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SUMMARY E B

In light of recent suggestions of a differential
bias in the revised T65 dose (T65DR) estimates
between Hiroshima and Nagasaki, data on cancer
mortality from the mortality follow-up of
Hiroshima and Nagasaki A-bomb survivors were
used to compare the T65DR-cancer mortality
relationship between the two cities. Significant
differences in the T65DR-cancer mortality
relationships were found between the two cities.
Specifically, the estimated T65DR gamma ray
coefficient for cancer mortality is significantly
higher in Hiroshima than in Nagasaki. When
the Lawrence Livermore National Laboratory
dose is used, the Hiroshima estimated gamma
ray coefficient remains somewhat higher than
that for Nagasaki, but the difference is much less
than with T65DR and not statistically significant.
It is argued that these findings support the recent
suggestions of a differential bias in the T65DR
estimates between Hiroshima and Nagasaki.
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INTRODUCTION

The ABCC/RERF follow-up studies of the
Hiroshima and Nagasaki A-bomb survivors provide
an important data source on the relationship
between radiation dose and late health effects
and mortality. Knowledge of the individual
radiation doses received by the survivors is
crucial to this research. The T6&5 dose
calculations’ have provided estimates of gamma
ray and neutron shielded doses for exposed
individuals based on a calculated kerma-in-air
dose vs distance relationship?™> and estimated
individual shielding factors® for houses and
surrounding buildings.

Because of different conditions of the atomic
explosions in Hiroshima and Nagasaki, notably
the radically different design and construction of
the bombs themselves, there has always existed
the possibility of a differential bias in the
estimation of radiation doses between the two
cities. Furthermore, no tests of the Hiroshima-
type weapon were ever conducted, and so
considerably less direct experimenta! evidence is
available about the yield, spectra and attenuation
of leakage neutrons, and other characteristics
of the Hiroshima weapon.

A bias in dose estimation would have adverse
implications for the analysis of the relationship
between radiation dose and late health effects
and mortality. First, it would bias the estimated
magnitude of the radiation dose-response
relationship. Secondly, a differential bias
between cities would seriously hinder the ability
to distinguish between the gamma ray dose effect
and the neutron dose effect, a distinction that is
crucial for both scientific and regulatory purposes.
Because gamma ray dose and neutron dose are
“highly correlated within city, analyses on each
city separately have inherent difficulties in
distinguishing between the gamma ray and
neutron effects. Estimates of neutron effect
from only within-city analyses are especially
uninformative. Thus, analyses of both cities
together (with proper adjustment for city effect)
are especially helpful in determining the separate
effects of gamma ray and neutron doses. The
possibility of a between-city bias in dose
estimates, however, would hinder the interpreta-
tion of such analyses.

That a between-city differential bias in the T65DR
estimates might exist has been suggested both by
Kerr,”® and by Loewe and Mendelsohn® at the
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Lawrence Livermore National Laboratory
(LLNL). In particular, Kerr® states that the
Los Alamos National Laboratory (LANL)
thearetical calculations'® indiate that the
spectrum of neutrons from the Hiroshima weapon
was substantially softer (with consequent greater
attenuation in air) than used up to now (based
on the Health Physics Research Reactor) in
constructing the T65 air dose vs distance relation-
ship. Because of the greater attenuation, which
is mainly due to (neutron-gamma ray) inter-
actions, lower neutron dose and greater gamma
ray dose estimates result for Hiroshima®!™14
Also contributing to greater attenuation of
neutrons is 2 new account of the atmospheric
conditions, notably moisture content in the air,
at the time of the explosion. In addition, Loewe
and Mendelsohn have suggested that the yield of
the Hiroshima weapon was larger (15 vs 12.5
kilotons) than used up to now. In support of the
new calculations, Kerr’ cites direct experimental
evidence from neutron-induced sulfur radio-
activity'>® and neutron-induced cobalt radio-
activity.)? Even though substantial uncertainties
still exist (e.g., the magnitude of the contribution
to total gamma ray dose from delayed (fission
product) gamma rays, and the possibility of an
asymmetry in the Hiroshima leakage neutrons)
cutrent conclusions as summarized by Kerr,?
and Loewe and Mendelsohn’ support a between-
city differential bias in T65DR estimation,
particularly gamma ray dose. Straume and
Dobson!® report preliminary results of average
mortality rates of various cancers for certain dose
groups, based on approximate average doses in
the dose groups from the dose calculations of
Loewe and Mendelsohn ®

It has been well established from the follow-up
of cohorts of Hiroshima and Nagasaki A-bomb
survivors that T65DR is related to cancer
mcartality.19 Also, as a result of the Japanese
family registration system,m‘21 mortality datain
these cohorts are virtually complete. The
follow-up data are substantial, resulting from a
follow-up of 80,000 survivors for over 30 years.
Thus, it seems appropriate, and timely in light of
the ongoing activity in reconsidering the T65DR
estimates, to use the cancer mortality data on
Hiroshima and Nagasaki A-bomb survivors to
investigate whether any between-city differential
bias in dose estimates is suggested by the cancer
mortality data,
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The aim of this study is then to investigate
possible city differences in the relationship
between T65DR and cancer mortality that might
support the suggestions of befween-city dif-
ferential bias in the T65DR estimates. The
possibility of between-city differences in the
relationship between the LLNL proposed dose®
and cancer mortality is also investigated.

MATERIALS AND METHODS

A cohort of 61,911 Hiroshima and 20,331
Nagasaki A-bomb survivors (RERF Life Span
Study, LSS) was selected from the 1 October
1950 National Census Supplementary Schedules,
and has been followed to study the relationship
between radiation exposure and possible late
effects on mortality. The selection of the
cohort is described elsewhere?®?*%  The
survival experience of this cohort has been
ascertained from the Fapanese family registration
system?®2! ; date and cause of death are obtained
from transcripts of death certificates for virtually
all deaths in the cohort. From periodic analysis
of these data, the latest'® covering the period
through 31 December 1978, relationship between
radiation dose and cancer mortality has been
established for several cancers, including
leukemia, lung cancer, stomach cancer, breast
cancer, and colon cancer.

This study is restricted to those persons for
whom shielding data were available (60,482 in
Hiroshima and 19,374 in Nagasaki, the not-in-
city persons are not included). From 1 October
1950 to 31 December 1978 in this cohort there
have been 18,471 deaths in Hiroshima and
5,031 deaths in Nagasaki of which 3,800 and 956
were cancer deaths.

In light of the uncertainty in the high dose
estimates of those persons near the hypocenter,
for purposes of conservatism most (but not all)
analyses are further restricted to those persons
(60,349 in Hiroshima and 19,217 in Nagasaki)
with gamma ray dose estimates less than 600 rad
and neutron dose estimates less than 300 rad.
Some analyses were further restricted to those
persons with estimated exposures of less than
400 rad and 200 rad of gamma ray dose and
neutron dose, respectively, and these are also
reported.
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Because mortality data consist of time-to-event
{death) data with censoring (follow-up through
1978), methods for censored survival data are
appropriate. Such methods take into account
the length of follow-up on each individual, as
well as whether or not death has occurred.
Furthermore, these methods can accommodate
follow-up data where the type (cause) of death
is specified. For example, such analyses can
consider a specified site-specific cancer mortality,
say stomach cancer mortality, while properly
adjusting for the presence of mortality from
other causes (competing risks). Further

introductions to such methods are available.2*~26

A method of the censored-survival-data variety
that is particularly useful in the current applica-
tion is the regression method suggested by Cox.?”
This method, based on the proportional hazards
regression model, permits estimation of the
relationship between specified variables and the
mortality rate, allows convenient control for
other variables, and can conveniently accom-
modate competing risks and the censoring nature
of follow-up mortality data. Characteristically
of regression methods, categorization of variables
is unnecessary when investigating the effects of
continuous variables such as radiation dose and
age at the time of the bomb (ATB). The
proportional hazards mode! is expressed most
directly in terms of the mortality rate, or more
generally?® the sitej specific (e.g., stomach
cancer) mortality rate ?\j(t;g), defined formally as
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where T denotes the follow-up year of death, J
denotes the cause of death, and z = (z,, ..., Z)
denotes a vector of covariate information that
includes the variables on level of radiation
exposure, The expression Z\j (t;z) is just the rate
of site< cancer deaths, at follow-up year t, per
year and per person alive at t; it is the quantity
commonly estimated in life tables (mortality
tables). The notation emphasizes that 7\j (tz) is
allowed to depend on both the follow-up year
t and covariate vector z .
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The Cox proportional hazards regression model
as applied to typespecific mortality rates®®
specifies that

*

FRIEANFEC- 2 o ] & /s Cox IR ER € 7 0%
T, ROEHIIZh 5.

A (t2) = Xoi(0) &z f), (1]

where Ay; () >0 is a completely unspecified
underlying typed cancer rate, g(*) is the specified
form of the covariate factor, and 8 = (8,, ..., fp)
is a vector of regression coefficients to be
estimated from the data, As in other regression
models, this model puis no restrictions on the
kinds of covariate information that may be
included in z, This model specifies that the ratio
of sitej cancer mortality rates at any two levels
of covariates z,, 2, is just Ay(tz,) / A (tzy) =
glzy, B/ g(2,, _{_3_), which does not depend on
follow-up time. Also, it folows that relative
mortality rate is conveniently expressed in terms

of f as g(z,, 8} / 8(z,, B)-

A significant feature of this model is that both
follow-up time and covariate (e.g., radiation
exposure) are modeled simultaneously. Also, the
factor Aq () that incorporates the dependence on
follow-up is completely arbitrary; in particular,
inference on the parameters § proceeds without
any assumption about the shape or form of the
dependence of mortality on follow-up time.

The model and analysis are flexible with respect
to the choice of the form of the function g (*) of
the covariate factor g (z ). To be consistent
with other work on radiation dose-cancer
response, and with several biological and
statistical models, the function g(z §) was
chosen here to be the additive one

so that model [1] is specified to be
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Thus, for example, in the case where 2 = (z;, z,)
includes a linear term z, = d,y in gamma ray dose
and an additional linear term z, = d, in neutron
dose, the model [2] becomes

?\j (t;z) = hoj (t) -

In this case the effects of gamma ray and neutron
dose on relative risk are additive. The coefficient
f; measures the linear effect of gamma ray dose,
and !32 measures the linear effect of neutron
dose, on relative cancer mortality.

With proper specification of the covariate z, the
data on follow-up time at death and cause-of-
death are sufficieni for estimation of all the
parameters in [2], including the coefficients §.
It is pertinent to note that the comresponding
model without time, that is, with time integrated
out in [2] is approximately
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where P (z) is the probability of a typed death
within the " study period. The approximation is
good if the mortality rate is not too high. This
model is the same as the occasionally used
model P; (@ = P0 + zf*, in which dose
contnbutes an add1t1ve term to the 0 rad dose
probability of typej death. The new parameter
f* is identified with Py,; - § above.

The results reported below use a generalization
of [2] that premits an arbitrary function A, (*)
for each of many stratas=1, 2, ..., of individuals:

b5 FEUEHFBTNE EVEHE

EL, Plz)dEEMMA®|EECOMET
BomERHE D
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LOT, Wik RO 0rad Bt OFECRESE
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BB HLwnRsA—g—F*2 LED Py - B
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A (t;i,s)=)\%j t-1+zp), (3]

where ?\j (t, z, s) is the type4 cancer mortality
rate for individuals in strata s, and where
7\’{‘,5 (), s =1, 2, ...,denote arbitrary underlying
type-j cancer rates for each of the strata. The
fact that the analysis uses only within-stratum
information provides a nonparametric control
for factors included in the stratum definition. A
complete description of the Cox proportional
hazards regression model, including how the
parameters f are estimated, is given by
Kalbfleisch and Prentice.”
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Because age ATB, follow-up year, and sex are
retated to cancer mortality, it is important to
control for these factors in analyses investigating
the dose-mortality relationship. In the analyses
below, which use model [3], this is accom-
plished by specifying the argument t of the
underlying mortality rate A, (t) to be follow-up
year, and by defining 32 strata, s =1, 2, ..., 32,
based on sex and 16 5-year age ATB categories,

The analyses feported below use Cox pro-
portional hazards model [3], with various
definitions of covariate z in terms of gamma ray
and neutron dose, to make overall comparisons
of the dose-cancer mortality relationship between
Hiroshima and Nagasaki.

The main limitation of these analyses is that
they necessarily depend to some extent on the
modeling assumptions, in particular the assump-
tion that radiation contributes additively to the
cancer mortality rate, and that the relevant
radiation covariates are linear and quadratic
functions of gamma ray and neutron dose. QOur
aim of comparing dose-mortality relationships
between cities would be expected, however, to
be less sensitive to modeling assumptions than
the city-specific results themselves.

Individual T65DR estimates wused in these
analyses are from the calculations of Milton and
Shohoji'’ and XKato and Schull'® “For the
analyses using LLNL-proposed dose, the estimat-
ed kerma-in-air LLNL gamma ray and neutron
doses were computed for each individual based
on the distance from the epicenter, by linear
interpolation between 15 equally-spaced points
of the log [kerma-in-air dose X (slant distance)® ]
vs slant distance curves of Loewe.?®

In the absence of new shielding factors, now in
preparation, for those analyses using LLNL-
proposed dose the T65D shielding factors were
used in conjunction with the LLNL estimates of
kerma in air. As both new shielding factors and
revised organ doses, not considered here, are
- expected to differ from previously published
values, the risk coefficients derived below should
not be used for purposes of risk analysis. They
do, however, allow comparisons to be made
between the two cities, which is the chief
purpose of this study.

FEMER, BHAEERVENIEECR L
WEHNHI0T, SR —FECEMELRAIFTT
IRSNEFEF 2V IO-LTEILBEETCH .
zhit, =PV (3)2AVATROBRTIE, EREC
Bl ok EHAEETCLLI L E
Bml, tAMEUCIGORBRESEEHIHICE
SWTIROR (s=1, 2, ..., 2)FERTI&L
Lo THEETE 3.

TEOBIETIE, Cox W - FTFL(3)&H
W, FYeRRURETFRROR o>V TIH
TRz IzBsNERETV, S - Rufofik--
HFCRMFRO SR REET .

ChoOBIF o AEARRIBRIE, Zhsh N4,
HAREETEFVRE L LE>TOHE, ¥
B AR R ICFEE L, FAMET S
BEGSOHRERIF v RBRETBEFRLEN—X
MEERC_KEETHZEVIREIIMFTI
WIS H S, LarLids, ReoBEMETS
Ao ER—FECRMEOLRE, BH0HR
BEEDLEFVER FOREIZLIBEEIF PRV
EZH6N5B.

ZNSOMBEFIZEYL = TEDR @ 8 A B e 2 # 1L,
Milton R UMIE B ! 3 P12 ANEER U Schull® OHE
D5EALOTHA. LLNL HEOHRER VAR
DIHE, HEEZED kerma LLNL # v v R R Urpi%
FHEAE, BhhS5OWEMR ICHET T, Loewe® @
BhAhooBEEBEBMECHT S HH{ZED kerma
BEX (BeySOEBREE)) OLBOEME SO
MoBEfHMEcL-T, FEshL,

FLOUEBREFRIREHE b CETAERATELZY
O, LLNLIREo#HEs Ay 28 cld, LLNL i
L A%t kerma HEEME & 412 TSDHERER T %
Aok, ZITREREsATOEVY, L 0ER
FEFLSTHmSERE, wFhililciggshi
HERLEBILATFTRENDIOT, TETHELINS
YAsREE, YAZERIZEAVLINETEL,
LAL, VA7 GBI k- TABENEERANT
HLMHMOLIRIETHETS 5.



RESULTS

For Hiroshima and Nagasaki, the Cox?? pro-
portional hazards regression methodology was
used to investigate the relationship between
cancer mortality and both gamma ray and
neutron dose, with the aim to compare the
relationships in Hitoshima with those in Nagasaki,
Regression analyses were performed separately
by city to investizgate possible between-city
inconsistencies in the relationship between
radiation exposure and cancer mortality of the
following sites: 1) all cancer deaths except
leukemia (3,647 in Hiroshima and 904 in
Nagasaki); 2) two specific nonleukemia sites,
stomach cancer deaths (1,439 in Hiroshima and
304 in Nagasaki) and lung cancer deaths (351 in
Hiroshima and 105 in Nagasaki); and 3) leukemia
deaths (137 in Hiroshima and 36 in Nagasaki).

A test that the pair of gamma ray and neutron
dose coefficients (§;, fiz) is the same in both
cities is afforded by an approximate X3 test.
The significant value 7.67 (p < .025) of the
x2 test statistic {column 3, line 1 of Table 1)
indicates that the joint relationship of T65DR
gamma ray and neutron dose with nonleukemia
cancer mortality is not the same in both cities.
The analyses of leukemia mortality (last line)
show mild evidence (.10 < p < .25) that the
relationship between gamma ray and neutron
dose and cancer mortality differs between cities
for leukemia mortality also.

The estimated regression coefficients (per 100
rad) for gamma ray and neutron dose are shown
in columns 1 and 2 of Table 1, and the between-
city differences in the estimated coefficients are
shown in columns 4 and 5. Asshown in line 1 of
columns 4 and 5, the significant difference in the
joint relationship of T65DR gamma ray and
neutron dose with nonleukemic cancer mortality
is accounted for by a difference in estimated
gamma ray coefficients (difference = .292,
p = .049), but not by a difference in estimated
neutron coefficients (difference = 1.12, p = .83).
The estimated neutron coefficients are not well

determined from these within-city analyses; the
standard errors of the estimated neutron co-
efficients are large for both cities, especially for
Nagasaki. The magnitude of the estimated
gamma ray coefficient (.391) for Hiroshima is
substantially different from that for Nagasaki
(.099); the ratio between them is aimost 4
(.391/.099=3.95, column 6). For the individual
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Cox¥ W - FEBELZAOT, EH - BB
BUHLETECEL 78, RURETRERLD
B E N, WHMokEET-2, WHE LI
ERSHET>T, REBRHEEBL T RO B 0WH
FECEEOBF BT Mt HOER F ML
1) AR E B TTOEIZ & BTEC (IR B 3,647,
904 ); 2 oo Endifl MBS,
THbEEMICEATELE URS1, 4300, Fif 304/)
BUMEIC L BFEC (IR & 35140, BuF105f); ¥
(&3t M- & AFEC (IR & 1376, RBG36MH).

ROF R ROTETREH (A, B,) H
AMELBLTHIAEIAERFASZ LD, B
XiREET oA, XSREHMBOAELMT.67
{p<.025, R1DBIMW, H1ITIE, TESDR @
Hry=BRUditErapRoRFrEghmtso
HLCHEOMiERAY, AHTHRCTEVIE2RT.
AMBFECE (BREDT)DBFTIE, Y HBRT
hHETFRREERCBRLOMBLISVT, QMK
RCEOBRETLLHHRIEF 54 b
2S5 h (L10<p <.25).

FrvBRUPHETHED (100rad H2 0 0)
EFAFEE+RLIOFIEUVEZRIITL, #ER
BobAWmi Moz IELRUESHIZRL A
FARUSWMOE1IFTIIRTEHN, TSDR O
Hry<BERUTHTHEOMELIFAMBEED
FCHEORGEE 2 HELEE, BETY
FRmE (E=.202, p=.040) 12k THBPEND
A, HERETREEOE(£=1.12, p=.83)
EoTIE, BBEASL. REPETHEEEC RSO
HWHEABF TR IR BRETELY. #E
THFFROBERZIHRT L LAV, B
EMTREETHI. LBOREY vBELD
KEE (W)X, BHOZA(0MEEERR
Ro5. MiEokz:z3iEF4(.301/.009=23.95,
BOR)THB, WMz as L, B, HBERU
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TABLE 1 RESULTS OF COX PROPORTIONAL HAZARDS REGRESSION ANALYSES BY CITY,
ON THE RELATIONSHIP BETWEEN CANCER MORTALITY AND T65DR KERMA RADIATION EXPOSURE

E1 #FECH L TE5DR kermaﬁﬁt%‘fﬁﬁﬁ:‘&mﬂﬂ{%!:ﬂé?% Cox W/ — FEIBZIF DR, #Bii5)

Radiation exposure covariates: T65DR gamma ray dose and neutron dose
BHEEBROLTER: TEDR 7 - vHERUFTETHR

Controlled for were: Age ATB and sex (by strata) and attained age (by time argument in the mortality function)
avpbo—nLidbo: RRBERBEURE (R ECIFECHEM (FECRMEICHT SR HIM I #E)

Model for the relative mortality rate: 1+ g, (y/100}+ 8, (n/100)
HAFECEOETN: 14+ 8{(7/100) + F;(n/100)

Compatison of dose-cancer mortality relationship between cities

Estimated dose coefficients per 100 rad,

and standard errors ()] ) 5 6)
. " 3 Difference between Hiroshima and .
Cancer Site  City m 2) sxt;tti:tsitcs Nagasaki estimated dose coefficients estairtrl:; “;5
£aRIMA ray neutron for testing (with 95?::; gzﬁﬂ: interval Hiroshima &
~ ~ 8\ = (ﬂl : Nagasaki gamma
B By B:)H pz) N  gammaray neutron ray coefficients
All cancer  Hiroshima 391 .107 —-324x 292 7.67 292 1.12
except ( 002, .582) (-9.21,11.44) 3.95
leukemia  Nagasaki 099+ 1025 144 526 {p <.025) p=.049 p=83
Stomach Hiroshima 203 162 -120+ 438 1.49 256 -3.89
(-.169, .681) (-19.3, 11.6 ) -
Nagasaki —.053 £ .144 3.77 = 7.87 (25<p<.50)  p=24 p=.62
Lung Hiroshima 1.32 + 406 -2.04 + 811 5.67 1.04 —.67
(-.02, 2.10) (403, 389) 4.71
Nagasaki 0.28 + .359 —-1.37 +20.18 {05<p<.1d)  p=.055 p=.976
leukemia  Hiroshima 2066 + 1.87 10.39 = 6.28 392 297 ~166.9
. {—1.33, 7.26) (-337.68, 3.82) -
Nagasaki -0.90 +1.14 177.32 +86.89 (10<p<.25) p=18 p=.055

sites, stomach cancer, lung cancer, and leukemia,
the estimated gamma ray coefficient is consistent-
ly larger for Hiroshima than for Nagasaki.
Furthermore, the result for lung cancer mortality
provides by itself mild evidence (x% = 5.67,
05 < p < .10) of a differing dose-mortality
relationship.

Additional analyses were performed using a
richer modeling of gamma ray dose. Table 2
reports the results of analyses in which a
quadratic term in gamma ray dose has been
included as an additional covariate. Again, from
column 4 the dose-mortality relationship for all
cancer except leukemia is mildly significantly
different in the two cities (& 6.95,
.05 < p <.10), and different also for leukemia,
but not significantly so (X3 =342, 25 <p<
.50). Column 5 shows that, for each of all cancer
except leukemia, stomach cancer, and lung
cancer, the gamma ray contribution to relative
mortality rate at 100 rad and at 200 rad is
consistently higher for Hiroshima than for
Nagasaki. It is significantly higher for all cancer
mortality except leukemia (p = .048), but not
for leukemia mortality (p = .16).

10

BMFE0RE, BES v BEHRE—-HL RSO
FHEREFIND L REW, T, HMEBERKCEHRHED
BRI, FRCETELZI R -—FRORMES
FLTWwA(X2=5.67, .05<p <.10).

HArvBREEIVBLLEFMET S LIZELN,
HURFET o~ B2, FreBRo2kX %
AN HERELLTEDLEFOERETRLE
LOTHD., TOBEL, B4R FANFEE
BT NTORORR —FECRMZE, BHTHY S
BHFSEBLENSS (X1 =6.95, .05<p<.10) &,
HOFEOBEEEHICEEIS A, FRELHEEL
LOCIEEW (X2 =3.42, .25<p <.50). &5
HELR, BRRUHEEZBRTNTOHIIENT,
100rad & UF 200 rad TOMMFECRIZHT 545 7 <&
DFELIL, EBOFIFEHFIIL—RBLTEHILE
FLTwA, ZOFERAMBER I TOED
FELRIZOWTHEICHE W (p=.048) &, =0k
FREEOBGERE TR 2w (p=.16).
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TABLE 2 RESULTS OF COX PROPORTIONAL HAZARDS REGRESSION ANALYSES BY CITY,
ON THE RELATIONSHIP BETWEEN CANCER MORTALITY AND T65DR KERMA RADIATION EXPOSURE

#2 MFECHE & T65DR kerma B SaENE L O MR IZHF 5 Cox Ll F— FEG 2 #5E, 1R

Radiation exposure covariates: T65DR gamma ray dose and (gammma ray dose)?, neutron dose

Bntigdgo R TESDR # v < git, (# ¥ <82,

o 4R At

Controlled for were: Age ATB and sex (by strata} and attained age (by time argument in the mortality function)
avbo—LLibL0: FREERRUME (BM) BT ECHER GECRME &3 305 MM L)
Model for the relative mortality rate: 1+ 8, (y/100) + g, (v/100)* + g, (n/100)
HHEEROTT s 1+5(7/100) +8,( /1002 + H5(n/100)

1)

@

3

Estimated dose coefficients per 100 rad

and standard errors

1C))

%2 test statistics

for testing

)
Comparison between cities of estimated gamma ray
contribution to relative mortality rate

Cancer Site City Differences in
gamma ray (zamma ray)? neutron £, B %el.‘fci‘;"ges‘;°‘talfl.tg Iag: relative mortality rate
n B2 )= £ Y tervah at 100 rad (with 95%
g, 8, 2. a, 8, Intery confidence interval
t 3 H N 100 rad 200 rad and p-value)
All cancer  Hiroshima 430 134 —.018 +.037 311z 294 6.95 141 1.79 316
except (1.19,1.64) (1.37,2.21) co0d- 628
leukemia  Napasaki JA00+ 132 —0004+ 033 —143 = 545  (05<p<.l0) 1.10 1,18 "~ p=.048
(0.87,1.32) (0.78,1.59)
Stomach  Hiroshima 258+ 192 -032:.060 -.054% .458 1.23 1.39
3.52 {0.90,1.55) (0.76, 2.02) - 055-408157}
Nagasaki ~242: 194 067+.054 204 £ 155  (25<p<.50) 0.83 0.78 T p=.09
0.51,1.14) (0.22,1.35)
Lung Hiroshima  1.58 & .539 —124 %147 -1.98 + 835 246 3.66
. 560  (1.57,3.34) (2.08,5.25) “ oolilg 39
Nagasaki 251+ 470 013 +.125  —161 +20.31  (.10<p<.25) 1.26 1.55 T p=.05
(0.47,2.06) (0.10, 3.01)
Levkemia  Hiroshima 1,73 2,06 186+ 539 10.25 + 6,24 2,92 5.20
3.42 (© ,6.62) (0 ,1.25) 11 32-92 o)
Nagasaki ~ —-2.02 = 97 1.034 £ 541 6110 £72.93  (25<p<.50) 0.01 1.10 =16

0 162y (0 ,498)

€8-9 YL AYTH
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Additional analyses were performed that omitted hEFEREoET R B L A HMEFECTRCH

the neutron dose covariate, effectively ignoring F AT EEOEE Y IE i L T8N0 I
a possible coniribution of neutron dose to the o ’ o i
relative cancer mortality rate. + As shown in Bffof. BIRVATRTEIR, Th5ORKF
Tables 3 and 4, in these analyses the discrepancy iz, EHHOSR - BECEMEIEHRBLLT
persists between the dose-cancer mortality rela- . . -

tionships of the two cities. EEFBDHSNG.

A limited investigation was made into whether . . o
the difference in the dose-mortality relationship A MORE —HCERRI ST S EFERETS

between cities can be detected at the lower doses FEHTEILEIDIIO>NT, BEAEELT- .
also. The lower portion of Table 5 shows that in B5DTFHIE, 7Y@k BE s a0rad 5k 5

analyses restricted to persons with radiation N
exposure estimates less than 400 rad gamma R TFEEBERA20rad RMTH B FILRE

rays and less than 200 rad neutrons, a significant L@ T, Semae Anmd iy A @mre®
(3 =9.95, p < .01) difference persists between N )

the two cities in the relationship between radia- EORFRIRAHMIZARELZE (X; =9.95, p <.0)
tion dose and cancer mortality except leukemia. FREET I EETLT VA, BN {ESGSCEE
The difference in estimated gamma ray co- o 1 A . .

efficients (412, p=.01) is even more pronounced LTI Ma s, WAy vREFHROZ(AL2,
when the analyses are restricted to the lower p=.01) BE HFILENS.

doses.

TABLE 3 RESULTS OF COX PROPORTIONAL HAZARDS REGRESSION ANALYSES BY CITY,
ON THE RELATIONSHIP BETWEEN CANCER MORTALITY AND T65DR KERMA RADIATION EXPOSURE
#3 ISFE=E & T65DR kerma WAHEEE O BRIZMT 5 Cox MHNY— FRBZIROER, N
Radiation exposure covariates: T65DR gamma ray dose
MEHEMOEER: TGDR ¥rvEiR
Controlled for were: Age ATB and sex (by strata) and attained age (by time argument in the mortality function)
Ay ha—ALALD: FIBMEEREUHE (FH) B EECRER (FECRMBICE T 3B ERN)
Model for the relative mortality rate: 1+ 8, (+/100)
HAREEOE T 1457 /10)

Comparison of dose-cancer mortality relationship

Estimated dose coefficients ses
per 100 rad, and between cities
i i standard errors
Cancer Site City @ 3) @
s Difference between :
o X o g > Hizoshima & Nagasaki 80 0
gamma ray & gamma ray Hiroshima
8 By = (9 3 CTHicients (with 952 & Nagasaki
’H N coni;ggngtfvﬂltlgval coefficients
All cancer Hiroshima 291+ .052 9.46 216
except : (.079, .353) 388
leukemia Nagasaki 0752 .047 (p=.002) p=.002
Stomach Hiroshima 164+ 074 3.03 153
(.044, .350) 14.831
Nagasaki 011+ 068 (p=.08) p=.13
Lung Hiroshima L66+ 221 203 402
(-.152,.956) 252
Nagasaki 264 & 176 @=.16) p=-16
Leukemia Hiroshima 5.15 £ 115 482 3.17
(.332, 6.01) -~ 2.60
Nagasaki 198 + .88 (p=.03) p=.03

12
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TABLE 4 RESULTS OF COX PROPORTIONAL HAZARDS REGRESSION ANALYSES BY CITY,
ON THE RELATIONSHIP BETWEEN CANCER MORTALITY AND T65DR KERMA RADIATION EXPOSURE

#4 FEICCHE & TESDR kerma BT HRBER L DMEHRIZHT S Cox M - FEYE SO0 FER, &BE

Radiation exposure covariates: T6SDR gamma ray dose and (gamma ray dose)?

BstmEBo&ER: TEDR ¥ vRERC (F ¥ v#)

Controlled for were: Age ATB and sex (by strata) and attained age (by time argument in the mortality function)
Dy bO—ALALO: FRESHRUE (B5) B U ER GEURMMEIT &1 30MMILE )
Model for the relative mortality rate: 1+ g, (4/100) + 8, (~/ 101’])2

HWHECENETN: 1+8(7/100)+ 8,(¥/100)*

48] 2) €))
Estimated dos((i: coet;i‘icignts per 100 rad, 2 test statistic (and p-value)
Cancer Site City and standard errors for testing
gamma ray {gamma ray)* B, ) = (ﬂi)
ﬁ\l é\i ﬂ: H ﬁg N
All cancer except  Hiroshima 342 102 — .022+ 036 8.36
leukemia Nagasaki 083+ 114 — 003+ .032 (@ < 025)
Stomach Hiroshima 245+ (161 — 034+ 058 4.83
Nagasaki - 216 .172 070+ .054 (.05 <p <.10)
Lung Hiroshima 1.02 +0.41 - 151+ .134 2.45
Nagasaki 230+ 379 012+ 119 (25 <p<.50)
Leukemia Hiroshima 469 +1.59 233+ 595 14.40
Nagasaki -1.67 & .99 1.29 +£0.49 {p < .005)

The analyses reported in Tables 1 through 4 for
T65DR estimates were repeated using the LLNL-
proposed dose of Loewe and Mendelsohn®
(together with T65D shielding factors). The
analyses were restricted to persons with the
LLNL gamma ray dose estimates less than 600
rad and LLNL neutron dose estimates less than
300 rad. The results, shown in Tables 6-9 for
various combinations of dose covariates, reveal no
significant differences in the relationship
between LLNL-proposed radiation dose and
cancer mortality between Hiroshima and
Nagasaki. In particular, there is no evidence that
with LLNL dose the estimated gamma ray
coefficients for all cancer mortality except
leukemia differ between cities (difference = .149,
p = .20, from column 4, line 1, Table 6). The
estimated gamma ray coefficient for Hiroshima is
substantially less when using LLNL dose (239,
from column 1, Table 6) than when using T65DR
(.391, from column 1, Table 1). Even with
LLNL dose, however, the estimated gamma ray
coefficient is higher for Hiroshima (.239) than
for Nagasaki (.090), but not significantly so

{p = .20).

13

# 1~ 4127 Uk TESDR HE % 12 [T 5 BEAF 3,
Loewe % U} Mendelsohn® ¢ LLNLE%gih (1
TED B H) 2 HOTHRVELEBLE. 20
A24T12, LLNL o # ¥ < SR 5 41 7 600 rad i,
LLNL dfEFi i 4 300 rad SR CH S H 12
BRELTiTo/k. BROHERE B4 LG HET
To-BIEEREEHE~9IRLAAN, LLNLiED
BESREFMETELOMEL, L - BT
HEAXRBHSAE ., B LLNL&#R 7,
BB DT ATt L ZFECHR T pHEE
Fr7REHRIFETHTE L0 IEHEL
(%6, BT, Sz krly, £=.149, p=.20).
HaofES v HFHE, TSR AV 284
(£1, B1M©IL.391) &4, LLNL 5V 3
WA (26, B 1HCE.239) oFAHNLEN. LaL,
LLNL B # A ASatd, HEF v vRBEHEHE
B (,090) E0IES (L239) OFAHA, HETR
v (p=.20).
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TABLE 5 RESULTS OF COX PROPORTIONAL HAZARDS REGRESSION ANALYSES BY CITY,
ON THE RELATIONSHIP BETWEEN CANCER MORTALITY AND T65DR KERMA RADIATION EXPOSURE

#£5 AR L TESDR kerma BARHIE L O B IZM T3 Cox - FEBIAT DR, MBHHM

Radiation exposure covariates: T65DR gamma ray dose and neutron dose

BESmERo Tt TESDR # v v #ditk i ¥R

Controlled for were: Age ATB and sex (by strata) and attained age (by time argument in the mortality function)

ay bu—A LA b0 GFBEERLUE (BB BT ICECHER (JECHRM B &1 5 0F M3 I8 880 .
Model for the relative mortality rate: 1+ 8, (v/100) + 8, (n/100)

HMMFECHNEF N 1+ 47 /100) +B5(n/100)

Cancer site: All sites except leukemia

B : A0E &R T ST O

n (2) (3) ) 3)
. Number Comparison of dose-canger mortality
Persons excluded with . Number of'oancer  Estimated dose coefficients per relationship between cities
City at except 100 rad, and standard errors - ——
4 ron dose risk leukemia Difference between Hiroshima &
gamma ray dose  neutron dos gamma ray neutron x2 test statistics  Nagasaki estimated dose
for testing coefficients (with 95%
a 2 - confidence interval and p-value)
B, B, B\ = -31)
8. )y \B./y gemmaray neutron
> 600 rad > 300rad Hiroshima 60349 3647  .391x.,107 —-325 & .292 7.67 292 1.12
(.002,.582)  (-9.21,11.44)
Nagasaki 19217 904 099 +.1025 -1.44 £526 (p<.025) p=.049 p=.82
> 400 rad >200rad Hiroshima 60182 3635 426 +.121 -327 + .351 . 9.95

412 —4.20
(.093,.731), (-16.37, 797
p=.011 50

Nagasaki 19009 892 .014 +.109 3.871 +6.20 (p<.01) p=.

€8-9 UL A99Y
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TABLE 6 RESULTS OF COX PROPORTIONAL HAZARDS REGRESSION ANALYSES BY CITY,
ON THE RELATIONSHIP BETWEEN CANCER MORTALITY AND THE PROPOSED LLNL KERMA RADIATION EXPOSURE

#6 WIECHLIBEES R/ LLNL kerma BGHERBRE L O MR IZI4 3 Cox W — FENRSITO AR, WMHRH

Radiation exposure covariates: LLNL gamma ray dose and neutron dose

HUEERoRER: LLNL OF SR REVCRETRE

Controlled for were: Age ATB and sex (by strata) and atiained age (by time argument in mortality function)
Ty rO—N L Aabm: FURESER R (R I U TR (FECE M I S SRR R MR

Meodel for the relative mortality rate: 1+ 8, (+/100) + 8, (n/100)

HHFEER0E 0 1+A(7/100) + By{n/100)

Comparison of dose-cancer mortality relationship between cities

Estimated dose coefficients per 100 rad,

. . and standard errors (3} . @) . 6 R {6)_
Cancer Site  City X2 test Difference between Hiroshima and Ratio of
() ) statistics Nagasaki estimated dose coefficients estimated
for testing (with 95% confidence interval Hiroshima &
and p-value) Nagasaki gamma
gamnla ray nelj\tron (ﬁl) - ( ﬁ,) ray coefficients
B B, B/ \ 8./ gamma ray neutron
All cancer  Hiroshima 239+ .058 -.758 « 915 2.06 149 ~4.95
except (—.08, .38) (-24.5, 14.6) 2.67
leukemia Nagasaki 090+ 102 419 =+ 995 (.25<p<.50) p=.20 p=.62
Stomach Hiroshima 165+ .094 ~1.02 + 150 1.86 250 ~16.45
(-.11, .61) (-52.5, 19.6) -
Nagasaki —-085+ .160 154 <+ 18.3 (.25<p<.50) p=.18 p=.37
Lung Hiroshima 709 £ 239 ~3.34 = 2.87 1.06 .369 ~-5.99
) (.50<p<.75) (-.58,1.32) (-97.2, 85.2) 2.09
Nagasaki 340+ 423 2.65 + 45.5 p=45 p=.90
Leukemia  Hiroshima 1.62 +1.00 380 = 216 1.27 1.32 -273.58
{(50<p<.75) (-2.53,5.17) (755.5,208.4) 5.40
Nagasaki 0.30 +1.69 311.0° +245.0 p=.50 p=.27

£8-0 ML JuHH
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TABLE 7 RESULTS OF COX PROPORTIONAL HAZARDS REGRESSION ANALYSES BY CITY,
ON THE RELATIONSHIP BETWEEN CANCER MORTALITY AND THE PROPOSED LLNL KERMA RADIATION EXPOSURE
#7 PMIECHLBRELA LLNL kerma B MBI L DR IZET % Cox M/ — FRIG S0 4EE, 5

Radiation exposure covariates: LLNL pamma ray dose, (gamma ray dose)?, and neutron dose

Betmpmo Lait: LLNL &> <&, (# » <& i) R editradb

Controlled for were: Age ATB and sex (by strata) and attained age (by time argument in the mortality function)
avibw—ALAbLO: ERIGEBRUNE (BH) O ERURER FEEERMII &Y ZBS I030 AL UE 2R )

Model for the relative mortality rate: 1 + 8, (+/100) + 8, (v/100)* + g, (n/100)

HAFEEROEF L 14+8,(7/100) +8,(7/100)2 + 8,5(n/100)

(1) 2) (3) 4) &)
. . . Comparison between cities of estimated gamma ray
Estimated dose coefficients per 100 rad Xy test statistics contribution to relative mortality rate .
and standard errors for testing
Cancer Site  City BN /B, Relative mortality rate Differences in
gamma ray (gamma ray)? neutron g, \={ & (with 95% confidence relative mortality rate
N ~ ~ 2 2 interval) at 100 rad (with 95%
g B, B, Ba/H N8y’ confidence interval
100 rad 200 rad and p-value)
All cancer  Hiroshima A75 ¢ 077 030 = .025 -1.17+ 0.84 1.21 1.47
except 2.67 (1.08,1.33) (1.26,1.68) 1 12-13137 3
leukemia  Nagasaki 057+ 127 017+.042  202& 1125  (25<p<.50) 1.07 1.18 T k29
(0.86,1.28) (0.78,1.58)
Stomach Hiroshima A13+ 119 027 045 ~-152x 1.72 1.14 1.33
3.01 (0.95,1.33) (0.96,1.71) ( 063-329121)
Nagasaki  — .274: .211 085 071 8.28: 18.82  (.25<p<.50) 0.81 0.79 e 10
(0.47,1.15) (0.15,1.43)
Lung Hiroshima 588+ .291 D70+ 115 —-4.75+ 3.88 1.66 246
‘ 123 (1.18,2.14) (1.49,3.42) ( 645'311'38 )
Nagasaki 3322 478 0072 178 1.54% 55.03 (.50<p<.75) 1.34 1.69 ~ p=.53
(0.50,2.18) (0 ,3.44)
Leukemia  Hiroshima 142 2 1.00 282% 460 268 * 26.6 2.70 4.97
2.85 (0.78,4.62) (0.43,9.51) (15 11-742 05)
Nagasaki ~ —1.41 +1.49 139 +£0.81 904 22093 (:25<p<.50) 0.98 3.74 T p=.30

@ ,3.58) (@ ,10.06)
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TABLE 8 RESULTS OF COX PROPORTIONAL HAZARDS REGRESSION ANALYSES BY CITY,
ON THE RELATIONSHIP BETWEEN CANCER MORTALITY AND THE PROPOSED LLNL KERMA RADIATION EXPOSURE

#8 WMIECHELIMES A/ LLNL kerma RERHEB L O BE 12 3 Cox ILF N~ FEBSHOBE, #BAiH

Radiztion exposure covariates: LLNL gamma ray dose

Bstamimao Tt LLNL o # » vl

Controlled for were: Age ATB and sex (by strata) and attained age (by time argument in the mortality function)
arbO-L b0 FREHERRCE (FH) B FECHEM ECRMEIC &0 5 B L% )

Model for the relative mortality rate: 1+ 8, (+/100)

HMEEROETL: 1+6,(7/100)

Comparison of dose-cancer mortality relationship

Estimated dose coefficients between cities
per 100 rad, and
Cancer Site City standard errors 2) Differe (;)bet C))
2 " eren ween .
(H Xa lggittr;:::itlllsgtlcs Hiroshima & Nagasaki el:gt;&&fd
gamma ray B = 6. coefﬁgi::ar:lltns“(l\:ai‘tyh 95%- giﬁ’:"j;“aﬁi
A t'H /N confidence intervat coeffigients
[ and p-value)
All cancer Hiroshima 202+ 036 1.20 076
except (-.059,.214) 1.60
leukemia Nagasaki 126+ .059 (p=.27) - p=27
Stomach Hiroshima 114 £ 052 048 ¢ 12.5069263) 253
Nagasaki 045 + 084 (p=48) " p=48 P
Lung Hiroshima 537+ .161 041 ‘ 36'317(‘5115) 149
Nagasaki 361+ 223 .  (p=52) “p=52 ’
Leukemia Hiroshima 3.27 £0.76 0.224 2 (()].4653 34) 125
p=.64 '

Nagasaki 262 +1.14 (p=.64)

€8-9 4L 3YIAYH
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TABLE 9 RESULTS OF COX PROPORTIONAL HAZARDS REGRESSION ANALYSES BY CITY,
ON THE RELATIONSHIP BETWEEN CANCER MORTALITY AND
THE PROPOSED LLNL KERMA RADIATION EXPOSURE

#9

W R LIBERE N/ LLNL kerma A SR L ORFICHT 2

Cox [EFINF— FEUE IO SR, B
Radiation exposure covarfates: LLNL gamma ray dose and (gamma ray dose)?
B EHBRORER: LLNL 04 » v BREF (F ¥ 7R
Controlled for were: Age ATB and sex (by strata) and attained age (by time argument in the mortality function)
Ay bR—ALAbGO: FEFEMEUE () B FICFECeRER (FECRMBICZ KT 5B ERH)
Model for the relative mortality rate: 1+ 8, (v/100) + 8, (v/100)%

HAECEoEFL: 1+8(7/100) +8,(y/100)2

{1) 2 3
~  Estimated dose coefficients per 100 rad, 2 .. .
and standard errors X, tost sit.an:;lct.(a.nd pvalue)
Cancer Site City or testing
gamma ray (gamTa ray)? .3:) - .3.)
By - .6-; B" H ﬁ'z N
All cancer except  Hiroshima 153 £ 075 018+ .024 1.34
leukemia Nagasaki T 063+ .121 021+ .037 (50 <p <.75)
Stomach Hiroshima 091+ .116 008+ .036 2.21
Nagasaki — 235+ .192 096+ 068 {25 <p < .50)
Lung Hiroshima 561+ .293 — 009+ .087 042
Nagasaki 338+ 439 009 = 151 (.75 < p < .90)
Leukemia, Hiroshima 1.84 +0.98 606 £ .370 3.09
Nagasaki -1.10 £1.39 155 + 0.75 (10 <p<.25)
DISCUSSION # =

This investigation was motivated by the possi-
bility of a between-city differential bias in the
T65DR estimates. This possibility has always
existed because of the different conditions of
the atomic explosions in Hiroshima and Nagasaki,
notably weather and the different design,
construction, and yield of the bombs, and the
special uncertainty of various characteristics of
the Hiroshima explosion. The immediate motiva-
tion is that the radiation dose calculations of
Kerr™® and Loewe and Mendelsohn? have
suggested that the T65DR estimates are dif-
ferentially biased between city.

The results of the analyses reported here of the
Hiroshima and Nagasaki cancer mortality data
are consistent with a between-city differential
bias in the T65DR estimates. The relationship
between T65DR and cancer mortality except
leukemia is significantly different between the

i8

SEMPEEIE, THDREEMOMMATHOEIRN A
HATMEEAFSFLBIIERELLZLOTHS. IO
THEM IR DI A STFRLTwAY, ThiRIEE - B
OHMIIERBRROZFHOE, FIIRERETICHMD
e, MERUIALCENSD, TAEEOBRRIC
BFHAEHOERCBN AR ERE P S DT
55, HEOWEE, Kerr? 8 3TIC Loewe R U
Mendelsohn ? ®HU A A BIZ L -T, TE5DR #iE
BOHTHHOZIRBIIRBENATITETHS.

B BHOSECRA > TFHETEAL
BHSETE, TODRFEEEOHHHOEIIET S
WD EEHORIHES A, TEDR MR L G0
LStomReRL0BEE, MiMtEFSCRE-T



two cities (3 = 7.67, p < .025, from Table 1).
Despite the smali number of leukemia deaths,
especially in the smaller Nagasaki cohort, a
gimilar difference between-cities is suggested also
for leukemia mortality, but the difference
for leukemia is not statistically significant
Clo<p<.25).

In particular, our resulis suggest that the relation-
ship between T65DR gamma ray dose and cancer
mortality differs between the two cities. When
controlling for T65DR neutron dose, a significant
difference (391 vs .099, from Table 1) is
revealed between the gamma ray coefficients of
Hiroshima and Nagasaki. This difference is
consistent over different cancer sites.

Ne difference in T65DR neutron coefficients is
revealed. Accurate comparisons of the neutron
coefficients are prevented, however, by the
large standard errors for the neutron coefficients
in each city, especially in Nagasaki but also in
Hiroshima. These large standard errors, well
known for these data, are due to the relatively
small variation in neutron dose and the high
degree of collinearity between gamma ray dose
and neutron dose in each city. It is well known
that near collinearity among covariates can lead
to instability of the estimated coefficients (see
the two recent texts?™° that discuss collinearity
in regression). This instability is reflected in
relatively large standard errors of the estimates,
high correlations between estimates, and some-
times even the signs of the estimated coefficients
that are different from the signs of the true
coefficients (e.g., negative estimates in Table |
of neutron coefficients that are undoubtedly
positive). In light of the instability of the
estimated neutron coefficient, further work
would be useful, especially for estimating the
gamma ray coefficient, in using methods of
inference in which the neutron coefficient is
subject to various explicit constraints within the
positive region. Also, there is no provision in
these analyses for taking into account measure-
ment error of a nonsystematic (random) nature
in the dose estimates, This introduces the
possibility of bias and further instability in the
estimated coefficients.>!

The direction and magnitude of the difference in
estimated T65DR gamma ray coefficients for
Hiroshima and Nagasaki are consistent with the
calculations of Loéwe and Mendelsohn, One
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wa(FL1TIxE=7.67, p<.025). AMFEFEE
AL VLA hET, ERLIVIRER
BHEACIE I LTV, RHEL Bl A0SR
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TlE i w (L10<p <.25).
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possible explanation for the consistently higher
T65DR gamma ray dose estimates in Hiroshima
compared with Nagasaki is an underestimation of
gamma rtay dose in Hiroshima, or an over-
estimation of gamma ray dose in Nagasaki, or
both. In fact, Loewe and Mendelsohn® and
Kerr”® have sugpested that T65DR under-
estimates gamma ray dose in Hiroshima, and
overestimates gamma ray dose in Nagasaki. The
ratio of the estimated gamma ray coefficient for
Hiroshima to that for Nagasaki {e.g., column 6,
Table 1) can be related quantitatively to the
proposed changes in dose in Hiroshima and
Nagasaki., For example, in the (oversimplified)
event that it were proposed that gamma ray dose
be estimated at a factor fy; times T6SDR dose
for everyone in Hiroshima, and fy times T65DR
dose for everyone in Nagasaki, then the ratio
statistic in column 6 of Table 1 would be
estimating fy/fyy. Loewe and Mendelsohn are
proposing fy from 1.3 to 2.0, depending on
range, and fy about .7, independent of range.
Taking fyy = 1.5, fiy = .7 vields fy/fyy = 2.14.
The statistics (ratios of gamma ray effect on
cancer mortality between Hiroshima and
‘Nagasaki) in column 6 are consistent with such a
value of fy/fyy. This quantitative discussion is
subjected to the caution that it is oversimplified;
the gamma ray dose factors proposed for
modifying the T65DR estimates are not in fact
constant, and the effect of the change in neutron
dose estimates on the gamma ray coefficients
also needs to be considered. Moreover, changes
in the shielding factors and organ dose
estimates have as yet to be accounted for.

The preceding gqualitative discussion is strength-
ened by the results of the analyses, reported in
Tables 6-9, that use the proposed LLNL dose.
The results of these analyses indicate that there
is no statistically significant difference between-
cities in the relationship between the proposed
LLNL dose estimates and cancer mortality. The
estimated gamma ray coefficient is still some-
what higher for Hiroshima than for Nagasaki,
but not significantly so.

One limitation In interpreting our results as
actually supporting between-city differential bias
in the T65DR estimates is that the resulis by
themselves do not distinguish between a dif-
ferential bias in the T65DR estimates and the
possibility that the effect of radiation dose on
cancer mortality might actually differ between
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Hiroshima and Nagasaki. However, the latter
possibility seems unlikely, for several reasons.
First, any such factor differing between
Hiroshima and Nagasaki not merely would have
to be a risk factor for cancer, but rather would
have to interact with radiation dose in its effect
on cancer mortality. Secondly, the difference in
estimated gamma 1ay coefficients between
Hiroshima and Nagasaki is substantial (.391 in
Hiroshima vs .099 in Nagasaki), so that any
such interaction would have to be substantial.
Lastly, no reason for any difference in
biological response to radiation dose between
Hiroshima and Nagasaki has been suggested.

A limitation in interpreting our results as
evidence of a difference in gamma ray coefficients
is that any such conclusion requires that other
factors, most notably neutron dose, have been
properly controlled for, or at least that the
method of control does not itself lead to biasin
one city different from that in the other city.
Our analyses have controlled for T65DR neutron
dose, but it is conceivable that such control for
T65DR neuiron dose does not adequately
control for the actual neutron dose if the T65DR
neutron dose were seriously in error and if the
relative error were highly variable as a function
of distance. While this possibility exists, it
seems remote, since both the motivations for a
" possibility of biases in the dose estimates, and
the calcualtions of Kerr™® and Loewe and
Mendelsohn® do not suggest biases in T65DR
neutron dose of such a nature that controlling
for T65DR neutron dose would be inadequate.

In summary, significant differences in the
T65DR-cancer mortality relationship are sug-
gested between Hiroshima and Nagasaki. In
particular, a significant inconsistency between the
estimated T65DR gamma ray coefficients for
cancer mortality is suggested between Hiroshima
and Nagasaki. Although the Hiroshima estimated
gamma ray coefficient remains somewhat higher
than that for Nagasaki when the proposed LLNL
dose is used, the difference is less than with
T65DR, and is far from statistically significant.

Possible future work in the following areas is
suggested by these findings: 1) Between-city
comparison of estimated gamma ray coefficients
based on T65DR for other biological endpoints
(e.g., chromosome aberrations, lens opacities, and
acute events), Such analyses could be helpful in
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determining what further evidence based on
radiation effects exists for a between-city bias in
T65DR estimates. 2} Repetition of these
analyses for the new gamma ray and neutron
dose estimates determined from the ongoing
US-Japan dose review. Subjecting the new dose
estimates to consistency tests with respect to
biological endpoints would seem an important
part of the overall validation of the new estimates.
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