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SUMMARY

Data on Hiroshima and Nagasaki atomic bomb
survivors are used to investigate, for each city,
possible circular asymmetry of cancer mortality
around the hypocenter. Using the Cox regression
method, and controlling for age at the time of
the bomb, sex, follow-up year, distance from
hypocenter, and type of shielding, it is found
that cancer mortality in Hiroshima was signifi-
cantly higher in the westerly direction from the
hypocenter. Mortality from stomach cancer,
leukemia, and colon cancer was higher in the
westerly direction. In Nagasaki also cancer
mortality, notably lung cancer mortality, was
significantly higher in the westerly direction.
Discussed are possible sources of the asymmetry,
particularly the possibilities of asymmetry of
epidemiologic variables and of radiation exposure,
and indications for future work.

INTRODUCTION

Knowledge of the individual dose received by
the Hiroshima and Nagasaki A-bomb survivors is
crucial for the RERF continuing investigation of
the relationship between radiation dose and late
health effects and mortality. The T65 dose
calculation! has provided estimated individual
gamma and neutron dose, based In part on a
calculated kerma-in-air dose vs distance relation-
ship”™ and estimated shielding factors® for
houses and surrounding buildings. Recently,
Kerr® and Loewe and Mendelsohn® suggested

that the estimates of both gamma and neutron
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dose should be meodified, and Loewe and
Mendelschn® have presented suggested new air
dose vs distance curves for neuirons and gammas.

Both the Milton and Shohoji' and Loewe and
Mendelsohn® air dose estimates for gamma and
neutron radiation are symmetric about the
epicenter (location of bomb at time of explosion);
that is, depend just on the distance from the
epicenter to location at the time of the bomb
(ATB) and not on the direction from the
epicenter. It has been recently suggested by
Kerr,'® however, that the distribution of leakage
neutrons from the Hiroshima bomb was not
symimnetric. In particular, Kerr states that
evidence that at the time of the explosion the
axis of the cylindrical Hiroshima bomb was
tilted 10% to the WSW with respect to vertical?
raises the possibility that, if neutron leakage
depends on the angle with respect to the bomb
axis, individual air dose may not be symmetric
with respect to the direction from the epicenter.
In particular, Kerr suggests a neutron “blind”
spot, along the axis of the bomb, toward the
WSW. Recalculation of the angular distribution
of leakage neutrons from the Hiroshima bomb is
underway. Kerr cites some direct experimental
evidence of gamma radiation from neutron-
activated sulfur,'? from neutron-activated sand
and ground,*" and from neutron-activated
cobolt'?® in Hiroshima that may tend to support
an asymmetry of leakage neutrons from the
Hiroshima-bomb. The current judgment, however,
is that any asymmetry in neutron dose asymmetry
would be expected to exist only within a few
hundred meters of the hypocenter (location on
the ground directly below the epicenter), because
of the neutron scattering in air, and thus that
beyond this distance the neutron dose would be
expected to be symmetric. Concerning gamma
asymmetry, however, since almost all the prompt
gamma Tadiation (e.g., not including that from
the fireball) is a result of neutron-interactions
that produce gamma rays, it would seem that a
possibility of gamma dose asymmetry could
arise as well from considerations of bomb tiit.

Also, asymmetry of gamma radiation originafing
from the fission products in the fireball may be
indirectly implicated by the residual radiation
measurements taken in the suburbs of both
Hiroshima and Nagasaki during the three months
following the explosions. It is well established
by several investigators that residual radiation
was notably present at a location (Takasu area)
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3,200m to the west of the hypocenter in
Hiroshima'®:!5'¢ and at a location (Nishiyama)
2,700m to the east of the hypocenter in
Nagasaki.!”  Except for locally around the
hypocenter, in Hiroshima'® and apparently also
in Nagasaki,®® other locations did not have
appreciable residual radiation. By chemical
analysis and measurements of the energy spectra
and half-life of the radiation, it was deter-
mined'®'3?® that, unlike the residual radiation
found near the hypocenter, the residual radiation
found in the suburbs to the west in Hiroshima
and to the east in Nagasaki was from fission
products from the bomb. Atmospheric condition
(wind toward the west in Hiroshima, toward
the east in Nagasaki) at the time of the
explosions,>'%2! and the post-bomb “black”
rain observed to the west of Hiroshima and to
the east of Nagasaki?? reinforced the current
conclusion’1%2® that the residual radiation in
the suburbs resulted from radioactive fission
products, from the fireball, that were blown by
the wind to the outlying location and then
deposited on the ground. At the time of the
measurernents (ranging from several days to
several months after the explosions) the radio-
activity was relatively small. However, because
the fission products in the fireball were highly
radioactive immediately after the explosion,
their contribution to the total gamma dose is
substantial; both the T65' and Lawrence
Livermore National Laboratory (LLNL)® gamma
dose estimates attribute approximately half of
the individual gamma dose to gamma radiation
from the fission products in the fireball. Thus, it
seems possible that the short-term direction of
the fireball, if the same as the known long-term
direction of the movement of fission products,
could conceivably have resulted in a higher
gamma dose to individuals in this direction. The
directional effect seems likely to be small,
however, due to the very short halflife of the
most radioactive fission products, and due to
the fact®® that immediately after the explosion
the fireball rose very quickly (76-107 m/sec),
and any directional effect would tend to be
localized around the hypocenter. In any case,
the possibility provides some additional
motivation for investigating circular asymmetry
of effects known to be related to radiation.

Finally, although the possibility that immediate
fallout of radioactive particles may have occurred
is without evidence and is currently judged to be
remote, it has not been entirely dismissed as a
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possible additional radiation factor.?*  Since

wind direction and rainfall are known to be
factors that influence the pattern of deposition
of fission products, and since, ingestion or
inhalation of fission products could, if it
occurred, be a serious source of internal radiation,
the uncertainty about the distribution of fission
products also provides some motivation for
studying circular symmetry of cancer mortality.
Unlike the other possible sources of dose asym-
metry, this source could result in dose asym-
metries either near or far from the hypocenter.

It has been well established from the follow-up
of cohorts of Hiroshima and Nagasaki A-bomb
survivors that radiation dose is related to cancer
mortality.?® Also, as a result of the Japanese
family registration system,z(’ mortality data in
these cohorts is virtually complete. Thus, it
seems appropriate and timely, especially in
light of the recent suggestions of dose asymmetry
and the current interest in reviewing again the
Hiroshima and Nagasaki dose estimates, to use
the cancer mortality data on Hiroshima and
Nagasaki A-bomb survivors to investigate possible
asymmetry of cancer mortality in these cohorts.

MATERIALS AND METHODS

A cohort of 61,911 Hiroshima A-bomb survivors
and 20,331 Nagasaki A-bomb survivors (Life
Span Study, LSS) was selected from the 1
October 1950 Census Supplementary Schedules,
and has been followed by ABCC/RERF to
determine possible A-bomb effects on mortality.
The selection of the cohort is described
elsewhere.?®?® The survival experience for this
cohort has been ascertained from the Japanese
family registration syste;n“; date and cause of
death are obtained from transcrpts 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,
positive relationships between radiation dose and
cancer mortality have been established for
several cancers, including leukemia, lung cancer,
stomach cancer, breast cancer, and colon cancer.

The analyses given below were restricted to those
survivors (60,482 in Hiroshima and 19,374 in
Nagasaki) for whom shielding and location ATB
data were available, The distribution of the
location of these survivors by octant around the
hypocenter is shown for each city in Figure 1.
It is noteworthy that, due to geographical
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FIGURE 1. DISTRIBUTION OF LSS SURVIVORS BY LOCATION ATB
WITH RESPECT TO THE HYPOCENTER
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features of Nagasaki (located in a north-south
valley with mountains to the east and west),
the distribution of survivor locations in Nagasaki
is far from uniform around the hypocenter.
In particular, there Wwere relatively few LSS
survivors in the three octants; WNW, WSW, and
ENE.

In this group of 60,482 and 19,374 survivors
in Hiroshima and Nagasaki, respectively, there
have been during the follow-up period from 1
October 1950 to 31 December 1978, 18,471
and 5,031 deaths in Hiroshima and Nagasaki,
respectively, of which 3,800 and 956 have been
cancer deaths,

For both Hiroshima and Nagasaki, the Cox™
proportional hazards regression methodology was
used to investipate whether cancer mortality
from various sites depends on the direction from
the hypocenter to the location ATB (Figure 2).
To specify the Cox regression model, consider
the site- specific (e.g., stomach cancer) cancer
mortality rate A;(t;z), defined formally as
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where T denotes the follow-up time (years since
1950) at death, J denotes the cause of death,
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FIGURE 2. ESTABLISHMENT OF NOMENCLATURE FOR LOCATION ATB
WITH RESPECT TO THE EPICENTER & HYPOCENTER
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and z=(z;, ..., Zp) denotesavector of covariate
information. The function Aj(t;z) is the rate of
site-j cancer deaths, at follow-up time t, per unit
of time for persons alive at t. The notation
emphasizes that Aj(t;z) is allowed to depend on
both the follow-up time t and covariate vector z.

The Cox* proportional hazards regression model
as applied to type-specific mortality rates®
specifies that
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where Aj(-) = 0 is a completely unspecified
underlying type-j cancer mortality rate, and
where § = (B, ..., Bp) is a vector of regression
coefficients to be estimated from the data,

Relative mortality rate (relative risk) is conve-
niently expressed in terms of §; the relative risk
of an individual with covariate value z relative to
an individual with some standard covariate value
2Zo is simply exp (z—2z0) 8.

The results reported below use a generalization
of [1] that permits an arbitrary function Ay(-)
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for each of a possibly large number of strata
denoted by s=1,2, . . . The type<j cancer
mortality rate for an individual in stratum s with
covariate vector z can then be written:
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where 7\.3 5 (-}, s=1,2, . .. denote arbitrary under-
lying type-j cancer rates for each of the strata.
The fact that the analysis uses only within-
strata 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§ were estimated, is given by
Kalbfleisch and Prentice.*

Since in both the T65D and LLNL dose compu-
tations the (slant) distance d from the epicenter
and shielding determine the dose estimates,
these variables were controlled in all analyses,
as were age ATB, year of follow-up, and sex.
Year of follow-up was controlled by specifying
it to be the argument t of the mortality rate
function; age ATB was controlled by including
linear and quadratic terms in age ATB as covariates
in the regression vector z; distance, type of

shielding, and sex were controlled by stratification.

Specifically, individuals were stratified on the
basis of:

a). 17 distance categories: < 700m, 700-800m,
..., 2100-2200m and 2200+m. The cutoff
700m was chosen because there were few LSS
survivors within 700m (fewer than 50 in
Hiroshima, and fewer than 100 in Nagasaki).
The cutoff 2,200m was chosen because the
estimated doses were very low at that distance
(less than 1rad in Hiroshima, and less than
10rad in Nagasaki, according to the T65
system).

b). 10 shielding categories determined from
the LSS shielding survey®: 1) In open and
unshielded; 2) In or behind some building or
shelter, but unshielded or partially unshielded;
3) In open but totally shielded by terrain;
4) In open but totally shielded by building;
5) Shielded totally by concrete building;
6) Shielded totally by Japanese type house or
by wooden orlight frame building; 7) Shiclded
totally by factory building; 8) In air raid
shelter; 9)Miscellaneous; and 10) No shielding
history taken (1600+ m in Hiroshima, 2000+ m
in Nagasaki).
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c). Sex, for a total of 17 10X2 = 340 strata.

Two kinds of analyses were used to investigate
the relationship between cancer mortality and
the direction from the hypocenter to the location
ATB. In the first, the relative risk in each of
eight octants around the hypocenter was investi-
gated for purposes of describing the relative
cancer mortality as a function of direction in a
descriptive fashion. The choice of eight segments
was Iargely arbitrary. In this analysis the first
seven components z;,2,, . . . ,Z7 of the covariate
vector z were specified to be octant-indicators:

e} HEBI (B EF17X10X 2 =340 #p 4 E)

2HEOMTEANT, BECELBLMEISHE
HEnFmeEoMEEEL. 9, BOMEHL
ELEASOAGHAZRFRIZE T SHEMBYT A7
EBEEL, HESHBRCEY A ROME S L TER
ichncz, ZOSEFOBREIMLTERTH-

e, TOERTR, BEENS PV OBRWDOES

OHEREETHD 21, Z2,..., 27 PAFHAEZFRTLO
L.

1 ifindividual location ATB is in octant, i=1,2...,7

Zi= BBl =1
0 otherwise
Z D

For an individual in the reference octant, chosen
in our analyses to be from 0° to 45°,,all z;
are zero, The quantities efi, i=1,2 ..., 7, are
then the relative cancer mortality rates, with
respect to the reference octant, in each of the
octants i=1,2, . . ., 7. We emphasize, especially
when interpreting the octant relative risk
estimators efi reported below, that these relative
risks are all relative to the same reference
quadrant (and thus all depend on the level of
cancer mortality in the reference quadrant).
In particular, this means that, for purposes of
understanding the pattern of cancer mortality
as a function of octant, the values of octant
relative risks in comparison to each other are just
as important as the values themselves.

In the second kind of analysis, the direction (8)
of location ATB entered the analysis only
through one covariate component (z) defined to
be absolute relative direction, [§#—22%°] (in
radians). The reference angle 22%° was chosen
on the basis of suggestions (from measures of
both neutron-activated gamma radiation near the
hypocenter and fission product residual radiation
in the suburbs in Hiroshima, and from fission
product residual gamma radiation in the suburbs
in Nagasaki) of possible dose bias in the ENE or
WSW directions. The quantity ef in this analysis
is a measure of the relative cancer mortality per
radian of direction of location ATB, going from
ENE to WSW. A positive § coefficient thus
indicates that cancer mortality rate is increasing
from ENE to WSW, and a negative § coefficient
indicates that cancer mortality rate is decreasing
from ENE to WSW.

W2,

LT oASHRAREE

FEHEA S (2 OENTIR 0" —45° Y (Zw i HOEA,
z2; WFNRTOL RS, LadTHEAFDIIELT
HEefi, i=1,2,..., 71k, i=1,2,...,7 D&
ASHIcE2EMMFECHETH S BEoNAFH
a2 s ERAERRT 2B A CEEE,
Zh S DHEMETY X 73T T E— o EREE I s
MALTWwS (34bs, TATHFEHEMOFALE
HAWECTRORBIIRFELTVWS) 2 L &EHAL
THEN Hzozsd, \FHOMEELT
EECEORIEETAADIIE, EVIlET S
AFAESHI R 7DEFCOEBEFERERL 50
HETHLZ L TR T 5.

L3 —HOBFE LTI, HERRSOFEOL,
MMM BEOBME | 6—22X° 1 (5¥7 V)&
ERHERI—2OHEHE AN E > THERIF
S, HEME2NC 13, HAEXUIBHEOFR
KEWIELGNIGERBORV 2TF%T2ER (KB
GHE, BROHWEDOhEFEMELY B UIC
I 51 3 P RERRE R RO E#AR. B
OBE, HERL T IFRERBEY o HED
PIEEER) 2HICLTBAL. XK s s/ ”
. BRSSO FE (LR SHEH)OFVT Y
HhNOHMNEECHORETH . &Iz, Eo
BEHIEFECHHIYEIEH A s BB~ L HNL T
MBZEEATL, ANAFHEECENRHEAL
BOLTWBRIERRLTCY 3.
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FIGURE 3. OCTANT & RELATIVE ANGLE COEFFICIENTS, ESTIMATED FROM COX
PROPORTIONAL HAZARDS REGRESSION ANALYSIS, FOR ALL CANCER MORTALITY

3 &HoFCHIIHL, Cox BFEREAZF, SHEELZAFHREY
A ERK

A. Hiroshima

.07
{p=.37)

8. Nagasaki €. Nagasaki

—.08
{p=.80)

\ ssE
\

Results of proportional hazards analyses for relationship between angle from hypocenter to location

ATB & mortglity. Shown in octants are estimated coefficients (significance level in parentheses) for

mortality relative to the ENE octant. Estimated coefficient of absolute angle |0 — 224° |, in radians,

relative to ENE direction, confidence interval, & p value: A. Hiroshima All Cancer .043 {.007, .079)

p=.021, B. Negasaki All Cancer .148 (.013, .283) p=.032, C. Same as B except that the most
populated octant (SSE) is reference octant.

MO, oHBHAOARIFHCEOMBEINTIRARARRIFOER. AFHALRLEZORHEIEE
ASHCHTIECEOMEGHN (FEAELEMMAICRLA). Mt Bt T 2 3 ¥ 7 v CRU LESA
l—2X° | o#HEFY, SHEEMEVef: A. L&, £#%.043(.007, .079) p=.021, B. H,
£45.148(.013, .283) p=.032 C. ZHAFHIADOBRLEVHHERASNTHIZCEEBEBRE
ERLE.

RESULTS e =

The results of analyses on overall mortality are . ” o
shown in Figure 3. The individual estimated EHHLACEIRNTIMARRED 3 2R L L.

octant parameters ﬁi, i=1,2, ...,.7 are given BERSHAADHAREANDN AT —5— F;, i=
inside each octant with corresponding significance 1,2,.., TERL, &£/, ZhiZtiEL A £=0%

levels for testing §;=0 in parentheses, and the . = P .
estimated coefficient of the ENE to WSW o) 2 ;E'H) PHEAREELN - H:l L ij“
directional covariate is also given (with confidence BALH A S EREABORXBHOMERK L (EM

interval and p valus). EHMEUpEE ELIZI)RL 2.
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The results for Hiroshima (Figure 34) indicate
a significantly (p<.05) higher mortality in the
three octants nearest the WSW direction as
compared with the ENE octant. | For example,
in the WSW octant, the overall cancer mortality
rate is exp(.15)=1.16 (p=.042) times that in the
ENE octant. The overall suggestion from the
seven estimated octant coefficients is that
mortality rate increases from the ENE direction
toward the W or WSW direction. The analysis
vsing the covarate z=|6—22%°|-nf180 that is
linear in angle (in radians) telative to ENE gave
similar results: asignificant (p=.021) and positive
estimated coefficient §=.043, which corresponds
to an estimated relative risk of exp(.043xz).
For directions of NNW (or SSE) and WS3W,
respectively, this estimated relative risk is
exp(.043X 7/2)=1.07 and exp(.043X m)}=1.145.

None of the octant coefficients for Nagasaki
(Figure 3B) shows evidence of significant
difference in cancer mortality relative to the ENE
octant. However, the ENE octant in Nagasaki,
which is largely mountainous a short distance
from the hypocenter, contains less than 4% of
the Nagasaki cohort, so that comparisons with

respect to the sparse ENE octant are not sensitive.

Therefore, these results are presented again in
Figure 3C with respect to the SSE octant which
contains over 40% of the Nagasaki LSS survivors.
Both Figures 3B and 3C suggest a westerly excess
in cancer mortality. This is confirmed by the
single directional covariate analysis (in which
data on all individuals is used to estimate the
coefficient). The estimated coefficient is large
and positive (§=.148) and significant (p=.032).
Thus, in Nagasaki as well as in Hiroshima, there is
evidence of an excess of cancer in the westerly
. direction. The estimated coefﬁc}\ent for the
directional covariate z is large (§=.148) and
significant (p=.032), thus providing evidence of
a WSW cancer mortality bias in Nagasaki as well.

The analyses for Hiroshima were repeated
restricted to the 11,063 pemsons shielded totally
by a Japanese type house or by a wooden or
lipht frame building. The results (Figure 4} are
consistent with those (Figure 3) for all persons.
The estimated ENE to WSW coefficient §,=.063
is higher than that for all persons; however, there
is no evidence that the coefficient is different for
persons living in Japanese type houses from that
for ali persons.

10

LEEOHEEER (H3A)TI, HEFELERLT,
BHEEIIELEVEZ20AFAZERTHERIIRY
(p< .08 )FHEEREIRLA. FiiEEmEO NFH
EHEITAMECHE, 2hTHEEOATAD
exp (.15 } =116 (p=.042) 5 TH 5. LoDOHE
ASMEX»S£EHIIT 232813, FECER
BHitHFE 6B IEHEBEEFEN ML T

S EnIZETH L. BlHIIMETAHE (T Y

TY)CHREERTHE Nz =] §—22X" 1. 7/180
RRVERIFLRBORRLE-A. Thhh, TE
% (p=.021) EQHFERH A=.043 T, ZhidhiE
B Y 27 exp (L043X z Y1z atisd 3. LI
(Ab2VRHHRE)RUERE TR, ZoREH
SRV A 712 Fh exp{.043Xn/2)=1.07,
exp (.043Xx ) =1.145C5H 5.

E# 0 ASMER (F3B ) dvThd, RIEEOAS
Azl tERECRIEERRES R E V. LA
L4as EMOREIEHASAIE, R0 T
BiAEL, EMOMBREOLIUUTLAIAEENT
WAELAT, TOAONEEZHIERERA SR
THRBEBRENFE LV, &2, Thon#ERIE
EMBARAENRE00%L LS CHEERASH
CETARICIZESL A B3B RUIC 1k, HIC
HAEFHFATHMLTRAZIEETBETS. T
H—AEmEEEER(ZCTIR, 2REndib:
FEHEEETIOCLE-L)THBE s E, HE
Gtk E AT, IF(A=.148) TH N HE (p=.032)
Thd. ZOL5Z, EELAKEHIIEWTLH
HraliswrHnMmMAREsh 5. FEOEEHz
ot SHERBIERE (F=.148), HE (p=.032)
TH 5. B, EMIFLTHREAEEOFMICHES
HORNAFREhEZT 2RI TV 5.

EETOBRKIE, BFERATEXRRELESELD
Bl TREIER SN AE1L063E8IBEL
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HL2BOBHFHER(R3) L—HLTw 3, BIH

# 5 TERITE I A1 T DHERE 4 =. 0653 REL R
DEMENEVY, BERXEBLREATVWAADOEY
EARNLEREFRE-oTWEE W I &\,
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FIGURE 4. OCTANT & RELATIVE ANGLE COEFFICIENTS, ESTIMATED FROM COX
PROPORTIONAL HAZARDS REGRESSION ANALYSIS, FOR ALL CANCER MORTALITY
OF PERSONS IN JAPANESE TYPE HOUSE ATB, HIROSHIMA
M4 HBERICAFRAFEALOAZOSBOFECTRIZH L, Cox HFIFMKER ST
HLEELAZAFARCEMARER, KB

See footnote Figure 3. Estimated coefﬁcieni, .065 (—.011,.141) p=.093
SoMELR k. HEHK.065(—.011, .141) p =.093

To check whether the observation of an ENE
to WSW cancer mortality gradient is consistent
for specific cancer sites, the analyses were
repeated for several cancer sites that have been
shown to be associated with radiation (stomach,
lung, leukemia, colon, and breast).?® The results
are shown in Table 1. InHiroshima the estimated
angle coefficients are significantly positive for
stomach cancer, leukemia, and colon cancer
mortality (p values .006, 002, and .003,
respectively), indicating greater mortality as
direction goes from ENE to WSW. The estimated
coefficients for leukemia and colon cancer are
particularly large (ﬁ\=.308 and ﬁ=.295, respective-
ly). The estimated angle coefficient for breast
cancer mortality is significantly negative,
indicating lower mortality from ENE to WSW.
There is also the suggestion (p=.086) th/gt non-
cancer mortality increases slightly (8=.016)
from ENE to WSW. In Nagasaki, lung cancer
mortality shows a large (#=.537) and significant
(p=.018) directional gradient toward the WSW.
There is little evidence (p=.15) however, that in
Nagasaki mortality from all cancers combined
other than lung cancer have a WSW or ENE
&Xcess (§=.105). Finally, there is no suggestion
(p=.47) in Nagasaki of any directional gradient
in noncancer mortality.
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HitE»SARENORIECRORN, FEOHR
BET—HL T I 2T &ENLL0, HEEIC
BLEA S B2 AR EATY 2805 0K B (7,
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L. BRERBEIERLE. BRIZSVTIIERE,
B, HB%0RCE(pEEFhFA.006
.002,.003) DI E A BRI EELEDEL 2,
ZOZER, FER»r»sBEELEA I IZ2HRRET
EAMNT 32 &R, AMBRUCSBGEORE
HMIEBIA % w (2 h&h §=.308, F=.205).
AR EAEERREELACEL 29,
WAL » 5 WHB A A L2 WECEFETT 5
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TR b T A IHENL TV 3 (F=.016)
L"‘):kﬁfﬂé&é‘ﬂ'{b‘% (p==.086). E®iz&1}
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CRIFECHEOHEDEEREA 2 (p=.47).
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TABLE 1 RESULTS OF COX PROPORTIONAL HAZARDS REGRESSION ANALYSIS FOR
CANCER MORTALITIES OF SEVERAL SITES, AND FOR NONCANCER MORTALITY

#1

+

HMornHE T ARECRE FIFEECHIIHT 5 Cox BFIMRERBBITOER

Hiroshima Nagasaki
Cancer

Deaths ﬁ Deaths ﬁ

All 3800 043 - 955 148
(.007,.079) (.012,.283)

p=.021 p=.032

Stomach 1443 082 311 089
(.024, .141) (—.146, .325)

p=.006 p=446

Lung 353 -.070 106 537
(—.189,.050) (.092, 982)

p=.25 p=.018

Leukemia 141 .308 a8 253
(.114, .502) (—.387, .893)

p=.002 p=.44

Colon 133 295 24 —.225
(.105, 487) {—.994, 544)

p=.003 p=.57

Breast 100 —-.282 28 —-.144
(-510, —.053) (—.825, .537)

p=.016 p=.68

Noncancer 14671 - 016 4075 024
(-.002, .034) (—.041, .090)

p=.036 p=.47

Shown for each city are the number of deaths, and the estimated coefficients (with 95%
confidence interval and p value) for the linear angle covarigte z=16—2215°|, in radians.

HREECHECFLL YTy ORUEBRBEAESE R 2 =] 62X "] O#EFH M (55%HHEH

EUpf)ERL L,

A closer look at asymmetry in cancer mortality
of specific sites for specific octants is provided
for Hiroshima in Figure 5. Stomach cancer
mortality (Figure 5A) is markedly and signifi-
cantly higher (than in the ENE octant) in both
the WSW and WNW octants. There is no evidence
(Figure 5B) of an excess in lung cancer mortality
in the WSW direction. Leukemia mortality
(Figure 5C) is much higher (than in the ENE
octant) in both the WSW and SSW octants;
estimated relative risks are exp{(.71)=2.03
(p=.072) and exp(.91)=2.48 (p=.023), respec-
tively. Colon cancer mortality (Figure 5D) is

12

RBOBEATHIBT 3R ESEOBRTECHN
FEMFEIIMT IEMEMELERERS IR L .
BT (K5A) i3, (MWAEASM ko &) B
BEUELEASMAII S35 RE L OBRIIS
W, AR FEICIPBEECROBNNERIZRE
S5hi\v (H5B ). AMMRFECHE (FSC ), (FIEH
AFHEN L) EHALCHEEEA LA TEAVES
AT, AR A ZEEEIE R FRexp (W 71) =
_2.03(p=.072), exp(.91)=2.48(p=.023) T %
5. BERHBIECE (RSD) LT - HEERVHEH
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FIGURE 5. OCTANT & RELATIVE ANGLE COEFFICIENTS, ESTIMATED FROM COX
PROPORTIONAL HAZARDS REGRESSION ANALYSIS, FOR STOMACH,LUNG, COLON,&
BREAST CANCER,& LEUKEMIA MORTALITY, HIROSHIMA
H5 Cox kfiEkEIRAH»5EH, Il &£B#, AMEVRMED
BFECHIHL CHELAASHARFHEANAERE, LB

A. Stomach

D. Colon

See footnote Figure 3. Estimated coefficients, A. Stomach 082 {.024, .141) p=.6056, B. Lung —.070
{—. 189, .050) p=25, C. Leukemia .308 {.114, .502) p=.0018, D. Colon .295 {105, .487) p=.0026,

E. Breast —.282 (—.510, —.053) p=.016

FM3mMEs B i, RESHN, A. HH.082(.024, .141) p =.0056, B. Ff# —.070(—.189, .050) p =.25, C.
Bfis.308(.114, 502} p =.0018, D. &MHE.295(.105, .487) p=.0026, E. §#—.282(—.510, —.053)p=

018
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FIGURE 6. OCTANT & RELATIVE ANGLE COEFFICIENTS, ESTIMATED FROM COX
PROPORTIONAL HAZARDS REGRESSION ANALYSIS, FOR NONCANCER MORTALITY,
HIROSHIMA
H6 Cox HFIMEMINITLYEE L ABUADRCEONATH

RUMMNA RGN, LS

.082
(p=.016}

See footnote Figure 3. Estimated coefficient, Noncancer .016 (—.002, .034) p=.086
JOHESR L. HESN, BLUNOIET 016(—.002, .034}p=—.086

also much higher in the WSW and SSW directions,
with estimated relative risks of exp(.91)=2.48
and exp(.73)=2.08, and p values .025 and .09,
respectively. Breast cancer mortality (Figure 5E)
is, contrary to the other sites, sharply lower in
the WNW direction: §=—1.17 (p=.042). Figure
6 suggestsA a modest increase in noncancer
mortality ($=.016) in the WNW, WSW, and SSW
directions.

Because breast cancer is often not fatal, and
because of availability of breast cancer incidence
data,a"' the breast cancer analyses were repeated
for Hiroshima using breast cancer incidence data.
The results shown in Figure 7 show that, contrary
to the determination for breast cancer mortality,
for breast cancer incidence there is no evidence
of a WSW or ENE excess.

Finally, for each city and for each cancer site;
analyses were repeated twice, first restricted to

14

OFETEL, A ACHERAEIATH
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FhFhn.025, .09 CH 5. AMFECE(FSE)
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<, A=—1.17(p=.042)TH3. WEIFT LS
i AL, A, BEEOHET, FHECRE
BMAHINERET LS ( f=.016).

IREELOBEBIEMCIEEL, EREIIHN
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Foo MITIORL ASREARMECE L ¥, 38
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FIGURE 7. OCTANT & RELATIVE ANGLE COEFFICIENTS, ESTIMATED FROM COX
PROPORTIONAL HAZARDS REGRESSION ANALYSIS, FOR BREAST CANCER INCIDENCE,
HIROSHIMA
M7 Cox MBIfEMEEAFICEVEEL AARREHROASE
) BRUHMNHERY, KD

Results of proportional hazards analyses for relationship between angle from hypocenter to location ATB
& incidence. Shown in octants are estimated coefficients (significance level in parentheses] for incidence
relative to the ENE octant. Estimated coefficient of absolute angle |6 — 2215°, in radians, relative to
ENE direction, confidence interval, & p value: Breast cancer incidence —.044 (—.193, .106) p=.57

(Tokunaga34 series).

WA S EEEAOME L REFOMG M ZRABRMFOER. ARMIAL Lo RS
Y AREROBEEF R ERMEEEMARLE). TERAFmEET 27 Y7 TR 28HA
162235 | DiEE L, FEEMBp A LB RBEE—.044(—.193, .106) p =.57 (B> )

Hiroshima persons within 1,600m (Nagasaki
persons within 2,000m) from the hypocenter,
and then restricted to Hiroshima persons outside
1,600m (Nagasaki persons outside 2,000m).
The results (Table 2) show that within 1,600m
in Hiroshima the estimated coefficient for the
directional covariate z was almost twice as large
(B=.080) as for all Hiroshima persons, and
marginally significant (p=.054). Also, within
1,600m in Hiroshima stomach cancer and
leukemia mortality are signhificantly greater in
the WSW direction. Although analyses of all
Hiroshima persons showed colon cancer mortality
to be significantly greater in the WSW direction,
the analyses restricted to Hiroshima persons
within 1,600m of the hypocenter was inconclu-
sive {only 27 colon cancer cases). Despite 1,225
noncancer deaths in the within 1,600m Hiroshima
cohort, no evidence (p=.22) of an ENE-WSW
directional dependence was apparent. Interest-
ingly, outside 1,600m in Hiroshima both leukemia
and colon cancer meortality were significantly
greater in the WSW direction.

15

HEIOHZALHA51,600m A ESOHEEE
(BEWOBA42,000mR) LEBEL, B2EERRL
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TABLE 2 RESULTS OF COX PROPORTIONAL HAZARDS REGRESSION ANALYSIS FOR PERSONS
INSIDE AND OUTSIDE A SPECIFIED DISTANCE FROM THE HYPOCENTER

#£2 BOMPE—FEOEELNERUENRITIZWEED Cox KFABKRMBEROKR

Hiroshima Nagasaki
Cancer 9,727 (50,755) (6,180) (13,192)
<1600m 1600+m <2000m 2000+m
Deaths 3 Deaths ﬁ Deaths ﬁ' Deaths 3
All 71 .080 3023 .033 338 146 617 159
(~.001, .160) (-.008, .073) (-.070, .361) (—.014, .332)
p=.054 p=.11 p=.18 p=.072
Stomach 268 218 1175 053 95 138 216 083
(.076, .359) (—.01}, .118) (—.262,.537) (—.206, .371)
p=.003 p=.11 p=.50 p=.57
Lung 81 018 272 —.058 39 684 67 456
(—-.227, 263) (—.236, .040) (—-.047,1.42) (-.100, 1.012)
p=.89 p=.16 p=.066 p=.108
Leukemia 7t 293 70 318 23 345 15 -.029
{.010,.57 (.051, .585) (--.403, 1.09) (-1.19,1.13)
p=.042 p=.002 p=.37 p=.96
Colon 27 .081 106 344 8 (too few cases) 16 -.509
(—.348, 509 (-130, 558) (—1.48, 46)
p=.71 p=.002 p=.31
Breast 26 —-462 74 -210 13 300 15 —.593
(—.897,-.027) (—.476, .056) (-.700,1.27) (-1.52,0.33)
p=.037 p=.12 p=-54 p=.21
Noncancer 2408 013 12263 034 1225 —.019 2850 .043
(—.007, .033) (-.012, 080) (—.138,.101) (—.035, .122)
p=-22 p=.15 p=.76 p=.28

Shown are the number of deaths, and the estimated coefficlents fwith 95% confidence interval
and p value) for the linear angle covariate 2= 19—22)£"\, in radians.

FCHECLEF VT TRLAREBAEREN 2 =16—22X"| mﬁﬁfﬁ&(%%ﬁiﬁ[ﬂﬂﬂ&tﬁpﬁ) EmL.

Unlike in Hiroshima, in Nagasaki there is no
suggestion from Table 2 that the WSW excess
for all cancer mortality is stronger within than
outside the specified distance. Likewise for
lung cancer mortality, in Nagasaki there is no

suggestion that the WSW excess is stronger within

than outside.

DISCUSSION

The results show for Nagasaki a large (estimated
relative risk per radian of exp(.148) = 1.16) and
significant (p=.032) directional excess in cancer
mortality toward the WSW direction. This is
largely due to a large (estimated relative risk per

16

BELBRELY, B TRAUHCRFERAD
FETHNT S L w5 @R Y, BEOBRLELD
LEEOEELACEVTHESRAS L IREIE,
F2h51Bshay. ARCHERCEORSL,
EMIIEWT IO N A5 E ERE LS
Enbh, BEERLDATECALZ LI ik
Bigw,

E =

EMoBFERICESE, BHEEOHEICEIECE
FRIEBIZ(ZIFTyHEELD0EMMY A 7 HEHR
exp (.148) =1.16), A& & (p=.032) a8 IN
ERTCLARBSNS. Zhid, ASBSHRIECH



radian of exp(.537) = 1.71) directional excess
in lung cancer mortality. There is no suggestion
that the observed directional excess of cancer
mortality in Nagasaki differs between within
2,000m and outside 2,000m.

In Hiroshima there is also strongevidence (p=.021)
that cancer mortality is moderately higher
(estimated relative risk per radian of exp(.043)
= 1.04) in the WSW than in the ENE. A WSW
excess in stomach cancer mortality (relative risk
per radian = 1.09), leukemia (relative risk = 1.36),
and colon cancer (relative risk = 1.34) are the
significant contributors. Unlike in Nagasaki, the
estimated directional effect for a]lAcancer
mortality is larger wi,thin 1,600m (8=.080)
than outside 1,600m (§=.033). This is largely
due only to stomach cancer mortality however;
leukemia and colon cancer mortality are substan-
tially higher to the WSW outside 1,600m as well.

A determination of the explanation for the
observed asymmetries in cancer mortality would
be important, both for suggesting possible
directions in the ongoing review of dose determi-
nation (if dose asymmetry was suggested), and
for suggesting control for confounding epidemi-
ologic variables in future analyses on dos¢-
mortality relationships (if epidemiologic cancer
risk factor asymmetry was suggested).

Although suggestions of possible dose asymmetry
motivated this investigation, these analyses
address directly only the directional dependence
of cancer mortality. The explanation for the
observed asymmetry in cancer mortality of
several different sites could involve any of several
possibilities.  Specifically discussed here, in
general terms, are the possibility of an asymmetry
in epidemiologic cancer risk factors, and the
possibility of an asymmetry in dose. The latter
possibility could arise from either a) an asymmetry
in prompt dose as suggested for Hiroshima by
Kerr,” b) an asymmetry in delayed {fireball
fission product gamma radiation) dose due to
latent movement of the fireball in the wind
direction, or c) fission product contamination
from fallont known to occur on a directional
basis (in the direction of wind, and depending on
weather). From the discussion above, any dose
asymmetry from a) or b) would likely be more
pronounced near than far from the hypocenter,
while any dose asymmetry from ¢) may be in
effect at larger distances.
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In Nagasaki there has never been any suggestion
of dose asymmetry, except in the easterly
direction because of the presence of a wind
blowing toward the east and the deposition of
fission products in Nishiyama to’the east. The
results of the Nagasaki analyses reported here do
not seem to suggest a dose asymmetry in Nagasaki,
for several reasons. First, the cancer mortality
excess in Nagasaki was observed to the WSW,
thus ruling out any dose asymmetry related to
the wind direction. Second, there was no
evidence that the WSW excess in Nagasaki was
more pronounced inside than outside 2,000m
from the hypocenter, Lastly, only for lung
cancer was an excess WSW mortality evident,

(For leukemia, known to be highly related to

radiation dose, there were too few cases (23) to
enable detection of any WSW excess in leukemia
mortality.) .

In Hiroshima the possibility of a ENE-WSW dose
asymmetry due to bomb tilt has been suggested
by Kerr,'® but one whose magnitude apparently
decreases rapidly with distance from the epicenter.
The presence of a westetly wind in Hiroshima
also raises the mild possibility of dose asymmetry,
as discussed earlier, either from the fission
products in a wind-displaced fireball, or from
fallout. The finding that there is an excess in
cancer mortality in Hiroshima to the WSW
suggests the possibility of a dose asymmetry
related either to bomb tilt or to wind direction,
which were both also to the west. Furthermore,
the observations that the cancer mortality
excess is to the WSW, and that the WS\Y\ excess
is more pronounced inside 1,600m (5=.080)
than outside ($=.033) would seem to suggest
that a dose asymmetry of a local nature might
be present. However, only for stomach cancer
mortality is there the supggestion that the WSW
excess is greater inside than outside 1,600m;
even for lung cancer and especially leukemia,
whose association with radiation is considerably
greater than stomach cancer, no such distinction
between within 1,600m and outside 1,600m
mortality is observed. Thus, local dose asymmetry

does not seem strongly implicated, which argues .

against the possibilities of dose asymmetry from
either bomb {tilt or fireball asymmetry.
(Furthermore, the finding that in Nagasaki the
excess mortality was found in the opposite
direction from the wind, provides further evidence
against the fireball asymmetry possibility.) The
finding of excess cancer mortality, both within
and outside 1,600m in Hiroshima, in the same
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direction as the wind does raise, however, the
possibility of fission product asymmetry, since
fission products can be deposited both near and
far from the hypocenter. In Hiroshima the WSW
excess in cancer mortality found for cancer of
the digestive system (stomach and colen), and
also for leukemia, a cancer of the blood-forming
organs of the bone, a site which certain elements
are well-known to seek, suggests the possibility
of a radiation asymmetry due to fission product
contamination. However, since no widespread
fission product contamination has been demon-
strated in Hiroshima, such an explanation would
seem much less likely to play the major role in
explaining the observed asymmetry in cancer
mortality than do asymmetries in nondose risk
factors, discussed next.

Explanations in terms of risk factors other than
dose asymmetry (and other than distance,
shielding category, sex, and age ATB, which were
controlled in all analyses reported above) seem
implicated as most likely to explain the observed
cancer mortality asymmetry. In Nagasaki such
asymmetry was observed outside 2,000m as well
as inside, and asymmetry in lung cancer mortality
accounted for most of it. In light of the strong
relationship between smoking and lung cancer,
an investigation of smoking asymmetry in
Nagasaki, and additional cancer mortality
asymmetry analyses in which smoking is
controlled for, seem indicated as possible future
work to attempt to help to explain the observed
Nagasaki WSW excess cancer mortality. Also
indicated would be an investigation of asymmetry
of occupation, especially shipyard working with
associated asbestos exposure, since the Nagasaki
shipyards are located to the southwest of the
hypocenter.

In Hiroshima also, risk factors other than dose
asymmetry, sex, and age ATB seem implicated
as the major explanation for the observed WSW
excess in cancer mortality. The evidence that the
excess WSW cancer mortality for all sites is
greater inside than outside 1,600m is weak, and
furthermore it is observed only for stomach
cancer. Also, both leukemia and colon cancer
mortality show a strong WSW excess outside
1,600m. Since in Hiroshima sociceconomic
status and occupation tend to be different to
the west than to the east of the hypocenter,
additional cancer mortality asymmetry analyses
in which these factors are controlled for seem
indicated.
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In light of the fact that these results show a
clear asymmetry in cancer moriality in both
cities, but are not conclusive with respect to
explanation, additional work seems to be
indicated as follows: ‘

Investigation into whether various epidemi-
ologic factors not already considered could
explain the observed WSW excess in cancer
mortality. Such factors might include smoking
and occupation, especially for investigating its

role for explaining the observed lung cancer

asymmetry in Nagasaki, and sociceconomic .

status and occupation, especially for investi-
gating its role for explaining cancer asymmetry
in Hiroshima.
for the large leukemia excess to the WSW in
Hiroshima should be sought.

Investigation of circular symmetry, in both
Hiroshima and Nagasaki, for other endpoints
that are known effects of radiation, including
acute symptoms, chromosome aberrations,
and lens opacities.

Continuing investigation, using basic physical
considerations, into identifying the magnitude
of possible asymimetry in radiation emanating
from either the nuclear explosion (prompt
radiation} or from the fission products
(delayed radiation).

Finally, pending determination of the explanation
of the observed asymmetry of cancer mortality
in Hiroshima and Nagasaki, the opportunity
exists to use the information on cancer mortality
asymmetry to aid in the continuing analyses of
the relationship between cancer mortality and
radiation dose. In particular, even without
knowing the identity of asymmetric risk factors
that account for the observed cancer mortality
asymmetry, ot even if data on some relevant risk
factors are unavailable for the LSS cohort, the
opportunity exists to comntrol in part for such
risk factors by controlling for direction ATB
with respect to the hypocenter. Since  the

In particular, an explanation

association between direction ATB and dose is -

very low for the LSS cohort, such control would
be unlikely to noticeably reduce precision in
estimating the relationships between radiation
dose and cancer mortality, while control for
risk factors with asymmetric distributions may
avoid bias in dose-response estimation.
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