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Summary

From 1945 through 1980, the Atomic Bomb Casualty Commission (ABCC)
and its successor, the Radiation Effects Research Foundation (RERF), collected
reports of 766 cases of leukemia occurring among the open-city sample of atomic
bomb survivors who were within 9 km of the hypocenters at the time of the
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bombings (ATB). Only 249 of these cases occurred among the Life Span Study
(LSS) cohort. In this report we utilize data from the additional 517 cases from
the leukemia registry together with the LSS cohort data to study the effects of
atomic bomb irradiation on major leukemia types. All available hematological
specimens of registered leukemia cases were reviewed. The French-American-
British classification and other improved diagnostic methods were used to
reclassify cases into 21 categories, including new disease entities such as adult
T-cell leukemia (ATL). These categories were then grouped into four major types
for analysis: (1) acute lymphocytic leukemia (ALL), (2) acute myeloid leukemia
(AML) including myelodysplastic syndromes (MDS), (8) chronic myeloid leuke-
mia (CML), and (4) OTHER types including ATL. Analyses of radiation effects
were based on the updated Dosimetry System 1986 (DS86).

Incidence rates of all four leukemia types increased with increasing exposure
level. The effects of radiation were significantly greater on the incidence of ALL
and CML than on that of AML and OTHER. Exposures <50 mGy apparently
produced excess cases of ALL and CML, whereas exposures >50 mGy and
probably at least 229 mGy were required to produce excesses in AML. This
differential effect disappeared in time as incidence rates returned to (or toward)
background levels.

In the two lowest dose categories (1-49 and 50-499 mGy), estimated incidence
either remained constant or increased slightly as the population of survivors
aged. In the two highest dose categories (500-1,499 and 21,500 mGy), however,
estimated incidence rates of all types declined. An excess of AML and ALL, but
not of CML and OTHER, remained through the final study period (1976-80) in
the 21,500-mGy dose category.

Among unexposed persons, the estimated risk of CML in Nagasaki relative
to Hiroshima was significantly less than that of AML, whereas that of OTHER
types was significantly greater, because ATL cases occurred only in Nagasaki.
The city effect on background rates appeared to explain the generally higher
incidence of leukemia (except for ATL) in Hiroshima.

Also in unexposed persons, incidence in older groups (16—-35 years ATB, 236
years ATB) relative to the youngest group (0-15 years ATB) was less for ALL
than AML, but greater for CML and OTHER types than for AML. The risk of
ALL remained relatively constant with age ATB, whereas that of AML, and to
a greater extent CML and OTHER, increased with age ATB.

The time to onset of ALL, AML, and CML declined with increasing dose. The
rate of decline, however, was greater for ALL and CML than for AML. The
resulting differences at high doses reflect shorter incubation times for atomic-
bomb-induced ALL and CML than for AML.

Introduction

The increased incidence of leukemia that peaked in atomic bomb (A-bomb)
survivors in the 1950s appears to have been waning since 1975.' Analyses of the
relationship between the leukemogenic effects of A-bomb irradiation and age at
the time of the bombings (ATB), postbombing (latency) period, and city have been
extensively performed.’ These results suggest that the leukemogenic effects of
A-bomb irradiation in individuals exposed at younger ages ATB were greater in
the early postbombing period and declined more rapidly in subsequent years,
whereas the effects in older age-ATB categories appeared later and persisted
longer.! These studies investigated radiation effects on acute and chronic leuke-
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mia types based on old diagnostic methods and on the old Tentative 1965 Dose
(TD65) estimates.

Recent advances in cytochemistry, immunology, cytogenetics, and molecular
biology have made possible the classification of leukemia into a number of
subtypes. Consequently several new diagnostic entities of leukemia have been
established including acute promyelocytic leukemia (M3 AML) and adult T-cell
leukemia (ATL). The cellular origin and differentiation state of leukemic cells are
now better understood thanks to these advances. After 1975, the French-Ameri-
can-British (FAB) classification,*® which, although it was based on conventional
morphological findings, was well supported by methodological advances such as
cytogenetics,® became widely accepted. Moreover, ill-defined preleukemic syn-
dromes were categorized as myelodysplastic syndromes (MDS) in 1983.5 ATL,
which has recently been recognized as a type of lymphoid leukemia,” develops on
the basis of human T-lymphotropic virus type 1 (HTLV-1) infection. ATL is
particularly frequent in the western coastal regions of Kyushu, including Na-
gasaki. Reclassification of leukemia cases among A-bomb survivors using the
FAB methodology and with our improved understanding of ATL is now possible
with a high rate of agreement between observers.?

With the availability of the FAB classification system, it is now possible to
divide acute cases of leukemia into AML and ALL types and to further differen-
tiate AML into seven subtypes and ALL into three subtypes. Sample sizes in the
Life Span Study (LSS) cohort and its 1985 extension (LSS-E85),! however, might
not be big enough for all types of leukemia to occur. There were only 222 leukemia
cases in the LSS-E85 cohort through 1980 from which incidence estimates could
be obtained according to DS86 dose category. There was sufficient information
for FAB reclassification on only 157 of those 222 cases. In the current study we
supplement LSS data with additional cases from the open-city sample to gain
insight into the effects of radiation exposure on leukemia types that have not
previously been extensively studied in A-bomb survivors. The Dosimetry System
1986 (DS86)° also provides improved dose estimates. Our primary focus is a
comparison of the effects of A-bomb radiation on the incidence of these leukemia
types.

Subjects and Methods

A total of 766 leukemia cases, 249 among LSS subjects, occurred as of the end
of 1980 in the RERF HE39 cohort (open-city sample) exposed within 9 km of the
hypocenters. Bone marrow and blood specimens of the registered cases were
reassembled, starting in 1985, with the cooperation of the numerous medical and
research institutions in the two cities. As of June 1989, specimens for rediagnosis
were obtained for 493 cases (64.4%) including 177 LSS cases (71.1%). The clinical
data and hematological findings were confirmed by means of the records pre-
served at RERF.

FAB classification was based on the 1985 revised criteria.4 Special attention
was paid to the distinctions between acute myeloid leukemia (AML) and acute
lymphocytic leukemia (ALL), between refractory anemia with excess of blasts
(RAEB) in the myelodysplastic syndrome (MDS)® and AML, between chronic
myelomonocytic leukemia (CMML) in MDS and chronic myeloid leukemia (CML),
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and between ALL and ATL. In the diagnosis of CML, importance was assigned
to marked hyperplasia of neutrophilic granulocytes and megakaryocytes, with
increased basophilic and eosinophilic components in the bone marrow, and
absolute granulocytosis and the appearance of immature granulocytes in the
peripheral blood, while using as supporting information the clinical history of
splenomegaly, progressive leukocytosis, low values of alkaline phosphatase in
neutrophils, and, if available, the Philadelphia chromosome.

The diagnosis of ATL was based on the presence of marked proliferation
mainly of mature lymphocytes with peculiar morphological changes of the nu-
cleus (indentation, cleft, petal shape, binuclear), and hypercondensed nuclear
chromatin.” Information concerning the presence of the HTLV-1 antibody in the
patients possibly infected with the virus was unavailable. Unlike ALL, the
hemopoietic function of the bone marrow was relatively well maintained, based
on information in clinical records.

Four major leukemia types were defined for analysis (ALL, AML [including
MDS], CML, and OTHER [including ATL]) by following the criteria described in
Table 1 under the heading “New classification.” The primary objectives of our
analyses were (1) to compare leukemia types with respect to the effects of
radiation exposure level, and (2) to estimate type-specific incidence of leukemia
for each age-ATB, city, and elapsed-time-since-exposure combination, from over-
all incidence data based on the LSS cohort. In these analyses total body kerma
was divided into five categories: 0, 1-49 (avg. = 16), 50-499 (avg. = 229),
500-1,499 (avg. = 933), and 21,500 mGy (avg. = 2,763), which corresponded
almost perfectly (98.3% agreement) to bone marrow dose categories of 0, 0—39
(avg. = 13), 400-399 (avg. = 182), 400-1,199 (avg. = 260), and >1,200 mGy (avg.
= 2,213), respectively. Age ATB was divided into three categories, 0-15 (avg. =
8), 16-35 (avg. = 26), and 236 (avg. = 46) years, and period was coded 1, 2, 3, 4,
5, 6, or 7 for cases occurring during 1945-50, 1951-55, 1956-60, 1961-65,
1966-70, 1971-75, and 1976-80, respectively.

We show in the Appendix that the incidence of any given leukemia type is the
overall incidence of leukemia multiplied by the proportion of cases of that type.
Furthermore, because the effects of exposure level, age ATB, city, and period can
he measured as appropriately defined relative risks, any two leukemia types can
be compared with respect to the effects of a given risk factor by assessing the ratio
of their relative risks. Such ratios depend only on the proportions of the leukemia
types among all registered cases (see the Appendix). We estimated these propor-
tions using data from HE-39 leukemia registry cases, whether or not they were
in the LSS-E85 cohort. Type-specific incidence rates were then obtained by
estimating the overall incidence of leukemia from LSS-E85 data from a fixed
cohort and then multiplying these values by the corresponding proportions of
cases. In this way, information relevant to our objectives was extracted from
leukemia cases not in the LSS-E85 cohort.

Of the 766 cases in the leukemia registry at RERF, 493 persons were reclassi-
fied using the new criteria, had known dates of onset after the bombings, and
were born before the bombings. Age ATB, city, and DS86 dose estimates® were
available for 413 of the 493 reclassified cases. Using these 413, the proportions
of ALL, AML, CML, and OTHER were estimated as functions of DS86 dose
estimates, age ATB, city, and period. The estimated proportions were then used
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Table 1. Definitions of leukemia types for the new and old classification methods

New classification® Leukemia type Old classification?
L1 ]
L2 ALL
L3 ALL { ASL
ALL type unspecified |
M1
M2
M3
M4 AGL
M5 | AMLUMDS AMMolL
Mé AMoL
M7 EL
AML type unspecified
MDS
CML } CML _[ CML
ATL :l— ATL [ Leukosarcoma in Nagasaki CLL
L in Nagasaki
Leuk. L -
AL other specified types
PLL and HCL | Leukosarcoma in Hiroshima, CLL
i; OTHER | in Hiroshima
sA Mixed L AL other specified types
Hypo. L E CL other specified types
cLL |

No FAB classification Unknown —  No specific old classification

L

H_I

NOTE: AGL = acute granulocytic leukemia; AL = acute leukemia; ALL = acute lymphocytic leukemia;
A Mixed L = acute mixed-lineage leukemia, AML = acute myeloid leukemia; AMMolL = acute
myelomonocytic leukemia; AMoL = acute monocytic leukemia; ASL = acute stem cell leukemia; ATL
= adult T-cell leukemia; CLL = chronic lymphocytic leukemia; CML = chronic myeloid leukemia; EL
= erythroleukemia: Hypo. L = hypoplastic leukemia; Leuk. L = leukemic lymphoma; MDS = myelodys-
plastic syndrome; and PLL = polymorphocytic leukemia.

aDjagnoses are based on updated classifications including French-American-British (FAB) classifi-
cations.

bDiagnoses are based on pre-FAB diagnoses.

to calculate ratios of relative risks to compare the effects of dose, age ATB, city,
and period on the incidence of ALL, CML, and OTHER relative to their effects on
the incidence of AML. AML was chosen as the reference type because it is the
most prevalent of all leukemias.

Similar statistical methods were discussed by Breslow and Day under the topic
of proportional mortality studies.'® They point out potential difficulties with such
studies due to differential exclusion of a particular disease type. To check this
possibility we compared the distribution of reclassified cases into the four major
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types with the distribution of cases that were not reclassified. This comparison
necessarily was based on the “Old classification” criteria listed in Table 1. Since
the Atomic Bomb Casualty Commission/Radiation Effects Research Foundation
(ABCC/RERF) leukemia registry is believed to contain the vast majority of cases
through 1980, and since old diagnoses agree well with rediagnoses (see Table 3),
this comparison provided a reasonable test for differential exclusion bias. We also
compared the distribution of reclassified cases in the LSS to that of cases not in
the LSS to determine whether our estimated type-specific incidence rates might
be biased by inclusion of cases not in the LSS-E85 cohort.

The statistical methods!' used in this report may be understood best by
considering an example application. The estimated proportions of AML and CML
cases in Hiroshima among nonexposed individuals who were at least 36 years of
age ATB were 0.57 and 0.22, respectively. The overall incidence in this category
was 10.07. Thus, the estimated incidence rates of AML and CML were 0.57 x
10.07 = 5.74 and 0.22 x 10.07 = 2,22, respectively. In the corresponding category
of individuals who were exposed to at least 1,600 mGy, the proportions were 0.47
for AML and 0.22 for CML and the overall incidence was 156.65. Thus, the
respective type-specific incidence estimates were 0.47 x 156.65 = 73.63 and 0.22
% 156.65 = 34.46. The estimated relative risks of AML and CML were 12.83 =
(0.47 x 156.65) + (0.57 x 10.07) and 15.56 = (0.22 x 156.65) + (0.22 x 10.07),
respectively, and the relative risk ratio for comparing the effect of 21,500-mGy
exposure on CML incidence to that on AML incidence is

1.2 = [(0.22 x 156.65) + (0.22 x 10.07) 1/ [(0.47 x 156.65) + (0.57 x 10.07)]
=(0.22 + 0.22) + (0.47 = 0.57).

Note that this relative risk ratio depends only on the proportions and not on
overall incidence. Such relative risk ratios should be thought of simply as
describing comparisons between leukemia types. Values greater than 1.0 de-
scribe a greater effect of the risk factor being considered on the incidence of the
type of leukemia in the numerator than on the incidence of the type in the
denominator. The value 1.2 above, for example, describes a greater radiation
effect on the incidence of CML than on AML.

Similar analyses were performed separately for Nagasaki data to include
estimates of ATL incidence. In this case, however, smaller sample sizes necessi-
tated a coarser definition of exposure categories. The categories 0-9, 10-999, and
21,000 mGy were used. These categories were also used in a rough analysis of
AML subtypes, M1-M7.

Additional analyses of the time to onset of leukemia were performed to assess
the impact of dose, age ATB, leukemia type, and city on leukemogenic latency.
Details of all statistical analyses are presented in the Appendix.

Results

Comparison of previous diagnoses with new diagnoses
Whereas the previous diagnoses consisted of 11 categories, the new diagnoses

were divided into 21 categories including the subtypes of AML and ALL, and
ATL, as shown in Table 2.



"POYISSEDSL 10U 'Y N PUB awolpuls ouseidsApopAL iSO BWCDJESONNS|
'S "yna7 'ewoydwd| jweyns| i1 ‘¥naT eiweyne| ouseidodAy 1 “odAH ‘enusynajouilie (T ‘EILSYNS| PIOjBAL JIUCIYD (WD 'BlWBRNa| 204o0ydWwA] J1UCILD ITTD ‘BILISYNS| ||80-1
1npe LY ‘eiwayna| |80 Wwals 8inde ISy elwayng| 2nfoouow sjnoe (oY (Biayna| onoouoLuo|aA ainoe I ToWNY [BlWeyna| piojad sinoe Y ‘Blwayna| ankooydwd)| ajnoe iy
‘BlLBYNS| BINJE 1Y [elwasyna| ondooinue.b synoe oy ‘sadAians sy Buuoub) ‘suonesyissejpal pue sisoubelp snownald o Juswasibe jo Sa5BD SIEDIPU| S8X0Q UIYIM SaNBA 34 ‘J10ON

79 Y D Saw TNy (adAlgns umouy| v :sdAlans umouy
%001 %80 %98 %UvET %E'S (%6 6E) S61 (%pEL) 99
—t A . ! : : 1 '

£l €6p E 9 s e oLl £l o9z 4 8 £l 1 LE (%3 BE ge 0g 65 € L =14 6L Blo|

€9 |1 2 € L I i I 2 Jayln
9 o [e] 10
6L g€ b E e L [ I S "yna
S5 B0l ; @ | L z o
14 6 v 14 3 13
9 {2 4 4 l b L g 9 £ b t ToONY
6 €2 z 1 z L 8 9 g _ TJOWNWY
19 9%l 2 1 v Ll a1 € 0L 1 9 g2 02 9. Sy wp L #L ) v
g 02 g | 1 TR B | ISV
8z 95 1 L b L I Z L 9 |z AR _ TV

‘U'N BloL IOH  I™ne] 110 UV WD T0dAH SaW PR Y TIWY W 9N S YN BN ZW LW Y BT a1l L1 sisoube
pue -1p SnaiAdid

1d

sisoubelp maN

uoneolIsSe|99) Yiim sisoubelp snojaeud jo Juswsaiby g 21qEL



RERF TR 9-91

Of the 56 cases of ALL diagnosed previously, 39 were reclassified as ALL,
Among the others, 6 cases were reclassified as M1, 4 cases as ATL, and 1 case
each as M5, lymphoid crisis of CML, mixed leukemia, chronic lymphocytic
leukemia (CLL), prolymphocytic leukemia (PLL), and hairy cell leukemia (HCL).
Approximately one-half of the cases previously diagnosed as acute stem cell
leukemia were reclassified as 12 ALL.

The previous diagnosis of acute granulocytic leukemia (AGL, 196 cases) was
changed to ALL in 14 cases (i.e., L1 in 1 case, L2 in 12 cases, and L3 in 1 case),
and to RAEB of MDS in 16 cases. Hypoplastic leukemia, though not included in
the FAB classification, was observed in 11 cases. Myeloid crisis of CML was noted
in 4 cases.

For subtypes of AML (M1-M7), there were frequent disagreements between
the previous and new diagnoses. To the previous diagnosis of AGL were added
22 cases of M4 and M5 accompanied by increased monocytic components and 6
cases of M6 with abundant (>50%) erythroblastic components. The previous
diagnosis of AMMoL was classified as M4 in 8 out of 23 cases and was changed
to M3 in 6 cases, M2 in 2 cases, M5 in 1 case, MDS (RAEB) in 2 cases, ATL in 2
cases, and hypoplastic and mixed leukemia in 1 case each. The previous category
AMoL was identical to the corresponding new classification M5 in 6 out of 27
cases and was changed to M4 in 6 cases, M3 in 3 cases, M1 in 4 cases, MDS and
hypoplastic leukemia in 1 case each, and ATL in 2 cases. The previous diagnosis
of erythroleukemia (EL) corresponded to M6 in only 4 cases and was changed to
MDS (RAEB) in 4 cases and M4 in 1 case.

For CML, however, the agreement between the previous and new diagnoses
was extremely high. The diagnosis of CML was confirmed in 104 of the 109
previous cases of CML. In two cases the diagnosis was changed to MDS (CMML).
An additional 6 cases of acute crisis of CML were assigned from the previous
diagnoses of AML and ALL, the total becoming 110 cases.

Many of the cases of ATL had been precisely recognized as leukosarcoma (LS)
in the previous diagnosis. A total of 18 cases in other previous diagnostic
categories was assigned to ATL in the new diagnosis, that is, 4 from ALL, 1 from
ASL, 1 from AGL, 2 from AMMoL, 2 from AMoL, 1 from CML, and 7 from CLL.
CLL in the new diagnosis was identified in only 3 of the previous 10 cases.

In summary, the diagnosis of subtype using the FAB classification was avail-
able in 66 ALL cases (13.4%) and 195 AML cases (39.9%). When the cases for
which subtype classifications were not available were included, there were 69
ALL cases (13.9%) and 208 AML cases (42.2%). After 4 mixed leukemia cases
were added, there were a total of 281 cases (57.0%) of acute leukemia. CML was
diagnosed in 110 cases (22.4%), ATL in 42 cases (8.6%), MDS (mostly RAEB) in
26 cases (5.3%) and CLL in 4 cases (0.8%). The rate of reclassification was almost
the same for the major types of old diagnoses: 76/107 (71.0%) for ALL, 255/355
(71.8%) for AML, 109/164 (66.5%) for CML, and 32/51 (62.7%) for LS.

The cross-tabulation frequencies for ALL, AML, ATL, CML, and OTHER types
for 479 cases with both new and old diagnoses with a certainty of “definite” or
“probable” showed 82% agreement overall (Table 3). The expected agreement by
chance was estimated to be 33%. Thus the kappa statistic!? was 0.73, which
represents a reasonable agreement between classification methods. The overall
percentage agreement in ALL, AML, ATL, and CML categories was very good,
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that is, 89%, kappa = 0.83. However, this good agreement does not necessarily
mean that the two classifications can be used interchangeably, because the
comparison of the two systems ignored information about radiation exposure in
each case.

Type-specific leukemia incidence estimates

Raw estimates of overall leukemia incidence rates were calculated from the
LSS-E85 cohort data for each city, age-ATB category, and exposure level. These
incidence rates were then distributed into the ALL, AML, CML, and OTHER
categories using the estimated distribution of cases that resulted from statistical
analyses described in the Appendix. The resulting type-specific incidence esti-
mates are presented in Table 4. Corresponding relative risks (relative to the
incidence in nonexposed persons) are presented in Table 5.

Table 3. Agreement of previous diagnoses with new (FAB-based) diagnoses

Old classification

New diagnosis ALL AML ATL CML OTHER Total
ALL 51 14 0 0 3 68
68% 6% 0% 0% 25% 14%
AML 11 205 2 4 5 227
15% 82% 8% 4% 42% 48%
ATL 4 5 30 0 Q 39
5% 2% 86% 0% 0% 8%
CML 2 4 0 104 o] 110
3% 2% 0% 96% 0% 23%
OTHER 7 21 3 0 4 35
9% B% 9% 0% 33% T%
Total 75 249 35 108 12 479
16% 52% 7% 23% 3% 100%
Unclassified by 27 82 17 50 36 212
FAB 12.74% 38.68% 8.02% 23.58% 19.98% 100%

NOTE: There is 82% agreement between the old and new diagnoses. The estimated agreement by
chance is 33%. FAB = French-American-British classification; ALL = acute lymphocytic leukemia;
AML = acute myeloid leukemia; ATL = adult T-cell leukemia; CML = chronic myeloid leukemia; and
OTHER = other leukemia including T-cell leukemia and other specifically diagnosed leukemias.
P—Pc
kappa = = 0.73
PP 1= 06
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Table 5. Relative risk estimates of four leukemia types by city, age at the time of the
bombings (ATB), and exposure level

Exposure category (mGy)

Leukemia Age ATB
type  City (yr) 1-49 50-499 500-1499 >1500
ALL H 0-15 1.88 2.75 16.25 66.08
H 16-35 2.37 1.31 717 37.21
H 236 1.68 1.34 4.42 55.06
N 0-15 12.47 2.93 38.20 162.13
N 16-35 17.92 3.92 0.00 45.08
N 236 1.96 1.19 4.45 23.19
CML H 0-15 1.39 5.78 23.33 18.64
H 16-35 1.71 2.7 10.18 10.37
H 236 1.21 2.78 6.29 15.38
N 0-15 9.00 6.00 54.00 44 .86
N 16-35 12.97 8.17 0.00 12.57
N >36 1.43 2.49 6.37 6.52
OTHER H 0-15 0.22 1.06 3.89 11.00
H 16-35 0.30 0.49 1.73 6.18
H >36 0.21 0.50 1.07 9.15
N 0-15 1.62 1.14 9.48 27.62
N 16-35 2.27 1.45 0.00 7.44
N >36 0.25 0.45 1.09 3.89
AML H 0-15 0.53 {152)" 1.38 (0.60) 6.67 (9.66) 1540 (8.81)
H 16-35 0.67 (1.55) 0.66 (1.78) 293 (523) 8.65 (10.17)
H >36 0.47 (0.46) 067 (0.44) 181 (1.32) 12.81 (16.02)
N 0-15 3.59 (1.83) 1.50 (1.85) 15.85 (4.90) 38.44 (0.00)
N 16-35 5.03 (3.40) 1.97 (0.00) 0.00 (0.00) 10.40 (0.00)
N >36 056 (1.19) 061 (0.00) 1.85 (2.83) 5.46 (7.78)

NOTE: ALL = acute lymphocytic leukemia; AML = acute myeloid leukemia; CML = chronic myeloid
leukemia; H = Hiroshima; N = Nagasaki; and OTHER = other leukemia including adult T-cell

leukemia and other specifically diagnosed leukemias.

*The values within parentheses are relative risk estimates calculated from the raw incidence in the
Life Span Study subjects in the extended cohort (LSS-E85).
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It should be noted that statistical methods have not yet been developed for
testing the significance of the distributed type-specific incidence estimates pre-
sented in this section. Thus, the estimates in Tables 4-8 should be viewed as
descriptive statistics only. Indirect statistical evidence for some of the suggestive
patterns in these data will be presented in the next section. These and other
results suggested by these incidence estimates will be checked, to the extent that
sample sizes allow, using the LSS-E85 data, and they will be reported in future
RERF technical reports.

The incidence of all types of leukemia eventually increased with increasing
exposure level. The relative risks of ALL and CML due to radiation exposure (i.e.,
exposed + not exposed) were generally >1, even in the lowest exposure group
(1-49 mGy). Exposures <50 mGy apparently produced excess cases of ALL and
CML. The relative risks of AML and OTHER, however, did not exceed 1 in more
than one-halfof the city by age-ATB categories except in the two highest exposure
groups. Exposures >50 mGy and probably of at least 229 mGy were required to
produce excesses in AML.

In the two highest exposure groups, the relative risks tended to decrease with
increasing age ATB for all types. This trend can be attributed to generally faster
rates of increase with age ATB in the nonexposed group than in the exposed
group, except for ALL. In the case of ALL, the decline was due to the higher
incidence among those exposed as children than as adults, coupled with constant
or perhaps increasing background rates.

Incidence rates of ALL, CML, and AML were generally higher in Hiroshima
whereas those of OTHER types were higher in Nagasaki. Relative risks among
exposed persons, however, were generally higher in Nagasaki for all four leuke-
mia types, although the differences were not large in many cases.

The specific incidence rates for each exposure category are given by period in
Table 6 to describe temporal patterns in leukemia rates. In the three lowest
exposure categories (not exposed, 1-49, and 50499 mGy), the incidence rates
either remained similar or increased slightly over time, whereas in the two
highest categories (500-1,499 and 21,500 mGy) the incidence rates for all types
declined with time. CML and OTHER incidence rates returned to background
levels during the late 1970s. In contrast, at the highest exposure level
(21,500 mGy), the incidence rates of ALL and AML were 4 to 5 times higher than
their background levels during the period from 1976 to 1980.

Incidence rates were also estimated for each age ATB by exposure level by
period combination (Table 7). Age ATB seemed not to modify the temporal trends
in the three lowest exposure groups. In the two highest exposure groups, type-
specific incidence rates declined with time in the youngest age-ATB group
(0-15 years) for all types. In the young adult age-ATB group (16-35 years),
however, this pattern held for ALL and CML in the two highest exposure
categories and for OTHER in the 500- to 1,499-mGy group. The incidences of
OTHER among those exposed to >1,500 mGy and of AML among those exposed
to 500-1,499 mGy held nearly constant in time and that of AML among those
exposed to >1,500 mGy increased. Among older adults (i.e., >36 years old ATB),
there was either no change or an increase in incidence over time for AML and
OTHER in the two highest exposure categories. CML and OTHER rates declined

12
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Table 8. Estimated irgcidence of adult T-cell leukemia (ATL) in Nagasaki by dose and
period (cases per 107 person-years at risk)

By period
Dose Over all 1951— 1956— 1961- 1966-— 1971— 1976-
(mGy) Measure periods 55 60 65 70 75 80
0-9 (1) Overall leukemia 6.0 33 4.9 5.2 9.7 4.4 9.5
incidence
(2) Estimated 20.139 20.356 20.356 20.298 20.186 20.027 19.827
percentage of
ATL among
leukemia cases
(3) Estimated ATL 1.2 0.7 09 1.1 2.0 09 1.9
incidence
10-999 (1) Overall leukemia 6.7 6.3 4.7 5.0 53 8.4 11.8
incidence
(2) Estimated 22.727 8.168 13.334 20.289 28.322 34.285 23.024
percentage of
ATL among
leukemia cases
(3) Estimated ATL 1.5 0.5 0.6 1.0 1.5 29 2.7
incidence
>1000 (1) Overall leukemia 38.5 98.4 72.3 18.9 19.7 0.0 0.0
incidence
(2) Estimated 9524 22222 0.000 0000 0.000 0.000 0.000
percentage of
ATL among
leukemia cases
(3) Estimated ATL 3.67 219 0.000 0.000 0.000 0,000 0.000

incidence

NOTE: (1) = the number of cases divided by the number of person-years x 105 from the Life Span
Study subjects in the extended cohort (LSS-E85). (3) = estimated incidence = (1) x (2).

with time in the 500- to 1,499-mGy group, and CML and ALL declined with time
in the >1,500-mGy group. There was an increase over time in the excess rates of
AML among those exposed to very high radiation levels (21,500 mGy) at adult
ages ATB. Thus age ATB appears to moderate the temporal patterns of incidence
in the highest exposure groups.

Cases of ATL were observed only in Nagasaki. These cases make up 60% of the
OTHER category. Therefore, because the incidence of OTHER types was notably
higher in the highest exposure category than at lower exposures, we performed
similar analyses of the Nagasaki data, separating out ATL to assess the exposure
effect on its incidence. Exposure categories used in this analysis were 0-9,

17
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10-999, and 21,000 mGy. The resulting incidence estimates for ATL are pre-
sented in Table 8. The highest incidence of ATL was observed in the high-dose
category in the early period, thus suggesting a radiation effect on ATL incidence.
It seems highly likely, however, that this was due to a random fluctuation and
would not attain statistical significance if a test could be performed, as there was
a small number of ATL cases, especially in the highest dose category (n = 2).

As mentioned above, the results concerning incidence presented in this section
cannot yet be tested for statistical significance. Statistical inference concerning
the effects of exposure level, age ATB, city, and period on the incidence of
leukemia subtypes must await a derivation of the distributional properties of the
estimators presented here. The suggestions that ATL incidence was affected by
radiation exposure and that excess incidence of AML among adult age-ATB
groups increased with time are particularly tenuous because they were based on
a small number of cases.

Table 9. Ratios of relative risks® for comparing radiation exposure effects on acute
lymphocytic (ALL), chronic myeloid (CML), and other leukemias (OTHER) to
corresponding effects on acute myeloid leukemia (AML)b

Time period

Leukeg\ia Category ——M8M8
type (mGy) 1945-50 1951-55 1956-80 1961-65 1966-70 1971-75 1976-80
ALL 0] 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1-49 10.92* 7.49*" 514" 3.53* 2.42 1.66 1.14
50-499 9.89" 5.82*" 339" 1.97 1.15 0.67 0.39
500-1489 3.32 3.00° 2.70" 2.44 2.20 1.98 1.78
=1500 20.70™ 12.25" 7.25* 429" 2.54 1.50 0.89
CML 0 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1-49 12,10 Jaggre 4.30™ 2.56" 1.53 0.91 0.54
50-499 6.91*" 582" 490" 412 3.47 2.92° 2.46
500-1499 9.88"" 6:97"" 4.92* 3.47 2.45 1.73 1.22
>1500 11.68*" 547 2.56™ 1.20 0.58 0.26 012"
OTHER 0 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1-49 0.14 0.20 0.30 0.45 0.67 1.00 1.49
50-499 0.14 0.24 0.42 0.74 1.29 2.26 3.96
500-1499 2.44 1.52 0.95 0.59 0.37 0.23 0.14
>1500 2.03 1.43 1.01 0.71 0.50 0.35 0.25

NOTE: OTHER includes adult T-cell leukemia and other specifically diagnosed leukemias.

2 Risk of different leukemia types at given exposure levels, relative to the risk in the nonexposed group,
divided by the corresponding relative risk of AML. Relative risk ratios 1.0 suggest a greater radiogenic
effect on the given leukemia than on AML; ratios <1.0 suggest a greater effect of the given level of
radiation on AML risk.

Pincluding myelodysplastic syndrome.
*p < .10;**p < 05.
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Comparison of leukemia types

Although statistical methods for testing the effects of radiation exposure, age
ATB, city, and period since exposure on type-specific incidence rates are not yet
available, as mentioned above, methods for comparing leukemia types with
respect to the effects of these factors on subtype incidence do exist. Such methods
are described in the Appendix. These methods were applied to obtain the results
detailed in this section, wherein ratios of relative risks are used to compare
leukemia types with respect to the effect of radiation exposure, for example, on
type-specific incidence.

Ratios of relative risks (RRR) for comparing the effect of A-bomb radiation
exposure on the incidence of ALL, CML, and OTHER types to its effect on the
incidence of AML are presented in Table 9 for each exposure category by period.
For ALL and CML, these ratios are generally significantly >1, even in the lowest
exposure group, through the 1956-60 period, and become nonsignificant by
1966-70. This means that radiation exposure had a greater effect on the rates of
CML and ALL in early periods than on that of AML. The effect of radiation
exposure on the incidence of OTHER types did not differ significantly from its
effect on AML at any time for all exposure levels.

The fact that in Table 9 the relative risks of ALL and CML divided by that of
AML are significantly >1 for the lowest dose category (1-49 mGy) in the first four
periods (1945-65) provides statistically significant evidence for the suggestion
in Tables 4 and b that exposures less than 50 mGy apparently produced excesses
of ALL and CML. This statement, of course, presumes that low-dose radiation
did not have a protective effect against AML.

The fact that the relative risk of AML at 21,500 mGy during the 1976-80
period is nearly significantly greater than that of CML (RRR = 0.12, p < .10)
provides statistical support for the suggestion in Table 6 that an excess of AML
remained through 1980, The corresponding ratio of relative risks for ALL divided
by CML is 7.42 (0.89 = 0.12), which is significantly greater than 1.0 (p < .05),
providing statistical support for the suggestion in Table 6 that an excess in ALL
remained through the 1976-80 period. The ratio of relative risks for OTHER
divided by CML was not significantly different from 1.0 (RRR = 2.08, p > .10).

Table 10. Ratios of relative risks for city effects® on background rates of leukemia

City ALL CML OTHER AML
Hiroshima 1.00 1.00 1.00 1.00
Nagasaki 0.64 0.43° 2.65" 1.00

(0.31, 1.32)° (0.23, 0.79) (1.36,5.17)

NOTE: ALL = acute lymphocytic leukemia; AML = acute myeloid leukemia; CML = chronic myeloid
leukemia; and OTHER = other leukemia including adult T-cell leukemia and other specifically
diagnosed leukemias.

aThe risk of these leukemia types in Nagasaki, relative to those in Hiroshima, divided by the
corresponding relative risk of AML.

PThe values within parentheses are the 85% confidence intervals.
*p< .05
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Table 11. Ratios of relative risks for age at the time of the bombings (ATB) effects® on
background rates of leukemia

Age ATB (yr) ALL CML OTHER AML
0-15 1.00 1.00 1.00 1.00
16-35 0.40"" 2.00° 1.65 1.00

(0.18, 0.89)° (0.96, 4.17) (0.71, 3.55)
536 0.40* 1.93 7.38" 1.00
(0.18, 0.89) (0.91, 4.08) (1.16, 6.00)

NOTE: ALL = acute lymphocytic leukemia; AML = acute myeloid leukemia; CML = chronic myeloid
leukemia; and OTHER = other leukemia including adult T-cell leukemia and other specifically
diagnosed leukemias.

aRisk of leukemia types in each age-ATB category, relative to the risk in the 0- to-15-yr-old category,
divided by the corresponding relative risk of AML.

bThe values with parentheses are the 95% confidence intervals.
*p<.10,""p < .05,

An analysis of the distribution of cases into leukemia types is detailed in the
Appendix. The fact that no significant interaction between city or age-ATB
category and exposure level or period was found (p > .50) means that we need
only consider the RRR for city and age-ATB effects on background rates to
compare leukemia types with respect to these two effects. Furthermore, no
significant city by age-ATB interaction effect was found (p > .50). Therefore the
RRR can be presented separately for city and age-ATB categories ignoring the
other factors. As shown in Table 10, among unexposed persons, the estimated
risk of CML in Nagasaki relative to Hiroshima was significantly less than that
of AML, whereas that of OTHER types was significantly greater. Because there
is no consistent difference in relative risks between cities (see Table 5), the city
effects on background rates appear to explain a generally higher incidence
(except for ATL) in Hiroshima than in Nagasaki.

Also in unexposed persons, the relative risk values in older groups (16-35
years, 236 years) relative to the youngest group (0~15 years) were less for ALL
than AML, but greater for CML and OTHER types than AML, as shown in Table
11. These results appear to be due to a relatively constant risk of ALL with
age-ATB categories compared with an increase in the risk of AML and to a greater
extent CML and OTHER with age ATB, as shown in Table 4.

AML subtypes and exposure level

The distribution of AML subtypes in the 0- to 9-mGy and 10- to 999-mGy
categories does not seem to differ greatly from that in the current general
population: 33 (29.5%) and 10 cases (27.0%) for M1, 30 (26.8%) and 8 cases
(21.6%) for M2, 16 (14.3%) and 8 cases (21.6%) for M3, 19 (16.9%) and 8 cases
(21.6%) for M4, 6 (5.4%) and 1 case (2.7%) for M5, and 8 (7.1%) and 2 cases (5.4%)
for M6, respectively. The distribution in the >1,000-mGy category was 5 cases
(29.4%) for M1, 6 cases (35.3%) for M2, none for M3, 4 cases (23.5%) for M4, and
1 case (5.9%) each for M5 and M6. There is a suggestion in these data that M3 is
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less radiogenic than M1, M2, and M4. The statistical evidence, however, is not
sufficient to support such a conclusion (.06 < p < .12 by Fisher’s exact test).

Analysis of time to leukemia onset (incubation time)

Generalized linear model analyses!'!4 of time to leukemia onset showed that
3- and 4-way interactions between city, age ATB, In(dose + 1), and leukemia type
were not significantly related to time to onset, that all 2-way interactions except
that between In(dose + 1) and leukemia type were not significant, and that main
effects of city, age ATB, and leukemia type were not significant (p > .25). The
relationship between In(dose + 1) and time to onset varied significantly among
leukemia types (p < .05). With increasing dose, the times to onset of ALL, AML,
and CML all declined significantly as shown in the Figure. The rate of decline,
however, was significantly greater for ALL and CML than for AML. A similar
analysis of Nagasaki data showed no significant relationship between time to
onset of ATL and dose (p > .50).

Check for potential biases

Implicit in the analyses performed in this study were the assumptions that (1)
the distribution of cases into leukemia types was independent of whether or not
an FAB-based reclassification was performed, and (2) the distribution of cases
was independent of sample status (i.e., whether a subject was a member of the
LSS). To check the first assumption, we defined a categorical outcome variable
based on old classifications as indicated in the right-hand column of Table 1. This
provided a variable that agreed quite well with the FAB-based classification,
except in the OTHER category (see Table 3), whose values could be grouped into
those with FAB-based rediagnoses and those with insufficient materials for such

22.00
20.00
2 18.00 AML
ﬁ f Other
5 16.00
2 L
Q
2 14.00
£ I
12.00
! ALL, CML
10‘00 i A L 1 " L L 1 2
0.00 2.00 4.00 6.00 8.00 In(dose+1)
0.00 6.4 53.6 4024  2980.0 Dose (mGy)

Figure. Relationship of time since exposure to leukemia onset and to radiation dose by
leukemia subtype. ALL = acute lymphocytic leukemia; AML = acute myeloid leukemia;
CML = chronic myeloid leukemia; and Other = other leukemia including adult T-cell
leukemia and other specifically diagnosed leukemias.

21



RERF TR 8-91

a diagnosis. An analysis was then performed to determine whether reclassifica-
tion status or its interactions with age ATB, city, exposure category, or period
significantly influenced the distribution of cases into leukemia types. Only those
cases with specific old classifications that were judged to be definite or probable
were included in this analysis.

The interactions involving the reclassification variable (Yes, No) were not
significant (p > .05). Furthermore, when restricting attention to the categories
for which there is reasonable agreement between the new and old diagnoses (i.e.,
ALL, AML, CML, and ATL), there was no significant difference in the distribu-
tion of cases between reclassified and nonreclassified cases (3% = 3.6, p = .30).
Thus the assumption of no selection bias associated with the FAB-based reclas-
sification seems reasonable.

Similar analyses were performed to determine if the distributions of reclassi-
fied cases into leukemia types were independent of sample status (in LSS or not).
Neither sample status nor its interactions with age ATB, city, exposure group, or
period significantly influenced this distribution (p > .10). Thus, there is no
statistically significant evidence for a violation of assumption (2) above.

Therefore it appears that the ratios of relative risks and estimated
type-specific incidence rates on which the results of this study are based are not
biased by selection of only those cases with an FAB-based rediagnosis or by the
inclusion of such cases for individuals who were not in the LSS-E85 cohort.

Similarly, checks for biases in our results from the analyses of time to onset of
leukemia indicated no cause for concern.

Discussion

The new classification system including the FAB classification for acute
leukemia was applied to approximately 65% of the registered leukemia cases
among A-bomb survivors. It was not difficult to classify A-bomb survivors’
leukemias according to the new classification system. The observed morphologies
of AML and ALL cases among A-bomb survivers who received high doses were
basically similar to those of the de novo acute leukemias that develop in the
general population. A fairly large number of MDS cases, mostly RAEB, were
recognized, and these were similar to de novo MDS. Subclassification of AML,
ALL, and MDS was also not difficult according to the FAB classification. It has
been frequently reported that secondary or therapy-related leukemia and MDS
are somewhat different in clinical and morphological picture from de novo
(spontaneous) leukemia and MDS.'® It is sometimes difficult to apply the FAB
classification due to multilineage involvement in leukemic change. Moreover,
ALL and CML occur very rarely as secondary leukemias. It is notable that the
A-bomb survivors’ leukemias, induced by a single massive irradiation, are closer
to spontaneous leukemia in terms of the different types of leukemia.

Secondary AML has been reported to carry chromosome abnormalities such as
-7, 7q—, -5, and 5q- at high frequencies. Therefore, it is of interest to know
whether A-bomb-induced AML also had these chromosome abnormalities.
Kamada et al'® reported that there was a tendency to observe these chromosome
abnormalities in individuals who developed AML after 1965, when cytogenetic
methods began to be applied to studies of leukemia. It may be desirable to
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compare A-bomb survivors’ leukemias with therapy-related leukemia in the
future by using more sophisticated methods such as DNA surveys of autopsied
samples of A-bomb survivors’ leukemias in order to clarify molecularly the
deletion of part or all of chromosome 5 or 7.

The features of the present study, performed by introducing the FAB classifi-
cation, are twofold: clarification of the ALL category based on the morphological
and cytochemical criteria of the FAB system and recognition of the MDS catego-
ries. These two categories were rather ill-defined in the previous diagnostic
system. Moreover, discriminating criteria for AGL, ALL, and stem cell leukemia
were not clear enough, thus causing some difficulty in the evaluations of the
effects of A-bomb irradiation on major leukemia types in the previous reports.!?
The ALL category defined by the FAB classification is now known to be quite
compatible with that defined by more sophisticated methods with immunological
surface marker analysis and genotype analysis, although a very small subpopu-
lation of peroxidase-negative primitive myeloid leukemia is involved.

A few special types of acute leukemia were also diagnosed morphologically.
The established diagnosis of M7 usually requires identification of platelet peroxi-
dase by electron microscopy or of glycoprotein IIb/IIla using monoclonal anti-
body. Only one case that was morphologically characteristic of M7 was diagnosed
in the present study. It is quite possible that other M7 cases are included as
peroxidase-negative acute leukemias, especially ALL-L2. However, the number
of such cases may be small due to the low incidence of M7 among spontaneous
leukemias occurring in the general population. Four cases of mixed leukemia
with morphologically distinet lymphoid and myeloid (monocytoid) blasts were
observed, but not in the high-dose group.

ATL was observed only in Nagasaki, and accounted for approximately 20% of
the Nagasaki cases. More than 50% of these cases had been diagnosed previously
as leukemic sarcoma, which was recognized as the leukemic manifestation of
malignant lymphoma. However, the remaining 50% of the ATL cases were
misdiagnosed as ALL, AML, and even CML because of the frequent manifestation
of monocytosis, eosinophilia, or neutrophilia in addition to extensive leukocytosis
with abnormal lymphocytes. Whereas it had been known that CLL—which is
now a well-recognized neoplasia of mature B lymphocytes—was frequent only in
Nagasaki, it is now clear that most of these cases were really ATL.

The agreement of previous and new diagnoses of CML was very high, though
some cases with acute crisis of CML were added at this time. There was no
established concept of acute crisis, especially of lymphoid erisis, in the previous
diagnosis. Clinical records at RERF indicated that most CML cases showed a
typical biphasic clinical course, with a chronic phase followed by acute crisis. This
means that although the Philadelphia (Ph) chromosome was detected in only a
minority of the CML cases who developed the disease after 1965, most of the
A-bomb survivors’ CMLs are typical Ph* CML in clinical, hematological, and
cytological aspects.

The statistical analysis used in this report to obtain relative risk ratios and
distributed incidence estimates is a type of proportional incidence analysis
discussed by Breslow and Day.!? The results from such analyses can be seriously
biased by differential exclusion of disease types during case selection. Our data,
however, provide no significant evidence that such a bias exists in this study (see
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“Check for potential biases,” in the Results). Nevertheless, analysis of propor-
tions alone provided only indirect evidence about the effects of irradiation on
leukemia subtype incidence. Therefore, our results should be viewed more as
suggestive than definitive. They should be further assessed using cohort data
when possible. In particular, our suggestion that there was an excess of ALL and
CML induced by low doses (i.e., in the 1- to 49-mGy group; mean = 16 mGy) should
be checked in studies of other cohorts.

The results of incidence estimations for major leukemia types suggest that the
incidences for ALL, AML, CML, and OTHER were all greater in the higher dose
categories. In the highest dose group, only the estimated incidence of ALL
declined with increasing age ATB whereas those of AML, CML, and OTHER
increased. Interestingly, in the highest dose group, the risk of AML was less
dependent on age ATB than were those of ALL, CML, and OTHER. In addition,
the risks of ALL and CML increased more rapidly with increasing dose than did
those of AML and OTHER. Moreover, though the times to onset of ALL, AML,
and CML declined significantly with increasing dose, the rate of decline of AML
was significantly slower than those of CML and ALL. These findings suggest that
ALL and CML leukemogenesis were more affected by A-bomb radiation than was
that of AML and at the same time indicate that the latent period of leukemogene-
sis is considerably different between the former two leukemia types and AML.

It was previously considered that the onset of radiation-induced leukemias
occurred earlier in persons exposed as children (i.e., 0-16 years of age) than in
persons exposed as adults.! Our data, however, provide no support for this
conclusion. Age ATB was not significantly related to time to onset independent
of leukemia type (p > .10). Similarly, there was no significant difference between
the cities with respect to the relationship of time to leukemia onset and dose
(p > .25).

With the exception of ATL, incidence estimates were generally higher in
Hiroshima than in Nagasaki. This is especially remarkable for CML, a major
prototype of A-bomb-related leukemia. However, the relative risks of CML (for
exposed relative to nonexposed persons) were almost equal between the two
cities. Therefore, the predominance of CML in Hiroshima could be related to the
background difference in leukemia incidence, yet it is still an enigma that needs
to be clarified.

In conclusion, the present morphological study of A-bomb-related leukemias
based on modern knowledge of leukemia types disclosed differential effects of
A-bomb irradiation on major leukemia types. Further clarification of radiation-
induced leukemogenesis in comparison with spontaneous or cancer-chemother-
apy-related leukemogenesis definitely requires the application of molecular
biological methods to the study of autopsied materials.
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Appendix

Our data analyses had three goals: (1) To compare leukemia types with respect
to the effects of radiation exposure level, age ATB, city, and time since exposure
on type-specific incidence rates; (2) to estimate the type-specific incidence of
leukemia; and (3) to assess the effects of exposure level, age ATB, city, and
leukemia type on time to onset of leukemia. In this Appendix we present details
of the statistical methods used to achieve these goals.

Concerning the first objective, we will show that comparisons among leukemia
types do not require an observation of person-years at risk. Thus, such compari-
sons can be made utilizing data from leukemia cases only. It is not necessary that
the cases analyzed come from the LSS cohort. In contrast, it is necessary to
analyze data (both cases and noncases) from the LSS cohort to estimate
type-specific incidence rates of leukemia. We will show, however, that leukemia
cases not in this cohort provide supplemental information concerning type-
specific incidence. Estimators that utilize this information are proposed to
achieve objective (2). The third objective was achieved through a generalized-lin-
ear-models analysis of the time to onset of leukemia. Details of the application
are presented here. First we consider objectives (1) and (2).

Let z denote the 1 x 3 vector of values of covariates, age ATB, city, and exposure
level. Then the incidence rate at time ¢ since the bombings for the jth type of
leukemia, j = 1, 2, 3, 4, among individuals with common covariate values, z, is
defined by

. PritsT<t+At,J=jlT 2t 2
?\.J- (t; z)=lim { J } 1

M0 At
where T is the random variable whose values are times to onset of leukemia and
J is the categorical random variable whose values identify leukemia type. In
words, A:(f; 2) is the instantaneous incidence of leukemia type j at time £ among

individuals with covariate values z who have survived to time ¢ free of leukemia.
An alternative representation of A.(¢; z) is given by

A(z0)=mz2P)AEz20), (1)
where 8; contains both 6 and B; or functions of them,

m (L2, B)=lim Pr{d=jlt<T<t+At;2,B} ,
A0

and

At 2,0)=lim Pr{t<T°<t+AtIT%>¢;2,0)/A¢.
Al -0

Note that A(z; 2, 0) is the overall incidence rate at time ¢ given z, and n/(¢; z;, ;)
is the probability that a leukemia case occurring at time ¢ is type j, given z. 'f‘hat
is, type-specific incidence rates are products of the overall incidence (L) and the
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conditional probabilities that define the multinominal distribution of leukemia
cases into the various leukemia types (r)).

Now, concerning objective (1), we first consider the effects of radiation expo-
sure level on the incidence of the jth leukemia type. Let 2, denote an arbitrary
covariate vector with a radiation exposure component of zero. Let z; be the vector
with radiation exposure component d and all other components equal to those in
z,. Then the relative risk of leukemia type j at radiation exposure d relative to
no exposure is defined by l_,—(t; Zy Gj)f?uj(t; zy, 9) and measures the effect of
exposure level d on the incidence of leukemia type j. Thus, to compare leukemia
type j with type k, for example, we can simply form the ratio of their relative
risks. We denote this ratio by RRR,.

We have

A, (&5 24, 8,)/0,(t; 25, )

From Equation (1) we see that

MGz B 2 B
ik T (8 Zg, Bj)/ﬂk (&5 20, By) )

which is the generalized odds of type j to type & given leukemia and exposure d
divided by that given no exposure. To estimate Equation (2) we need only
estimate the multinomial probabilities (r;s). Similarly, estimators of the effects
of age ATB, city, and time since exposure on typej compared with type & incidence
are obtained from estimators of the ns.

Estimation of these multinomial probabilities (n.) can be achieved by maxi-
mum likelihood methods. Let ¢; denote the observed time from bombing to the
diagnosis of leukemia or censoring, whichever comes first, for the ith individual,
i=1,2,...n. Further, let z; denote the vector of covariate values for the ith
individual, and x;,J =1,2,3,4, be one if a leukemia of type j occurred in the ith
individual and zero otherwise (note that if x,; = x,; = x; = x,; = 0, then the ith
individual was censored before the occurrence of leukemia). Then, by assuming
an independent noninformative censoring mechanism and using Equation (7.5)
of Kalbfleisch and Prentice!'” (p 168) and Equation (1) above, it is easy to show
that the likelihood for estimating type-specific incidence rates is proportional to

n 4 n
L =1 Mtz 0%S (t;2,0) 11 1T m;(¢;2, B)%
i=1 j=li=1 (3)

where n is the number of A-bomb survivors (whether or not in the LSS), S(;; z;,
0) is the leukemia-free survival function, and
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is a censoring indicator whose value is one if the ith individual was not censored and
zero if he or she was censored. It follows from the factorization in Equation (3) and
the definition of xj; that the observed values ¢; for individuals in whom leukemia
was not diagnoesed provide no information about the parameters n; and hence
need not be used in the estimation of the relative risk ratios in Equatmn (2). Only
data from leukemia cases are needed for full-information maximum likelihood
estimation of relative risk ratios.

In contrast, estimators of the type-specific incidence rates given in Equation (1)
must involve also the censoring times for noncases, which are known only for
individuals in the LSS cohort. Nevertheless, there is information in all leukemia
cases, whether in the LSS or not, for estimating type-specific incidence rates in
Equation (1). The information contained in the cases not in the LSS can be
extracted by using all cases to estimate the m(¢; 2, B;) in Equation (1) and LSS
data to estimate A(¢; z, 0), the overall Ieukemla incidence rate, in Equation (1).

Throughout the remainder of the Appendix we shall assume that ni(t; 2z, B;) and
At; z, 8) are constant in each of the periods 1945-50, 1951-55, 1956— 60 1961-65
1966-70, 1971-75, and 1976-80. We used codes 1 through 7, respectively, for
these periods in our analyses, Then the likelihood in Equation (3) can be written
as

n T p=1
Li=T1 II "P\.{p; z;, O)Glfp{li) e_'!p;\’ (pi % 61 - Z Icul' )]
i=1lp=1 =

[e‘-f Mp;i 2, B)du] 1) rl n; (p,z,,ﬁ)x I, )]
F=1

where 6 and 3, now are reparameterizations of 6 and P; in Equation (3),

p-1
a:EIq ;

g=1

p indexes the seven periods, [, is the length of the pth period, A(p; 2;, 6) and m/(p;

;) denote the constant 1nc1dence and proportions in the pth period, and
I (t,) is one if ¢; is in the pth period and zero otherwise. Now, by interchanging
product‘i and q:mphf’ymg, we have

K 1 o W .
L=11 [ II Mp;2, 6)%r e B2 TT T m;(p; 2, BPm] , (4)
k=1 p=1 pijal

where d;;, is the number of leukemia cases of type j that occurred in the pth
4
period, d, :'}.‘.l d;, and R, are the total person-years at risk during the pth
J=
period for individuals with covariate values z,, and K is the number of distinct
covariate patterns observed.
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Note that if d;; are values of independent Poisson random variables with
parameters A (p; 2, O)n; (p; 2, PR, then dp;, given d;, have independent
multinomial distributions with parameters T, (D; 2, Bj), and d;'k has independent
Poisson distributions with parameters A ( p; 2;, 8). In that case, the likelihood for
estimating these parameters is the product of Poisson and multinomial likeli-
hoods, which are proportional to the first and second factors in Equation (4),
respectively. Therefore, maximization of Equation (4) can be achieved by employ-
ing Poisson and multinomial regression techniques provided there are no pa-
rameters common to the Poisson and multinomial factors in Equation (4).
Alternatively, by using Equation (1), we can rewrite Equation (4) as

K 4 1

L=T1 T [T A (p;z, 0)%m e PmtRy (5)

k=1j=1 p=1

which is proportional to the likelihood that would be obtained if d;;, were values
of independent Poisson [A; ( p; 2, 8)) R}, 1 variables. The likelihood in Equation (5)
can be used with Poisson regression techniques similar to those of Pierce et al®
to estimate type-specific incidence rates directly provided that a leukemia diag-
nosis time or censoring time was observed for each individual and that a specific
diagnosis was obtained for each leukemia case in the sample. In the current
study, however, the sample is the open city population of survivors who were
exposed within 9 km of the hypocenters. Thus, times are missing for individuals
who are not in the LSS-E85 cohort and who are not among supplemental cases
in the leukemia registry. Furthermore, we wish to restrict attention to the
FAB-based reclassification of cases into leukemia types. Such reclassifications
were not possible for cases with insufficient material for rediagnosis. Observa-
tions on leukemia type were missing for such cases. In this situation the form of
the likelihood in Equation (4) is advantageous because it provides a convenient
way to utilize all available data. Since d,,, d;,, and R, were not observable

because of missing data, this likelihood cannot be evaluated. Therefore, for
estimation purposes we must derive the likelihood for observed data.

If T and the leukemia type indicators x; are missing completely at random
(MCAR), that is, if the probabilities of incomplete data patterns are independent
of T' and x; (see Little and Rubin,'® p 26), then the marginal likelihood of the
observed d!ata given observed covariates is

K 7 7 4
Ly =TI [ T Mp;z,, 0)%ae™MPzOR0 1 1T m; ( D; 2 Bj)dm]
k=1 p=1 p=1j=1

, (6)

where d,,, is the number of leukemia cases observed in the LSS during the pth
period, R, is the person-years at risk during the pth period for LSS members,
and d,; is the total number of leukemia cases of type j (LSS or not) observed
during the pth period among individuals with observed covariate pattern z,.
We used the likelihood in Equation (6) to estimate the A and n; parameters.
Note, however, that in the open city population, 7' and x;; are not MCAR. They

30



RERF TR 9-91

are more likely to be missing ifx; =0, for all j = 1, 2, 3, 4, because we have
leukemia cases but no censored cases from outside the LSS in our sample. Given
a leukemia case, however, the probability of incomplete data can be assumed to
be independent of leukemia type (see “Check for potential biases,” in the Results).
Thus, the factor involving the n; in the marginal likelihood of observed data is
that given in Equation (6) whetl{u.r or not the MCAR assumption is valid. Since
the MCAR assumption is not valid, the remaining factor in the appropriate
likelihood 1s that involving A in Equation (6) times a third factor that intertwines
A with the parameters of the censoring distribution. This third factor captures
the information about A contained in the knowledge that 7 is missing. Therefore,
by ignoring this factor and using Equation (8), we obtained estimators of A based
on limited information, but estimators of n; based on full information. Full-infor-
mation estimation of A was sacrificed for computational simplicity.

Maximizing L, in Equation (6) with respect to the A parameters leads to the
estimators

A
APz, 0 =R d, ,

wherek=1,2,... K.

In the current report, we make no attempt to smooth these estimators by
estimating 0. Our primary interest is to use all known leukemia cases to estimate
and test ratios of relative risks for comparing leukemia types. Thus, we focus
primarily on the estimation of =; as functions of period, age ATB, city, and
radiation exposure level. The CATMOD procedure of the Statistical Analysis
System (SAS) package was used to estimate the ; parameters of n_r

Let j = 1, 2, 3, 4 index leukemia types ALL CML, OTHER, and AML,
respectively. Further, let ¢ = 1, 2 index cities (Nagasakl Hiroshima);a =1, 2, 3,
age ATB categories (0-15, 16-35, and 236 years);d = 1, 2, 3, 4, 5, DS86 categories
(0, 149, 50-499, 500-1,499, and >1,500 mGy total kerma or, with 98.3% agree-
ment, 0, 1-39, 40-399, 400-1,199, and >1,200 mGy bone marrow dose); and p =
1, 2, 3, 4, 5, 6, 7, period (1945-50, 1951-55, 1956-60, 1961-65, 196670,
1971-75, and 1976-80). We assume that

Tt(p,zr,[i)—e me(EEw)] ’
Jj=1
where

Vi =l ral +ol vy +84p

where p/* is the overall average value of V4,4, ; 04", ¢4, and v are city, age

ATB, and exposure group effects; and 84 is a slope parameter relating period (p)

to v/ within exposure category d. These parameters form the vector p;.
Unfortunately, the B_; parameter vectors, j = 1, 2, 3, 4, are not estimable. In

order to obtain a model with estimable parameters we impose the restrictions
Bi=0,0% =0, ¢4 =0, and y4 = 0. Furthermore, preliminary analyses suggested
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that it is reasonable to assume that §4' =38{". This leads to a reparameterized

model with parameter vectors B; whose elements are defined by the estimable
parameters

pi=pdt—pt + (of - af) +(@f - i)+ (i -7

af=(of -af)-(f -ad);oi=(0F-0d)-(ei-01",

wherea =2, 3; v =4 —vd) - 0§ -1,

whered =2, 3,4, 5; and 84, =84 — 83, whered=2,3,4,5andj=1, 2, 3.

The reparameterized model is

r ¥
eT] cadp

— — , forj=1,2,3
1+ Z e“fmp

m(pize B =1 77

. (N
i , forj=4,
1+ Z eMetp
je
MNadp = Viodp ~ OV lagp =R/ + 0L+ 0L +74+84p @®)

wherej=1,2,3;c=1,2,a=1,2,3; andd:1,2,3,4,5,witha';=(p‘;=1f'£ ,=8‘i=0

fOrj = 1, 2, 3.

Note that the relative risk of each leukemia type (ALL, CML, OTHER) divided
by that of AML is directly obtained as an exponential function of the model
parameters. For example, the RRR for comparing the effect of high exposure level
(d =5)on ALL (j=1)incidence to its effect on AML incidence in the second period
after the bombings is e¥s*+28; For a second example, a comparison of the effect of
the oldest age-ATB group (relative to the youngest) on CML incidence to that on

AML incidence is given by e* 3. This fact allows for simplified inference (i.e.,
confidence intervals and tests) concerning the RRRs of interest in this study
compared with other reparameterizations, such as that performed automatically
in the CATMOD procedure of SAS.

The estimated parameters in Equation (8) are given in Appendix Table 1 for
each combination of ¢, @, d, and p. These estimates can be substituted into Equation
(8) to obtain estimates of'q-iadp , which in turn can be substituted into Equation
(7) to obtain estimates of m;. Ratios of relative risks different from those studied
here, where AML was chosen as the reference type and Hiroshima, 0-15 years
old ATB, and 0 mGy were chosen as reference levels, can be calculated by forming
appropriate ratios of these ms. Since any RRR is the exponential function of a
linear combination of parameters in Equation (8), comparisons of leukemia types
are easily achieved given the parameter estimates in Appendix Table 1 and their
covariance matrix. For example, the RRR for comparing ALL and CML with
respect to the effects of old age ATB relative to middle age ATB is defined by
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Appendix Table 1. Maximum likelihood estimates of parameters in Equation 8

Leukemia type

Parameter ALL (f=1) CML (j=2) OTHER (j = 3)
" -125% (041 -161 (0.39) -2.30  (0.47)
oy -0.44 (0.37) -086 (0.32) 0.98  (0.34)
oo -0.91 (0.40) 0.69  (0.38) 0.50 (0.43)
o -0.92  (0.41) 0.66 (0.38) 097  (0.42)
Yo 2.77 (1.47) 3.01 (1.34) -2.40 (2.51)
Y3 2.84  (1.26) 210 (092) -254  (2.18)
Ya 1.31  (0.95) 264 (0.73) 136 (1.12)
15 3.56  (0.89) 3.22  (0.96) 106 (1.43)
8y -0.38 (0.29) -0.52 (0.29) 0.40  (0.42)
8q -0.54 (0.37) -0.17  (0.22) 0.56 (0.40)
B -0.10  (0.26)  -0.35 (0.20) —0.47  (0.38)
35 -052 (0.23) -0.76 (0.28) —0.35  (0.36)

NOTE: ALL = acute lymphocytic leukemia; CML = chronic myeloid leukemia; and OTHER = other
types of leukemia including adult T-cell leukemia.

8Estimated parameter.
bstandard error of estimate.

RRR = ez~

— ol -9 - (@3-9})

1 2 2
c?d,p) 5 (ﬂ;m = n% b

From Appendix Table 1, the estimated value of this RRR is ei:om * 09”;\ =0 ‘*‘ 069 -
¢%%% = 1,02. The estimated variance—covariance matrix for 94,91, 02, ¢ 2 was

C:

The estimated value of € = (¢'4 -

In the generalized linear model analy51s

0.162
0.048
0.070
0.029

0.048 0.070 0.029
0.141 0.028 0.095
0.028 0.171 0.048
0.095 0.048 0.146

initially assumed the following model:

Time; =g(x;, p) +¢;,i=1,2,...,

o'p) - (0% -

%,) is 0.02, and its estimated
varianceis (-1,1,1,-1) C(=1, 1, 1, -1) = 0.212. Thus the upper and lower bounds
of the 95% confidence interval for £ are (—0.888, 0.922), and the 95% confidence
interval for the RRR of interest is (e~0-888,

0922) =(0.41, 2.51).
of time to leukemia onset we

413,

(9

where e; are i.i.d. with a gamma distribution shifted to have mean zero,
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x; = (Cy, Thi, Toi, Tai, Dy, Ay
B = (Bo, B1, B2, Ba, Bs, Bs, Be, Ba - - -, Ban),
[gCx;, B = Bo + B,C; + BTy + BaTyy + ByTy; + Bs D

+BoA; + BrCiT; + . . . + BoCiT3; + P1oCiD; + B1iCi A;
+ BraDiThi + ..+ BraDiTa; + Brs ATy + . . .+ B1sAiT s
+ P1a D; A; + BroCiDTy; + . . + P CiD Ty
+ BogCi ATy + . . . + PosCi ATy
+ BosD; ATy + . ..+ ParD; AT + BogCiD; A;
+ BooCiDiTvi + . . . + P CiD; Ty (10)

; {0 if Hiroshima was the city of exposure for the ith case,
=

1if Nagasaki was the city of exposure for the ith case;
D; =1In(DS86 + 1) for the ith case;
A; = age ATB for the ith case;

0 if the ith case was not AML type by FAB;

s 1 if the ith case was CML type by FAB,
2710 if the ith case was not CML type by FAB; and

! if the ith case was OTHER type by FAB,
%770 if the ith case was not OTHER type by FAB.

T . - {1 if the ith case was AML type by FAB,
1i—

The parameters of this model were estimated using the GLIM program.!* A
sequence of interactive full- and reduced-model testing led to acceptance of the null

hypothesis that Hy: By, Bg, - . ., By, Bs, Bz - - -2 By Bios Buss Buss - - - Bigs Bygs - - o, By are
simultaneously zero.
Therefore, the reduced model

&7 =Bo+BsD; + BioDiTy; + Byg DTy + Bry DTy (11)

provides an adequate description of the data. The estimated linear relationships
presented in Appendix Table 2 were calculated from estimated parameters in this
reduced model as

A
Yo = Bo for all leukemia types,
N
':{\, = B5 is the estimated slope for ALL,

N M
'?2 = B5 + P12 is the estimated slope for AML,
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Appendix Table 2. Estimated relationship between the reciprocal of time to onset and
In(dose + 1) by leukemia type

Leukemia type Estimated intercept Estimated slope
ALL 0.046 (0.0015) 0.0056  (0.0010)
AML 0.046 (0.0015) 0.0013° " {0.00055)
CML 0.046 (0.0015) 0.0056%  (0.00082)
OTHER 0.046 (0.0015) 0.0017°  (0.0012)

NOTE: ALL = acute lymphoid leukemia; AML = acute myeloid leukemia; CML = chronic myeloid
leukemia; and OTHER = other types of leukemia including adult T-cell leukemia.

8The slopes for ALL and CML were not significantly different.

PThe slopes for AML and OTHER were not significantly different. The slopes for CML and ALL were
significantly different from those for AML and OTHER.

‘P<.01;""p < .05,

A A
'{{\3 = B5 + P13 is the estimated slope for CML, and

N N
?4 = Bs + B4 is the estimated slope for OTHER.

The assumption that the errors, ¢;, in the models defined by Equations (9) and
(10) and (9) and (11) have a gamma distribution was checked graphically by
plotting Anscombe residuals, defined by

My A1
ri=@-y/y8

against corresponding percentile points for the standard normal distribution. If
the errors, e;, in Equation (9) follow a gamma distribution, these residuals should
be approximately normally distributed with zero means and equal variances (see
McCullagh and Nelder,” p 29). The plot of r; versus corresponding standard
normal percentile points will approximate a straight line if the gamma assump-
tion is tenable. These plots indicated that the gamma assumption was reason-
able.

Finally, the reduced model defined by Equations (9) and (11) with T'; Ty, T},
and T, redefined based on the old, non-FAB diagnosis was fit for FAB-reclassified
and nonreclassified groups. Let

Y= (?Ori Yir» Yor: Tar Y‘lr}’ and Yo = (Y(}m Yin» Yon: Vans '\'dn)

denote the parameter vectors, whose elements are defined above, for reclassified
and nonreclassified groups, respectively. A likelihood ratio %* test did not reject
the hypothesis Hy: v, = v, (p > .25). Thus the relationships estimated in Appendix
Table 2 do not appear to be specific to the sample with sufficient materials
available for an FAB reclassification. That is, there is no evidence for an FAB
selection bias in our results from the analysis of time to onset of leukemia.
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It is not immediately obvious how the results in the Figure should be inter-
preted, and the potential for misinterpretation seems great. Therefore, we devote
the remainder of this Appendix to clarifying what information about the latency
of leukemia is (and is not) conveyed by this figure. We do so by describing the
parameters that are estimated by points on the curves illustrated therein. Let

Tg = the time from the bombings to a background-initiated leukemia (can be
negative),

TR = the time from the bombings to an A-bomb—induced leukemia (is always
positive), and

T = min(Ty, Tg) = the time from the bombings to leukemia (can be nega-
tive).

Assume that Tz and T are independent. Then

SO PTst1T>0)= GOF,®,
where G(t) = P(Ty > t| Ty > 0) and F(t) = P(Ty, > ©).

Now,
F,)=(1-0,+0,H,¢),
where
0y = P (initiated, promoted, or progressed to leukemia by dose d),
H,(t) = P (T > ¢| initiated, promoted, or progressed by the bomb)
= 1 - latency distribution given dose d.

Conditioning on leukemia cases that occurred before 1 January 1981, we have
50 P> t10< T <t

=[1-SepI'[SE) — Sty O<t<ty,

where {p is the time between bombings and 1 January 1981.
By substituting G(-)F,(-) for S(-), we have
8 @) = [1 - GERF ) [GOF ) — GUp)F 4(tp)]

=[1- GUrF I M ([1 - GUP] G WDF4(t) + GEpI1 — FytpIF,0) ,

where

G=[1- Gup)IG®) - Gitp)l
Fyt) = [1-Ftp)"'[F(t) - F(tp)]
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= [1- Hyep P Hy O ) S Bar)

Therefore the average time to onset of cases that occurred between the bombings
(¢ = 0) and ¢ty estimates the parameter

" e~ L3 -
fi= jo Syt = w‘Jo COFdt + (1 -wy| Hywdt
a
by,
= wﬁ_L GO)Fg®)dt + (1 - wa)fip
g
= wa(l = 0Ty + wes " GOHudt + (1= wollg

=wy fig + (1 = wy)iip - wdedrF Gl - Hyw)det
0
where

fig = E(Tg | Tk < tg) = mean latency among radiation-induced leukemias
that occurred before fp ,

ﬁB =E(TB|0 < TB‘(rF) ’
wg = [1 = GUp)Fy(tp) ' [1 - Gtp)]
= P(Ty < tp)(P(Ty < tp) + 0,G 1 - H, (tp)])™

risk of a background case before ¢
" risk of a background case before £ + excess risk before ¢, given dose d

Now, note that G (£)[1 - H,(t)] in {i can be written as

Gl - H)=PTp>t, Ty<t 10 < Ty < tp, and initiated, promoted, or
progressed by the bomb).

By writing this probability as a double integral and changing variables to u,
=ty —tg and u, = g + £y, we obtain

t —
I FG(t)[l - Hy)ldt = P(Ty > Tr 10 < Ty < ty, initiated, promoted, or progressed)
0

t

f lrP(TB —Tr>t|Tg > Ty, 0 < Ty < ty, initiated, promoted, or progressed)dt
/]

=P(Tg > Ty 10 < Ty < tp, initiated, promoted, or progressed) -
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E(Ty - Tyl Ty > Ty, 0 < Ty < ty, initiated, promoted, or progressed)

In words, the second factor of this integral is the mean disease-free time lost
among individuals who suffered A-bomb-induced leukemia before a background-
induced leukemia that otherwise would have been diagnosed before time ¢.
Denote this mean by {,. Then

L= w,ily + (1 - wy)iig — wOipP(T > T 10 < Ty < ty,
initiated, promoted, or progressed) . (12)

This equation is useful for a proper understanding of the results illustrated in
the Figure, where estimates of [,y Hemp, Barn, 2804 Horypg, defined as fi above,
are shown as functions of In(dose + 1). We see from Equation (12) that differences
(e.g., Hamy — Pepy) at any given dose reflect differences in background and latency
distributions. Nevertheless, since P(T; < ;) is small and the excess risk of each
leukemia type increases with exposure level, w, will be near zero at “high” doses

for each type. Thus, although there is some contamination due to different
background rates, differences at “high” doses primarily reflect differences in
mean latency given cases before t;,. Conversely, differences at zero dose reflect
differences in |i;. Recall, however, that [i; is not a mean latency. It is a mean of
the sum of time to initiation plus latency among cases that occurred before ¢.
Thus, differences in the Figure between leukemia types at low doses should not
be interpreted as differences in latency. Similarly, differences between points at
different doses on any one curve in the Figure do not necessarily suggest a dose
effect on mean latency. Estimation of latency distributions and mean latency
without the contaminating effects of background cases will be the subject of a
subsequent RERF report.
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2ESUZOMOFENTH 5, MHHEEO RN 1986 FdGT AR (DS86) it W T
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PADIT 3T e V=T OFTRTIcB VT, BERIIHEBHRARNEG LA itohTER L,
WEHROR®I: AML 550 ZOfic~, ALL k78 CML B4Rz LTHRIZED -
2o 50 mGy Ll FOIERBROEATH, ALL L7 CML EFIHERSELE: Li-d, AMLO
BWFEFLNT > 50 mGy, 27 &b 229 mGy IK#E LIt ohiishs7, 2950
T OE L, BERBPN 2759 R URMCES (BAWEED2D ) Io2h, Ml L.

HHECZoOMER (1-49 mGy HXTF50-499 mGy) icB W T, #aE LA E
ftg3icoh, BMFEOHEERERIT—E, bL{BbFric kbR LE, LI5MLEHL
ZoO#EE (500-1,499 mGy F LT 1,600 mGy BLE) itk T, HERERIT TN
TOEMFER > O TR Lz, 21,500 mGy #E#FFIzHS LT, AML 5108 ALL O
ORI (1976-804F) 2B L T@AH o hich, CML B LU ZOMO@ER 3528
LRl otz,

FWRETIE, EBICHBLT, RO CML #5E Y X 7id AML it xEHE <,
EOMIc oWTRAEBICE, o/, chid ATLEMREBT LIRS LNED > hdT
Hbo ILBITHIF HHMBRLER (ATL ZERO)P—BIEBOIEE, Ny 27590 F
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CMLBEUZOMTIRED >7co ALL OV 27 ZEHERICI I D DL —ETH -
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BREIEL B>,
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Z 1985 i HUBG Uic, 198946 A, 177 O LSS il (71.1%) % & 493 fiE
(64.4%) iIz>WT, HZMAOREEEATF Ui, BRET —7 5 & CIMHFrIeT RidBEEvH
RESh TV AiRIcL > THRER L/,

FAB#I3 1985 5FSGTR M BB IS5 0 TH 5. ThEFnEMEHNEA M (AML)
EEMEY v SHEAIMAE (ALL), HHSIEAIEREE (MDS) @ 5 bERH LA Al (RAEB)
& AML, MDS @ 9 6 o8 & i 1Bk 1#% (CMML) & 885§t (108 (CML), H &
UFALL & ATL OBl o Uiz, CML OZM <k, i34 2 Ba i b i ke
Bkb X CEREGETEL, FHEEIREG X CIFREERIE M, RRllics o 2 Hou W BERERINZIE B
S OGBERRBRMBEEE R Ui, —4, ER, 7O MBKEME, FhEk7 L4 ) 7 4+ X
7+ —CEME AESBAIE T4 ST T 4 THREBEERBESRE LTRE L,

ATL 0oghiid, E& U THROSFRTIEEPIIEL (TIhid A, 5FE, ERR, ) 2o
TR ) 2 SBRASE U VIR AR Ui &, B L OB Lic B8R S hiBaiciT-
Poo TANARBRETH > B2 BHEOHTLV-1 HilkHRIc M4 2 MBRAF TR
18 - feo BRIRECGIETRIC A NIE, ALL L RS b, BHoEMBRGES BB I h T,

K1DOMPAH ) ERE L2 EHEICRE, P> OFEREIMBERARIFO - DI ER L
(ALL, AML [MDS %#&%], CML, LU Z0Ofh [ATL 258]). s OToEHIMIE,
LSS a2k — MABIE S SRNERAERF -7 2RH LT, (1) BESHEREER LIV OEE
ZHIMW BB U, (2) 22 hRsgarasm, m, Smsarrsc &, amis
RPDOREREWTEST L L THDH, COMITT, 254 —<%0, 1-49 (F#16), 50—
499 (244 229), 500-1,499 (FF#1933), 21,500 mGy (EX]2,763) @ 5[ X5 iz 4313 7245,
ChidFRRBX A0 ZhEh0, 0-39 (F113), 40-399 (¥ 182), 400-1,199 (F
#1260), 21,200 mGy (¥4 2,213) L FIERLI—HT 5 (— KK 98.3%), HIBEs
Finld 0-158K (P 8), 16—355% (F1#126), >=36i% (44 46) ic 3435 L, 194550 4F,
1951-564F, 1956 —-604F, 1961-654F, 1966—704F, 1971-754F, 1976-804ED % h
Zhoihicied: LciEM% 1, 2,3, 4,5,6, TEa— ML,

ABICTRT &S CREOROAIMBRERIE, HIMEOLUFERIZDHOESN D 5o
LLHREFLILOGDTH B, X 51T, PR LA, BERER, $5H, RO RER &Y IcE
HINIHFVZZLUTHETZ 20T, ZhZFhoxty) 2 2 hAEHEETHE, &80
U2 7 BROEEIZOVT, 55025 >OHMBERLRETE 2, 200 27 i3, B8
EAOPDOHIMFERO RO A IC & > TRES h 3 (FIlBR) ., Tz id, EH O LSS-
E8S5HEMITH 2 Licdhdd 5 F, HE-39 HIMMBHIEH F— s 20T OLREH
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£ L. HIBL N0 R O B iR B O E %

o H° 9 1 5 B [SECE -
j
L2 ALL
L ALL
L3 { ASL
ALLBAH
Ml ]
M2
M3 AGL
M4 AMMoL
i3 AML /MDS
M5 AMoL
M8 EL
M7
AML BB
MDS |
CML CML 14 omu
[ RO Ltk
AL} —— 1 =mociL
Leuk. L |
oRDALREN | mmosm
PLLBLUHCL | FOfth { EROCLL
A Mixed L Fofthd ALREE
Hypo. L FOfthd CLRFER
CLL | -
FABSSIEL | Z { ®EoHMEEL

& AGL= AWENEREAIN, AL=28AIME, ALL= 2% > MAMHE, A Mixed L= 28
BAMAIMK, AML = 20 FHbitk EImes, AMMoL = S8 HEREE FIlR, AMoL = Sk HIER
#EEIIRE, ASL = St @ RIRHEEI A, ATL = BRA THIFIE M, CLL = 84 Y > SBeE I,
CML = 18 ¢ Bt (1 1 #%, EL = A&REIHH, Hypo. L = AR, Leuk. L= Bt >
s<ji, MDS = §fi R RIESREE, & UPLL = Rl Y > MBI,

“FAB S ORI RSO T ET - 1

bRAB SHERIN ORIz O W TR AT o

Tl BEIHR— bzT{ LSS-E85 F— 70 o2tk LTORMBREREHEL,
7 OHEEM I, Hihd 2 EMNOLRATE L CHMBERHBIFERERD 2, cOXI i, WA
DOEN & BFRO B 5 1A LSS-E85 2+ — + LA OBHIMIFHEEF A S bl U7,
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B E I EERO T66 MEH D 5 b 493 IEAZH LW IHEETHAR L, Thoil
WFNLRBRORBRIEEIHHLTE D, B TLRICEThETEH 2, BHEL
72 493IEHID 5 B 413 Plic > 0 Tid, FRIRKER, #B8, DS86 {EEs’ 0K Lz, C o
413 fEAEH VT, ALL, AML, CML X U Z Ofiid L3R % DS86 fR e e fi, IR
0, 20, WIRIOMME UCHE L, &g, ALL, CML % X OF % Db 1 I3 AE 3R 1z 50t
T AR, FERAER, ik & O EE, AML RAERICHT 2205 O L LB
ThlHic, BEshchREFOTHDG) R 702 RD A, AMLAZLBEORAE I LD
X, ZTOEANI BB NS TH D,

HRIZESFHTHEE VD F—< D Breslow & 0 Day OB T, REOBHENT
EXRHENATV S 20 TZ0O & 5 N HEOBENERY: I, KEOHRBEBRAST 2
FHEPRIEBGETHEILEBBLTV S, COTREHER~XS 20, o0 EEHFRIC
HABLEAOAH EEMRLTORVEADTE EHB Uic, & OHEIE MR, K10
[A5%E] 2HE#EcES VTV S, ABCC-IENOEMK BRI 19804 TOARBH
DIEFIFSENRTVWEEEZEA LN, HEHAHRH L —HT20T(XIEZH), =
OHBICE > TN L BB AEPERZ ZENTE, £/, LSSE8S a5 — FRADE
PlAEINZ 7z Z & TREBIBIHEERERIF/O VE Lich ES 0 RPET 570, BB LA LSS
TERS0 & LSS LIADREN 2370 & % Hels L 72,

FHETHOHHENTE " BKRO LI BIEHAZEZB NI —B L EBRTEST
559, RSN FER) 36U LOLBOIEHEE ICH T 5 AML, CMLIESIOHEEHIS T,
EFhEFN0.57 022 TH-, CORDICHIFT2LERERIZ10.07TH - 1-DT, AML
BLUCML OHEERERIZEFNEFN0.57 X 10.07 = 5.74, 0.22 x 10.07 = 2.22 &
ot Thizaihd 3, D &1 1,600 mGy it Lo #H TR, AMLOBAR
0.47, CML {3 0.22, £&{kDF4: %3 156.6572 - 7z, WA I, T T OHBIRITL RIETE
ffii% 0.47 x 156.65 = 73.63% LT 0.22 x 156.65 = 34.46 L4 -7, AMLB XU
CML DftiErx ) 2 7 ik #hEh, 12.83 = (0.47 x 156.65) + (0.57 x 10.07) B LV
15.66 = (0.22 x 156.65) + (0.22 x 10.07) T, =1,500 mGy #M D CML FeA 3z
THEBWE AMLEAR W T 2EBELHELTEONZHEMY 27 ki3

[(0.22 x 156.65) + (0.22 x 10.07)] (0.22 + 0.22)

1.2 = =
[(0.47 x 156.65) ~ (0.57 % 10.07)] (0.47 <= 0.57)

EE, COMMY X7 HIT, 2RORERTIEE, TNFNOBEOEBIzOAKES
BlElEEEINACY, ZOXSIHENY 2 2B, AIEREOKEERLTHS &
BABNETH b, 1.0 EOHERE, V2 /HATOEENDIRLE D YT 2 HIMKB
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RIDFEERICAEIBBEERZ A2 RLTVS, P, Lidof 1.2, AML 4
R h CML BERIZHTA2HEHROEENARE VI EE2RLTYL 3,

ATL REROHFERITI -0, EfoF—lzowCRlEEomir2iliciTo/k, L L
BSOS, EFOHEANI VDT, 0-9, 10-999, 21,000 mGy & W HKF M
BRESEHNE 528 E 5, CORSE AML 88O M1-M7 O EHTIC bR W,

B, FURBHER, DIMFER S X oo iAE R 3 2 A THE 9 5 729, Bl
R & TORM A BN Lce 3 LD ENBITc> O TEMEIR L,

& xR
IBESHR & FHESHF O L

AiElOZEIZ 11 KA» SMREh TV 5, FiEoBHTRER2ICR LAK S, AML,
ALL, ATLOH®A2 &L 21 Kitic L,

Dzl hi-560 ALL ERO 5B, 39 ALL L BUSHE iz, Bhik, 6 fEAD
M1, 4fEAIMN ATL & LTHEE N, iz 1EEHF >, M5, CML @ ) »o3ER¥E R tkizdt,
Baamig, @iy > sEAaM#s (CLL), §i Y >/ IS (PLL) % & 45 EHilE 5 M
(HCL) & LTHAMEE hic, fildl, Atk#tattAinm (ASL) &2 s hidiEflo 5> by
MHAL2 ALL cBaEE .,

filE, AdEN R PR (AGL) 2 iahik 196D 5 B, 14HAALLIT (L1
1EEH, L2 124564, L3 1IEHD, 16 fEHIAMDS @ RAEB icZH X hi-, EFERM: B IHE
I FAB #ici3E s T, 11 flici@dic. CML OBHitEatiz{kid 4 flici
Wi,

AML O #E& (M1-T) Iz2> W Tid, BiElOZE & SEIOZH LIt RA—HLSEZ Rohi,
HIRBK 7 O &FE > 7 M4 B L OMB 22 ] &, BRFRIFERKL S (=60%) % £ - /= M6
6 H%, RiIElO AGL ZHMiicinx 7z, AilEl AMMoL &2 fufz 234EHID 5 5, 8 HlA M4
T E N, 6HIHMS, 26H M2, 1 HIAMS, 2HH MDS (RAEB), 2|48 ATL, 1 #jns
ZThThBEEREANRES X ESAIAICEEE N, billlo AMoL OK4id, 274F
Plo 55 6 HIHY, XIST 2HAEMS L2 b, 8EEHIA M4, 3TEFIH M3, 4KEHIH M1, 1§E
PN EH MDS B & CIEIEERME A MR 1z, 2/ ATL BB hie, BilE ORI
#i (EL) DZHD 5 6 45EPI DA HYME &—3 L, 4815 MDS (RAEB), 1145 M4 Iz 435
Ehi,
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& ZAMCML 20T, Fill &SRO O —BERSIER TG - /2, Bil@ 109D
CMLIEHID S5 5 104 §il% CML &2 L7z, 23EH]iZ MDS (CMML) &2l L7z, s8N
hi-6fl0 CML RMIRLRHIREIAML B X TFALL EZWa i bDTH B, CNTHG
110 fEMNZIS - 2,

ATLIEG D% R OZE T3, IEfcEMERE (LS)E LTRED e TWiz, €D
bR O B s i & A5 185EFIE, 410] ATL i oo 4B, ALL Y45, ASL
14, AGL 141, AMMoL 2%, AMoL 24, CML 1, CLL 7#lT& %, Hii[dl® CLL 10
gloasb, SROZHTHCLLLEENALLDOEOFNIIHTH s .

hiotrs bz e, FAB HNiE4AH T, ALL 66fEf(13.4 %) 3 £ T AML 195§
#(39.9%) L2 WTHENMEAIT) L L&D TE o, BRENFHOTELL > LEAEED S
&, ALL 2369%EH (18.9%), AML 23 2084EH (42.2 %) 1278 » 7o, BEBIMMD 4 1EH]%
mi 3 &, atEAMmiEIR & 281 (57.0%) ii# L7z, 110fEFIACML L2 Hiah (22.4 %),
A2 A ATL (8.6 %), 26 4" MDS (1F & A £ RAEB) (5.3%), 4#I»CLL (0.8 %) &
BWE i, BAERE, H2EcES ETELRRIC LW TRIERUTH D, ALL N
76,,107(71.0%), AML #%255,7355(71.8 %), CML #%109,/164(66.5 %), LS #
32,/51(62.7%) Th -7,

(MEEIF AR NTEFHE] EHIHmMZEETRis iz 47T9EM O ALL, AML, ATL,
CML B U ZOMOBOASERIAR L, 24 T82%O—H AR LI (k3), BRICLS
IR — BRI T 38 % TH » 72 kappa #FHR"*130.73 T, o038+ —K
LTWaZ EARLTWA, ALL, AML, ATL, CML X402k —HRIEEH< 89%
%% L, kappa #i i3 0.83 ThHo7ce LA L—BEIGOUALLEVST, B#FLL -2
ONWiEAHBRNNHHATE 2b TRV, BEL6 I OHABEEOLRICE W TR
DIEFI O BAHRBEEREMIFE LTV E05TH B,

BIE ORI ERESE

LRI CIMAAMEEF AR R, SEH, FURR TN, WL L~ Vi, LSS-E85
Dk— b SRD, BN RERE, Bl TSGR ORSR & D HEE U/ RER]
AT A WT, ALL, AML, CMLE L U2 0fiicien Lz, B hBAHEERL
RizFAWR LIz TNENOKEOHN ) R 7 GEHMHORERIIHT 5) EKSITRY,

SO R TR OHEE R RN OE LA T 2 M AN AR R ERE ST
WIS EAMIITRETH D, Lish>T, F4-8 B iclb i iic & n
LHZRETH B, TNEDF—F7DHH, W 2D DRBHLEZRTHDIE>VT, M
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263, W &3  (FABSHHAR * 1o l—5¢) LB

|E5340

i ALL AML ATL CML 0 it

ALL 51 14 0 0 3 68
68 % 6% 0% 0% 25% 14%

AML 11 205 2 4 3 227
15% 82% 6% 4% 42 % 48 %

ATL 4 5 30 0 0 39

5% 2% 86 % 0% 0% 8%

CML 2 4 0 104 0 110
3% 2% 0% 96 % 0% 23%

Foih 7 21 3 0 4 35

9% 8% 9% 0% 33% 7%

&t 75 249 35 108 12 479
16% 52% 7% 23% 3% 100 %

FAB 434 L 27 82 17 50 36 212
1274 % 38.68 % 8.02 % 23.58 % 19.98 % 100 %

F HIEEHNC 82 % 0—BEA I, HEEMAR—BERIE 33% TH 5. ALL =2 vk fimss,
AML = kBl E I, ATL =N T #IRIEIMAE, CML =184EEE fims, bLuzolh=
T #lBIH 2 &8 T OO HIE B L ORI & Ak ofbo k.
*¥75 02« KE « KRS L— Tz kB,

p pc
ka; = =073
ppa =7 n

BRI A KEICR T, ChOHERERICL DIVRINAEER, hokRE s
ETH TN § 4 & b LSS-E85 F— 72 HWTHKBELL, 55 It E8REnTH
Lt 3,

B O 42588 D FEARA IR L AL LR 20N TEC = koo BBHEBIRIC & 2
ALL 8 LT CML O#I%f U 2 7 (BRI 13, ik bR OEO IR (1-49 mGy)
KEWTSAbBBLNILULTS o7z, WIRRRD< 50 mGy TH &AM ALL 518 CML
DERIFERDFREN R SNiz, LT B8, AML B XTZOMOMHN Y 2 2713, i bt
R U7 2BRR BR O 7SI - RIS O FURBER OB # 7 T — DXL Fick T,
1LIFTH -7, AML OBF%5] &2 2 3 icid, Bl > 50 mGy, D¢ & 4229 mGy
WAETH - 72,
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5. H, FUBFHAEH (ATB), BIGERERXS 50 s 4 FHEIOHEEM U 2 7
Bt X5 (mGy)

AR IR AF
HfER  #R () 1-49 50—499 500—-1489 21500
ALL H 0-15 1.88 2.75 16.25 66.08
H 16-35 2.37 1.31 7.17 37.21
H =36 1.68 1.34 4.42 55.06
N 0-15 12.47 2.93 38.20 162.13
N 16-35 17.92 3.92 0.00 45.08
N =36 1.96 1.19 4.45 23.19
CML H 0-15 1.39 5.78 23.33 18.64
H 16-35 1.71 2.71 10.18 10.37
H 236 1.21 2.78 6.29 15.38
N 0-15 9.00 6.00 54.00 44.86
N 16-35 12.97 8.17 0.00 12.57
N =36 1.43 2.49 6.37 6.52
ZOfh H 0-15 0.22 1.06 3.89 11.00
H 16-35 0.30 0.49 1.73 6.18
H =236 0.21 0.50 1.07 9.15
N 0-15 1.62 1.14 9.48 27.62
N 16-35 2.27 1.45 0.00 7.44
N =36 0.25 0.45 1.09 3.89
AML H 0-15 0.53 (1.82)*  1.39 (0.60) 6.67 (9.66) 15.40 (8.81)
H 16 -35 0.67 (1.55) 0.66 (1.78) 2.93 (5.23) 8.65 (10.17)
H =36 0.47 (0.46) 0.67 (0.44) 1.81 (1.32) 12.81 (16.02)
N 0 -15 3.569 (1.53) 1.50 (1.85) 15.95 (4.90) 38.44 (0.00)
N 16 -35 5.03 (3.40) 1.97 (0.00) 0.00 (0.00) 10.40 (0.00)
N 236 0.56 (1.19) 0.61 (0.00) 1.85 (2.83) 5.46 (7.78)

¥ H=ILE, N=FKi, ALL =2 QiM% AML = 28 EHEA MR, CML =84
BHEAmE, BLUCZOM=MAT MREMKEL2ETE OO MK S L & INCEH
EhiroftoHINFE.
AN OB, HaTEEMEAE A 34— F (LSS-E85) O HEEIIFR AR L b B L1
EHWNYRT7TH 5.
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i b e OEREHT i U7 2B ClE, RIRIFERY LRI 2100, 2RO Mx Y 270
BN aHM%E R, Shid ALL 28 &, SWERICHIEWIER O 2%, FUR i L
DB ONFEERP BN R ERT2 2 EAEETH S, ALL EFIDOES, B
FEOYRBWIRFI BN THRERNEG L, MATNw 25590 FRERR—FEL LG E
B Ui, &5 LB TFHERNRED BN,

ALL, CML b £ O AML @34 RIZ—MICEBEO T <, 2oz BERIOAD &0,
LA LEREOHN Y 22, WoDHEFTRTIZOWTEROANKED 1, 2{D
Be, 20ERZRLTITH o710

FUMHE O FAERER A BEMIC KT 700, BSBWREROMBIORTIIRERERE IR LI,
(AR IR 3T (JEMEMREE, 1-49 mGy B LU 50-499 mGy) T, BJoEB L & bic
FERE—EL LR, bFErFo LR Lok, S 28 (500-1,499 mGy BL U
>1,500 mGy) B\ TiE, 2R ORELIBHORELE bitEP L, CMLEXUD
ZOMOFEERIE 19T0HERBYELCIT TR I T II U F - URIVIZR - 7o, @R
(21,500 mGy) Tld, XA 19764Eh 5 1980 F iz H i TD ALL B &k O AML DFH
g, Ny 2 TSR LRIMITEENRA-5HEEM 5 T,

FF R L AL R & OIS R M A REEE U (RT) . BERAERT
BRI S HORENENZEM L TVE LI IR B o7 B b B RGN 21
T3, FRREEROE S EWIBA (0-165), 2WRORBIRAERIIRRE & & bITETF LA,
L AN, FUREERSAN16—-35OEFERTIE, 9 LRSS h 5DIE I o6&
f2Mo ALL XU CML & 500—1,499 mGy #EEHZ B 5 Z DM TH - 7z 21,500 mGy
WIREHE O Z Db FEERE & 0F500-1,499 mGy ¥R O AML RAERIZIZFE-ETH-/c
7%, 21,500 mGy YRR O ALL RARIE LR Ui, FIREHERD 36 MU EORAR ICE
W, EEE 280 AML B LU0 RA R}, KEFESE L THEAP LAY
Lhiid o7z, 500-1,499 mGy #EHIE T 5 CML B XU Z Dffid A, 21,600 mGy
25 5 CML B L0 ALL BRI OBEE & I T Uk, FUBRFICERAEICEL,
JERITE OISR (21,500 mGy) 23R L 7= F T, BR & & bic AML O&FRARN E
RETZ008D SNz, Z0& D CFURRAEREERERFIC S 2 R4 RORERIHIN 2
T 2L TH %,

ATLIEEMIZEB IO TOAED LN, ChoDEMIZZOMOMD 60 %% LT
Wito TOMORERIGZEHEN L VESEVEEROAVEHK > TEHVWOT, BN T D
RERICEZ 2EEARNTALOATLEYVE LT, BEROF— 7 2RO HE TR
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RERF TR 9-91

# 8. HiE LB ORI O T Rl (ATL) #EEER
(10° BUR ASEM 72 1) OOFE)

G om MM
(mGy) i M4 1951-55 1956—60 1961-65 1966—70 1971-75 1976—80
0-9 (1) HIFERE 6.0 33 49 5.2 9.7 4.4 8.5
Fets
(2) BGfmwiEgc 20139 20356 20.856 20298  20.186 20,027  19.827
B HEE
ATL BH#E
(3) #EE ATL 1.2 0.7 0.9 1.1 2.0 0.9 1.9
Ry
10-999 (1) AMHLHER 6.7 6.3 a7 5.0 5.3 8.4 11.9
Fatp s
(2) AsiERNIz  22.727 8.168 13.334 20.289 28322 3428 23024
B HHEE
ATL BE4r#
(8) #EE ATL 15 0.5 0.6 1.0 15 2.9 2.7
Fed
21000 (1) HIUFEEHE 385 98.4 72.3 189 19.7 0.0 0.0
FE
(2) EMpEEERI: 9524  22.222 0.000 0.000 0.000 0.000 0.000
BiF iR
ATL EL#
(8) #iE ATL 3.87 219 0.000 0.000 0.000 0.000 0.000
FeHR

E () = ERE AT X SFRIRT AT 10 HA (LSSESS) (3) HEEFLR = (1) x (2)

Ufce T ORI G L7 WIERHZ 0—-9 mGy, 10—-999 mGy, 21,000 mGy T& %, {2
SNIHEE ATL RBERRRSITR U, BbEL ATL RERZEICSHERICED 5h,
COZ LT ATL BAERICH LTBHBROEENS L LERBLTV S, LHOL, Zhid
FERMIZBIC L2 DT, FICEbE OVHIBRREICE OV CTATL FAMS LRV (n=2)
e, bULRETENEHHMNEEREKELLRVLTHALSLEA LN B,

Rl kT, COBRTRLUAREROHFNLAEROREZC A» S OMET
b2, WRL AL, REBEER, s LIRS, AMKEORENORERICE X 2 M
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RERF TR §-91

AR T B IiE, O SN HEE RO AT LN R S LD Il 0%
Pt AU 2 ST ORI A ATL DR S c EBA B U, USRI AR D AML
DOBPFELENSBE & & bz ER2 & 0 R, EFAEPDEZOOT, FHCHE,S Ay T
H b,

B M2 o

bizahss k5T, FERIIFEAERIC Y A BB, RN TR, #TE X UBOE BetE
WM OB EERTET 28 NITER 250, &9 LERTAOMBEORURERICE
A DM, WREITHEY 2 5k d 2, OBzl EN 6 DAEEIGH
LTROERE, SZfLClR~5, $abb, %Y 27 EERHOT, AIAE, B
AR AL BIFE AR IC B A 2 5W%, BIRERIThE Ui,

#9. Ay %Mk (ALL), Wtk (CML) & XU E OO EIE (ZOft) 13495
TR R &, b B I (AML)® (o364 5 MR & %

Hrd 2 v okt Y A 7 HE
AR X ) o
" (mGy) 1945—50 1951—-55 1956—60 1961-85 1986—70 1971-75 1976-80
ALL 0 1.00 1.00 1.00 1.00 1.00 1.00 1.00

1-49 10.92**  7.49** 514 353" 242 1.66 1.14
50—-499 9.99**  582** 339" 197 1.15 067 0.38
500-1499 3.32 3.00* 2.70* 2.44 2.20 1.98 1.78
=1500 20.70** 12.25** 7.25** 420" 254 1.50 0.89

CML 0 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1-49 12.10**  7.21%*  430** 256" 1.53 091 0.54

50—499 6.91**  582**  490* 4.12** 347** 292* 2.46

500-1499 9.88**  8OT™ 492" 347" 245 1,73 1.22

21500 11.68** 547"  256* 1.20 0.56 0.26 0.12*

= Ol 0 1,00 1.00 1.00 1.00 1.00 1.00 1.00
1-48 0.14 0.20 0.30 0.45 0.67 1.00 1.49

50-499 0.14 0.24 0.42 0.74 1.29 2.26 3.96

500—1489 2.44 1.62 0.95 0.59 0.37 0.23 0.14

=1500 2.03 1.43 1.01 0.71 0.50 0.35 0.25

 ZofbicidaA T HIREINRG 5 & OBl S h iz ofboHIEEE L,
SERREED ) R 7 & Lk U, BEE O BIRRE L ~ULIc B A& AIMRERIO Y 22 %, diEd % AML
O Y A7 TH - 1 b Do 8 227 ILht >1.0 OHFE, AMLITIE, £ QEIMAIZH S 2 BER
M E VT LETT, YRS < L0 OHE, ZOBINR LD b AMLITHY 5 HGHIEEN
KEWI EETRT,
O R EE B AT,
*p<.10; ¥p< 05
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RERF TR 9-91

ALL, CML BX U0z O pFAHRE, AML R4 %3 2 FA BN R o L8 %
g 2 72, RO IUIRBI oS WRGRBOENY 2 7 L (RRR) AR Uz, ALL BLU
CML 22 Tid, 195660 F e i THRLEVIERICEWTS, XY 27k > 1.0
THotets, 1986—TOFEE TRBEMTREL K ot, THUEOX D, HBUHERBIES AML
Wk, B0 CML 35178 ALL ORERICH L LD KSR ARIFLIEWVLAITLT
»3, TOMWORERIZHT 2 MAHRWEORE L, AML AR T LEE &R, £
WR LA, BEOOFhoBRIc W THEBRBEIRONE > 1,

29D ALL XU CML O#xtY X 7% AML @ Z 1 T U TiE 72t b E O
#(1-49 mGy) O¥)H O 4 R (1945-65F) T1.0 &k h bHBMIZAE L LW I TR,
#4H XUHES TRYES N B0 mGy LUF OBEBHAEH S0 cBfo ALL & CML %
HREDSEIT I ERMTNERNE b > TEMNT 2. bB2A T ORI, BRI
AN AML 2 UTH#RE biclid > o J E ZRifEL LTW S,

1976 -804 iz » 13T 21,500 mGy #gEREIcHiF 2 AML ©#% 1) 22 CML (RRR
=0.12, p <. 10) L ERTEREREHICAZI VW E VS THIZ, 1980F T AML OBFH
B T EXIRTREAHAFIICEMNTTVWS, ALL oY X2 % CML oz hThH
LT Hx Y 2 2 Hi2 7.42(0.89 + 0.12) T, 1.0 L h AT (p <.05), 1976-80
¥ T ALL O#RIdHiV 1 2 &R T k6 E2HatFMIcEMNITWS, CML TR L TH
rZofoiE ) 2 2 it 1.0(RRR = 2.08, p>.10) &, FELER L - e,

B M QBT O T i il i U QR 2, B 7o IR A i & e L~ L & 7
T E OEICE BRSO EENBL NG -2 & (p >.50)iF, #iM B Xk R B
Bo—>0EEAEAMETETHET 31z, 2o RRR 283w 245w v R#ir 54

#10. BIBED/ Ny 7 75 % > FRIZHT Bl o) 2 7 1

et ALL CML Z Dt AML

PR 1.00 1.00 1.00 1.00

Fely 0.64 0.43* 2.65* 1.00
(0.31, 1.32)® (0.23, 0.79) (1.36, 5.17)

 ALL =2k o ¥EEIMmE, AML = Stk E g, CML =@ttt e, L0
ZOfh=A T HIFEEIIRE £ &0 % O O AIMIF S L CRBICEET S h i % Ofbo BIimE,
LR B L BEOHINFEY 27 %, WET5 AML F85t) 227 Tl f H 0,
O AN D B 95 % (S HIX M,
*n<.05
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RERF TR 9-91

F11. AMFEO Sy 2 750w FRiohd 25 HEHER (ATB) 52 ol ) 2 7 H

[T (%) ALL CML ZDfth AML
0-15 1.00 1.00 1.00 1.00
16—-35 0.40** 2.00* 1.65 1.00
(0.18, 0.89)° (0.98, 4.17) (0.71, 3.55)
=36 0.40** 1.93* 7.38* 1.00
(0.18, 0.89) (0.9, 4.08) (1.16, 6.00)

& ALL =2k »osfE g, AML =2k aimg, CML =83kt e i, BL0
FO{b=rkA THREIFEE S8 E O O HINFE S &£ I ZE & AT oftho B,
0150 X2 LB L SATBES O M IR Y 227 %, Wivd 5 AML Y
YAT TRt bO,

b YR OB, 95 %IEEXIN,
*p<.10, **p < .05

MO EERTHELOE NS T EEERT 5, Bz, BREAFSRRAEE — fBHHL
M SR o 72 (0 >.50), & - T, RRRZ#BiTH & OB FEmX AR L,
ORTFREBLE THE 0, RI0IRT XS i, JEHER T, KO CML fEEY X 2
BIEBIcE~N, AML X0 BEEICE], Z20fhoB 3 ARISEL » o, XY A 212250 T
BETHREE—BLAERR LR VO T(RIBR), Bl LD REOHS—RMICRER
(ATL D) DB 0D, Ny 2757 v FORIXHT HETHHROLDEFTA LS,

FILISRT &S0, FU < IERERHIc B0 T, BIEFEBHE (0-15®) ik, Eh kDG
WAEAEE (16—358%, =365%) ® RRR i3, AML & b ALL @ A53Ed » 7%, CML 6 L TF
ZOMMOHEE N 2720 T LERIERAICRLAKIIC, AMLY X7 OLR, £L Tk
D% I FUREERBIO CML & 200 ) 2 7 @ EFICHA~, FUERFRE] ALL Y X7
HHEHN—ELTWAI LItk3EBEAON 5,

AML BEEI & 3R L <)L

0-9 mGy & 7510-999 mGy R4 ickir 5 AML #illAThICid, HEC—RIEED Z
heAkESUERITVWESITHE, MLIE33HEHI(29.6 %) BTV 10EM (27.0%),
M2 1 305EH] (26.8 %) 5 L X 8HEH (21.6 %), M3 i3 16 FEH (14.3 %) B L U8 AL
(21.6%), M4 13 19%EH) (16.9%) B L 8EER) (21.6 %), MBI 6 HEMI (5.4 %) B LU
1HER (2.7 %), M6 i3 BEEDI (7.1 %) B XX 2FEM (5.4 %) TdH =72, 21,000 mGy X4}
TOLE, M1 2S5 FEM (29.4 %), M2 A6 HEH] (35.3 %), M3 IREEMAT <, M43 45E
#(23.5%), MEBLUMEPZENEN LEM (5.9%) TH-7ce THEDT—FIFM3IN
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RERF TR 9-91

22.00
__20.00
& i
= 18.00 AMI
paid ) D
S 16.00 Z0fth
R L
A
e 14.00
= I
12.00
i ALL, CML
10.00 . 1 . 1 : 1 . 1 .
0.00 2.00 4.00 6.00 8.00 In(ffit+1)
0.00 6.4 53.6 402.4 29800 #it (mGy)

5

. BN R B0 BR A O RIE F T O R & O E & OB

ALL =241 w4 GilniE, AML =2tk 8tk 9 imE, CML =184
BB MG, B & U E 0= A T Al %2 & D E Oftho 5l
Wb L URc 2l & h ot oo JIEE.

M1, M2 3 & O MA IS LERCTHEHRIOBREN BV Z 2R BLTHWE, LMALIDLIX
Fesn ok BT 2 BEETIIERELIE A4 T dH 5 (Fisher DHEEERIETIE, .06 <p=<.12),

B I FEAE £ T ORI OB GEREER)

FIMESRAE & TOMIRI O —ALATE € 7 VB> i3, 2R halit, BRaEEs, E (R
B+ 1) BEOHMERO 35 X P4 ERMOMEER & FEERY & w3 EFRZERIERY
ST, W+ 1) B XCAMBERAE LR $RTO 2ERBOHAEH bERTRA
¢, BT, BURMAERS L CEMAROTEHR AR TRBVI LERLE (0>.25), M
B (i + 1) & FERY & OB I AIMREIC IS U TERICE L Uiz (0 <.05), #ikAHMH
e zicoh, BM1licR Uik Hic, ALL, AML B X UFCML ORIEREAEEICKE L -
too EZBHZFOHGIEAML X h ALL B LU CMLOADBHERICTD -, &IFDT —
¥ AT LT H, ATL OFE & SR & ORIcH B IHHBERY S s h - 2 (p >.50),

BEOBRYOFz v

APE CIT - eI, (1) BIFERAOEAONEIR FAB BABOFM L MBGRT
Hotz, (2)EMNERAOTHRE CHREHN LSS EHOMKEATH > oS, L E) T’
WHBRTH > E VI RBROKENEGENT VS, B—OREEARET 2729, X1 OLH
R L HANIA SR ABOEEAEH Lic, hitk > TZOM%RE, FAB &
ik —RT2BENFE LN (%3, ZOMhDfliid, FAB HZEMftbhicb L,
ZFOES5BEWETIRBATIDTH - bD L BHIL. £ LT, BORIKEL L, R
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RERF TR 9-91

Bafun, #0mM, BB E 22 3R & oM EERP RN OEADFIcE B EL
BB LI EDDAERET L0, BITA 1T o7, MEZTHRBIBEMELUM LB ED
HAEOIEFID A & O ICINE 2.

HOMER (0, WA OMBEHRBBEETRE) 72 (0 >.06), & 5icHiHEZHIC

WU —HHAED SN E9H (ALL, AML, CML 3.0 ATL) ko EHT 2 &, BAE
UEBl & % 5 TR OEP & OATHICHEERER L7 (2 =386, p=.30), CDLS T,
FAB HAHIZBBER LORHRHEVEVIREIRZYTH L LHbNh 2,

3 U IE A0 B IMAE B AR o Fiss (LSS HHTH 30 % 5 TR L) & BIRN
BHEIENRRET S0, EHROMITEIT-> 2. EHOFEE L, £h &FUBRTE, 3,
W RE E R S OMEER D E bIT, &5 LicA o LEh - (0>.10),
DI EROMEE (2) 2B/ET 2 FHICHEELIREZED b hith,

WA, AAEEROREETH L) 2 7 b X ORIBIHEESRARIZIE, FAB Higli%
FTot-iEMOHRIRLIC &%, LSS-E&5 a3k — FOWE T WEHEEMIzMA L &I
EAFRFEDEHIZLEOEEDN S,

[ElBkl, BMBEFRIE$ TOMMOBITERICH T 2R bR, M@La2bDidi
o i“:..-,

z R

AHAMKEO OO FAB #BASTHAE Y 27 L%, FEHEE OSSO INMKIES O
#I65 %I Lice COHNI Y AT AT - 1 FBESEE O AIMEO M HERBE TH - 12,
BRI g U7 USRS i BE S i AML 3 X UFALL EROEREIZEAN T, —i
HERIcRET 5 HRBEFEOAM MR OEEIZHL LT, EEAEN RAEBE WA 3
MDS fEANSZ R S Nce ThOREBARAREDOMDSIKHEUL TV, FAB 28I
WA, AML, ALL X 0 MDS O 538 bR Tl i, ki 2 3 iE RSO A iR
HL MDS &, HRRBEOAMAS X O MDS IZERA, IEEBIICEIRVAHEZ L0
BARESH TS, AIMBEHELSZMRRICH S 3BEIR FAB SHEHOEH I H#L
WCEMBH B, EHICALLBLTCML I _REEAMIKE LTHRETE I EANEEALELL,
FURMIRHF = A S0 5 1 @O ARO BRI £ > THERS hicBMmHIE, %08k
OHFES 5 LERREAMKICLVIEVOREETREZLTH 5,

i AMLIE -7, Ta—, 53 LUbq-HEORBERYLEHETET 2 2 &0
XNhTW3, 201, FEBIEHRICERSNWAML 23 LAREBEKRELET N E
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5 MBEIBRZED, RS ot LhiE, MlEEEFPREFAMRRAEICISHENS &5
1215 - 72 1965 4ELIKE, AML 2 RIE L AICZ 5 LR BAERENBO SN 2 Hi[EN1H -
feo B85, TREEAD—IHH LL BEFOEOREESTEYFWICHIE T 500, REH
EOAMBOHRIERD DNA 2 ffd 20 &, L O EERHEEEHOTHREHESDOH
M5 & IEHBM P I & OBASRITIEPEELVTHS S,

FAB AHiE4HA L TiT- ARBOREE 25 %, 2% b, FAB AAOEEFENS
& ORI LR I 5 ¢ ALL A5 I —OffEsr &, MDS A5 I Y —DREBTH 3,
CDZOOATTY) —OFERRLFOBHARNTRATATH -7/, £0 L, AGL, ALL
B & RO MEOX L H VW E VT, LEIORE TREBESMHEE X3 2 [RE KR
OBEE TGS 2 L THEBA GO /' T DBORNA F v ¥ — €O RS LA IF I
BEHMEANFOZ V—728Eh T3, FAB HHITEH#INALLAF I -,
R RE Y — & — BT S & R TR A FIE U — SR S BiE TEs L ALL
DONFEERL—HT A EDHONTY B,

W o ORB RO HIMKIT > W T bIEEENBE %17 - 7o MTOREIEHELT
Bldicid, BFEESICLAMNMERRLAF Y —EOREE bLIRE/ Z0—F It
EROIHES >/ 'H b/ 1lla DREELSLETH 5. MT OFEEFIIRFRER - - 1EF)
BhEN 1§, SEORETLHEN, ZOMD MTIERD, ~AF 25— LEaHalH
I, HIZALLL2ELTSENTHWAZE O RWEEL OGNS, L L—RERick
5 BRI O [ IHE Tld M7 OFRERHE NI, 9 LEABRDLE» LrEubh b L
hisv, BIEEFNCIARELS Y 3 RE L OVEEE (RBR) ZFEREE S B E BN 4 5%
e, BEBRBTRRDOALE -1,

ATL BEBETOA#ED Hh, EMEFOFK20%% Lbic, &5 LARERO S0 %L LD
Laiog#clrpliEes chTEh, ZhidES) D EXMFELLAbEEXoh
T, EIBH, U NEREREZME D BEO B MMM IS, BERHEIGE, HFRRIRE
MHED 2 WIS EF BRI INTEA SASEICHEA: Lo /o, B 50 %D ATL fiEf)id ALL, AML, &
FIWRHCML L2 A b Eh/, BERBBY v RRoFFEHEEHEI T3 CLLA
RBTOAFEFRENEWI LRASATVRY, SEICHhSDIEFDIFELALIF ATL T
55 ENHIILI,

CML @2tttk O HEE# &SRB L 7245, LlEi & SElo CML 2o —Se ik IEH 1z
@ oo, LIHIOREClRAaMEEL, i) vk attis{bicB4 2 r & hioflid it i
o Tce BEEMIOEEREEIC L NiE, 1FEAEDCML I3, BHEEEA G Tatkiz{td 2
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&0 S TS T OEERRRER Ui TOZ &3, 1965 FELIRICIRBARE LD
ROCML EEFNC L7 4 77NV 7 4 T (PHRBEBRIESATOLEOLS, BLAEDR
1R B O CML I EIRS2H, Y16 £ Clasmyic R THBN) 2 Ph' CML Th 3 &
WS I EEEKT S,

X ) X7l L HEERARDNEE S DAV oA G O RITIE, Breslow B & UF
Day ' 2% U/ RICE S ARBITO—HTH 5. COFOMTH 5135 hi-dE R,
AEPLEIR OB A ERIC L > TRAT A DIFEH BELCB B2 b5, LHL,
FaDF -7 TR, TOLHIRREVPZOWERFELTOL A LW ABELSITII RS L)
27, (WROFDOBANZREDDF = v 7188,) Thic bbb o d, LREHE T TR,
F 000 9 93 204 1) S 2 4 5 5 A IO AR B R D BE R Iz o W TR SR L A SRk L le g &
W, Lichis T, Fike OB ERE, EENE VI XD U LARBHIEEL ERETH S,
A[ER A E D 2k — FEEPEA O TEICFHI T~ & T, fIC{EARE (1-49 mGy #f, 7
16 mGy) T ALL & CML @Ol@flAiA ol Eic20 T, D ak— bafd L THE
Lizirhida 5,

FEAHMBR OFREE R EHRICL S &, ALL, AML, CML ¥ X U Z Oflio FELERIZ,
WFALBRBLBE BRI 2WTHWEER U, BRbEVIREI T, ALL HERAR
DAHMHREFERNEC 2o TETFL, AML, CMLE XU ZOfbORAERIG LR
L7zo BBEEWC Lizid, Bb@VERRXSTIE, AMLO Y 22k ALL, CML & U'Z0Dfh
3 ERBRER I IEFE LT 5 e, 51T, ALLEXUCML Y X2 AML B LT
Zofhk b, BEIMINT B IohBMICHA LA, &5ig, ALL, AML 5 XU'CML ©%
iE & TORMIZEE ORI EWEEIZE 15 - 285 AML ORISR CML, ALL kb~
HEIZEBRTH 7o T LFiEA S ALL LU CML IR RLEE, AML & b IR
RBEHRICEEL BRI TL A &, FAFERCOmMmRAE E ToRKEIN 2R oA
WEAML ETARESREBZED DN B,

JRAER AR A T e, FRR R DI (0-165%) O 44, MEHRFERA MK OFKERPIE N &
D o foo BIMFHT D S3037 LT, FESREFiEE B IMAERE  TOMM & EEMEER
BRI -7 (p>.10), [EEkic, AMFRRERL &R »T, #liflicgiEsERR
BN -7 (p>.25),

ATL AL LT, #HEERERIM L TER I DEEOANEN 2/, TOZ &R,
FUEBELE A MR FEREARTH 2 CML ic8iFch -7z, LA L CML O ) 27 (ki
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