 1 0 0 0 1 1
bxp ¢.03 0.01 0.01 D.01 0.03 0.01 0.01 0.01 08 .04
SMR 91.05 79.63 0.00 0.00 34.82 .00 0.00 0.00 51.16 24.18
» 3.00 Obs 1 0 o ] o 1] 0 1 1 1
Exp .06 0.02 0.02 0.02 0.04 .01 .01 0.0 0.13 0.07
MR 18,08 0.00 0.00 o.on 0.00 0.00 n.of 82.02 T.15 15:24
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