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SUMMARY = ¥

In March 1986, as a result of a comprehensive re-
evaluation of the exposures of the atomic bomb sur-
vivors of Hiroshima and Nagasaki, a new method
for the estimation of individual doscs was intro-
duced, termed the Dosimetry System 1986 (DS86).
Briefly, the differences between this system and
the old (T65DR) can be summarized as follows:
1) The DS86 free-in-air gamma dose increases some-
what in Hiroshima, but decreases in Nagasaki in
comparison with the T65DR; whereas the neutron
dase decreases in both cities, to about 10% its for-
mer value in Hiroshima and 30% in Nagasaki.
2) The transmission factor for gamma rays in
wooden Japanese structures is smaller, around 51%
and 59% of the T65DR value, on average, in
Hiroshima and Nagasaki, respectively. 3) As a con-
sequence, the average DS86 total shielded kerma
(the sum of the individual shielded gamma and neu-
tron doses) for those survivors exposed to 10mGy
and over decreases to 69% and 76% of the T65DR
values in Hiroshima and Nagasaki, respectively.

The present analysis embraces a total of 75,991
persons, hereafter termed the DS86 subeohort, in-
cluding the distally exposed (59,784 individuals)
lo whom doses are assigned in most instances and
16,207 among a total of 19,387 proximally cxposed
subjects (i.e., survivors within 1,600 m in Hiroshima
and 2,000m in Nagasaki, based on T65DR dis-
tances), mostly individuals within Japanese houses
or lenements, on whom DS86 doses can be directly
calculated.

Approved 7%E8 24 September 1987
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Emphasis here is on cancer sile-specilic compar-
isons of the DS86 cancer risk estimates and those
obtained by using the T65DR on the same group
of survivors (the DS86 subcohort). The rationale
for thus restricting the comparison is o assess, as
directly as possible, the effect of changes in the
risk estimates, unconfounded by a change in the
cohort definition. In another report,! the primary
aim was to compare, but only for broad classes
of cancer, the conclusions which have been drawn
from the T65SDR dosimetry to those that now seem
appropriate. Comparison was thus made to the full
T65DR cohort; substantial emphasis in this report
was placed on the effects of assumptions about rel-
ative biological effectiveness (RBE) and possible
nonlinearities in the dose-response. As a result of all
of these factors, the changes due to the new dosime-
try described there are somewhal grealer than those
indicated here.

The risk coefficients for cancer mortality for the pe-
riod 1950-85 have been compared, using 10 sites or
groups of sites of cancer where the increase in mor-
tality is statistically significant, with beth the DS86
and T65DR doses, viz, leukemia, all cancers ex-
cept leukemia, cancer of the stomach, colon, lung,
female breast, esophagus, ovary, bladder, and mul-
tiple myeloma. Three measures of risk -- the ex-
cess relative risk (per gray), absolule risk (cxcess
cancer deaths per 104 PYGy), and the attributable
risk (%) -- have been estimated. In general, in terms
of shielded kerma, these measures increase as ex-
pected given that the DS86 doses decrease in con-
trast to the T65DR values. The excess relative risk
over the various sites ranges from 1.35 to 1.51-fold
higher and the excess numbers of cancer deaths per
10* person-year-gray (PYGy) are increased from
1.38 to 1.61-fold under the DS86 system. The at-
tributable risks do not differ significantly belween
the two dosimetric systems (the ratio of the DS86
and T63SDR estimates varies from 0.95 1o 1.08).

Under the DS86 system, the compuled average
transmission factors for specific organs increase gen-
erally but those for house shielding decrease as com-
pared with the T65DR. Accordingly, in terms of
organ-absorbed dose (gamma and neutron), assum-
ing a lincar dose-response model, the difference in
risk coefficients between the two dose systems is
smaller than that for shielded kerma; the changes
in the transmission factors for house shiclding and
organ lissue lend Lo nullify one another. The excess
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HETE M & TESDR & Hlv T 5 7 g i & 880 51
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numbers of cancer deaths per 10* PYGy with the
DS86 organ-absorbed doses (and ratio to T65DR)
are 2.94 (0.95), 10.13 (0.73), 2.42 (0.72), 0.81
(0.83), 1.68 (0.89), 1.20 (1.33), 0.45 (0.92), 0.71
(1.11), 0.66 (0.81), and 0.26 (0.90) for leukemia,
all cancers except leukemia, cancer of the stomach,
colon, lung, female breast, esophagus, ovary, blad-
der, and multiple myeloma, respectively. It should
be noted that the risk coefficients based on the DS86
organ-absorbed doses are generally smaller than
those based on the T65DR values. However, the
risk coclficient for cancer of the female breast in-
creases with the DS86 even at the organ-absorbed
dose level. Parenthetically, it should be noted that in
the D886 system posture and orientation are taken
into account; this was not true in the T65DR,

The difference in cancer mortality between
Hiroshima and Nagasaki is smaller with the DS86
than with the T65DR and no longer statistically sig-
nificant for ¢ither shiclded kerma or organ-absorbed
dose. The magnitude of the effects of such mod-
ifiers of radiation-induced cancer as age at expo-
sure, sex, and lime since exposure does not change
between the two dose systems for either shielded
kerma or organ-absorbed dose.

Since the DS86 neutron dose is very small, even in
Hiroshima, attempts to measure the separate effects
of ncutrons through an analysis of the dose-response
using the gamma and necutron doscs separately or to
estimate their RBE do not give meaninglul results.
The data prove compatible with a wide range of
plausible RBE values.

With the DS86, the excess numbers of cancer deaths
per 10* PYSv anributable to gamma rays for an as-
sumed constant neutron RBE of 1, 10, and 20 in
organ dose equivalent, adjusted for the effects of
age and scx, are 2.95, 2.67, 2.40 for leukemia, 10.1,
9.41, B.76 for all cancers except leukemia, 2.63,
2.36, 2.10 for stomach cancer, 0.76, 0.73, 0.69 lor
colon cancer, 1.80, 1.59, 1.42 for lung cancer, and
1.22, 1.00, 0.82 for female breast cancer. Thus,
the risk associated with gamma rays does not dif-
fer materially with different assumed values of the
neutron RBE. With the T65DR doses, the cstimated
excess deaths per 10* PYSv is much more sensitive
to the RBE value that is assumed, and the dispar-
ity between the two dosimelries grows larger as the
assumed RBE increases, reflecting the relative im-
pertance of the neutron component in the 1wo sys-
tems. Atan RBE of 10, for the five specific cancers,
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i.e., female breast, colon, leukemia, lung, and stom-
ach, the increase in excess number of deaths per
10* PYSv under the DS86 varies from 129 (colon)
1o 133% (female breast).

Briefly, this reevaluation of the exposures does not
change the list of radiation-related cancers. Some
city differences in dose-response previously thought
to be real when the T65DR doses were used, such as
leukemia, are no longer significant with the DS86
doses. Assuming a linear dose-response, and us-
ing estimated organ-absorbed doses, the risk coef-
ficients derived from the two dosimetries are very
similar, whereas those based on shielded kerma are
about 40% higher with the new dosimetry. If larger
RBE values are assumed, the disparity between the
two dosimetries increases because the neutron dose
is much greater in the revised T65 dosimetry.

INTRODUCTION

Heretofore radiation-related risks among the
A-bomb survivors in the studies of RERF, and its
predecessor ABCC, have been couched in terms of
their estimated tentative 1965 dose revised (T65DR);
the latter estimates are based on the work of Aux-
ier et al of the US Oak Ridge National Laboratory
(ORNL).? This system of dosimetry estimated, for
most individual survivors (98%) within the RERF
Life Span Study (LSS) sample, a tissue kerma in
air.? Organ (tissue) doses were assigned using lixed
coefficients to describe the attenuation of radiation
through other superimposed organs and tissues be-
fore it reached the specific organ or lissue of
interest.* Tissue kerma in air and organ-absorbed
doses were estimated for the two kinds of radiation
released by the A-bomb, viz, neutrons and gamma
rays.

In 1975, Preeg of the Los Alamos National Labo-
ratory (LANL) reexamined the gamma-ray and neu-
tron spectra from the Hiroshima and Nagasaki
A-bombs using a one-dimensional model and dis-
covered that they differed considerably from the
specira used in calculating the T65DR dose.5 Sim-
ple calculations based on these spectra suggested
that the T65DR neutron dose was overestimated
markedly for Hiroshima. Subsequently, Loewe and
Mendelsohn® at the Lawrence Livermore National
Laboratory and Kerr and Pace at ORNL indepen-
dently calculated the air doses in Hiroshima and
Nagasaki and reported that both the neutron and the
gamma doses differed substantially from the T65DR
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estimales. These findings prompted a complete re-
assessment of the A-bomb radiation dosimetry (for
a fuller account of the events which preceded this
reassessment see Kerr, Hashizume, and Edington®).
This was begun jointly by the Governments of Japan
and the United States, and an Atomic Bomb Radi-
ation Dosimetry Committee chaired by Dr. Eizo
Tajima, on the Japanese side, and a Dosimetry Re-
assessment Panel chaired by Dr. Frederick Seilz,
on the American side, were established. A serics
of workshops ensued,® 82 and out of these grew a
censensus system, known as the Dosimetry System
1986 (DS86).5 Details will be found elsewhere.®

The present analysis centers on a comparison of the
radiation-related risks of site-specific cancer mortal-
ity based on this new system and the T65DR doses
and deaths from cancer in the years 1950 to 1985
for approximately 76,000 members of the recently
extended Life Span Study sample (LSS-E85)10 on
whom estimates of the DS86 and T65DR doscs
are presently available. Attention focuses on the
estimation of the cumulative risk to date and not
its projection to a lifetime. Other publications in
this series will address issues, such as noncancer
mortality and the effects of age at the time of the
bomb (ATB), sex, and other modifiers of risk, more
thoroughly.

MATERTALS AND METHODS

Exposures and the Sample Used in This
Analysis

At present, the LSS-ER5 sample'® consists of
120,321 individuals; however, life status cannol be
determined on 193, and they have been excluded
[rom consideration here.  Among the remaining
120,128 subjects, there are 91,228 exposed indi-
viduals excluding 26,517 "Not-in-city (NIC)" and
2,383 on whom a dose (T65DR) could not be esti-
mated. DS86 doses have been calculated for or as-
signed to 75,991 of the 91,228 LSS-E8S survivors
on whom a T65DR dose exists, including 16,207
among a total of 19,387 proximally exposed sub-
jects (i.e., survivors within 1,600 m in Hiroshima
and 2,000m in Nagasaki, based on T65DR dis-
tances), mosltly individuals within wooden Japanese
houses or tenements (Table 1). Among the 59,784
distally exposed persons, direct computation of the
DS86 dose was possible for somewhat more than
2,000 individuals, largely survivors in Hiroshima
within the zone 1,601-1,800m; these computed
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TABLE 1 NUMBER OF STUDY SUBJECTS BY EXPOSURE STATUS, COHORT, AND CITY

1 SRR REM; HRIRE,

k= b RUERT

Exposure 165DR dose "Not-in-| Teotal
City Cohort : Proximal® Distal®*| unknown city" L3¢-E85 “‘*)
Total exposure exposure sample

Total T650R full 91228 19387 71841 (2383) (26517) 120128

Ds86 75991 16207 59784 - -

Not DS86 15237 3180 12057 (2383) (26517)
Hiroshima T65DR full 60468 12787 47681 (1426) (20168) 82062

Dss6 51390 12130 39260 ~ -

Net DS86 9078 657 8421 (1426) (20168)
Nagasaki TESDR full 30760 6600 24160 (957) (6349) 38066

Ds86 24601 4077 20524 - -

Not DS86 6159 2523 3636 (957)  (6349)

it Survivors who were at distances within 1,600 m in Hiroshima or within

2;000 m in Napasaki

BTG A 6 1,600m LA, B T3 2,000 m ELN 0 SERE 0 51 4
i Burvivors who were beyond 1,600 m in Hireshima or beyond 2,000 m in

Nagasaki

LB T ALK A 5 1,600 m DITE, BT 2,000 m LU O RS S

The L83 sample in Nagasaki was augumented through the addition of

11,393 survivers exposed at distances of 2,500 m or greater. This
enlarged sample has been designated the LS5-E35,

Feiif o 9 A T A 8L A 0E,
KM LSS-E®L@mH sh i

doses have been used where they were available
in preference to an assigned dose. Assignment of
doses to the remaining distally exposed on whom
detailed information on shielding does not exist is
described elsewhere.!* Hercafter we shall refer to
the 91,228 individuals as the full T65DR cohort,
and the 75,991 as the DS86 subcohort.

As in previous LSS reports, doses above 6 Gy have
been truncated. This pragmatic step obviously does
not deal rigorously with either the random or the
systematic errors inherent in the estimation of the
true dose of a survivor. Among the systemaltic er-
rors, the most important may be the failure of both
the old and new dosimetries to account adequately
for the time-dose dependencies. Given the large
contribution that delayed radiation from the fircball
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makes to the total dose, loss or gain of shiclding as
a result of the blast effect, particularly in the first
several scconds following the detonation of a bomb,
could substantially influence kerma in shielded ar-
eas and ultimately organ-absorbed dose. Jablon,?
Gilbert,'? and Gilbert and Oharal? have examined
the impact of some of these errors, the random ones,
in the context of the T65DR dosimetry; the prin-
ciples they address undoubledly hold true qualita-
tively, if not quantitatively, for the new dose esti-
maltes as well.

Given the variety of expressions which have been
used to describe exposures or doses, o avoid ambi-
guity in the paragraphs to follow, we shall use only
three terms, namely, the free-in-air (FIA) kerma,
kerma in house or shielded areas (termed here
"shielded kerma™), and organ-absorbed dose. The
first implies the kerma in tissuc at a point in air
over bare ground (i.e., no person present and not
in or near a building); the sccond, the kerma of
the individual with allowance for house structural
shielding; and the last, the radiation absorbed by
the organ or tissue under consideration.

Ascertainment of Death

Deaths are routinely ascertained through the oblig-
atory houschold registries that exist in Japan, and
ascertainment is considered to be essentially com-
plete. Although some deaths are inevitably reported
late, based on the [inal years covered in Report 10,
we estimale that 96% of the deaths that actually oc-
curred in the years 1983-85 and all of those prior
to 1983 are included in this analysis.

Causes of death are obtained from the Vilal Statis-
tics Death Schedules which are based on the death
certificates. For the present analysis, a total of 5,936
(83.7%) cancer deaths occurring during the period
1950-85 in the DS86 subcohort among a total of
7.006 cancer deaths in the full T65DR cohort (ex-
cluding NIC and T65DR dose unknown) were used.
Table 2 shows the number of subjects, person-years
at risk, and deaths by DS86 shiclded kerma.

Statistical Methods

The effects of radiation on site-specific cancer mor-
tality have been estimated using the two different
dose systems, and the 75,991 subjects in the DS86
subcohort. The following items arc compared:
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1. Risk coefficients: Excess relative risk (RR)
per gray; Excess deaths per 10* PYGy; At-
tributable risk (%)

2. Shape of the dose-response curve

3. Radiation effect modifiers: City, sex, age ATB,
lime since exposure

4. RBE of neutrons

In the stalistical analyses the person-years and the
numbers of deaths are aggregated and stratified by
city, sex, six categories of age ATB (<10 years
of age, 10-19, 20-29, 30-39, 40-49, 50+), seven
follow-up intervals (1950-55, 1956-60, 1961-65,
1966-70, 1971-75, 1976-80, 1981- 85), and 10 cat-
egorics of radiation dose (0, 0.01-0.03, 0.06-0.09,

0.10-0.19, 0.20-0.49, 0.50-0.99, 1.00-1.99, 2.00-2.99,

3.00-3.99, and 4.00+ Gy), yielding 1,680 strata. The
same dose categorics are used for shielded
kerma and organ-absorbed dose. Parenthetically,
it should be noted that most previous analyses of
the LSS sample have been based on 8 rather than
10 dose categorics, for exceptions sec references 10
and 15.

Formally, the model we have fitted can be described
as [ollows (for a detailed explanation see references
10 and 16): Let i be the stratum in the cross-
classification of city, sex, age ATB, and follow-up
interval, j be the exposure category, and Y;;, PY;;,
and M;; be the numbers of deaths, person-years,
and the mortality rate in stratum i and dose group
j. Under these circumstances, the mortalily can be
defined as
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where RR;; is the risk in stratum i of exposure
group j, relative to exposure group 0Gy, after ad-
justing the background rate for city, sex, age ATB,
and time since exposure. More specifically, the
risk coefficients are calculated assuming a linear (in
dose) RR function, i.c.,
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RR;; = 1 + bD;jexp?™

where D;; is the mean total dose (shielded kerma or
organ-absorbed) in the ij-th category, and X is the
effect of a radiation modifier, such as sex, city, age
ATB, and time since exposure. For investigation
of the RBE, the total dose D;y is divided into its
gamma,;, and neutron;; components.
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Parameters are estimated by the method of maxi-
mum likelihood, assuming that the numbers of
deaths Y;; are independent Poisson random vari-
ables with expected values E(Y;;) = PY;;- M;;-
RR;;, where PY;; is treated as constant. The good-
ness of fit of a model 1o the data is measured by
the deviance which is deflined as the ratio of the
log likelihoods under the full model, which exactly
fits the data, and the one based on the parameters

that have been actually estimated. The degrees of I

freedom associated with the deviance are merely
the number of strata minus the number of param-
elers estimated. In the comparison of two models
with differing numbers of parzmeters, we assume
the difference in the deviances to be distributed as
chi-square with degrees of freedom equal to the dif-
ference in the number of parameters estimated.

The three risk coefficients used for the primary com-
parison of dosimetries are based on fitting the above
model with the exp (aX) term omitted.

1. Excess RR per gray

(=]

2. Excess deaths per 10* PYGy

i

3. Auributable risk (%)

b

£ T=1

Preston et al'® have shown that an age-constant RR
model adequately describes the LSS data, provided
the RR is allowed to depend upon sex and age al
exposure. As noted above, the primary dosimetric
comparisons here are based on models which aver-
age over the effects of these two factors. The justifi-
cation for this, as supported by secondary analyses,
is that the sex and age al exposure effects are essen-
tially the same for the two dosimetries, and thus an
adequate comparison is oblained by averaging over
them.
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RESULTS

Comparison of the Two Dosimetric Systems
FIA kerma

The FIA kerma curves by distance from the hypo-
center for the two systems are shown in Figure 1
for Hiroshima and Nagasaki, separately. It will be
noted that the DS86 FIA gamma kerma in the open
increases in Hiroshima with increasing distance and
is about three times higher at 2,000 m, but decreases
a little in Nagasaki when compared to the T65DR
estimates. The comparable DS86 neutron kerma
decreases in both cities, to around 10% and 30% in
Hiroshima and Nagasaki, respectively, as contrasted
with its estimated T65DR value.
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FIGURE 1 FREE-IN-AIR KERMA BY GROUND DISTANCE, CITY, AND DOSIMETRY SYSTEM
FOR GAMMA RAYS AND NEUTRONS
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Shielded kerma

As a result of the changing spectrum of energics,
the average transmission factor for gamma rays
in Japanese houses changes substantially under
the DS86 system, i.e., from 0.90 (0.81) in
Hiroshima (Nagasaki) for the T65DR system to
046 (0.48) for the DS86, while the average
transmission faclor for neutrons differs much less
strikingly, i.e., 0.31 (H) and 0.35 (N) for the T65DR
and 0.36 (H) and 0.41 (N) for the DS86 (Appendix
Table 1). Although the neutron transmission factors
are somewhat higher with the new dosimetry, the
DS86 transmission factor for gamma rays is aboul
51% of the corresponding factor for the T65DR in
Hiroshima and about 59% for Nagasaki (Appendix
Table 1). Accordingly, in Hiroshima, the shielded
gamma kerma within 1,400m of the hypocenter is
lower (Figure 2) for the DSB6 than the T65DR
system, although it is higher at distances beyond
1,400m. In Nagasaki, the DS86 shielded gamma
kerma is lower everywhere than the T65DR sys-
tem, and in both cities the neutron kerma decreases
substantially.

T ke rma
LA F— - AT PAARW SR AEW, AR R
DA - T8O T EE MG 3L DSBE A Ao FTA X
SEAEL, TESDR UL LS ( Hd) T0.90 (0.81)
Th-l DSEETIL 0.46 (0.48) & %5 T,

H, BEFOFRELEBE I RO K X Eh- ¢
H6F, TESDR T0.31 (L) & 0,35 (1&6) Th-»
O, DSEETIE 0,36 (L ES) &2 0041 (Hedd) 127 -,
Tod (R drPE 388 R 50 B U oo g e
HRTHETES A Cwad, w0 DS
PR L, R T TEDR @ abis A o
FIBl% T HN, LM TENN% THS ({HX1).
L2zah- ¢, IR, BOHA S 1, 400m BLN O
ke > v kerma |4 TESDR kD & DSSGO Ji A{IEL
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kerma 2 L { AL T 5.
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FIGURE 2 SHIELDED KERMA BY GROUND DISTANCE, CITY, AND DOSIMETRY SYSTEM
FOR GAMMA RAYS AND NEUTRONS
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As stated earlier, individual estimates of shielded
kerma were calculated for or assigned to 75,991
members of the DSB6 subcohort (51,390 for
Hiroshima and 24,601 for Nagasaki) under both sys-
tems. The distributions of these 75,991 individuals
by 10 dose categories for both the DS86 and T65DR
system are shown in Appendix Table 2. In general,
the survivors are shifted toward lower dose cale-
gories with the D586 dosimetry, except for doses
below 0.10 Gy in Hiroshima where they are classi-
fied somewhat higher.

For those subjects (31,044 in Hiroshima; 10,673 in
Nagasaki) exposed to 0.01 Gy or more, the mean
DS86 1otal, gamma and neutron kerma are uniformly
lower than the comparable T65DR values; thus, in
Hiroshima for total dose the means are 0.304 vs
0.442 Gy (in Nagasaki, 0.267 vs 0.366 Gy), 0.295
vs 0.344 Gy (0.265 vs 0.362Gy) for pamma rays,
and 0.010 vs 0.099 (0.003 vs 0.004) for neutrons.
Clearly, the three city-specific mean doses are more
similar in the DSE6 (Table 3).

Organ-absorbed dose

Insofar as the statements that follow are concerned,
it must be bome in mind, first, that in the T65SDR
system each specific organ transmission factor is a
constant; whereas in the DS86 [lixed values are not
used. Organ-absorbed doses, particularly among the
more heavily exposed, reflect the circumstances of
individual exposures, including posture and orienta-
tion, and therelore, the computed average transmis-
sion [actor, which we use in our comparisons, can
vary with the sample of individuals on whom that
average is based. Second, here and elsewhere in this
report, unless otherwise specified, our discussion of
organ doscs is based on lotal-absorbed dose. The
average organ transmission factors for the 12 organs
arc shown in Appendix Table 3 for both the DS86
and T65DR. The transmission factors are higher in
the DS86 than in the T65DR system for gamma ray,
neutron, and neutron-capture gamma ray. Thus the
changes in the shielding transmission factor, which
is lower for the DS86 for gamma rays (though it is
somewhat higher for neutrons), and the organ trans-
mission factor for gamma rays tend to cancel cach
other.

Table 3 gives the mean tolal, gamma, and neu-
ron organ-absorbed doses for the bone marrow,
large intestine, lung, stomach, female breast, uri-
nary bladder, and ovary for the cities combined as
well as separately (for the numbers of individuals
nvolved, see Appendix Tables 4 through 10). The
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DS86 gamma doses are greater than those based
on the T65DR at six (female breast excepted) of
these seven sites. For the female breast it is actu-
ally lower, since the gamma-ray transmission [actor
changes less for the female breast than for the other
organs. The neutron organ-absorbed doses are re-
duced appreciably in Hiroshima, but there is little
change in Nagasaki.

Comparison of Cancer Mortality

Characteristics of the DS86 subcohort and those
members of the LSS sample not included in this
subcohort

Risk estimates will differ with the certainty of the
doses on which their estimation is based and dif-
ferent degrees of certainty attend the various meth-
ods employed to estimate the DS86 (and T65DR)
doses. As a result, the doses of the DS86 subco-
hort should differ in reliability from the doses of
survivors not included in the subcohort. That this is
true is shown in Table 4 where the proximally ex-
posed subjects in the "full T65DR cohort” are dis-
tributed by the method of estimation of the T65DR
dose for the "DS86 subcohort” and the "Not in DS86
subcohort” separately for Hiroshima and Nagasaki.
Within the DS86 subcohort, the majority of the
dose estimales rests on two methods, either the "9-
parameter” (64.5%) or the "average Japanese house
transmission factor" (15.6%). Whereas within the
"Not in DS86 subcohort”, all individuals have doses
assigned either on the basis of "the estimated air
dose at their location, if outside, or within the struc-
ture which shielded them" (42.7%) or the "globe
method” (57.3%).3 It should also be noted that
among those individuals in Nagasaki assigned "air
doses” are the survivors exposed in the Mitsubishi
factories where the new transmission factor has yet
1o be determined.

Intuitively, the accuracy of the methods of dose-
estimation can be rank ordered -- "9-parameter”,
"average transmission factor for Japanese house",
and "assigned air dose or globe". In Table 5, the
excess RR per gray based on the DS86 shielded
kerma is shown for each of these three methods for
leukemia and all cancers except leukemia.

For those individuals who had died prior to the time
of the shielding history interview, the detailed in-
formation required to calculate the dose by the "9-
parameter” method could often not be obtained and
their doses were estimated by the less exact method
based on "average transmission factor for Japancse
houses". To assess the possible importance of the
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TABLE 4 DISTRIBUTION OF PROXIMALLY EXPOSED SURVIVORS BY
T65DR DOSE ESTIMATION METHOD AND CITY

Fd OEHMEREEE O SN TESDRBURHEE @ ik R o wsil)

Method of Estimation for T65DR Dose*

e Total
City Cohort (%) Average
Japanese House ., Air Dose
F-Pammeter Transmission Glabe Application
IFactor

Total T65DR full 19387 10450 2535 3904 2498
(100.0) (53.9) (13.1) (20.1) (12.9)

DS86 16207 10450 2535 2082 1140

(100.0) (64.5) (15.6) (12.8) { 7.0)

Not D586 3180 - - 1822 1358

(100.0) (57.3) (42.7)

Hiroshima T65DR full 12787 7576 2088 2076 1047
(100.0) (59.2) (16.3) (16.2) ( 8.2)

DS86 12130 1576 2088 1620 846

(100.0) (62.5) (17.2) (13.4) ( 7.0)

Not DS86 657 - - 456 201

(100.0) (69.4) (30.6)

Nagasaki T65DR full 6600 2874 447 1828 1451
(100.0) (43.5) ( 6.8) (27.7) (22.0)

D586 4077 2874 447 462 294

(100.0) (70.5) (11.0) (11.3) ( 7.2)

Not DS86 2523 = - 1366 1157

(100.0) (54.1) (45.9)

*See Milton and Shohciji3 for a description of these methods.
CHEOHEOBEMIZ 0TI Milton B CEER® & 20,

TABLE 5 EXCESS RELATIVE RISK PER 1 Gy (DS86 SHIELDED KERMA)
BY T65DR DOSE ESTIMATION METHOD
— DS86 SUBCOHORT —
#5 LGy HANOMEML 22 (DSBEHERE kerma ); TO5DR &ML T @ F ik
— DS86H 7 aHk— b —

Site of Average Japanese Air Dose
Caticos Period  9-Parameter House Application
Transmission Factor and Globe
Leukemia 1950-85 3.6 2.1 3.0
1966-85 2.0 1.3 1.0
All cancer 1950-85 0.38 042 0.14
except leukemia  1966-85 0.45 0.36 0.23
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certainty of the dose estimate on the risk coeffi-
cients, excess RRs were compared for the period
after completion of the shielding history survey, i.c.,
1966-85, and the full period, 1950-85. As could be
expected, the excess RR per gray is generally high-
est for the "9-parameter” data followed by the "av-
erage transmission factor for Japanese houses” and
the "assigned air dose or globe" for both mortality
from leukemia and all cancers except leukemia for
the period 1966-85 (Table 5).

The most meaningful comparison of the risk coeffi-
cients associated with the two systems of dosimetry
depends to a large extent upon the purposes of the
analysis and these can vary substantially. Here to
examine the effect of the dosimetry change itself
unconfounded by a changing cohort, we have com-
pared the risks based on the use of the DS86 subco-
hort and not on a contrast of the DS86 doses for the
DS86 subcohort and the T65DR for the full T6SDR
cohort. Elsewhere,! where the purposes were to
compare the conclusions which have been drawn
from values in the literature, based on the entire LSS
cohort and the T6S dosimetry, with those that now
secem permissible, emphasis was placed upon use of
the full T65DR cohort. Since the data on A-bomb
survivors referred to by BEIR'? and UNSCEAR!®
are site-specific risk coelficients derived from the
full cohort, values based on this cohort will also be
given here.

Dose-response curves under the two dosimeiry
systems

To determine the suitability of linear descriptors
of risk, the DS86 dose-response curves were com-
pared with those for the T65DR for Hiroshima and
Nagasaki, separately, both in terms of shielded
kerma and organ-absorbed doses, for five selected
sites of cancer where an increase in mortality with
dose is well-established. It should be noted, of
course, that the range of absorbed doses to spe-
cific organs under the DS86 system is greater than
under the T65, for more ionizing radiation is es-
timated to reach the organ in the former than the
latter instance. For leukemia (Figure 3), in terms
of total shielded kerma, the T65DR dose-response
curve was nonlinear in Nagasaki, but mortality was
higher in Hiroshima than in Nagasaki at the same
dose as mentioned in previous reports. The DS86
dose-response curve is higher in both cities than the
T65DR. At face value mortality in Hiroshima re-
mains higher, but the city difference, whether mea-
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sured by the excess RR per gray or excess deaths

per 10* PYGy, is not statistically significant.
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FIGURE 3 SHIELDED KERMA AND ORGAN-ABSORBED DOSE-RESPONSE CURVES FOR
MORTALITY FROM LEUKEMIA BY CITY AND DOSIMETRY SYSTEM
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The insert in the upper right hand corner of each figure is an enlargement of the observed cancer rates at doses of less than

1.0 Gy.
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Leukemia mortality in Nagasaki, in the 0.50-0.99 Gy
range, increases significantly with the DS86 doses
as a result of the shifting downwards of individu-
als with higher T65DR doses to this range where
no cases were previously found. The shape of the
dose-response curve is more linear with the new
dosimetry in both cities. However, in terms of
organ-absorbed dose, the DS86 curve is closer to
that seen with the T65DR organ-absorbed doses
than is true of the two shielded kerma estimates;
otherwise, the findings are similar to those for the
latter estimates with respect to linearity and the city
difference. Although responses still vary within the
low dose range, there is no statistically significant
evidence of a positive effect at low doses even when
the observations are distributed over finer subdivi-
sions, i.e., 0, 0.01-0.05, 0.06-0.09, 0.10-0.19, and
0.20-0.49 Gy (see figure insets).
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For all cancers except leukemia (Figure 4), though
the background rates are higher in Hiroshima, find-
ings similar (o those seen with respect to leukemia
were observed for both shiclded kerma and organ-
absorbed dose (based on the dose to the large in-
testine). Briefly, the response at a given shielded
kerma is higher with the DS86 than the T65DR
sysiem, but the responses are more similar when
organ-absorbed doses are used. The city difference
in mortality is smaller, as observed for leukemia
mortality, and no longer statistically significant.

For stomach cancer (Figure 5), like all cancers ex-
cept leukemia, the dose-response curve suggests no
dilference between the cities.

For cancer of the colon (Figure 6), though there
is no apparent significant dose-response observed
in Nagasaki, the response is higher with the DS86
than the T65DR in Hiroshima with shielded kerma,
but is smaller when organ-absorbed doses are used.
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FIGURE 4 SHIELDED KERMA AND ORGAN-ABSORBED DOSE-RESPONSE CURVES FOR MORTALITY
FROM ALL CANCER EXCEPT LEUKEMIA BY CITY AND DOSIMETRY SYSTEM
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Rate (per 104 person-years)

Rate (per 10% person-years)

FIGURE 5 SHIELDED KERMA AND ORGAN-ABSORBED DOSE-RESPONSE CURVES FOR
MORTALITY FROM STOMACH CANCER BY CITY AND DOSIMETRY SYSTEM
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For lung and female breast cancers, where no sig-
nificant city differences in dose-response obtained
with the T65DR, there are no city differences with
the new doses (Figures 7 and 8), though mortality
at exposures of 3 Gy or higher appears greater for
Hiroshima than for Nagasaki.

Linear risk coefficients under the two systems of
dosimetry

Although some analyses of possible nonlinearities in
the dose-response have been described in the pre-
ceding section, the primary emphasis here is on risk
estimates derived from linear models. As in past re-
ports, estimated doses exceeding 6 Gy have been sel
to 6 Gy, on the grounds that survival was unlikely at
higher exposures, and thus the very high dose esti-
mates may be substantially in error. Over this range
there is no clearly significant evidence of nonlinear-
ity (although other forms of response fit the data),
and thus from a purely statistical standpoint lin-
ear Tisk estimates arc a rcasonable summary of the
dosc-response. There is, however, some marginally
significant evidence of a leveling off of the dose-
response at exposures above 4 Gy shiclded kerma
with the new dose estimates.t Elsewhere, Preston
and Pierce have, for reasons indicated there, em-
phasized risk estimates obtained by omitting those
survivors with dubiously high exposures, i.e., above
4 Gy. The result of this is to increase the DS86 risk
estimate somewhat.! However, the results of these
two reports should not be construed as contradic-
tory, but rather representative of the use of different
comparison groups. As previously stated, our report
focuses as directly as possible on the changes in
site-specific risk estimates with the two dosimetries
within a fixed group of individuals.

Shiclded kerma: For all sites of cancer, four in-
dexes, namely: 1) the statistical significance (P-
value) of a linear increase in cancer mortality (ex-
cess RR): 2) the excess RR per gray; 3) the excess
deaths per 10* PYGy; and 4) the attributable risk
(%), are shown for the DS86 and T65DR doses in
Appendix Tables 11 and 12. (To provide a refer-
ence, these same indexes [or the T65DR on the full
T6SDR cohort are shown in Appendix Table 13). In
addition, the indexes for mortality from all causes,
all diseases (excluding external causes), and all neo-
plasms (including benign and those of unspecified
nature) are shown in Appendix Tables 11-13.
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Rate (per 10 person-years)

Rate (per 10% person-years)

FIGURE 7 SHIELDED KERMA AND ORGAN-ABSORBED DOSE-RESPONSE CURVES FOR
MORTALITY FROM LUNG CANCER BY CITY AND DOSIMETRY SYSTEM
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To compare the DS86 and T65DR indexes, 11 spe-
cific sites where the increase in mortality was sta-
tistically significant (P<.05) with both the DS86
and T65DR were examined (Table 6). Since the
total DS86 shielded kerma is usually smaller than
the T65DR, all three indexes are generally higher
for the DS86 than the T65DR. The DS86 excess
RRs per gray are 1.38 and 1.36-fold higher than
the T65DR values for leukemia and all cancers cx-
cept leukemia, respectively. For individual sites of
cancer, the new excess RRs range from 1.35-fold
(stomach cancer) to 1.51-fold (ovary and other uter-
inc adnexa) greater. Excess deaths per 10* PYGy
are 1.44-fold higher for leukemia and 1.43-fold for
all cancers except leukemia. For specific cancer
sites, the absolute risk (excess deaths) varies [rom
1.38 (multiple myeloma) to 1.61 (ovarian cancer)
times higher. The atiributable risks associated with
the DS86 doses do not differ significanly from
those for the T65DR.

Organ-absorbed dose: Table 7 compares the ex-
cess RR, the excess deaths, and attributable risk
in terms of organ-absorbed dose for 10 selected
sites of cancer. As previously noted, the DS86
shielded kerma is generally less than the compara-
ble T65DR dose; hence the DS86 risk coelficients
based on these exposures are greater. With organ-
absorbed dose, however, the risk coefficients based
on the DS86, although somewhat different from the
T65DR estimates, typically differ only slightly for
deep organs. For shallow organs, such as the breast,
the differences are greater, e.g., the risk coefficients
for the female breast increase by as much as 33%.

Since our dala are limited to mortality, radiogenic
cancers that are frequently not fatal, such as those of
the thyroid, have been excluded from the analysis.
However, the change in risk coefficients between
the two dose systems for these other sites of cancer
can be roughly estimated by using the changes in
average air dose, house and organ transmission fac-
tors. For thyroid cancer, the DS86/T65DR ratio is
estimated to be 1.4 with shiclded kerma and 1.1
with organ-absorbed dose.

The modification of risk by age ATB and sex

Previous analyses,?1® which have discussed these
effects more thoroughly than is intended here (they
will be the topic of a subsequent report in this se-
ries), have revealed that radiation effects are modi-
fied by age ATB and sex, and possibly attained age.
The risk is higher at younger age ATB and for fe-

23

RERF TR 12-87

DS86 & TE5DR D IEEE & i+ % /2812, DS86,
TESDR Wiz 4T & FEC HE o KU A 8§ 10
HES (P<.05) 11 MfL & <72 (£6). DSB6
MR kerma (X0 TESDR kW & 20T, =2
DI TNTTEDR 10 4 DSS6 O A7 4 thit 12
1 Gy %700 DS86 M) A7 1k, [ UL
AFAMFBH LD T RTO@MIZENT, FhFN
TEEDR LD 1. 3805 R F1.3605 TH 4. FHWAENLIZ
DWTLE, WL VOREIRTE Y A 131,350 (D e
LS (B0 HEHE B UMb o> i (HIE PR OHE) & TR 3¢,
10 PYGy 4 22 0 o0 8 ] JECC S0k 19 Ly T 1. 4448,
AR LD T~ Of T L A3 Th S, BRI
DA a1 A GREFEC B ORHIE 1. 3865 ( 3@M4:
M) A5 161 (JHELEE) TH S, DSEE AL
B A%G ) A7 T6SDR oS L Hm I Ry

SN

L,

Mo sz o as it & 712, WHOBEMIZ2wT,
ik T g L2 B AR ) A 7, GRRIFEC #
BUHG ) A REMLE-LOTCHA. WIED LD
{2, DS86 FE#% kerma |2 415+ 5 TESDR #fit £ 1
Lakmizie., LAA->T, fi#Fizd-o<{ DS8s
DA ZEHEEGCAS. Lo L, BaERERo
WA, DS86 13T ¢ ) A 7 {H M TESDR HEE i &
ETRA225, BEROMEBI >OTRHEL THT S
LREZZCTELZ. ILEO LI CERBOREIZ
FuTlE, COXEAREL, MAE AHOYAZ
FEIEBB LMWL T 4.

P

o

BrnF—yIHEICORMEES ATV AOT, FIR
s o & 5 & FIEM T 4 U B ISR AT A 5
fEablL 2=, LAL, 2OLIEZFrOMBLCHTS
oz 7 R ol itieE A Aok, THED
i, FREBFEEE S EBREOELS S
KEHIHETE 2. PRGSO 85, DSB6/TEDR
@ ol R kerma T 1.4, MM tT 1.1 &
HerExhib.

WM ER AR UMEICE S ) A7 OEIE

ThsoBIcow A I FEM Iz L -
LLAT O BRAF " T, BB o 2R IR
M, RUMCREEMICEVIEFESLS I LAREN
f. ThSBABE2HOT DD THS. HHE
MBIz R FAEL, FEMRURPRIREZED



7 TR 12-87

VERZUNUTTERL e h LI NBO YT
*A{uc satPual uo paseq SI® SIITS sseUl IO UDTIBWTISS YSTH 4

TN AINCTIE ] e HUL 2O BB AIONL RS Y XN %08

150403 MOS9l TINJ SUl U0 AR0p ygeol Eursn £q pal1wTnoTEO aJam SIUSTOTFJO00 JETH « TPAJINUT BOUBRTTUGD 206 i )
(82Y ‘0z'g) €12 (0z*0 '20'0) OL"D (2L°L *$1'0) OL°0 TINJ-HAS9L
(465 “1°2l) 2'€E (82°0 '90°'0) 9L'0 (6672 *o¥'o) DLt HOSOL

£6'0 (8765 '§°L1) 6'eE gE'L (6€°0 “g0'D) 22'0 4401 [6%*% *95:Q) 681 988 sweredm ardryTny

(LTLE '¥g 8) L61 (870 ‘€L'0) 62'0 (gLl 'Sz o) 1970 TINJ-HOS9L Areutan

(6°6€ ‘D°0OL) 6*1% (09*0 ‘LL"D) SE'0 (0E"L *0€-0) o HOS9L patrasdsun

LotL (7-LE "27LL) Yrez 9zt (06"0 *LE'D) 95°0 &7 1 (60 L “g%°0) 90°L 9880  ‘Jayjo ‘1appwlg
(£ 62 '60°C) 6°%1 (55'0 ‘s0'0) 8z'0 (oL*L "60°D) 08'C TINJ-HOS9L

(7°6E "65°2) 2ril (85'0 'Y0'0) BZ'0 {v2*L 'LO"D) £5°0 HO5591 BYBUDE SUTL1N

BO*L (L*LE ‘29°€) 9'BL 19*1 (68°'0 ‘60'0D) 670 16°t {§8"1 ‘¥iL'0) o080 G850 | I8yio puw AImaQ
(0°9€ '5°%L) B'72 (LL*L *8%°0) 020 (z€°L 'g9Y°0) £8°0 TINJ-HOSSL

(9°9€ "L°21) $'€e (OL°L “9€70) DL°0 (L't '7E"D) LL*D HALOL PCLERGY

L6 {0°8E *a-iL} T2z a7 (L9*L *£5°0) Yo-L L (L1 '87°0) zo*L 9830 aTBUBg

(L°gL ‘€2'g) s0L (02°L *0%'0) €80 (7v'0 "LL'D) OE'D TINI-YQsol Juny puw

(9791 ‘g9g'g) g*LL (&2*t ‘6%'0) L2'0 (L5*0 ‘8L°D) €£°0 ygsal ‘snyaucug

oAl (Y 4L '87'9) 9°lL 57l (6L *oL'Q) 2L BE"L (240 ‘szt0) 970 5850 'Bagougg
(Yrez "1ziL) ' (850 ‘BL'0) LL0Q (69'0 ‘0Z'0) L7*D TINI~¥@sel

(Loeg 1Bgig) ey {€9'0 *gL°0) BE D (L0 ‘8L'0) 170 ¥asoL uniaaa qdaoxs

90°L (6 %2 'so*L) z'sL L7 L (16'0 '9¢-0) 95 0 LE*L (66'0 '2°0) 950 9650 ‘'suriseius afiw]
(0£L ‘LLtg) 67 {L49°L ‘€970) £L"L (DZ'0 *4L0'0) £L'0 TINI-YASQL
Lat6 '19°E) 2279 (Lotz 'Esr0) T¥"L (52°0 ‘60°0) 4L-0 ¥I59L

£oL (BE'6 "89°€) L¥'9 Lyl (90°¢€ ‘oz L) 6oT el (Y£'0 ‘*£L°0) £2°0 9850 yowuolg
{L°LL 'LE*D-) E9°L (20 “1too=) ¥io {§7'0 ‘L0'D-) BL O TIMF-NOS9L
(8 72 ‘igtg) ¢zl (s%*0 ‘sot0) Teo (5970 ‘20°0) D£'Q HOSGL

0" 1 (D*se ‘shte) BUTL 8671 (L9°0 'spro) YE'D E7"L {z6"0 '80°0) £¥°0 9BSQ sndsudosg
(E¥'8 '65°G) 8&°0 (85°¢ ‘0L'E) T9*Y (E2'0 '5L°0) 610 TTNI-MOS9L

(4976 'TE°9) 96°. (LE79 'Li"7) c2°% {£z°0 ‘'Ll*0) 220 HIS9L _Bluaynay

Lot (ze*6 ‘E€'9) v0°8 EvTL {(51°6 '06'5) 6L 9" (LE*0 ‘f2 D) 0E'0 LR qdagxa TTY
[0*€9 *0°¥7) 7 €5 (591 'gL"L) a7°L (87°€ '€6°L) 29°% TINJ-HAL9L
[6'99 fa*cy) z°9s (Le*L '0E"L) 09°L (68°€ ‘o1-2) L8°2 M

Lo*L (L9 '£'97) g9tas oL (€472 '88"L) OE*Z BE"L (6E°G '68°2) L&°€ 9820 BIUaYnaT
(501 ‘19"L) 2o {2t "very) gty (0€°0 'L2°D) €270 «TTNI-HOSalL

(6'LL ‘YEUR) 2'0L (618 'LB"G) 0O*L (€€'0 '€z°D) 82°0 HaS 9L smserdoan

20" L {2zt ‘L9"B) 7 ol Yty {6yl Yere8) Lrot BEL (Lr°0 *E€°D) 6670 9550 JUBUTTITHE TTY

mﬁ%\ (%) Ast13 qgsol An1d yOL zad Hasol A aad y3T2 uaysds 193UED JO 8379
= talid ATORINGTIITY 9850 SYIEAP BEHONE 9850 JATIT[RL S520XY as0q

(O Y THES 2 WL L (LOTA S TR SE) %Y “him)
1 FEL4 BSA — WO YASIL 7 98SA T £ MGG EONATHBH WO LN C DM > CFFo) vuaay JPE g 2
(pourquio) g1V $A3V [V (4Pajou SSLAIDY10 ssa[un) $aX3g ‘San1) wiod) LYOHODENS 985 — VINHTY AAATAIHS NO QISYE ALITYLIORW
U0 ISNOISTY-ISOA NOILVIAVY 40 STUNSYIW AIVWINAS NI 4A591 ANV 98SA NTIMNLTT NOSIUVINOD 9 TTaV.L

24



RERF TR 12-87

VCMEONHENEB LY LR ITHOIUT

*ATuoc seTRWSI UC PasSEq 3IB Sa831TS 853Ul I0] UCTIPWIISS HSTH =l

[ E U5 E %06 THAJSUT 82USPTIUOD %06 ()
(69 ‘0°2L) L 2€ (€570 ‘LL*0) 620 (956 'SL°0) BE'Z HIS9L

L6'0 (946 ‘0"LL) 8°LE 060 (L7*0 '60°0) 92°0 96°0 (Le*¢ ‘L9*0) bE'Z 9gsq  BweTsAuw STdTITMH
(0°6€ ‘L*8) ¢ 02 (ge*L *¥£'0) L8'0 (€0°€ ‘€9°'0) 66°L ¥as9l

G0 L (L°GE '8"6) §°LZ 18°0 (zL*L *LE'0) 9970 08'0 (LE*2z "€£5°'0) L") 9850 JIappeTd
(g20% ‘é°L) £°81 (€71 *90'0) 90 (90°€ ‘LL"0) L2°1L yas9L

gok (7-LY ‘6"9) € 2z LLetL (Ze*L ‘22 0) LL'O oL-L (9872 ‘LE70) EE°L 9830 pAxeag

($"9¢ *8°LL) 2 €T (27*L *g%'0) 06'0 (5L “E¥0) 169 HaAsslL 3s®9Iq

C6'0 (0°GE “£°LL) L*2Z £erL (16°L “19'0) 0Z"L LE*L (60°2 ‘95'0) 6L"1L 9850 Laremag
(8°9L “ 9°9) ¥°LL (6i°2 ‘OL*L) 68°L (LL°L “L¥*0) 2L°0 AL

80°L (€81 * 2l) £'2L 65°0 (6% ‘L6'0) 89°L 88°0 (LE0 ‘SE°0) €9°0 9250 Jung

(P6E © 9'8) 9 Al (€9°L ‘2¥°0) 86'0 (6871 ‘€7'0) T0°L HOS9L unyoal 3dedxa

£€6°0 (2792 “0'8) €9l £8'0 (o£*L ‘070) 1870 z8 0 ($%°L ‘6£°0) 68°0 9gsq  ‘eutyselur 8duw
(26 ° L'E) ¥'9 (€8*% ‘s6°L) 7e°¢€ (860 ‘€2°0) 6£°0 ISl

68°0 {428 4 0°E) L5 2L'0 (2L°€ ‘92°1) 2¥-2 69°0 (€7°0 “7L0) L2°0 98sd yaBWO}S
[y ‘urg) 6t L)L (00*L ‘60'0Q) 67°0 (Ly L ‘zL*0) L4970 HASOL

60° L (¢*g2 ‘0°€) 0°ElL z6'0 (88°0 ‘0L0) SY0 .80 (Y21 '€L°0) B850 985Q snZsydosy

(02l ‘B°L) 86 (PO'LL 'LL"LL) LB°EL (zL*0 '9%°0) 850 a9l BTUA}NAT

£8°0 (g*al ¥g): 1'% £4°0  (7¥'EL '96°L) ELTOL LL 0 (L¢*a ‘g€+0) LY°0 9850 qdaoxe TTY
(L°89 ‘G LY) L°LS (LL°€ ‘9¢°2) LL"€ (98°L *y2'7) 9L'¢ HASSL

20" L (669 ‘7°87) 98¢ S50 (67°€ fe7-2) P62 060 (zZL=L ‘€B"€) LE°¢ 9854 BTUSXNAT

yas9aL (#) MsTJ HIE9L Anxd  LOL aed ¥asor £n xad ®sTI maqsks asouma Jo 2118

\ﬁ a1qQEINqTILGY agsa mﬁmmﬁﬂmumuxﬂm \@mw SATIHE]SI SS80Xy aso

(03 Y T HEZWHABH O L L

(f 0@ ED

E

G2d) ¥ & ‘i)
{ = o4 985S0 — W @ HAGIL 7 98SA T £ M 11 ELHLAE U XN WMWY 0 2 V0 I D O T E NS

LE

(paurquio) g1V $a8V [[V ‘(+pelou asimIayio sssjun) saxag ‘sanl) yiod) THOHODMNS 9850 — 1S0d AAGUOSIV-NVOUO NO A4SV ALITVIYONW
¥Od ASNOJSTI-ISOd NOLLVIAVYH 10 STANSYIW AUVININNS NI YdS9L ANV 98SA NIIMIIE NOSTIVAWOD L ATEVL

25



RERF TR 12-87

males for some sites of cancer, such as the lung and
thyroid. Radiation effects might also be modified by
other factors which have varied between the cities,
and if so, the temporal change in radiation-induced
cancer could differ by site of cancer.!® To deter-
mine whether the effects of these modifiers were
altered with the DS86 system the following simple
model, in which the effects of city (C), sex (8), age
ATB (A), and temporal change (T) are taken into
consideration, was used:

HEOEBBMATEED T AL 40T D, st
MOBREIHA T oL TRELI L) 5 20O ER
LhoTHLEEENGES, bLEZSTHAE, 55(514’
BUARB ORI ko TRl
A& 2T ZRLOEEERORHEH DS AT
ZiLTwWaRETHLERNNELDHIZ, WBH(C

T (S), #MRIEERE (A) RUBNRMZAL (T) Cr’)i?%‘
EEMELROHME TV ERAGL:

Hl:

M =Mgsarll + bD exp*],

where X is the effect of a radiation modifier, such
as age ATB, sex, city, and lime since exposure.
For simplicity, these modifiers have merely been
dichotomized: age ATB (<20 vs 20 or older), sex
(male vs female), city (Hiroshima vs Nagasaki), and
time since exposure (<26, 26 or later); the results
are set forth in Table 8. As expected, the effects of
these factors both in terms of organ-absorbed dose
and shiclded kerma do not differ between the two
dose systems.,

Dose-response models under the two systems of
dosimetry

Al present, the molecular and cellular events which
predispose to radiation-induced cancer are still
poorly understoed although it is tacilly assumed
their frequency relates in some manner to initial en-
ergy deposition. The quantitative models that have
been used to describe the frequencies of cancer fol-
lowing exposure to ionizing radiation rest largely
on pragmatic considerations. However, it has been
commonly observed that at high to very high doses
there are fewer cancers than would be expected
on the supposition of a simple proportionality with
dose. This fact can be modeled by the product of
two terms: an initiation term, increasing as a func-
tion of dose, and a cell survival term, declining with
it. Although the latter term can be neglected at low
doses, a concave downward curve at high doses in
Hiroshima and Nagasaki cannot be attributed un-
ambiguously to cell killing or inactivation for other
potential sources of bias, such as those inherent in
the dosimetry, could produce a similar effect.

Since careful corrections for city, sex, age ATB, and
other confounding variables are necessary when the
shape of the dose-response curve is the object of
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TABLE 8 COMPARISON OF RADIATION EFFECT MODIFICATION BASED ON DS86 AND T65DR ESTIMATES
- EXCESS RELATIVE RISK PER GRAY —
%8 DSH6 B U TESDR HEE I AT < B ER W o) i 1L S 1 0 Lg%
=1 Gy HLDOBFMHS I 22 —

_— Shielded kerma Organ-absorbed dose
Radintion
effect ALl except All except
modifier Leukemia leukemia Leukemia leukemia

D386 T65 D586  T65 Dsa6 T6HS Dsg6  T65
City Hireshima  3.87 2.96 0.30 0.24 5.21 6.18 0.43 0.65

lagasaki 4.18 2.47  0.29  0.17  5.15  4.36  0.37  0.44

(H/N) (0.93) (1.20) (1.03) (1.41) (1.01) (1.42) (1.16) (1.48)
Sex Male 3.94 2.93 0.18 0.15 5.19 6.05 0.25 0.40
Female 3.88 2.75 0.44  0.29 5.23 5.38 0.60 0.77
(M/F) (1.02) (1.07) (0.41) (0.52) (0.99) (1.12) (D.42) (0.52)
Age ATB <20 8.81 5.8/ 0.80 0.56 10.87 11.75 1.07 1.49
204 2.87 2.18 0.24 0.18 3.92 4.35 0.34 0.48

(<20/20+) (3.07) (2.68) (3.33) (3.11) (2.77) (2.70) (3.15) (3.10)

Time <26 7.5 5.33 D.22 0.16 9.96 10.59 0.27 0.40
gince
exposure 26+ 1.13 0.83 0.38 0.28 1.65 1.92 0.55 0.75

(<p6/26+)  (6.86) (5.99) (0.58) (0.57) (6.04) (5.52) (0.49) {0.53)

study, the [ollowing model, which takes these into EE50VvaT, InsEERICARLZADETL
account, was used: ol IRy

M = Mgsar: RR(D)- S(D)

where RR(D) is the relative risk, and S(D) is the L, RRID) M) 22, S(D) IXqeftiifad
probability of survival of transformed cells, writlen EHWETH L. HEL, S(D) =exp(—bD—
as S(D) = exp(—=b;D — bzD?). In our analysis , N o i _

< ’ 5, WA OB, ) o gl
the dose-squared term in S(D) was omitted. Three b,D¥) bEENS, BaORMTIE, S(D)RORR
different RR models have been examined, namely: ORI HMEL 2. KD 3O S LY A7

ETNERGTL

Linear model: BIEE 70
RR(D) =1 + a;D exp(c; age ATB + cg sex)
Quadratic model: ZREFN:

RR(D) = 1 + a;D? exp(c; age ATB + c3 sex)
Linear-quadratic model: BIE _KET N

RR(D) = 1 + (a;D + a;D?) exp(c; age ATB + ¢ sex)

27
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In order to determine the shape of the dose-response
curve in terms of organ-absorbed dose, these mod-
els were fitted with and without provision for cell
killing. Our analysis has been limited Lo all cancers
except leukemia and five selected sites where a clear
dose-response curve has previously been obtained:
leukemia, and cancers of the stomach, colon, lung,
and female breast. Table 9 shows the deviances as-
sociated with the various models. In general, with
both the DS86 and T65DR doses, a simple linear
model fits the data on leukemia, cancers of the stom-
ach, lung, and female breast, and all cancers except
leukemia better than the quadratic (Q) and as well as
the linear-quadratic (LQ). Colon cancer appears (o
fit a Q or LQ model better. Inclusion of cell killing
does not significantly improve the fit, except in one
instance where leukemia mortality under either the
Q or LQ model fits better with a cell killing term. A
similar tendency was observed in dose-response in

Tl 2 0 R A L 0T 50T A R LB G i B o AR & R E
Yalwiz, MiasERELAMEL, EELE L
HWEET, chooEFromeEL2#H <~ QM
PISk oo, OB 4 g B gt
o TWwadH>OEMT (B MM, ¥R, £,
i K OVFLER ) SR L TERT ATk ROt h
AOETAMORZEEZFLAELOTHS. SEMICRT,
DS86 & TEDR O wFh a6, Fiiw, i,
ks, FLs, RUBIMHELSOFT <ToHT, N
BEFEFLLN, ZRKQ)EFLEDLLELBAL
B R (LQ) E7 N ERFREICHA L Tws, i
WIHQEFMLXG LQEFLIZLCHBAET S L9 T
b5, AMFHTQE 7L TIE LQ + 7 n 12 §faiE o
HEMAZ A LEGA LS BB 20Ty, Ml
AL LA AR ES Az XIS

TABLE 9 COMPARISON OF THE DEVIANCE AMONG VARIOUS DOSE-RESPONSE MODELS
BASED ON TOTAL ORGAN-ABSORBED DOSE

£09  HIEESMITER DI 4 ORI E F V28T AR ZE (deviance ) O g

Site of cancer Dose system

Without cell killing

With cell killing

L Q LQ L Q LQ
dar 1509 1509 1508 1508 1508 1507
(754) (754) (753) (753) (753) (752)
Leukemnia DS86 513.7  534.9  513.5  513.5 506.9  506.8
T65DR 501.8 515.5 501.2 501.2  502.1 499.8
All except D386 1141.0 1173.1 1139.0 1138.7 1158.6 1137.9
leukemia T65DR 1017.9 1041.1 1016.7 1016.7 1037.8 1016.6
Stomach D386 858.6 866.9  858.2 857.0 866.8 857.0
T65DR 880.6  886.4  880.3 879.9 885.7 879.8
Colon DsS86 348.8 342.8  342.3 346.4 341.8 339.2
T65DH 308.5  304.7  304.4 307.8  303.3 301.6
Lung D886 585.3  595.7 583.0  583.0 593.2 583.1
T65DR 534.7  540.0  534.4 534.4  538.7  533.9
Female DsS86 289.1 295.7 288.8 288.6  291.5 -
breast T6E50R 308.3 313.7 307.9 307.8 - -
df : Degree of freedom, the figure in parentheses is df for breast
FIERE, $EIRMA o ST 3L o & i 1
- : No convergence M#L zw
L : Linear &
Q : Quadratie —dhsni
LQ : Linear-quadratic # kll#



terms of shiclded kerma (Appendix Table 14); how-
ever, for all cancers except leukemia a marginally
better fit (P < 0.10) occurs with the LQ model with-
out cell killing or the linear model with it. For those
sites other than leukemia and colon, the fitted curve
associated with the LQ model is invariably concave
downwards, not upwards, and undoubtedly reflects
the flattening out of the effect with doses in the
higher range.

Although the neutron doses are substantially smaller
under the DS86 system than the T65DR, and the
meaningful estimation of the neutron RBE is dif-
ficult, if not impossible, neutrons cannot be totally
neglected in Hiroshima where they are estimated to
be as great as 0.10 Gy at 1,000 m in shielded kerma.
Morcover, the neutron RBE has been and continucs
to be of sufficient intcrest that an analysis seemed
warranted, if for no other reason than to demonstrate
the difficulties that now exist in the use of the LSS
data to estimate this parameter. Accordingly, the
models described above were further augmented to
include the individual contributions of gamma rays
and neutrons as follows:

1) L-L:

RERF TR 12-87

. JHEfE kerma O F§ hERE 12 [R] Bk 0 6 A7 5000
Sz (ff&1a). LA L, B LLEO -+~ T o
BT, #MtsgosulEE0 LQF7 LY
BOLEBEOBIEEFLTHAIEN PSR S
(P<0.10), FIM#HME &ML o 8Tk, 1
ETFVICEG VARG T ERETRES FmED
METHH, s, gt Tosit RIS
HIE LA L Twa.

e Y TE5DR 12T DS86 T 1 Al (o Ik <
ToTwHD, FtE - RBE OHEE R A IHETIES O
ILLTHRHEETH S H, EH kerma COHPMETFH
L,000m T 010Gy R ICHEF s hTWEIER
THINEE{EEBTAZ L dre gy, #Hiz, it
FRBERZHhET, ZLTZNA 6 MY T A
RULOTHY, COXRTAs—OWEICRGNE
T EHVWA LTHEFTAREBEEERT L0 20
ORETLEME LT IMEYH 2L 5 008b0 k.
Lizd'at, LBOEFLzFrv@ehiETrosh
FhoOoHLS2EHA L1200

bD =byg + bzn

2) LQ-L: bD =b,g +byg? + bgn

3) Q-L:

The cell killing term was omitted in these analyses.
Deviances were computed and examined to deter-
mine, if possible, which model, among the three
above, fits the data best (Table 10). In this as-
sessment, however, it must be borme in mind that
the individual site-specific death rates to which the
models are fitted are poorly estimated, particularly
at the higher doses, and their variances are large;
hence the ability to discriminate between different
dose-response relationships is limited.

With the DS86 organ-absorbed doses, the LQ-L fits
better than the Q-L, whereas the L-L and LQ-L fit
equally well for all of the five organs and solid
malignancies collectively (Table 10; sce Appendix
Table 15 for shielded kerma). Thus the L-L model
appears to be an adequate descriptor of the dose-
response for most of these organs. With the T65DR
organ-absorbed doses, as with the DS86, the L-L
and LQ-L fit equally well and the LQ-L fits better
than the Q-L for all cancers except leukemia, stom-
ach, and female breast; whereas for leukemia, and

29

bD = blgg + bz'ﬂ.
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TABLE 10 COMPARISON OF THE DEVIANCE AMONG VARIOUS DOSE-RESPONSE MODELS
BASED ON ORGAN-ABSORBED GAMMA RAYS AND NEUTRON DOSES
#10 MR > v A OhE RIS A OB BETVIZEIT A
{id = (deviance ) 00 L%

Site of cancer Dose system L-L Q-L Lo-L
ar 1508 1508 1507
(753) (753) (752)
Leukemia DS86 511.7 515.8 S B
T65DR 500.7 500.1 499.5
All except Dsse 1140.9 1149.2 1137.6
leukemia T650R 1011.5 1018.0 1010.5
Stomach DS86 856.6 B6G.1 856.3
Té65DR 880.6 884.8 880.3
Colon DS&6 334.7 338.9 334.5
T&65DR 299.6 299.6 298.7
Lung DS86 583.7 592.3 582.9
T6E5DR 533.9 535.9 533.6
Female DEsée 289.0 291.8 288.4
breast T65DR 308.3 311.8 307.6
Model L-L : Linear for gamma rays and neulrons
AT MR T A L TR
Q-L : Quadratic for gamma rays and linear for neutrons
HrvBISiL T K, pifiod L ThaE
LQ-L : Linear and gquadratic for gammaz rays and linear for nesutrons
Wil LTI R, YT o8 L e
df : Degrees of freedom, the figure in parentheses is the df for the breast

FLITIE, 55900 @) i 1 FL4E o) B il i

cancers of the lung and colon, the Q-L and LQ-L
appear equally satisfactory. It is impossible to as-
sert that one of the models is better than any other;
however, since the curvature is invariably down-
wards when a curvilinear model gives an acceptable
fit, this would imply a higher risk at low doses than
that which obtains under a linear model.

Previous reports have generally estimated the RBE
of neutrons from shielded kerma, for organ-absorbed
doses were often not available. Now that they are
and are patently more appropriate, our estimation
of RBE focuses almost entirely on organ-absorbed
doses. Unfortunately, it was not possible to derive
reasonable RBE estimates based on these doses di-
rectly through maximum likelihood estimation.
Since this approach was not practicable, we have
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attempted to determine the RBE on the supposi-
tion that the small city difference in organ-absorbed
dose-response observed is attributable to differences
in neutron flux, and have laken as the estimate
of the RBE that value(s) which makes the ratio
of the city-specific risk coefficients onc or nearly
so (Table 11). Inasmuch as there is no apparent
dose-response in Nagasaki for colon cancer, this
malignancy was excluded in this analysis.

RERF TR 12-87

d, RIS E R A AR R O o & e
AR OERIZES LD E{{EL T RBE %
g L&D ERE, @i 2 7 FHOKAHIL &
% AfikHEE RBE & # 2 /2 (H11). WL
WAV 2R IGHFRD R EVwO T, OIS
EAERRT A S ERARL 2.

TABLE 11 RATIO OF THE HIROSHIMA TO NAGASAKI RISK FOR FIXED RBE VALUES
— ORGAN DOSE EQUIVALENT —
#1l $5E® RBE il 513 AL EO B8+ 20 2 201
— Mok 35 e ik 24 ik —

Excess relative risk per Sy

Site of cancer RBE

Excess deaths per 104 PYSv

Ds86 T65DR NS86 T6HSDR
Leukemia 1 128 1.63 1.99 2,98
5 1.18 1:a TN 1.91 2.04%
10 1.12 0.80 1.83 1.48
20 1.03 0.53 1.69 0.98
30 0.96 0.64 1.58 0.76
All except 1 1587 2:09# 1.75 2.32%
leukemia 5 154 T+55 171 1.72
10 1.50 1«19 1.67 1.31
20 1.44 0.82 1.60 0.91
30 1.38 0.64 154 0.71
Stomach 1 0.60 0.85 0.74 1.10
5 0.57 0.61 0.71 0.79
10 0.55 0.46 0.68 0. 59%
20 0.50 0.31% 0.62 0.40%%
30 0.47 0.25% 0.58 0.371%%
Lung 1 Q.97 1.46 Tie2d 1.3
5 0.92 1.03 1.15 1.22
10 0.87 0.77 110 0.90
20 0.79 0.52 0.98 0.61
30 073 0.41 0.90 0.47
Female 1 0.69 1.05 0.80 1.25
breast 5 0.65 0.64 0.75 0.7
10 0.60 0.44 0.70 0.53
20 0.53 0.29 0.63 0.35
30 0.49 0.22 0.57 0.27
*: P<0.05 #%: PL0D.0OT e PLO.001
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With the DS86 organ-absorbed dose, assuming an
equality of excess RR between Hiroshima and
Nagasaki, the RBE of neutrons for leukemia is 20-
30, for all cancers except leukemia, 30 or more, and
for cancers of the stomach, lung, and female breast,
less than 1. Based on an equality of excess deaths
between the two cities, the RBE for leukemia or
all cancers except leukemia is 30 or more, for lung
cancer, 10-20, and for cancers of the stomach and
female breast, less than 1. The disparity between
these estimates, particularly with regard to some
cancers other than leukemia, e.g., lung, where the
background rates are approximaltcly the same under
both systems of scaling, altests further to the dif-
ficultness of deriving meaningful estimates of the
RBE under the new dosimetry,

Since the estimation of the effects of exposure to
gamma rays depends on the estimates of the RBE of
neutrons, and the latter vary greatly as shown above,
the risk coelficients per sievert were estimated based
on assuming arbitrary but constant RBE values of
1, 10, and 20. The results are shown in Table 12
in terms of excess deaths per 10* PYSv for both
organ dose equivalent and shiclded kerma. The
value assuming an RBE of 1 should, of course, be
close to the one based on total organ-absorbed dose
(Tables 6 and 7), but not necessarily identical, for
an adjustment for age and sex occurs in one instance
(Table 12) but not in the other (Tables 6 and 7).

The absolute risks (excess deaths per 10* PYSv)
with the DS86 for an RBE of 10 and (20) are 2.67
(2.40), 9.41 (8.76), 2.36 (2.10), 0.73 (0.69), 1.59
(1.42), and 1.00 (0.82) for leukemia, all cancers ex-
cept leukemia, and cancers of the stomach, colon,
lung, and female breast, respectively. These values
do not differ significantly with the different RBE
(though they dccrease slightly at an RBE of 20),
because of the small neutron exposures. As is ap-
parent from Table 12, with the T65DR doses, the
estimated excess deaths is much more sensitive to
the RBE value that is assumed, and the disparity
between the two dosimetries grows larger as the
assumed RBE increases, reflecting the relative im-
portance of the neutron component in the two sys-
tems. At an RBE of 10, for the five specific sites
given in Table 12, the increase in excess number of
deaths per 10* PYSv under the DS86 varies from
12% (colon) to 133% (female breast).
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TABLE 12 COMPARISON OF EXCESS DEATH PER 10* PERSON-YEAR-Sv FOR

SELECTED RBE VALUES USING THE DS86 AND T65DR DOSES

#12 DS86 KU TE5DR #lit & M 2545 O HiE® RBE o3+ 2

10* ASE Sv %720 O FIFELE o) Mk

Site of

RBE DS86 T65DR DS86/T65DR
cancer
Orpgan dose equivalent
Leukemia 1 2.95(1.79,4.15) 3.08 0.96
10 2.67(1.62,3.76) 1.81 1.48
20 2.40(1.46,3.39) 1,23 1.95
All except 1 10.1(6.23,15.3) 13.72 0.73
leukemia 10 9.41(5.79,14.3) 2.99 1.05
20 8.76(5.39,13.3) 6.34 1.38
Stomach 1 2.63(1.01,5.52) 3.38 0.78
10 2.36(0.88,4.96) 2.02 [ e
20 2.1000.77,4.47) 134 1687
Colon 1 0.76(0.15,2.70) 0.93 0.82
10 0. 73(0:15,2:50) 0.65 1.12
20 0.69(0.14,2.35) 0.49 il
Lung 1 1.80(0.17,6.74) 1.90 0.95
10 1.59(0.15,5.85) 1.18 1.35
20 1.42(0.13,5.29) 0.80 1.78
Female 1 1.22(0.31,3.10) 0.90 1.36
breast 10 1.00(0.25,2.61) 0.43 2.33
20 0.82(0.20,2.21) 0.26 35
Shielded kerma
Leukemia 1 2.28(1.41,3.30) 1.60 1.43
10 1.82(1.11,2.63) 0.67 2.72
20 1.48(0.90,2.14) 0. 41 3.61
A1l except I To42(4.61,11.3) 5.13 1.45
leukemia 10 5.55(3.41,8.56) 2.05 2.1
20 4.29(2.61,6.68) 1.19 3.61
Stomach 1 2.18(0.86,4.54) 1.46 1.49
10 1.59(0.60,3.42) 0.53 3.00
20 1.21(0.44,2.67) 0.29 417
Colon 1 0.52(0.10,1.91) 0.36 1udilh
10 0.43(0.08,1.47) 0.16 2.69
20 0.35(0.07,1.18) 0.10 3.50
Lung i 1.29(0.18,4.27) 0.88 1.47
10 0.94(0.13,3.17) 0.36 2.61
20 0.71(0.10,2.45) 0.21 3.38
Female 1 1.00(0.27,2.67) 0.69 1445
breast 10 0.77(0.19,2.10) 0.26 2.96
20 0.60(0.15,1.69) .15 4.00
( ): 907 confidence interval 9%/ i#il£l
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Rossi,?° using largely experimental evidence, has
argued that the RBE increases over a wide range
of doses as the inverse of the square root of the
neutron dose. We have, therefore, calculated the
excess deaths for leukemia, and all cancers except
leukemia using a variable RBE = 14/N, 10;\/1'3
20}\/ﬁ . The resulting values are shown below in
terms of organ dose equivalents, and they are not
appreciably different from those in Table 12.

2

Rossi® 1+, F I FEM&ESE» 5, RBE X 7
BROTFHEOFBEE L L THEVRBRBIZSOT
WM 2 EEHLTVwE, LidFaT, Bald, &l
RBE=1//N, 10//N , 20/ /N % HI\v T s 2 o
B LA o F ST O 2o TRBIFEC & B
L7z, BontiiesMimity it FiiznL .
FAZCUERLAMEELROME KSR E5LD
T2 v,

Excess Deaths per 10% PYSv

All except Leukemia

RBE
Leukemia
17N 2.93
10/ N 2.71
20N 2.47

10.08
9.47
8.56

DISCUSSION

One of the central problems in risk estimation, and
ultimately in risk projection continues to be the
shape of the dose-response relationship. Under the
T65DR dose system, the dose-response curve based
on lotal shielded kerma appeared linear, in gen-
eral, except for leukemia where a nonlinear model
(LQ or Q) fit the observational data better than a
linear (L) one, although statistically no one model
could be shown to be significantly better than any
other.*?! However, under this dosimetry system,
the city difference in dose-response was remark-
able, i.e., cancer mortality at the same dosc was
higher, often significantly so, in Hiroshima than in
Nagasaki. This was ascribed to the fact that the
radiation in Nagasaki was nearly all gamma rays;
whereas a presumably large neutron component ex-

isted in Hiroshima and the carcinogenic effect of

neutrons was thought to be greater for the same
absorbed energy (RBE>1).1921 Under the DS86
dose system, the neutron dose decreases substan-
tially, particularly in Hiroshima. The total shielded
kerma, which now consists of mostly gamma rays,
decreases in both cities but much more so in
Nagasaki. As a result,

1) The risk coefficients based on total shielded
kerma increase with the DS86 as compared
with the T65DR.

2) The dose-response curve appears more linear as
a result of the shifting of survivors in the high
dose range in the T65DR system to lower val-

% =

JAZDRE (AR ER ) A 20T 25
ALy 2 Mo —oX, R L L C#hE ST
DFRTH S, TESDR L IRHEE H X T, ek
kerma (235 { SR BB RIS, BT T (LQ
RIEQAHE(L)EFME D LB & ClEG
TAAMBLIFC2WT IR, —EMCEE2RL
A, AN R TEr»OLOENLERIIER A
EFNEG D 2N @R IZ BT 2
MZEEFETH Y, |6 & T o8 IEe 415 5k
ENbERo A LIELEEE IS, - A SR,
RBETEIHEHEROKRSE TV w8 TH-D 1
HLT, BBTEPETHFEr e ELI LN, F—
ORYL T 3V F — TR T ORI RO H A 5 n
EEZLSNBLOTHA (RBE> 1 ). NSA6 &t it
HARTE, BTt AEcEL L, B
T DM Ay, R kerma 13, BHAEEAY
Ar2MTHELH, MHTETL, BIiEBTEL <
BFLTWS., Dlockss, kokdEiFRY
6.

1) #EUEHE kerma 12365 ¢ ) 2 2 (% #12 TESDR
LT DSEETHINL Ty 4.

2) T6ODR ARG Tan st it i 1o & - 7 Hi
HADSE T LD EVERRIZHWL A
foth, U eEE &0 MR S AR .



ues in the DS86. Even leukemia in Nagasaki,
where a nonlinear model fit better with the
T65DR doses, now fits a linear model much
better.

The difference between the cities in dose-
response decreases and is no longer statistically
significant. However, mortality in Hiroshima
still seems higher than in Nagasaki for some
sites of cancer including leukemia. This fact,
coupled with consistently higher frequencies of
chromosome aberrations and the occurrence of
other early effects, such as epilation in
Hiroshima, suggests a continuing need to
scarch for alternate explanations for the city
differences heretofore ascribed to the presumed
differences in the neutron flux.

3)

As previously pointed out, the organ transmission
lactors are generally larger with the DS86 than the
T65DR doses; whereas the transmission factors for
Japanese houses are smaller and, thus, the changes
in the attenuation of dose as a result of houses, on
the one hand, and tissue, on the other, tend to can-
ccl out in calculating the organ-absorbed dose. As a
reflection of these facts, the difference in the risk co-
efficients is much smaller with organ-absorbed dosc
than shielded kerma and the risk coeflicients based
on organ-absorbed doses are slightly lower with the
DS86 doses except for the female breast. However,
at RBE greater than 1, the DS86 risk coefficients
are larger than those based on the T65DR doses,
reflecting the greater contribution of neutrons to the
organ dose equivalent under the latter system.

The RBE based on T65DR organ-absorbed doses
to the marrow, stomach, lung, and female breast
are 14.7, 7.4, 4.7, and 6.5, respectively.!?2! In the
DS86 system, as a resull of the reduction in the
neutron doses, it is not presently possible to derive
reasonable RBE estimates based on organ-absorbed
doscs, and therefore, 1o assess meaningfully the dif-
ference between the dose systems in this important
parameter., However, these efforts should be con-
tinued as the DS86 sample expands, and mortality
accumulates.

We should observe that in the comparison of risk
coefficients in this paper (see Tables 6 ana 7), the
background mortality rates for ecach dose group have
been adjusted for modifying factors such as age, sex,
city, and calendar time, but the radiogenic risk has
not been explicitly adjusted for the sake of simplic-
ity, since the magnitude of the effects of such mod-
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ifiers on the radiogenic risk does not appear to be
altered significantly between the two dose systems.
It should be noted, however, that there is an im-
plicit adjustment in the estimation procedure itself
which becomes extremely important in the projec-
tion of lifetime risk, but can be defensibly ignored
here, since our purposes are solely to compare the
two systems of dosimetry site-specifically. More-
over, as shown in Appendix Table 17, the ratio of
the risk coefficients between the two dosimetry sys-
tems for leukemia and all cancers except leukemia
is not different with or without age and sex ad-
justment. In the examination of the dose-response
models, however, adjustment was made for these
[actors.

In this report, the estimated differences in risk co-
elficients between the two dose systems (DS86 and
T65DR) are based on a subcohort which includes
proximally exposed A-bomb survivors on whom rel-
atively accurate shielding information is available
(majority of those individuals whose doses are based
on the 9-parameter method of estimation) and dis-
tally exposed survivors. Individuals not included
in this subcohort either had insufficient shielding
data to compute a dose, or were exposed in struc-
tures other than Japanese-type houses, Since these
individuals are included in the full cohort, the lat-
ter embraces many cases where the accuracy of the
dose eslimate is relatively poor. As we have shown
(Table 5), the estimated risk declines as the dose
estimates grow poorer (see in this connection ref-
erence 12-14). Reflecting this, the risk coefficients
in the full cohort are lower than those in the sub-
cohort, and thus the utilization of the full cohort as
the standard of comparison emphasizes the differ-
ence between the dosimetries.

Preston and Pierce,! using the present sample and
cancer deaths separated into "leukemia" and "cancer
of all sites excluding leukemia," observe that the
shielded kerma dose-response curve may be linear
in the group exposed 1o less than 4 Gy but shows
a convex curve in the group exposed to more than
4 Gy (DS86), although the response appears lincar
when T65DR doses and the full T65DR cohort is
uscd. They have also pointed out that most of those
survivors with doses exceeding 4 Gy in the DS86
are the survivors whose estimated shiclded kerma
in the T65DR were truncated at 6 Gy, The effect of
excluding survivors with doses exceeding 4 Gy un-
der the new dosimetry is to increase the DS86 risk
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estimates 7% for leukemia and 14% for all cancers
except leukemia in both shielded kerma and organ-
absorbed dose. Examination of the 286 survivors
with T65DR doses exceeding 6 Gy reveals the pro-
portion of survivors with DS86 shielded kerma of
4 Gy or more to be 218/286 = 76.2% (Table 13). Of
those survivors with DS86 doses exceeding 4 Gy, 99
exceeded 6 Gy (DS86). In terms of organ-absorbed
dose, all of the 286 cases save 2 subjects (female
breast dose) had a DS86 dose of less than 6 Gy.

RERF TR 12-87

Th, DS8 JAZHEBRITAMKETT %, AL
PO+ XToBmT 4%+ 5 & MELT
Va. TEEDR &1L A7 6 Gy L) Lo it 3 286 A1z 1
THEH Y 3 &, DS86 MEME kerma 4 4 Gy L) Foy #Eii
G OHEIT 218/286=T76.2% & % 5 (#&13). DS86
BRAAGY L Lo BBRED Y 5, 9AOH I
DS86 T 6 Gy LILTHha. RBBIGRTIE, 2 A
(FUFRIL) 2PV T, 286 A0 DSB6 Sk 6 Gy i
Th ol

TABLE 13 PROPORTION OF SUBIECTS WITH T65DR SHIELDED KERMA DOSE OF
6 Gy AND OVER BY DS86 SHIELDED KERMA

#13

TESDR FERK kerma $it A7 6 Gy Ll FOHIBRE RS,

DS86 Mk kerma 3

D586 shielded kerma (Gy)

T650R shielded kerma (Gy)

T <6.0 6.0+
T 75991 (100.0%) 75705 286 (0.4%)
€2.0 74886 74886 -
2.0-2.9 631 621 10 (1.6%)
3.0-3.9 217 1459 58 (26.7%)
4.0-4.9 94 34 60 (63.8%)
5.0-5.9 b4, 5 59 (92.2%)
6.0+ 99 = 99 (100.0%)

To examine the effect of these individuals on the
risks we have presented, we have eslimated the risk
for both the DS86 and T65DR doses on the follow-
ing two groups using shiclded kerma and organ-
absorbed dose:

Group 1: DS86 subcohort excluding the 286 sub-
jects with estimated T65DR kerma exceeding 6 Gy;
and

Group 2: DS86 subcohort excluding the 257 sub-
jects with DS86 shielded kerma exceeding 4 Gy.

The ratios of the excess deaths per 10* PYGy with
the DS86 doses to those with the T65DR doses for
the various groups are shown as follows.
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RATIO OF THE EXCESS DEATHS PER 10% PYGy BASED ON THE D886 DOSIMETRY
TO THAT OF THE T65DR USING VARIOUS COHORTS
fisnk—bERAVAESGO, DS86 MitIcdE—< 10 PYGy X0 D
MFFECH & TESDR (25 { FMPECH D Ib

Present Report Preston and Pierce
Cohort* Cohort*
DS86 DS36 ’ D886 3
Subcohort  Subcohort Groupl Growp2 Subcohort Grgl
DS86 T6SDR T6SDR T6SDR
Subcohort Full Cohort Gr0UP 1 Group2 |y Sohor  Full Cohort
SHIELDED KERMA
Leukemia DS86 2.30 2.30 2.38 241 2.58 2.75
Te5DR 1.60 1.40 1.61 1.61 1.55 1.55
DS86/ 1.44 1.64 1.48 1.50 1.66 .77
T65DR {(+14% (+3%)  (+4%) (+750)
All cancer DS8&6 7.49 7.49 8.39 §8.58 §.24 9.37
except leukemia T65DR 5.25 4.62 5.49 5.56 5.46 5.46
DSE6/ 1.43 1.62 1.53 1.54 1.51 1.72
TeSDR (+14%) (+7%) (+8%) (+14%)
ORGAN-ABSORBED DOSE
Leukemia DS86 2.94 2.95 3.07 3.10 3.23 346
Ta5DR = 0 2.70 3.15 .16 2.87 2.87
DS86/ 0.95 1.09 0.97 0.98 113 1.21
T63DR (+15%) (+2%) (+3%) (+7%)
All cancer DSE6 10.13 10.13 11.27 11.61 11.46 13.03
except leukemia T6SDR 13.97 12.24 14.62 1481 14.59 14.59
DSE6/ 0.73 0.83 0.77 0.78 n.79 0.89
T65DR (+14%) (+5%) (+7%5 (+14%)
*: Cohorti far risk estimate of DS§6 dose, upper row BEEE DSHE S0 F 50 A4 2o 2o — 1
Cohort for tisk estimate of TGSDR dose, lower row  FFILTEDR @ 259 2 itk 0k

{ ) ¢ Increment of the ratio of the risk estimates DSS6/T65DR in various cohorts to that in the DS86
subeohort
DS86 At Fadk— PS4 2 HEENO R,

DS85/ TESDR (- 4f 4 AH 4 ¢ 2 — b ot bl o}

There are some dilferences in the text table IOREROETIE, LEDITEE Preston & U

between the present calculations and those of
Preston and Pierce! that warrant explanation since
they might otherwise seem incompatible. For exam-
ple, using the DS8G shielded kerma, excess deaths
per 10* PYGy for all cancers except leukemia are
7.49 in the present paper and 8.24 in Preston and
Pierce. Their estimate is the average, with equal
weights, over several age at exposure and sex cate-
gorics; whereas ours is essentially weighted by the
time at risk. There is a bigger difference between
the estimates of excess RR, ours being 0.30 per gray
shiclded kerma and theirs 0.43, Theirs is again an
average with respect to age at exposure and sex,
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using equal weights; whereas the weights we have
used are essentially the number of excess deaths,
giving most weight to those who were older at expo-
sure. When the ratio of the risk estimates obtained
by Preston and Pierce based on the same DS86 sub-
cohort we have used are compared to the estimates
presented here, they are very similar despite some-
what different methods of estimation.

Though the ratio of the excess risk between DS86
and T65DR doses increases in Group 2 more than
in the subcohort in both the present analysis and
that of Preston and Pierce, the change is larger in
Preston and Pierce, particularly for organ-absorbed
doses. There are two possible explanations for this
difference: 1) Preston and Pierce estimated the ex-
cess risk for the T65DR doses using the full cohort,
whereas in the estimation of the excess risk with
both sets of doses we have confined our attention
to Group 2. 2) As previously noted, since individ-
ual organ-absorbed doses were not then available,
Preston and Pierce reckoned the absorbed dose us-
ing the individually estimated shielded kerma mul-
tiplied by the average transmission factor for the
marrow or celon. We have used the individually
estimated absorbed doses to the marrow or large
intestine which became available later.

Collectively, the observations outlined in the sev-
eral preceding paragraphs emphasize two important
points. First, stalements regarding the effects of
the new dosimetry (as opposed to the old) must
be appreciative of their different objectives, and
the comparisons that have been made. Second, al-
beit somewhat tangential, as the second of the text
tables shows, elimination of those survivors with
doses above 6 Gy (doses which are probably above
the LDgg in these cities??) or even 4Gy does not
significantly affect the risk estimates when linear
models are used, presumably because of the small
number of such individuals, Their presence could
have more important consequences in the assess-
ment of dose-response relationships, and there is a
need, therefore, for an acceptable method to cope
with improbably large doses.
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APPENDIX TABLE | AVERAGE HOUSE TRANSMISSION FACTORS BY DOSE SYSTEM AND CITY
&1 THRREBE: BRMEEHR RO

City Dose system Gamma Neutron

Hiroshima D586 0.46 0.36
T65DR 0.90 0.31
DS86/T65DR 0.51 1.16

Nagasaki DS86 0.48 0.41
T65DR 0.81 0.35
DS86/T65DR 0.59 117

a1
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APPENDIX TABLE 2 COMPARISON OF T65DR AND DS86 SHIELDED KERMA DOSE ESTIMATES BY CITY
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APPENDIX TABLLY 3 AVERAGE ORGAN DOSE TRANSMISSION FACTORS BY DOSE SYSTEM

{4263 PR R gt R 60 B B RUHEE 7 A

Neutron-capture

Organ Dose system Gamma Neutron gamma
Bone marrow D586* 0.81 0.37 0.42
T65DR* # 0.56 0.24 0.07
D386/ T65DR 145 S TA 6.00
Colon DS86 0.74 0.19 0.41
TH5DR Q.40 0.14 0.08
DS86/T65DR 1.85 1.36 5.13
Stomach nsgé 0.75 0.28 0.40
T65DR 0.47 0.18 0.07
DS86/T6H5DR 1.60 1.56 Sl
Lung Ds86 0.80 0.33 0.37
T65DR 0.50 0.22 0.07
DSB6/TE5DR 1.60 1.50 5.29
Female DS86 0.85 0.61 0.32
breast T65DR 0.80 0.55 0.05
DS86/TE5DR 1.06 Tadl 6.40
Bladder Ds86 0.76 0.22 0.40
To50R 0.45 0.18 0.07
DS86/T650R 1.69 1.22 Sl
Ovary Ds86 0.74 0.16 0.39
T&ESDR 0.40 0.12 0.08
DS86/T650R 1.85 138 4 .88
Thyroid D386 0.85 0.41 0.43
T645DR 0.70 0.45 0.04
DS86/TESDR 1.21 0.91 10.75
Liver Ds86 0.76 0.29 0.39
T6H5DR 0.47 0.18 0.08
D886/T65DR 1.62 1.61 4.88
Pancreas DS86 0.72 .18 0.42
T650R 0.40 A2 0.08
DS&6/TH50R 1.80 .50 5.25
Testis D584 0.78 0.32 .38
T65DR 0.65 0.40 0.05
DSE6/THSDR 1.20 0.80 7.60
Uterus D386 0.73 . 0.40
T6SDR 0.40 0.12 0.08
DS86/TESDR 1.83 11 5.00
¥ The DS86 does not use constant transmission factors; these values are
the averages from modeling the exposures of 19,113 individuals.
DSE6 Tl O RBEEEAIO AL SRHOII10, 113 A0 BBE ATl TIA 2 TRITH S,

##  These values are those piven by Dr. Kerr,d and are constants.

GO De. Kerr?

43

AR A TR, e



RERF TR 12-87

~| oo | ooi—ertiooa-rm o [t [ Bt =r s L =2 VL B e e Lt [T N
il o e Ea~mina. oy OO IS - =l =TT T S B s S
) i Gk im0 aehe il g N e T TN
e | cooooo—me o OoODOoOoD MM O CoOODOO—MM O
@
= 518
o (=} | ODO— e~ -3 — SO O eny — oD O =0T (=]
= R e e e L SoCooD e @ cooooooDa o
3 v B e
= e & cocoocooooo o coocoooooo o coooocoooe o
L =t
- o
—
= @
) 2| B | Dorcici e oo — e L [ s D T Ve S = i == g = M
= g & | Soc—noaaa) - SO OIS IS — [ e e B 1o ot B
(o] = L | cooooo—Ng O ooDoooo—oled O [ e e B e IR o T e
[==]
1
2
5 — | ID =D OIS | e D52 | ~renemenoMmG | O DR | IR DM 1 com
o
A [ eoetdr-edt-aline @ D | ke eI T @ O | O, O P==Y=1
5 | meledoSeicam — O3 e | ey o core g e 3] s | oot nl— @ =i T
£ | wF e L i O %) oo | (o—ercar— il SIS | DO et =
[==} - o = o 1s] i)
v &
e
= ar
+
=z | = ey um — €3 oy e L L et oo
= = = =T Y L3 3 e 5 =] Y Ul Fr=rr
= oo — — T — o s e
= e i -+ =+ =00 ~F =t
vy =
&5}
H s ‘
e =1 wmoom o oo =+ ooy - -+ a0 0 wr= 3 woe
S = o ari=1C 2 oo o L=y @ - =
e e ea L2 T=1xr] e [hel=1~r]
aa
m 8 .
(=l = | [=] el e | — o O Cwpap - IS -0 oo 02 r—ts—t
2 o = sl oe o T caen ] Let=-to -+ce g el=E
8 E =] S T=To] it Em ¥l S I=T.0]
=]
< U '
(I [Fo T B ks =oam e et ol — =olon oo - o8 —oo
z 5 = ~F D = (sr I cd=tea ta [T =T —— — L=t
< e 9 eIy L3 =5 eI = P ek (3 =+ L)
o = — — —Tr— — —_ —_
=
= -
=] I~k -t O o3 Py Ronl=z) 3oL e o0 e £ 2 @ cuo ey
bl el VG o O3 - [E-1=1 e ] -+ [r=rTat ——— a3 [t
00, Bt & - ==ITFET (= = axcl 3 R ot o A e
8 = ale —_ o [=E-9-1 - ) ocoo ettt
= & =
= 2 i [e2 SreMeond e — e b Ot I~ —ed = s co
-5 - | N [is} = et=Te L3 0 ~+ 20 -+ =t —L ]
= . BrEd {23 W — g ol g =<3 il
e R 2| e =3 oo oo el oo —
2 B -
T e o o B [= -+
= [=1 = - =+ el -+ -+ gl =2
[Ze] — St b — —— e A Yr ] -+ — oo o @ ——
= - CIL DU o il SHALR L] Eiin =+ E=) L e
o [=] (a8 B L m fom ¥ o ol -+ oo Do
g =~ .
1 w0 cTIo — @ =1 e oL — =t D=t — ) =
E Rj‘ = = ] [Ty oo (=} =] i feon o | OO [ '] rm-Dro
ce o - —an = 4 —in «2 [ Te] =] we ety
e [ ol -+ oo o P coo oo
/ey
-
- |
— | ;e < o | e ol ooy L3 =+ o
8 CE i\"lgcjﬁ E-':': !:,,‘Jl(:‘)l:1 E::C’D [": oo E“'\‘Jﬁ :;:'J ggr‘;
i S | e = ooo | wm 2’ [=1=1=1 —-— o ooo
=
= " . -
= AE 2 Fess g 5 3288|s8
2 o]
< Lam B I [0 ] S [N = - o E' E o =]
= [==1¥7] L eve | = ooo | ow
e (=] 03 g o ol g
—_ “ ]
[ o2 o
fman }
2 (553 1 UL i i i 1 4 "o L) [ i UL A LR} 1 i LI}
5] = DT S T e D HEODOODoC o 6 o
- Ba c:t:c:a—«.‘]mr'\c:cr‘n—' == T [ =T =T 1 oS s
& E = I N G O
= —— cocoo—mm=s 9 E COoCO—Imt e B = [ b P S . B
o Lo =
(=3 U, | = ™
o B‘d T o B o c -
- o A e | e 21
e = ZGwee- | D == | A 2322




APPENDIX TABLE 5 COMPARISON OF T65DR AND DS86 ORGAN-ABSORBED DOSE ESTIMATES BY CITY — LARGE INTESTINE
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T65DR AND DS86 ORGAN-ABSORBED DOSE ESTIMATES BY CITY — STOMACH
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RERF TR 12-87

APPENDIX TABLE 14 COMPARISON OF THE DEVIANCE AMONG VARIOUS DOSE-RESPONSE
MODELS BASED ON TOTAL DOSE — SHIELDED KERMA
F#1 SRt ic I Bl A oIt R IEE 7 O 2 (deviance ) @) Hfig- T8 kerma

without cell killing with eell killing

Site lose
gystem L 9 LQ L o 14
Leukemia DE&6H 532.8 549.0 532.2 532.3 526.6 53264
T65 542.9  552.2  541.4 541.5  543.1  540.8
ALl except DS86  1197.3 1232.9 1194.5 1194.5 1228.2 1194.5
leukemla  q45 1334.0 1354.5 1333.6 1333.6  1349.7 1333.6
Stomach 386 978.4 988.4 977.6 9771 987.1 a76.9
165 1075.3  1081.0 1075.1 1074.7 1079.8  1074.6
Colon 386 361.8  356.9  356.7 360.2  355.8  353.0
165 403.9  400.1  399.8 402.9  398.7  396.0
Lung 0386 612.2  621.7  610.0 610.0 - 610.0
Ths 647.8 BR4.2 646.8 646.9 - 646.0
Fenale nea6 297.5  303.1  297.4 297.3  299.2 =
breast T65 17,9  322.6  317.6 317.5  318.5 =

-3 no convergence J[’{?ﬁ‘ L%

APPENDIX TABLE 15 COMPARISON OFF THE DEVIANCE AMONG VARIOUS DOSE-RESPONSLE
MODELS BASED ON GAMMA RAYS AND NEUTRONS — SHIELDED KERMA
fiF 215 F v O o3-S Rl A DR E T OV O M2 (deviance ) @ B ¥ - M #K kerma

Site of cancer Dose system L-L Q-L LR-1,
ar 1508 1508 1507
(752) (753) (752)
Leukemia DSBO 530.9 537.6 530.9
TE5D 542.4 540.1 539.9
All except DEB6 1197.3 121144 1192.3
leukemin Tés5D 1328.6 1333.8 1228.0
Stomach DSR6G 977.4 986.6 977.3
T&5D 1075.1 1079.2 1074.9
Colon DEB6 349.8 351.0 349.3
T65D 395.3 395.3 395.3
Lung DEBG 610.9 h1a,2 B, 3
TE5D B4 4 649.8 646.8
Female DSB6 297.4 301.6 297.3
breast T&5D 317.9 321.1 317.2

Model I-L : Linear for gamma rays and neutron
Hrw BB UFRET oa L THRE
Q-L : Quadratic for gamma rays and linear for neubtron
Hrvlieh LTk, BT oML TRE
L3-L : Linear and quadratic for gamma rays and linear for neubron
Horowdii ot UC#E ok, e AL TR
df : Degree of freedom, figure in the parentheses is df for breast

B HE, S50 B L O Ao
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APPENDIX TABLE 16 RATIO OF THE HIROSHIMA TO NAGASAKI RISK FOR FIXED RBE VALUES

1 #16

ORIz T A0 2 720k HEO RBE #i51- 5§ kerma

— SHIELDED KERMA —

Excess relative risk in Sv

Excess deaths per 104pPYSY

Site of cancer  RBE DS86 T65DR DS86 T65DR
Leukemia 1 110 1.39 1.86 2,02
5 0.99 0.76 1.70 Ttk
10 Q.88 0.50 Tiw 0.94
20 0.74 Q.32% 131 0.60
30 0.64 0.24% 1.16 0. 46%
A1l except 1 1) 2,00 1.55 2.22%
leukenia 5 .26 1.08 1.39 1.20
10 T3 QA 124 Q.79
20 0.95 a.46% 105 I
30 0.85 0.36% 0.93 (.40
Stomach 1 0.65 0.80 0.81 1.04
5 [ iR D.72 0.455%
10 0.51 ():28% 0.63 0. 36%%
20 D42 0.18% D:53% 23
30 0.37 0.14% 0.46% 0.8k
Lung 1 .87 0.80 1.02 1.60
] 2T 0.74 0.90 0.86
10 0.68 0.49 0.79 0.57
20 0.56 Qa3 0.6%5 0.36
30 0.49 O 24 % 0. 56 0.28
Female 1 0.56 0.91 0.67 i il
breast 5 0.50 0.49 0.61 0.60
10 0.46 0. 32 Q.54 0.40
20 0.39 Q.21% 0.46 0525
30 0.35 0.16% 0.42 0.20
® ¢ PKO.05 ¥#. PCO.OM

55



RERF TR 12-87

APPENDIX TABLE 17 COMPARISON OF RISK COEFFICIENTS BETWEEN MODELS WITH OR
WITHOUT AGE, SEX ADJUSTMENT — ORGAN-ABSORBLED DOSE

fT#RIT BESEFREIAZICETL2EMAFHOMIES2 LAEBS EWIES

LBEWHEDOETFIIZE TS ) A7 HEo b - TR 23008 &8 it

Site of
cancer

Dose
system

Model 1: without age,
sex adjustment

Model 2:
adjustment

with age, sox

Excess risk per DS86/T65D
10% PYGy

Excess risk por DSS86/THS5D
10% PYGy

Leukemia nssb 2.94 (2.43, 3.49) 2.92 (1.86, 4.26)
0.95 0.95
T65DR 3:11 {2:56, 3.71) 3.08 (1.94, 4.54)
All except DS86 10.1 (7.96, 12.4) 10.0 (6.25, 15.4)
leukemia 0.72 0.93
T6E5DR 14.0 (11.1, 17.0) 13.7 (8.60, 21.0)
Model 1 Mij = Mio{q + bDij}
_ ajdpeta,Sex
Model 2 Mij = Moo 1 % bDijexp i 2
i: stratum of the cross-classification of cily, sex,
age ATB, and fellow-up interval
widh, PR, BEARBREN A CARIGMAM O LSS EHO K
jt exposure dose category

s T T —
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