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In the continued interest of accurately defining the late effects of the atomic bombs, the qualitative and
quantitative characteristics of the A-bomb radiation exposure doses are periodically refined. If warranted by
future dose assessments, the data reported here will be reanalyzed and subsequently reported.
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SUMMARY

Analysis of the relationship of the incidence of
leukemia to gamma and neutron dose,k among
atomic bomb survivors until 1971 has been
reported previously by RERF. The present
inquiry was prompted by the extension of case
finding to 1978 and by the recent availability of
new dose estimates for this fixed cohort. It is
focused on the relationship of absorbed marrow
dose of gamma rays and neutrons to the incidence
of two types of leukemia in the fixed cohort of
A-bomb survivors and their controls, the Life
Span Study extended sample, in the period
October 1950-December 1978.

Three dose-response models have been fitted to
the data on acute leukemia and chronic
granulocytic leukemia. The relationship of the
incidence of acute leukemia to gamma and
neutron dose again suggests that the “best”
fitting model involves a dependence on the
square of the gamma dose and a linear
dependence on neutrons. The estimated relative
biological effectiveness (RBE) of neutrons in the
induction of acute leukemia is approximately
44 | /Dn(Dn = neutron dose) under this model.
Based on the 95% confidence limits of the
estimated RBE, the risk of this disease is
estimated as 0.0026 - 0.0072 cases per million
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person-years per rem’> of marrow dose. This

analysis has failed, however, to produce a
significant dose-response function for the
incidence of chronic granulocytic leukemia in
relation to the two kinds of radiation.

INTRODUCTION

An essential prerequisite to the prediction and
quantification of the leukemogenic effects of
exposure to ionizing radiation is a suitable model
of the relationship of low linear energy transfer
(LET) radiation (gamma rays) and high LET
radiation (neutrons) to the incidence of leukemia
generally as well as type specifically. However,
given the limits of our present knowledge, any
dose-response model is conjectural and its
applicability to radiation-related biological events
can only be assessed by statistical judgements of
“goodness of fit"”, or by apparent “reasonable-
ness”. Other studies’™ have examined the
dose-response patterns of leukemogenesis in
A-bomb survivors as a function of gamma and
neutron dose on the basis of the ABCC/RERF
data on leukemia incidence and mortality.

Since the previous report® on the incidence of
leukemia in A-bomb survivors in Hiroshima and
Nagasaki (1950-71) 53 additional cases have been
ascertained through an extension of the
observational period to January 1979.'® This
added case-finding effort provides an opportunity
to make more powerful tests of alternative dose-
response functions. These additional years of
observation have also shown that the excess risk
of leukemia among A-bomb survivors exposed to
large doses of radiation has almost disappeared
and thus the record on radiation-related leukemia
is virtually complete. = Moreover, improved
exposure estimates for Nagasaki survivors as a
result of the relocation of the epicenter!!
affords an opportunity to reappraise the dose-
response relationship there. It is timely and
worthwhile, therefore, to reevaluate the
leukemogenic effect of radiation in A-bomb
survivors in relation to their gamma and neutron
dose employing the updated leukemia incidence
and new dosimetry data.

The present report sets forth an analysis of the
relationship of the latest leukemia incidence
data (from October 1950 through December
1978) to absorbed marrow doses of gamma rays
and neutrons for acute leukemia and chronic
granulocytic leukemia. It has been reported that
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no cases of chronic lymphocytic leukemia have
been detected among survivors who received a
significant amount of radiation in this fixed
cohort during 1950-78."° Therefore, the present
report describes an analysis of the relationship of
the incidence of acute leukemia and chronic
granulocytic leukemia to gamma and neutron
exposure.

MATERIALS AND METHODS

The current analysis uses the leukemia incidence
data based on the Life Span Study (LSS)
extended sample'? in Hiroshima and Nagasaki
for the period October 1950-December 1978,
New exposure estimates for survivors in Nagasaki
have recently become available based on the
relocation of the epicenter proposed by Kerr and
Solomon.!' Individual dose estimates have been
recalculated by the RERF Department of
Epidemiology & Statistics, using this new
epicenter and a standardized rounding procedure.
Where the kerma total dose for a survivor was
calculated to be 600 rad or more, to avoid
distortions arising from probable erroneous
estimtes, “adjusted” doses have been used. In
Hiroshima the gamma dose for such a ‘survivor
has been arbitarily set at 439 rad and the
neutron dose at 161 rad, whereas in Nagasaki the
gamma dose has been set at 587 rad and the
neutron dose at 13 rad.'® There were 205 such
cases in Hiroshima and 160 in Nagasaki. There
are also 2,386 survivors whose estimated dose
cannot be calculated due either to the absence of
shielding information or to a complex shielding
configuration. Individuals whose exposure could
not be estimated or who developed leukemia
prior to October 1950 were excluded from the
present analysis.,  Individual absorbed bone
marrow dose was calculated, using Kerr's
proposed formulas'® of bone marrow dose/kerma
dose conversion factors for A-bomb survivors.

It should be noted that a degree of uncertainty
still surrounds both the quantity and quality of
the radiation released by these two nuclear
devices. Some recent estimates'® suggest kerma
total dose to be somewhat higher in Hiroshima
and somewhat lower in Nagasaki than the revised
dose (T65 DR) system presumes. Our statements
to follow are, of course, predicted on the T65DR
system. If the other estimates should prove
more appropriate, they would have the effect of
increasing the slope of the dose response in
Nagasaki and diminishing that in Hiroshima.
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To ascertain the relationship of marrow gamma
and neutron dose to the incidence of acute
leukemia and chronic granulocytic leukemia, the
following three models have been used:

Model I. Linear dependence of incidence on
gamma and neutron dose (L-L model)
Formula: P;; = & +f; Dy;; + B, Dny;

Model II: Quadratic (pure) dependence of
incidence on gamma dose and linear depen-
dence on neutrons (Q-L model)

Formula: P;; =¢; +B; Dy} +8,Dn;;

Model III. Dependence of incidence upon the
linear and squared gamma dose and linear
dependence on neutrons (L-Q-L model)

Formula: P;; = o + B, Dy;; + B2 Dy} + B3 Dny

where Pii is the expected leukemia incidence in
the (i, j)th cell where i = 1, 2 represents the
cities, and j the dose categories. D7;; is the mean
gamma dose; Dnij the mean neutron 'dose; and
Dy{; the mean of the squared gamma dose in the
ith city and jth exposure class. The parameters
of the assumed Poisson distribution were
estimated by the method of maximum likelihood.
The statistical procedures are described else-
where® The data used to assess the dose-
response relationship are based on observations
in the two cities and six marrow gamma dose
categories (not-in-city + 0 rad, 1-9, 1049, 50-99,
100-199, and 200 rad or more).

RESULTS

Annual Incidence Rate of Acute Leukemia and
Chronic Granulocytic Leukemia

Table 1 gives the distribution of the subjects,
person years, average marrow dose of gamma
rays and neutrons, and crude annual incidence
rate of acute leukemia and chronic granulocytic
leukemia during 1950-78 by dose and city. Itis
well recognized that Hiroshima survivors received
mixed radiation, gamma rays and neutrons, at
almost all dose levels, but Nagasaki survivors
received only gamma rays in the low dose region
and an appreciable amount of neutrons only at
high dose levels. The rates of each of the two
types of leukemia increase with dose in both
cities, except in the low dose region (less than
50 rad marrow gamma dose) in Nagasaki
Incidence rates are modestly higher in Hiroshima
than in Nagasaki in every dose group. The data

HHMoH v v HRERUPETHE - BEANMBERT
WA O Mmoo RE O MEE BT A0,
KD=22DFEFNLERVL.

EFnl, Fr-REBRUBRETFERONASIC
HLBEIZEET S (LLEFWV).
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=27FN0. FreHRicH L T RS (#iE)
CETEL, PEFEETCESBEBCLRET I (Q
LETN).

AR: Py =a; +8,Dyj +8,Dny
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EFN).

BR: Py =a; +8,Dy; +8,D7; +8;Dn;
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TABLE 1 NUMBER OF SUBJECTS, AVERAGE MARROW DOSE, & CRUDE ANNUAL INCIDENCE RATE OF
LEUKEMIA IN THE LSS EXTENDED SAMPLE BY CITY, TYPE OF LEUKEMIA, & DOSE, 1950-78

#1

Wi, HA R CHRER, 1950~78F

FaBESEAEHC ST 2R EY, THEMEE, QB0 FEERES;

Average Marrow

Marrow Gamma

Dose in rad

Crude Annual Incidence Rate (10~6)

Dise 1a vad Subjects Person-years o
Gamma Neutron Lglf;:;fl’lia Glr;eanuﬁ:ﬁﬁﬁc A&Eﬁgﬁ&g f
Hiroshima
200+ 2424 394 371 8722 1031.9( 9% 2293( 2) 1261.2( 11)
100-199 136.7 22.4 977 23491 5534 (13) 3406( 8) 894.0 ( 21)
50— 99 68.7 9.6 1668 39897 250.6 (10) 100.3( 4) 350.9 ( 14)
10— 49 22.5 2.7 7673 183296 76.4 (14) 81.8(15) 158.2 ( 29)
1- 9 3.0 0.4 22210 537552 27.9 (15) 13.0( D 40.9 ( 22)
0 rad + NIC* 0.0 0.0 47746 1132243 33.6 (38) 79(9) 41.5( 47
Total — — 80645 1925201 51.4 (99) 23.4 (45) 748 (144)
Nagasaki
200 + 277.1 3.0 453 10913 5498(6) 9l6( 1) 6414( N
100-199 136.2 1.2 1148 28893 2769 ( 8) 346( 1) 3115( 9
50— 99 73.1 0.5 1337 33547 89.4( 3) 0.0( 0) 894 ( 3)
10— 49 23.7 0.0 3460 85523 00(0) 351( 3 351( 3)
1- 9 3.1 0.0 8969 219188 36.5( 8) 46( 1) 41.1( 9
0 rad + NIC 0.0 0.0 10351 257350 272(7) 00(0) 31.1( B*%)
Total - = 25718 635414 504 (32) 94 ( 6) 61.4 ( 39)
Number of cases in parentheses ( ) MM &

*NIC in Hiroshima selected 1950-53 HEREOHMATEHR 31950~ 53F 127t
**One chronic lymphocytic leukemia included 1815V > A mHE 1MW E &L

also suggest that the dose-response curve differs
by type of leukemia and by city with respect to
neutron and gamma radiation. Only one case of
chronic lymphocytic leukemia has been detected,
and this was found in the control group
in Nagasaki.

Regression Analyses of the Relationship of
Leukemia Incidence to Gamma and Neutron
Marrow Dose

Tables 2 and 3 summarize the regression analyses
and goodness of fit tests for the three dose-
response models with respect to gamma and
neutron dose for acute leukemia and chronic
granulocytic leukemia. The estimated values (P)
for each of the three models are based on one
million person-years at risk.

Acute Leukemia. According to chi-square
statistics for testing goodness of fit, all three
models fit the data well. The coefficients for
both gamma and neutron radiation differ sig-

ERAPSHETRREVT Y vHBOBE RS R
BIEORE, HHTREZ ZEARRENS. B
Uy oERIEE DT I LA, KGO EER
POMEREREIIT ES L.

BMAEREEH T RBRUPETFROBERE LD
BEfRIC oW T O OREER

R2RUE3 L, FYvHBBRECPEFRE L 21
BmMFEREUCRBEEHESMGEIIMET 32 =20 KRK
BEFNIZDWT, BIRBIHEESEREL T ED/L.
INE=Z2DETNVOHEMR(P) XBEEFTAEL
HETvuTWw3,

SMANK. EEEMEOHIA _RFKiHREI LB,
ZODETMEIVThEERICE(ES LA 701
LEFNMITE, Fr~BEUDEFREONLED



RERF TR 10-81

TABLE 2 SUMMARY OF REGRESSION ANALYSES & GOODNESS OF FIT TESTS FOR THREE DOSE-RESPONSE
MODELS FOR INCIDENCE OF ACUTE LEUKEMIA

%2 SEANSEERIMTI-S0ZBRRBETTVONBRITRVESERENLE

Constant Regression Coefficients Estimated Goodness of Fit RBE
~ ~ ~ ~ ~ Test 95% Confidence Limit
oy aN 8, B, 8,
Model I: Py X 10°° =a, +8,Dv;;+8,Dn
29.10 25.30 1.15 14.24 - x*=10.1, df=8 124
( 4.26) ( 7.06) (.38)** (4.76)** P=.262 [3.8 ~40.2]
Model II: Py X 10°¢ = o5+ 6, DY’ + 6, Dy
30.28 27.30 .0082 15.64 - x*= 6.49, df=8 43.6 / /Dn
(4.38) (699 ( .0026)** (4.33)%** P=.593 [26.6/x/Dn ~ 71.6/~/Dn]
Model III: Py X 107 = o + 8, Dy, + 6, D"r’ﬁ + 8, Dnyg
30.53 28.26 —.32 .0100 16.75 x*= 6.80, df=7 -
( 4.38) ( 7.40) (.67) NS ( .0046)* 4.90%** P = .450

Standard error of each parameter in parentheses ( VNI & /52— 7 —DEEME
Test of significance for coefficients *** P <.001, **P <.01, *P <.05, NSP> .05 H@FEOHEEREE

RBE: Model I' 8, /8,, Model II: \/3, 5, //Du, Model III: [(V5,7+48,8,Dn —8,)/26,1/Dn

—: RBE not calculated because regression coefficient is not significant
—: BRERYEETCLZVWADH RBERHREL 2o

TABLE 3 SUMMARY OF REGRESSION ANALYSES & GOODNESS OF FIT TESTS FOR THREE DOSE-RESPONSE
MODELS FOR INCIDENCE OF CHRONIC GRANULOCYTIC LEUKEMIA

#3 BEAFEEANRRERIIMI I S0RBREETVOERKITATCESEBREDRE

Constant Regression Coefficients Estimated Goodness of Fit RBE
~ ~ ~ ~ A Test 95% Confidence Limit
ay aN 81 ﬂ, ﬂa
Model I: Py; X 10° = oy + 6, Dy + 6, Dy
8.46 1.62 41 11.33 - x*=13.61, df=8 =
(2.52) (3.18) (.26) NS (3.66)** P=.093
Model II: Py X 107 = o + 8, Dyj; + B, Dny
8.45 6.67 0003 14.47 - x*=19.60, df=8 x
(2.53) ( .344) (.0009) NS (3.17)**= P=.012
Model III: Py X 107 =o; + 8, Dyy; + 8, Do + 6, Dny;
8.03 -1.03 1.04 -.0034 9.31 x* = B8.63,df=7 -
(244) (2.90) (.54) NS ( .0020) NS (3.98)* P=.281

See footnote Table 2 #Hz2oBiEL8H
X: RBE not calculated because data do not fit model HEHFEFLIHEL 275 RBERHEL & H -1



nificantly from zero under both Model [ and II,
but the coefficient associated with the linear
gamma term does not differ significantly from
zero for Model ITI. Based upon the chi-square
statistics for testing goodness of fit and the
significance of the coefficients estimated for the
two kinds of radiation, Model II is the best
fitting model of the relationship of the incidence
of acute leukemia to gamma and neutron dose.
According to Model II, the estimated risk of
acute leukemia associated with gamma dose is
0.0082 cases per million person-years per rad”
and the risk for neutrons is 15.64 cases per
million person-years per rad. The estimated
neutron RBE is 43.6 / \/ITn(QS% confidence
limits: 26.6 /v/Dn~ 71.6 /\/Dn).

Chronic Granulocytic Leukemia. According to
the chi-square tests for goodness of fit, Models I
and II either do not fit the data or do not fit
them well, but Model III provides an acceptable
fit. However, in the latter instance the estimated
regression coefficients for both the linear and the
squared gamma term do not differ significantly
from zero. Thus, our analysis fails to disclose an
appropriate dose-response relationship of inci-
dence of chronic granulocytic leukemia to
gamma or neutron dose.

Dose-response Relationship of Acute Leukemia
Incidence to Marrow rem Dose

Given that the best fitting model for acute
leukemia and radiation is the Q-L model, it is
worthwhile to examine the risk of this disease
based on the marrow rem dose. Table 2 shows
that the 95% confidence limits of the estimated
RBE associated with the Q-L model range from
26.6 [ +/Dnto 71.6 [ +/Dn. Based on these lower
and upper 95% confidence limits of the RBE
value, the bone marrow rem dose was calculated
as gamma dose plus 26.6 \/[_)_nor gamma dose
plus 71.6 +/Dn, respectively. Table 4 summarizes
a regression analysis and the goodness of fit of
the square rem dose dependence model for the
two different RBE values. The data fit the model
very well and the regression coefficients differ
significantly from zero. The risk for the incidence
of acute leukemia to marrow rem dose is
estimated to lie between 0.0026 and 0.0072 per
million person-years per rem” under the square
rem dose dependence model.
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EHEEREBRENS S, ETNITIEA 2V
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oRrEFLITHS. EFrlicihiE, Hr<8#IC
S22 8ANEO Y XA Z7EEF AE rad® B4
0.0082f, FH#TFHIIEHAE rad 42 015.64fT
Hor. PHETFHROMEE RBE #1243.6/vVDn T
Hor(B%EWRR: 26.6./vDn ~71.6./vDn).
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TABLE 4 SUMMARY OF REGRESSION ANALYSIS & GOODNESS OF FIT TESTS FOR DOSE-RESPONSE
OF ACUTE LEUKEMIA WITH MARROW REM DOSE UNDER SQUARE REM DOSE DEPENDENCE MODEL IN
REFERENCE TO ESTIMATED RBE FOR 95% CONFIDENCE LIMIT, 1950-78
#4 BUEHERBEFOHE RBE 2 EM L Zrem MEBO _RIZRTFTIEFVIZE 30 QMK L
Bt rem #REL O #5E BUG 0 BIR BT & U A RE O 15, 1950~785F

Coefficients Estimated Constant

Estimated RBE Rem Dose 3 = Goodness of Fit Test
"‘H QN 31
Model : ?ij X 10°¢ =o;+B, Drem’ii
A 266/+/Dn gamma + 26.6 /Dn 31.91 26.85 0072 x*=6.71 daf=9
4.37 6.86 (L0011)*** P= 667
B 71.6 /< Dn gamma + 71.6 +/Dn 30.01 28.64 0026 x* =886 df=9
4.27) (7.22) (.0004)*** P=.450

RBE A = Estimated RBE for lower 95% confidence limit 95%{8 WiIR # T RO #E % RBE
RBE B = Estimated RBE for upper 95% confidence limit 9% ¥R R LIRO# ¥ RBE

Test of significance for coefficients *** P < .001

DISCUSSION

The experiences of the A-bomb survivors provide
a unique opportunity to assess the relationship
of leukemia incidence to their instantaneous
whole-body exposure to mixed low and high
LET radiation. Estimates of this relationship of
the incidence and mortality of leukemia in
A-bomb survivors to their gamma and neutron
dose have been reported.'™® Hiroshima survivors
received mixed doses of gamma rays and neutrons
in the low dose region as well as in the high dose
region; whereas Nagasaki survivors received an
appreciable amount of neutrons only if their
total exposure was large. The neutron dose is of
course highly correlated with the gamma dose in
both cities, however, the relationship of the
gamma dose to the neutron dose and the total
dose differs significantly for the same total dose
in the two cities. It is not possible, therefore, to
distinguish the effects of the two types of
radiation when the dose-response function is
analyzed in the cities, separately.

If the RBE decreases with an increase in the
neutron dose, it is not appropriate to ignore even
the lowest levels of neutron exposure in Nagasaki
survivors in examining the dose-response function
for leukemia incidence. Therefore, in the present
analysis we tested the model by assuming a
common dose-response function for leukemia
incidence after adjustment of the observations
for concomitant factors such as city. The
analysis assumes that the risk does not vary by
sex, age at the time of the bomb (ATB), or

EREHONTEERE

F B
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RBE ¥ FREOMMIFE->TET+ 3% 51,
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incomplete follow-up of the entire lifetime of the
study subjects during the study period. It is
difficult to conduct an ideal analysis on a limited
body of data with small numbers of observations
in the various dose cells. Furthermore, the
number of study subjects decreases with increase
in dose.

We have chosen three models to assess the
relationship of leukemia incidence to gamma
and neutron dose. Model I, the so-called L-L
model, was selected as the most traditional,
empirical dose-response relationship; Model II
(Q-L model) is based on the theory of dual
radiation action by Kellerer and Rossi;'® and
Model III (L-Q-L model) stems from the hypo-
thesis currently proposed by Brown,'® and
others,® ie., the dose-response curve for low
LET radiation has a linear term and a quadratic
term with the former dominating at low dose
and the latter at high dose.

To determine the appropriate dose-response
relationship for leukemia incidence, we have
employed four considerations: a) the goodness
of fit of the model must be statistically ac-
ceptable, b) the regression coefficients associated
with both gamma and neutron dose must be
reasonable and positive, c¢) statistically, the
estimated regression coefficients must differ
significantly from zero, and d) if more than one
model meets these criteria, the best fitting model
will be assumed to be that model with the
largest probability (based on chisquare test of
goodness of fit); these same criteria have been
used previously by Otake and Schull'? in their
analysis of mental retardation in children exposed
in utero.

The estimated RBE of neutrons in relation to
gamma based on the three models used here was
calculated according to the following procedure;
The RBE ﬁg!ﬁl for Model I, Vﬁgfﬁ] f‘v Dn for
Model II, [Vﬁ12 + 4&1-&3 D]l—ﬁl };"2{321 f Dn for
Model III, respectively. An RBE was calculated
only when the estimated coefficients associated
with the two kinds of radiation differed signifi-
cantly from zero and the data fit the model.

Since the previous report,” 53 cases were added
to the data set, Therefore, the present analysis is
based on 1.4 times as many leukemia cases as
previously and thus offers an opportunity to
employ more powerful tests than before. In
addition, it is timely to reevaluate the
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leukemogenic effect of radiation in A-bomb
survivors employing the updated leukemia
incidence, because the latest analysis through
1978 has shown that the data on radiation-
related leukemia is now virtually complete. The
present analysis suggests that the best fitting
model for acute leukemia and radiation is Model
II (Q-L model). This result is consistent with the
previous report.

Since no excess risk of leukemia in Nagasaki
survivors has been demonstrable after 1968
whereas an excess risk persists in Hiroshima
survivors through 1978, the estimated risk
associated with gamma dose is now somewhat
lower, the risk associated with neutron dose is
somewhat greater, and the estimated RBE is
somewhat larger than the previous report through
1971. The estimated RBE for the induction of
acute leukemia is approximately 44/+/Dn for the
Q-L model. Incidentally, this value is quite
similar to the RBE for various somatic effects in
animal experiments reported by Rossi'® and for
radiation-induced lens opacities in _A-bomb
survivors'® and mental retardation in children
exposed in utero.!”

We have also examined the risk of induction of
acute leukemia by marrow rem dose, using the
RBE just described, in order to predict the
overall effect of radiation with respect to
producing radiation-induced acute leukemia.
This risk is estimated to be around 0.0026-0.0072
per million person-years per rem? dose under
the square rem dose dependence model where
26.6 /Dn and 71.6 +/Dn are the lower and
upper 95% confidence limits of the estimated

RBE.

Contrary to a previous report,® however,
analysis of the relationship of the incidence of
chronic granulocytic leukemia to dose demon-
strates that two models (L-L model and Q-L
model) do not fit the data well, whereas Model
III (L-Q-L model) appears to, although the
regression coefficients associated with gamma
dose cannot be shown to differ significantly
from zero. The analysis also fails to establish a
dose-response function for the incidence of
chronic granulocytic leukemia with respect to
gamma and neutron dose, although the induction
of chronic granulocytic leukemia seems to
depend principally upon neutron dose. There-
fore, we attempted to fit the data for incidence
of chronic granulocytic leukemia to a “One hit
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gamma-one hit neutron” model, “Two hit
gamma-one hit neutron” model, and an exponit
model with a quadratic dependence on gamma
dose and a linear dependence on neutrons.
However, the results were quite similar to the
findings for Models I, II, and III, respectively.
This result is not unexpected, however, for
Models I, II, and III are limits of the former
under conditions which these data meet. It
should be noted that the present analysis
provides evidence for different dose-response
patterns for acute leukemia and chronic
granulocytic leukemia in relation to gamma and
neutron dose.

We have previously reported that the leukemo-
genic effect of atomic radiation on A-bomb
survivors differs in incidence and latency in
relation to age ATB and city for acute leukemia
and chronic granulocytic leukemia.’® It is also
well known that Ph' chromosome appears in
chronic granulocytic leukemia but is not present
in acute leukemia. Therefore, it may not be
appropriate to consider acute leukemia and
chronic granulocytic leukemia as part of the
same disease entity from the epidemiglogic
standpoint. It may be unsound, therefore, to
examine the dose-response function for all types
of leukemia in combination with acute leukemia,
chronic granulocytic leukemia, and chronic
lymphocytic leukemia to gamma and neutron
dose. Although we did not show the results of
the analysis, an attempt was made to examine
the doseresponse function for all types of
leukemia in relation to gamma and neutron dose
under the three models, but the data fit all three
models almost equally well. This analysis also
failed to disclose a best fitting model to explain
the dose-response relationship for the incidence
of all types of leukemia to gamma and neutron
dose.
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