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SUMMARY

This report presents a reanalysis of the Hiroshima
and Nagasaki data on severe epilation as an acule
radiation effect using both the new DS86 and the old
T65D dosimetries. The report focuses on several
aspects of the data which have previously been
examined by Jablon et al and Gilbert and Ohara.
The report examines the uniformity of epilation-
response across shielding calegory, across sex and
age, and in terms of interactions between city,
sex, age, and shielding category. It also investi-
gates the apparent relative biological effectiveness
(RBE) of neutrons in the DS86 dose compared
with the T65D dose, using both within- as well as
between-cily information. In addition, the report
discusses evidence for nonlinearity in epilation-
response. The epilation-response function exhibits
nonlinearity both in terms of a marked increase in
slope at about 75 rad, and then, beginning at about
250 rad, a leveling off and evenmal decrease in
response.

The principal conclusions of the report are as
follows. The use of the DS86 dosimetry rather
than T65D increases the apparent RBE of neutrons
compared with gamma dose from approximately 5
to 10. At these values of RBE the slope of the
dose-response, in a middle range from 73-250 rad,
is about 165% greater using DS86 than T65D. With
respect to the interactions of sex, city, and shielding
method, the size and significance of virtually all
nonuniformities in epilation-response seen using
T65D are also evident with DS86. Additionally
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it seems difficult to find any evidence that DS86
is an improved predictor of epilation-response over
T65D. Finally, the fact that the nonlinearity in
dose-response and apparent actual downturn in the
epilation rate at the high end of the dose is more
striking with DS86 than with T65D is found to be
due primarily to the common practice of truncating
all T65D doses to 600 rad.

INTRODUCTION

In 1986, RERF began using a new dosimeltry system
for estimation of radiation doses for Japanese alomic
bomb survivors. The new dosimetry, designated
DS86, was developed by the US-Japan Commit-
tee for Reassessment of Atomic Bomb Radiation
Dosimetry in Hiroshima and Nagasaki. It supplants
the dosimetry system, T65D, which in recent years
has served as the basis of the assessment of risks of
late effects on human health of radiation exposure
due to the A-bombs detonated in Hiroshima and
Nagasaki in 1945.

The analysis presented here uses reports of early
radiation symptoms, specifically severe epilation,
to evaluate and compare the DS86 and T65D
dosimetries. Two previous analyses conducted at
ABCC/RERF over the past 20 ycars have exam-
ined the early radiation symptom dala, including
epilation, using estimated radiation doses. Jablon
et al' used the epilation data, as well as data on
several other early radiation illnesses to estimate
the RBE of the neutron and gamma-ray components
of the T65D dose. Gilbert and Ohara,? in an
extlensive study, used early radialion symptom data
for the purpose of evaluating the validity of two
preliminary modifications of the T65D dosimetry.
One major focus of their report was the detec-
tion of nonuniformities of cpilation-response across
shielding category and across city, after adjusting
for estimated neutron and gamma-ray exposures.
The dose data used by Gilbert and Ohara were
representative of preliminary efforts to correct the
T65D estimates, but do not reflect the full dosimetry
changes incorporated in DSR6.

Radiation symptom data collected from the Life
Span Study (LSS) survivors included degree of
epilation, bleeding, and oropharyngeal lesions. The
reports of these three early symptoms were encoded
on the Master Sample file, as they were judged
to be the most trustworthy among the radiation
symptoms collected. The focus here is entirely
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upon epilation. The choice of epilation as the
symptom to be examined necessarily imposes some
unusual features and difficulties in interpretation.
Occurrence of epilation generally requires that the
head itself be irradiated, while radiation-induced
bleeding is considered to more generally reflect
whole-body exposure. Thus epilation may be a
more variable response than bleeding, particularly in
complex shiclding situations. The cause of epilation
occurrence, however, is felt to be more definitely
assignable to radiation than bleeding. Bald or
partially bald men of course should show report-
ing biases with this symptom, although complete
baldness is rare in Japan; overall it is found that
a higher fraction of females reported epilation than
did males.

The report presented here has two principal aims.
The first is 1o provide a general characterization and
comparison of the response relationships between
reported epilation and both the DS86 and earlier
T65D estimated doses. To this purpose the report
investigates overall dose-response shapes, makes a
quantitative assessment of the evidence for nonlin-
earities in dose-response for the two dosimetries,
and compares the apparent RBE of the neutron
components of the DS86 and T65D doses. The
second aim of the report is to use the epilation
dala to investigate the consistency of the DS86
dosimetry compared with T65D. The chief issue
here is whether nonuniformities of response across
shielding categories and across city, age, and sex,
appear to be substantively different using DS86
than they were with T65D, and where they are
different, to explain the meaning of the changes. A
related issue is finding whether DS86 is statistically
a better predictor of epilation than was T65D. The
underlying hypothesis here is that a valid dosimetry
system will give doses that, in a fairly consis-
tent manner, by themselves explain the probability
of epilation. While differences in dose-corrected
epilation-response by age and sex may have real
biological meaning and are not unexpected, when
such differences occur by shielding category and
city, they tend to imply weaknesses in the dosimetry
system.  However, it is necessary to bear in
mind that the epilation reports being analyzed are
necessarily imperfect reflections of the symptoms
that acwally occurred in the A-bomb survivors.
The data consist of responses o survey questions
which were collected only several years after the
A-bombings and so relied on people’s imperfect
memory of past events. Throughout this paper the
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term "survivor” refers to victims of the bombings
who lived at least until the 1950 National Census
Supplementary Schedules were taken.

MATERIALS AND METHODS

At present, 76,091 survivors have been assigned
doses through the DS86 dosimetry system. These
survivors define the DS86 subcohort of members of
the LSS. These survivors constitute a subset of those
LSS members who have been assigned T65D doses.
In certain cases, because of unreliable or nonexistent
shielding histories, some survivors with T65D doses
have been explicitly eliminated from consideration
with DS86. In other cases, involving complex
shielding histories, work on doses for additional
LSS members is continuing and it is expected
that in the future more survivors will be added to
the subcohort. Since the focus of this report is
on comparing the DS86 and T65D methods, our
analysis of both dosimetries is restricted 1o the
current (March 1987) DS86 subcohort members.
For additional information on the way the DS86
subcohort was constructed, see Preston and Pierce.?

Information about epilation occurrence within the
first 60 days following the bombings was collected
along with other data concerning acute radiation
effects, at the time that the shielding histories
were taken. The degree of epilation was recorded
and coded as "slight" (less than 25% hair loss),
"moderate”, and "severe" (67% or over). In this
report the presence of "severe" epilation is taken
as our oulcome endpoint variable. This choice
is based in part upon the work of Gilbert and
Ohara? who found relatively little difference in
overall results obtained when either the presence
of "severe" epilation, or any epilation, was analyzed
using the preliminary modifications of T65D. Of the
76,091 D886 subcohort survivors, 63,053 had valid
dala concemning epilation occurrence. The total
number of severe epilation occurrences reported
were 1,053 in Hiroshima and 246 in Nagasaki.

RESULTS

Dose-response Shape

The determination of the overall dose-response
function of the epilation data in Hiroshima and
Nagasaki is confounded by two principal difficul-
ties. The first is the fact that the neutron and
gamma-ray portions of the radiation exposure differ
between the two cilies. In order to put the data
from the two cities on an equal footing, some
sort of compensation for the RBE of the neutron

sk, D L & b RIS R [E S A A O M B
HEBEsNAFTHEL TV AEEBEEEL Tk
LTw3

HMEREUAE
ShHEZH, 76,00 ADRBEFIZ 0T DSEE A
HEwE i A CHTBRAFEERTOS, ZOHHR
DA G H T DS86 RUATE & Eh, TESDihtH
Midchows2BGHESLEO k. 74
HH, TESD ML AN Y 4T ot ik E o 5,
S REIRE OO (2 P AT v A, MR RRIRE TR L
&}{}l'ii DSB6 Otdt A alibryb Lz, &£/, 2O
Do I AL S 1 adkhtffi..rb'”i EH#iTho
af'-J MR HELHY, FREDE{ M EY
CORKIEICEBNEhAEE LGRS, ¢< i tE D586
BUTESD AR 2Ry hbieEL 0T,
O T o b HEE A S A B -{‘Jr O E L,
A (198743 HELfE) ©0 DSK6 mlA BEE &8
Bk L2, DS86 BURTEO & E 4 ik 1M 2 aHms
2T L Preston &1 Pierce® O flith # R & h

Pl

W60 H LI 2 & 3B+ A

YL,
WEAHENCT & & &, Z O (b o Pk KO R AR B

TAEF— 2 LT LTEY S A, IKEBEOMRER
“BET(AR2OB%RIMAH T L), “rhXET,

“HEIET (7% 0L B D KAl gk & 11, a—FER
., FBE R EAE"REEEEEHE L. 20
HI AR L 2 O, Gilbert & Ohara® @ F MY

G5D s EM AL “"HE"HEns-

7 -'r‘-‘ AT LG L, T NTOREEGOL LSS

 RIZEEAERA ST

i.'!-’.mmz, E2TH B, DSE6 ALK BEO BN £76, 091 A

D9 H63,053 Al 20 TEEBZMT 288874

Thok, EREN-EEKEEMHOBHETIELG T
1,053 A, BB T28ATH - 7.

R G ol ED

EEI

WMEBIIMTEEEORAZONRK

g - BT HIT AMEORE C LN BE I dE s
BRI RH ARE 28 G, KO 2 S AWM
T5, WD, Matmaimodid s S v ilkiao
G B TREZZETHE, liinF— 24
[AlScdh 3 =i, Fr=masitdt sdE:To
EWEMH RN RBE & # L€, 02 4 §IF 217



o gamma dose components should be employed.
[n the following section, we make the simplifying
assumption that the RBE (in causing epilation)
of the neutron to gamma dose is constant for
values of N and G lying within the dose range
that we investigate, and this constant is estimated
from the response data. We note that the new
DS§86 dosimetry system considerably reduces the
estimates of neutron exposure in Hiroshima and thus
to some extent reduces the importance of the RRE
issue.

The second difficulty is assessing the effect that
errors in measuring either the outcome variable,
epilation, or the prediclor variable, radiation expo-
sure, has on the statistical problem of estimating the
dose-response relationship. Some of the analyses
presented in this report are relatively unaffected by
random measurement error in either the outcome or
dose variable. For example, a later section discusses
nonuniformities of epilation-response across shicld-
ing categories. If errors in the way epilation has
been reported are substantially the same between
shielding categories, the detection of statistically
significant nonuniformities in response can be al-
tributed to systematic errors in the dose variable.
Similarly, a random component in the dose er-
rors which are homogeneous across the shielding
categories, will not bias (though it will weaken)
statistical tests for systematic nonuniformities in
dose-response.

Random errors in dose estimation will, however,
have adverse effects on the measurement of the
strength and functional form of the true dose-
response relationship. In general we expect (see
Jablon* and Gilbert®) that there will be an attenua-
lion, that is, a downward bias, in response estimates
due solely to the presence of random errors in dose
estimates. For the purposes of this evalualion, a
simple bias in overall dose-response, due to random
errors in dose estimates which are homogeneous in
variance across city, sex, shielding category, etc.,
should not cause great problems in the efforts here
to evaluate the consistency of response by sex, age,
city or shielding category. However, if dose errors
are actually helerogeneous between these categories,
then a definitive apportionment of inconsistencies in
dose estimates to either true systematic differences
or 1o random but heterogeneous errors in dose
estimation seems presently beyond the state of
the art.
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Figure 1 shows a plot of the epilation dose-response
using the two dosimetries. Here the data for the
two cities are combined and the dose variable used
is simply the sum of the neutron and gamma-
ray exposures. DDS86 doses have been truncated
to 600 rad while T65D doses are truncated to
1,000 rad; truncating DS86 doses at 600 rad alfects
approximately the same proportion of survivors as
does truncating the T65D doses at 1,000. Two basic
features of the epilation-response data are strikingly
evident in the plot. First, for both dosimetries there
is a strong posilive epilation-response relationship
over most of the range of dose. Second, the dose-
response is distinctly nonlinear. There is at first a
sharp upward curvature as doses increase from zero
to an intermediate range. In the middle portion the
epilation-response appears to be quite linear in dose
but then at the high end there is a marked leveling
off and [inally even a decrease in epilation-response
recorded at very high estimated doses.
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These nonlinearities, including the final declines at
highest dose, of the epilation-response data are each
strongly significant statistically, for both dosime-
tries. The fit of a piccewise linear regression model
(with three change points used) to the epilation
occurrence data in Figure 1, using bolh dosimetrices,
is given in Figure 2. (Note that there are some
differences in the numerical values of the points
plotied in Figures 1 and 2 due to minor changes
in the way doses were grouped.) In these models
both the change points and the slopes of each picce
of the resulting lines were estimated by maximum
likelihood from the data, taking into account the
binary character of the response variable. Our
use of change point model here is to illustrate
and partially quantify the statistical significance of
the nonlinearities of the response function observed
for the two dosimetries. While other approaches
are certainly possible we do not think that much
would be gained here in a search for a best possible
mathematical description of the overall shape of the
cpilation-response function. In later sections of this
paper we concentrate our modeling efforts in the
range of dose from approximately 75 to 250 rad of
DS86 total, where models which are linear in dose
would secem to be quile appropriate.
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It appears in Figure 2 that the dose-response rela-
tionship differs in a systematic way between the
two dosimetries. The estimated change points
(reflecting areas of nonlinear response) are each
situated at lower doses for DS86 than the corre-
sponding points for T65D. The initial dose-response
is steeper with DS86 and the peak dose-response
scems slightly higher for DS86 than for T65D.
Following the peaks, the declines in epilation rates
observed at the highest levels of dose are more
rapid with DS86, but the same drop in response
is also observed with T65D. For all three change
points, both at the high and low ends of response,
each change in slope as depicted in Figure 2
is very strongly significant statistically, for both
dosimetries. The statistical significance of the
final decrease in response at the highest range
of dose (above 450 rad for DS86 and above
900 rad for T65D) is approximately p=0.005 for
DS86 and p=0.002 for T65D; the slope changes
occurring at the lower change points are even more
strongly statistically significant, because there is
much more data in this region.

A compelling, but certainly as yet unsolved, ques-
tion which is raised by Figures 1 and 2 is, how much
of the overall nonlinearity in observed response is
due to random dose errors. From the standpoint
of dose validation, the most disturbing aspects of
the analysis here are the final declines in response
at highest levels of dose. In the past a very
common practice when using T65D has been to
truncate doses at 600 rad with the belief that dose
estimates beyond this are too unreliable to be of
any help in most analyses. This 600 rad value is,
for T65D, below the level at which the decline in
dose-response evident here begins to sel in. Since
it is difficult to imagine reasons why, with valid
doses, epilation rates should decline at any level
with increasing dose, the implication of Figure 2
seems o be that with the new dosimetry, it is
possible that some sort of adjustment of doses ought
to take place at lower dose than was done with
T65D.

Estimation of the Relative Biological Effective-
ness of the Gamma-ray and Neutron Compo-
nents of Dose.

Jablon et al,! in an analysis of the RBE of the T65D
neutron versus gamma-ray dose in causing a variety
of radiation sicknesses, used the following linear
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model for the total RBE of the two components,
gamma and neutron dose,

D{._\'=Dg + 1D,

where D, is the "equivalent dose"; D, is the
absorbed dose due to gamma rays (rad); D, is
the absorbed dose due to neutrons (rad); and r is
the relative biological effectiveness of the neutron
portion of dose compared with gamma ray. The
analysis of epilation data here uses the same model
1 for effective dose as did Jablon et al but differs in
two respects. First, DS86 doses, as well as TaSD
are considered here. Second, the analysis of Jablon
et al was essentially graphical, in comparison to the
parametric approach laken here. In order to estimate
r, Jablon et al found the value for which plotted lines
for the observed epilation-response from the two
cilies coverged. Here, for the middle range of dose,
simple models are fit by maximum likelihood for the
cpilation-response function for various values of r,
and r is estimated by finding the value at which the
term for city becomes statistically insignilicant in
the model.

The previous section showed quite clearly that
the relationship between total estimated dose and
epilation-response is not linear over the full range
of dose. Gilbert and Ohara® avoided the issue of
specifying the shape of the dose-response function
altogether in their analysis of these data. They
did so by controlling for estimated gamma-ray and
neutron dose by stratification. Our analysis stralegy
differs from Gilbert and Ohara in many respects
but we 1oo are interested for the purposes of this
section in avoiding the necessity of modeling the
dose-response shape over the entire range of dose.
We decided to restrict the range of dose in the
individual cases that are analyzed here to those
between 75 to 250 rad of DS86 1otal dose and
lo consider models for the probability of epilation
which are linear in dose. We note that in Figure
2 that the dose-response relationship does indeed
appear Lo be roughly linear over this range. This is
also the interval ol dose where the dose-response is
the steepest; while containing only about 5% of the
total DS86 subcohort it accounts for 617 out of the
total 1,299 epilation occurrences.

Restricting investigation to individuals who are
estimated to have received from 75 to 250 rad
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of DS86 total fD Dy,) dose allows models for

epilation-response Whl(.h are linear in effective dose
to lie reasonably well in accordance with the data.
The models used here postulate a response rate
linearly proportional to effective dose which is then
modified multiplicatively by covariate variables.
The form of the model as utilized in this section
is then

P, = b(l + b)) (D — 75)*

Here (x)* = x, if x is greater than or equal to zero
and is zero for negative x. This model postulates
no epilation-response below an effective dose of
75 rad, and the probability, P., of severe epilation
thereafter proportional to effective dose. The slope
of the response, b, is modified by the effect of the
‘city’ covariate by a factor of form (1 +b.). Here
b and b, are unknown parameters to be estimated
from the data. In the following section this model
is enriched to include other covariates namely, age,
sex, and shielding category.

The assumplion made here that the probability of
epilation is zero below 75 rad, is seen from Figures
1 and 2 not to be an actual feature of the data
at low dose; in fact reports of severe epilation do
occur, al low rates, even at exposure levels below
this value. However, since our analysis is restricted
to survivors with DS86 total dose above 75 rad, we
feel that for our present purpose, that of modeling
the midrange of exposure response, this assumption
provides some useful simplifications.

Our estimation of r is based on linding the value for
which the city effect, b, is reduced to essentially
zero. Table 1 gives results for the T65D and
DS86 dosimetries. There are several differences
between results obtained using the DS86 dosimetry
and results found with T65D. First, when r is
forced to be unity, the size of the city difference
in epilation rate as a function of dose is greater
when the T65D doses are used (b, = —.61) in
comparison to the new DS86 (b, = —0.30 doses.
In other words, using T65D and setting r to be
unity, the Nagasaki dose-response is estimated to
be 61% less of that in Hiroshima. With DS86 the
Nagasaki dose-response is found to be only 30%
less than Hiroshima’s. Second, the value for r at
which this city difference disappears differs between
dosimetries; the city difference, while starting out
smaller using the DS86 data, requires a higher value
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for r to be eliminated from the model (r=10) than it
does for T65D (r=5). This is a reflection of the fact
that the estimated DS86 neutron doses are smaller
in Hiroshima with the new dosimetry than they were
with T65D, and that now the absolute dilference in
neutron dose between the two cities is less.

For higher values of r than these, the city coefficient
changes sign, with the result that the epilation rate in
Nagasaki, as a [unction of effective dose, becomes
higher there than in Hiroshima; this phenomenon
oo, however, is less dramaltic for DS86 than for
T65D. Further, at the point at which the city slopes
are climinated [rom the models, the overall esti-
malted slope coefficient (b=0.0021 at r=10), is about
165% greater for DS86 than for T65D (b=0.00078,
at r=5).

Table 1 indicates that the value estimated for the
city term in model 2 depends greatly on the value
chosen for r in model 1. Since the parameter r
here has been estimated by finding the value at
which city is insignificant in the model, we have
in effect estimated r using only between-city infor-
mation. A mnatural follow-up question is whether
there is any additional within-city information lo
be found about r which exists separately from the
between-city comparison. To answer this question,
we considered the estimation of r by maximum
likelihood, that is we computed the value of r in
model 1 which provides the greatest value of the
binomial likelihood function when the parameters
in model 2 are subsequently estimated. The last
line in Table 1, labeled deviance, is proportional
to minus two limes the log of the likelihood of
each muodel, so that maximizing the likelihood of
a model is equivalent to minimizing its deviance. If
the city term in model 2 is omitted and a slope-only-
maodel is used when the best value for r is found,
then this method will combine within- and between-
city information about r. If, however, a city term
remains, then minimizing the deviance of the model,
with respect to T, will exploil solely the within-city
information about r. The deviance has the additional
property that the statistical significance of changes
in deviance, observed as RBE is changed in the
model, or as parameters are added or deleted, can
be assessed by using tables of chi-square probability
integrals.

Figure 3 quantifics the goodness of fit of the epila-
tion data as a function of r using both the combined,
within- and between-cily, and the separate, within-
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TABLE 1 RELATIONSHIP OF VALUE CHOSEN FOR r AND THE ESTIMATED
CITY TERM IN MODEL 1
#l FABIRLAcEETNML LU SETOHOHEERL ORE

=1 5 10 15

T65D
Slope 1.89x 1073 7.84x107*  448x107*
(SD) (855% 107%)  (3.12x 10™%) (1.81x 10~%)
City Term  —0.6052 —0.1073 0.4490
(SD) (0.1009) (0.0876) (0.0975)
Deviance 1475 1189 1204
1014 df

DS86
Slope 353% 1078 270x 1073 207x107%  1.68x 1073
(SD) (147% 107%)  (1.13x 107%) (866X 107%) (7.06X 107 %)
City Term  —0.3036 —0.1636 —0.01639 0.1062
(SD) (0.0958) (0.0949) (0.0949) (0.0952)
Deviance 919 894 890 892
696 df

FIGURE 3 ANALYSIS OF WITHIN- AND BETWEEN-CITY DEVIANCE FOR D586
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city only, information for estimation using DS86
doses. In the figure the deviance of the model fit is
graphed against r for both models, with and without
the city term. As a reasonable approximation, a
95% confidence interval (CI) for r in the two models
is found by comparing the change of deviance
against a chi-square statistic with one degree of
frcedom. This confidence limit is marked as a
horizontal line in the figure. While the confidence
interval for r based on the within-city information
alone is necessarily longer (about 5 to 20) than one
which is based on the combined information (about
7 10 16), it is remarkable that there is such complete
agreement, within- and between-city, on the best
value for r (i.e., 10 for DS86). When these same
calculations are performed for the T65D doses, two
main differences are evident. First, the within-city
information conceming r appears as even slronger
for T65D than for DS86, which seems to primarily
reflect the larger T65D estimated neutron doses in
Hiroshima. However, the value for r (about 2.5)
calculated using the pooled within- and between-
city informaltion is somewhat different than is found
(r equal to 5) using within-city information alone.

A necessary caulionary remark with respect 1o these
resulls is that the size of the within-city information
aboul t is dependent on the parameterization used
for the epilation-response, that is, dependent on the
validity of model 2. In particular if a constant
term representing epilation-response at 75 rad is
allowed to change as r is estimated, rather than
being held fixed at zero as is done above, the
paramelerization yields considerably higher upper
bounds for r. However, even in this case, there still
remains strong within-city information about the
lower limit for r. The within-city information-based
confidence limit for r [or this other parameterization
extends from 3.5 1o above 50, using DS86.

Jablon et al' found graphically for the T65D data
that an r of 4 was the value at which the epilation
dose-response rates converged for the two cities,
almost the same value as found here parametrically.
Figure 4 shows, for several values of r, the relation-
ship between epilation-response in the two cities and
both dosimelries.

Effects of Sex, Age, and Shielding Category

The approach used here for assessing the effects
of covariate variables such as age, sex, and DS86
shielding calegory is to enrich the model 2 used
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FIGURE 4 EPILATION RATE PLOTTED AGAINST EFFECTIVE DOSE FOR

SEVERAL VALUES OF RBE

B4 Mop»@ RBE izah4 2 MEHR L3 - Hibiahto WiE
1
DS86, RBE=1
075
s
0.5 " -
-
- -
~ Lt
ool
il e = (]
0.25 | - W P
o —
A - H
e gl
N}" &
a
75 100 125 160 1756 200 225 250
Dose=G+rN (Rad)
1
DS86, RBE=10
8
So.75}
(=%
w
- " 2
@ -
2 o
go.a W =
-
= w
ke r}/" ~ H
@ ~
2 I
£0.25 e
8 n
H
o L - '
75 125 176 225 275 325 375 425
i Dose=G+rN (Rad)
DS86, RBE=15
0.76 | -
-~
-
i
B2
0.5 H - d
y..
~ e
b
0.25 | i
™~ .& f ~
R
]
N/'IJI“f
0 i+
75 150 225 300 375 450 525

Dose=G+rN (Rad)

14

(Continue &% < )



FIGURE 4 (Continued # % )
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in the previous section so that additional terms are
included. These terms attempt to rtepresent the
impact on the epilation-response of the covariate
variables, including both main effects for the co-
variates and interactions between them. Again, our
use of lincar dose-response models comes at the
expense of a restriction of interest to the limited
dose range from 75 to 250 rad (DS86 total). The
treatment presented in this section is, for example,
considerably less exiensive in its scope than the
work that appears in Gilbert and Ohara.? QOur major
purpose here is to compare overall results using the
two dosimetries rather than to attempt an extremely
close examination of the details ol dose-response
nonuniformities.

The shielding categories represeted in the DS86 sub-
cohort which are considered here are the following:

S1. In open, unshiclded with flash burns. DS86
kerma estimates used.

S2. Japanese house or lenement with nine-

parameter shielding data available.

S3. In open but shielded by light structures, and

globe data available.
S4. Japanese house or tenemenl, where nine-
parameter shielding data was absent. Average
transmission factors for these types of build-
ings were computed and used in place of the
nine-parameter data.

This represents a minor collapsing of categories
over that reported in the Appendix B of Preston
and Pierce.® In particular, separate subcategories
of house and tenement data have been merged and
three zero or very low dose categories are eliminated
because they do not meet the present requirement
that the DS86 total dose be between 75 and
250 rad. It is noted also that these shielding
categories, which determine the specific form of the
dosimeltry method used, are the same, over this dose
range, for T65D and DS86. The use of the term
nine-parameter data refers to a standardized sum-
mary of shiclding information originally prepared
for use with T65D. With T65D the nine-parameter
data was used in a regression function to calculate a
transmission factor which multiplied air dose. With
DS86 these same data are used as input into a much
maore complicated algorithm. The globe data refer
to data abstracted from scale models of shielding
situations involving buildings or terrain. At present
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the DS86 subcohort as defined at RERF uses only
globe data generated for light structures; work in
other more complicated situations is continuing.
More information concerning the use of shielding
data for both T65D and DS$6 is available in Preston
and Pierce? and Woolson et al.®

Table 2 presents an analysis of binomial deviance,
for fitting, in stages, parameters of the enhanced
version of model 2 using the DS86 and T65D
dosimetries. The table is organized so that first the
elfects of sex and age as modifiers of the dose-
response relationship are evaluated, then shielding
category and finally sex by age by city interations.
The values of change in binomial deviance, dis-
played in the table, can be regarded as indicating
the increase in explanatory power, associated with
adding new terms at each stage to model 2. The
p-values underneath indicate the statistical signifi-
cance of the increases in explanatory power.
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TABLE 2 ANALYSIS OF BINOMIAL DEVIANCE GIVEN FOR ASSESSING THE
STATISTICAL SIGNIFICANCE OF NONUNIFORMITIES IN DOSE-RESPONSE BY
AGE, SEX, CITY, AND SHIELDING CATEGORY, FOR BOTH DOSIMETRIES

22 MMEHEER LT A M A Wl T Ty — o
FRLE B G IR (2 35 1 A IE M O S EN G B o
AT O - o 00 I A A o) 8K BE L AR AR
DS8A T65D
Associated Associated
Factor df  Deviance Change Deviance Change
(p-value) (p-value)
Sex 1 18.0 16.5
(p<0.0001) (p<0.0001)
Age 2 25.17 272
(p=<0.0001) (p<0.0001)
Sexx Age 2 7.95 9.7
(p<0.025) (p<0.01)
Shielding 3 12.37 12.5
(p<0.01) (p<0.01)
Shiclding x City 4 12.03 16.1
{(p<0.025) (p=<0.005)
(Sex and Age)X City 3 10.0 11.1
(p<0.025) (p<0.023)
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Al the first stage of this portion of the analysis it is
found, for both dosimetries, that sex and age affect
the dose-response relationship. The fact that sex
and age are significant in the model is, by itself, no
cause for alarm, as this may reasonably be thought
of as reflecting true biological differences, rather
than either systematic dose or response estimation
eITOorS.

The next variables to be evaluated are the influence
of shielding category, both as a separate predictor
variable, and in combination with city. Here strong
evidence, for both dosimetries, of the existence of
an epilation-response rate which varies according
to shiclding category is found. Unlike sex and age,
the significance of shielding category in the model
is a cause for concern and does appear to reflect
systematic dose errors. The evidence of a shielding
category effect is strong for both dosimetries, and
for both dosimetries the effect of shielding category
is further complicated by city dilferences, thal is, by
interactions between city and shielding category. It
is noted, however, that the city x shielding category
interactions come out as somewhat less significant
for DS86 than for T65D.

Finally it is seen that there appears to be strong
evidence for the existence of differences by city in
the way that both age and sex modify the dose-
response relationship. The relationship between
city, sex, and DS86 dose-response is illustrated in
Figure 5. Tt is evident that the estimated epilation-
response rate is markedly higher for females than
males in Hiroshima, but not in Nagasaki, where
the two sexes show about the same dose-response.
Figure 6 presents the model-predicted epilation-
response by city, sex, and age at the lime of the
bomb (ATB), after adjustment for dose.

It proved difficult to describe concisely the differ-
ences in slopes obtained in the course of fitting
the terms summarized in Table 2. Thus, Appendix
Tables A and B give predicted epilation dose-
response, i.e., regression slopes, for both DS86 and
T65D dosimetries by age, sex, city, and shielding
category. Except for the fact that using DS86
gives an epilation-response rate which is higher
overall, there appear to be remarkably few other
real differences between results for DS86 and those
for T65D. For both dosimelries it is seen, for
example, that, in Hiroshima, the epilation rate in
S4 (where the average transmission factor was
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FIGURE 5 EPILATION OCCURRENCE BY SEX AND CITY PLOTTED AGAINST EFFECTIVE
D586 DOSE WITH r EQUAL TO 10
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FIGURE 6 DOSE-ADJUSTED EPILATION RATES BY AGE, SEX, AND CITY. RESIDUAL
EPILATION RATES ARE SIHOWN PLOTTED AGAINST 10-YEAR AGE CATEGORIES FOR
BOTH SEXES AND BOTIH CITIES
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used) is lower than for S2 (9-parameter) but for
Nagasaki the opposite holds true. Figure 7 shows
observed and predicted values by city for these two
shielding categories, using DS86. The most evident
difference between results using T65D and DS86
are in the air dose group (S1) for Nagasaki. With
T65D this group had an elevated epilation rate over
that for Hiroshima, while with DS86 this feature is
less in evidence.

IRERERS S2(9/87 A= F @A) &N {Ew,
ERFTHEMTHS. K7,
=224 T DSB6 & H v 22 M B o B SR 1A A OIS
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TUIEBE D OB ERERME S 5N, DSSE
T ZOMbEH E HBET S L.

Zh_ ool T I

FIGURE 7 EPILATION OCCURRENCE [FOR TWO SHIELDING CATEGORIES AND BOTH
CITIES PLOTTED AGAINST EFFECTIVE D§86 DOSE WITH r EQUAL TO 10
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Further insight into the changes in the dosimetry,
as it relates to our modeling of epilation occurrence,
may be found by directly examining the relationship
between the DS86 and T635D effective doses used
here. In particular consider fitting a model of form:

Log(DS86, r=10) = A ¢ + B Log(T65D, r=5) + E

20

BARCHESE S A EE D, BEEL O E T AL
LT a3 EsREIthaBEY a0, 40
DEFFTH A DS86 B O TESD i dhiit o (%1
DBTHBERTAIT A, BRI RkoETFTLEY T
ST L 2.

(3)



Here Agg and B¢ are constants to be estimated
separately for each city (c) and shielding category
(s), and the error (E) in the equation is assumed
to have constant variance. From the point of
view of the epilation modeling it is reasonable to
characterize the change in the doses from DS86 to
T65D as composed of two parts, systematic, and
individual. By the systematic change it is meant
the part of the dosimetry revision that depends only
on city and shielding category, essentially being a
rescaling of the doses.

Figure 8 graphs the functions obtained for the
systemaltic rescaling of the doses. From the figure
it is immediately clear why we find that the impact
of Nagasaki shielding category S1, in the open with
flash burns, changes from T65D to DS86. With
T65D this group had a surfeit of epilation cases,
but with DS86 two things happen, first there is an
overall increase in estimated dose-response slope,
which is due to a scaling downwards of doses gen-
crally in the range looked al here, in S1 in Nagasaki,
however, the dose estimates change relatively litle,
and thus the predicled number of epilation cases
for this group is revised upward. This accounts
for the previously noted decline in the statistical
significance of the cily by shielding interactions for
the DS86 dosimetry versus T65D., While this change
may be regarded as an improvement in epilation
prediction, it remains evident in Table 2, Appendix
Table A, and Figure 7 that significant response
inconsistencies by shielding category remain with
DS86.

The aspect of fitting equation 3 which is not shown
in Figure 8 is the size of the residual, or individual,
variation about the regression lines. The estimate
obtained of the variance of the error term in equation
3 is 0.0196, meaning that, over the dose range
examined here, only 4/0.0196, or 14%, of the root
mean square variation in effective DS86 dose is
categorized as individual to individual differences
rather than a reflection of a systemnatic rescaling of
T65D.

The principal result of this section is that epilation-
response continues, with DS86, to exhibit statisti-
cally significant nonuniformities over sex, age, city,
and shielding category combinations. Nonuniformi-
ties in epilation-response by age and by sex alone
are of course not unexpected and may indicate the
presence of real differences in biological sensitivity
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FIGURE 8 RESCALING FUNCTIONS: RESULTS OF ESTIMATING EQUATION 3 FOR
PREDICTING EFFECTIVE D386 DOSE AS A FUNCTION OF EFFECTIVE T65D DOSE
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to ionizing radiation. However, it is seen that
these more reasonable nonuniformitics in response
are further confounded by interactions between the
cities. These city interactions with sex and age ATB
are difficull o explain either as having biological
meaning or as evidence for systematic dose errors.
The dose error interpretation, for example, leads to
the implication that dose errors between Hiroshima
and Nagasaki differ systematically not only by
shiclding category but also by both sex and age.
We find it easier to atlribute this sort of interaction
effect to be the result of systemalic response errors
by city, sex, and age, than as systematic dose errors,
although it must be admitied that the true source of
these discrepancies remains unknown. Overall the
epilation data seem to have little to say as to whether
the DS86 dosimetry is either better or worse than
was the T65D method. In particular there is no
indication that DS86 is a better predictor of epilation
response than was T65D. The total log likelihood of
the epilation-response in the dose range investigated
here was —1,391 for the DS86 doses at r=10 and
was —1,392 using the T65D doses at r=5 for the
same individuals. This is indicative of there being
essentially no difference in the explanatory power of
the two dosimetrics, at least over the range of dose
examined here. Most important nonuniformitics
in epilation-response detectable using the T65D
dosimetry are again detectable with DS86.

DISCUSSION

The comparisons in this rcport between the two
dosimetries, DS86 and T65D, were undertaken con-
currently with an effort now at RERF to quantify the
signilicance of the change in the dosimetry system
on the estimation of risks of late effects of radiation
exposure. The analysis of epilation occurrence and
other carly cffects of radiation, while not a primary
focus of RERF rescarch, is nevertheless related to
the reassessment task. The major purpose of this
report is to determine what the epilation data can
indicate about the consistency of the new DS86
dosimetry both in and of itself and in relation lo
the older T65D system.

While the previous section of the report has centered
on nonuniformities in epilation-response across city
and shielding category, and such nonuniformities
are certainly in evidence, it is worth repeating that
there is a very strong dose-response relationship
between the DS86 dose estimates and the epilation
reports. There is also a similarly strong dose-
response relationship using T65D. This reporl has
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failed to detect evidence that DS86 is any better
statistically at explaining epilation occurrence than
was T65D. For the middle dose range, where
epilation-response appears to be basically linear,
once having allowed for a changed RBE between
gamma-ray and neulron components and an overall
slope change, there are relalively few statistically
detectable differences between DS86 and T65D
when used as explanatory variables for epilation
occurrence. This fact, however, in no way down-
grades the importance of the change to DS86 from
T65D. Moving from T65D to DS86 imposes a very
major scale change in the epilation-response rates.
Qver the middle range of dose examined in previous
sections this amounts 1o a 165% increase in the
epilation-response with the new dosimeltry.

Gilbert and Ohara? performed a much more exten-
sive analysis of nonuniformities in the early radia-
tion symptom data than we have here. They treated
all three important radiation symptoms, bleeding
and oropharyngeal lesions, as well as epilation, and
their results were based on the full range of dose.
The work here has a different focus than theirs
since we are principally investigating the effect of
the dosimetry change from T65D to DS86 and not
striving for a fully detailed analysis, which would
at any rate be redundant with that of Gilbert and
Chara. We do think it very likely that if the other
symptoms were to be considered in the way we
have here that the impact of the dosimetry change
would be similar to that of epilation. That is,
we expect there to be a major rescaling imposed
on the dose-response, with higher rates found per
rad using DS86. And similarly we expect to
continue to see age, sex, cily, and shielding category
inconsistencies which are about as strong with DS86
as with T65D or with the preliminary dose revisions
used by Gilbert and Ohara. We put forward this
expectation on the basis that so little fundamental
change, aside from the rescaling, was observed for
epilation when going from T65D to DS86.

The exhibition in the previous section of nonuni-
formities in epilation-response, particularly by city
and across shielding category, are considered here
as evidence that dose estimates contain systematic
errors. There are at least two other interpreta-
tions possible in many cases. Gilbert and Ohara?
regarded changes in dose-response rates in one
shielding category over another as evidence that
dose eslimates exhibited greater or lesser variances
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by shielding category, rather than actual systematic
differences. The analysis here however, focusing
on the middle range of dose, finds that shielding
category differences are also confounded with city,
making it harder to accept that interpretation.

Another interpretation of the evidence for nonuni-
formity in dose-response is simply that the epila-
tion occurrence reporting contains systematic errors
across city and shielding category. In fact, the
significance of the sex-by-city- and age-by-city-
interaction lerms seems 1o us to be more readily
interpretable as due 1o reporting biases between the
cities rather than as hard evidence of systematic
dose errors. An additional case where systematic
response errors secem very likely is in the low dose
subgroup of the shielding category S1 "in the open
with flash bums”. In Hiroshima the epilation rate
in this category at low dose (less than 75 rad),
never falls below 5%. For Nagasaki and for all
other shielding categories in Hiroshima, the low
dose-response rate is 2% or less. This difference
is strongly significant statistically. It seems very
unlikely that the dose estimates themselves could be
bad enough at low dose to account for such a differ-
ence. The true source, however, of this discrepancy,
seems impossible to ascertain. The truth most likely
is that systematic errors in epilation reporting, and
in dose estimation, are each contributing to some
unknown extent.

One of the most puzzling aspects of the epilation
data is the apparent negative slope in response
at the highest levels of dose, which is evident
for both DS86 and T65D. To some extent this is
certainly related to errors in estimation of doscs.
However, the types of models that have usually
been considered at RERF, for example as given
by Jablon* and Gilbert,® seem unlikely to explain
such a pronounced downturn. It is possible that this
could also be related to a “"selection effect”, i.e.,
that those who survived high exposures were less
likely to epilate than would have been those who
died. Although it seems reasonable to expect small
biases to this effect, the selection would have had
to be very strong indeed Lo completely explain the
downmm. Of course, the combination of several
relatively small biases may be acling here. The
suggestion of this report is that it may be prudent to
truncale or ignore, in other risk analyses, the highest
DS86 doses. Figure 9 shows the upper tail of
the cumulative distributions of the T65D and DS86
doses for the D886 subcohort. The usual truncation
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FIGURE 9 UPPER TAIL OF THE EMPIRICAL CUMULATIVE DISTRIBUTION FUNCTION OF
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of T65D doses at 600 rad affects approximately
0.25% of all of the cases; a similar proportion of
cases will be affected by truncation of DS86 at
about 375 rad. Truncation of DS86 doses at about
this level would bring the use of DS86 into line
with the way that T65D has traditionally been used,
although it is recognized that this alone is hardly
good justification.

The impact of the change of dosimetries on the
apparent RBE of the neutron dose to gamma ray
is to raise the value estimated for r in equation 1
from approximately 5 with T65D to about 10 for
DS86. The previous section shows that interactions
occur belween city and sex and between city and
shiclding category. Gilbert and Ohara? interpreted
such interactions as the value for r changing by
sex and shiclding category, thus casting doubt on
the ability of the data o consistently estimate RBE.
That interpretation exploits only between-city infor-
mation about RBE and thus neglects the evidence
that we find here, within-city, which supports a
value for r which is grealer than unity. Although
the information purely within-city about RBE is
imprecise about an upper bound for RBE, there does
appear to be considerable evidence indicating that r
is no lower than about 3 for epilation, when DS86
is used.
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APPENDIX TABLE A REGRESSION SLOPES — DSS86
ff A rad 5720 OREEEERME — DSB8

Epilation (rate/1000) / rad

Male Fernale .

Adj
0-19 2049 50+ (Age) p10.  dod4e  spy  Mea

Hiroshima S1 155 177 0.62 185 230 154 173
SD (029) (031)  (0.18) 033) (038) (036) (028)

$2 193 220 0.78 230 287 191 215
SD(021) (022)  (0.20) ©022) (©16) (©33) (0.11)

53 183 208 0.73 217 271 181 2.03
SD (0.24) (026)  (0.19) ©25) (027) (035) (0.18)

sS4 116 132 0.47 138 172 115 129
SD (0200 (021)  (0.13) 022) (©25) (©25) (0.18)

Nagasaki  S1 239 185 123 206 175 219 191
SD  (0.69) (060)  (0.58) 0.66) (0.55) (0.93) (0.59)

52 241 187 1.24 208 176 221 192
SD  (039) (043)  (0.49) ©32) (030) (©71) (0.22)

53 160 124 0.82 138 117 147 128
SD (059) (050)  (0.42) 0.51) (044) (067) (0.45)

S4 341 264 1.75 294 249 313 271
SD (0.80) (073)  (0.77) ©.72) (064 (1.19) (057
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APPENDIX TABLE B REGRESSION SLOPES — T65D
fT#B rad 4710 OHEBERINHE — T6SD

Epilation (rate/1000) /rad

Male Female
Adj
0-19 2049 50+ (Age) 019 2049 S0 Mean
Hiroshima S1 070 078 0.27 081 106 069 077
SD (0.13) (0.13)  (0.08) 0.14) (0.17) (0.16) (0.12)
s2 072 08l 0.28 0.84 110 071 080
SD (0.08) (0.08)  (0.07) (0.08) (0.05) (0.12) (0.04)
$3 071 080 0.27 082 108 070 078
SD (0.09) (0.09)  (0.07) 0.09) (0.10) (0.13) (0.07)
S4 043 048 0.16 050 065 042 047
SD  (0.07) (007)  (0.04) (0.08) (0.09) (0.09) (0.06)
Nagasaki 51 1.54 1.14 0.79 1.25 1.09 1.41 1.19
SD  (0.43) (036)  (0.36) (0.39)  (034) (0.58) (0.32)
S2 079 059 0.40 064 056 073 061
SO (0.13) (013)  (0.16) (0.10)  (0.09) (0.23) (0.07)
3 072 054 037 059 051 066 056
SD  (0.25) (0200  (0.18) (0.21) (0.18) (0.29) (0.18)
sS4 106 079 0.54 0.86 075 098 082
SD (025 (022)  (0.23) (0.21)  (0.20) (037) (0.18)
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