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SUMMARY

Hematology data before onset of leukemia were
available for 55 of the 1,462 acute leukemia
cases collected by RERF to the end of June
1976; 8 of the 55 showed ill-defined preleukemic
state and 2 had polycythemia. The preleukemic
state was characterized by anemia, leukopenia,
and morphological abnormalities of RBC,
platelets, and WBC. Preleukemic state was not
excessively frequent among cases of leukemia in
atomic bomb survivors exposed to high dose.

In the Adult Health Study, five abnormalities
characteristic of the preleukemic state, ie.,
anemia, leukopenia, relative neutropenia, relative
lymphocytosis, and relative monocytosis were
analyzed. The prevalence of these abnormalities
was not significantly high in survivors exposed to
high dose. Leukemia prevalence was high
especially in those who presented leukopenia,
relative neutropenia, or relative lymphocytosis.

INTRODUCTION

It is well known that the incidence of leukemia
is high in A-bomb survivors.! Kamada and
Uchino®?® reported preleukemic state in A-bomb
survivors.  Leukemia of the exposed was not
different to that of nonexposed, and no findings
specific to preleukemic state in the survivors were
found, but they raised the question whether
there may be many cases of leukemia in the
survivors who presented preleukemic state. Also,
it is unknown to what extent cases with blood
abnormalities considered characteristic of pre-
leukemic state so far have actually become
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leukemic. It is considered important to clarify
the above two points.

MATERIALS AND METHODS

The RERF Leukemia Registry* had registered by
June 1976 a total of 1,462 cases of acute
leukemia, 732 in Hiroshima and 730 in Nagasaki.
Retrospective study showed that among these
1,462 cases, records or data of peripheral blood
or bone marrow tests performed at ABCC before
onset of acute leukemia were available for only
55 cases, 43 in Hiroshima and 12 in Nagasaki.®
First, the hematological findings of these cases
were reviewed and then the relationship of
concomitant factors to the development of
preleukemic state was analyzed.

At RERF, biennial examinations (Cycle) have
been performed since 1958 on the Adult Health
Study (AHS) fixed sample of about 20,000
subjects composed of survivors and their
controls.® Five abnormalities characteristic of
preleukemic state were selected. Cases that
could be classified as showing such abnormalities
for three consecutive Cycles or for at least 4
continuous vears were chosen, and the relation-
ship of the radiation dose associated with their
prevalence was examined. Further, using the
8,951 subjects who underwent examination
Cycles 1-3, analysis of acute leukemia risk during
the 12 years after Cycle 3 was made comparing
the subjects having abnormalities with those
without such state,

RESULTS

Table 1 lists the 55 selected cases by type of
acute leukemia, sex, age at onset, date of onset,
exposure dose (T65D),7 and the main hematol-
ogical changes during the preleukemic stage. In
the 55 cases whose hematological data were
available, 53 were A-bomb survivors and 2 were
not in the city at the time of the bomb (ATB).
Peripheral blood abnormalities were found in 10
cases of which 8 (14.5%) were considered as
indistinct preleukemic state and 2 (3.6%) as
polycythemic. Table 2 lists only the eight
preleukemic cases by sex, age at onset, exposure
dose, diagnosis, and brief clinical course.

The main abnormal findings in the eight cases
with preleukemic state were leukopenia with less
than 4,()00,lfmm3 WBC counts and anemia with
less than 11.0 g/100 ml of hemoglobin. Many of
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TABLE 1 ACUTE LEUKEMIA CASES WITH HEMATOLOGIC DATA AVAILABLE PRIOR TO ONSET,
RERF LEUKEMIA REGISTRY, AS OF 30 JUNE 1976
#1 BEMOMWESN T~ 4 PIFIET 5 B A MG
BB L5 5 6%, 19764 6 H30R BT

Onset
MFNo. Sex ————  Dosein rad Hematologic Abnormality
Yr. Mo. Age

Acute Granulocytic Leukemia

M 1958 8 56 611
F 1953 1 25 936
M 1975 4 75 Not in City
M 1958 9 16 485
M 1966 6 71 325
F 1968 8 62 Not in City
F 1952 5 22 279
M 1957 3 51 730
M 1959 12 19 513
F 1966 4 64 77
M 1974 9 64 91 Polycythemia
F 1963 3 57 335 Leukopenia, Anemia, Neutropenia, Lymphocytosis
F 1966 10 57 450
M 1956 6 53 228
M 1972 9 45 11
M 1974 10 44 3
M 1959 5 27 0
F 1959 4 19 82
F 1966 5 71 271
F 1967 9 47 292 Leukopenia, Thrombopenia, Monocytosis
F 1957 7 49 448
M 1958 1 76 867
F 1965 8 67 0 Polycythemia vera
F 1952 8 51 342
Acute Lymphatic Leukemia
M 1958 3 14 276
F 1949 ¢ 13 348
M 1971 10 56 180
F 1957 8 25 126
F 1959 6 23 29
M 1960 12 23 19
F 1951 5 24 828
F 1962 9 73 95
M 1951 11 17 595
F 1955 7 12 9

Acute Monocytic Leukemia

1958 7 69 163
? 1950 9 15 581
1958 6 30 154
3 1967 8 49 0 Leukopenia, Anemia, Thrombopenia, Neu tropenia,
Lymphocytosis
1970 12 48 364 Anemia
1959 4 27 118
1953 6 31 573
1963 9 70 38
1960 3 32 182

Erythroleukemia
15 1968 4 55 350 Leukopenia, Anemia, Neutropenia, Lymphocytosis,
Monocytosis
F 1975 7 76 18
F 1971 12 63 594

o =

2=z
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TABLE 1 Continued # 1 #ix
Onset
MF No. Sex -———————— Doseinrad Hematologic Abnormality
Yr. Mo. Age
F 1970 3 61 483 Leukopenia, Anemia, Monocytosis
Acute Leukemia, Type Unknown
F 1965 4 39 163 Leukopenia, Anemia
F 1964 9 36 256
F 1954 3 12 539
M 1950 3 16 653
F 1953 12 30 Unknown
M 1960 6 28 Not in City
M 1954 5 54 160
M 1958 12 51 344 Leukopenia, Anemia
TABLE 2 CLINICAL SUMMARY OF 8 CASES
#2 SBIEMOEEERE
Case Clinical Summary
1 (B AMOL Dec. 1953 Hb 9.9 anemia persisted
48 F 364 rad Feb. 1962  Left breast cancer Op. with ¢ °Co radiation
Dec. 1970 PB Juvenile cell (+) HUH admission Diagnosis: AMOL
Jun. 1971 Deceased. Autopsy (+)
2 (M CRYTH Jul. 1954 Hb 9.05 Mar. 1959-WBC 2,500 Mo 20%, leukopenia persisted
56 F 350 rad Feb. 1965 Mo 14%, monocytosis persisted
Apr. 1968 HUH admission Diagnosis: ERYTH
Jul. 1969 Deceased. Autopsy (+)
3 ) ERYTH Jul. 1958 Hb 10.1 WBC 3,100 anemia, leukopenia persisted
61 F 483 rad Jan. 1959 BM erythroid hyperplasia
Jul. 1970 HUH admission Diagnosis: ERYTH
Feb. 1971 Deceased. Autopsy (+)
4 (-) AMOL  Jul. 1954 Hb 9.0 WBC 2,900 anemia, leukopenia persisted
49 F Orad May 1965 Subcutaneous bleeding Jan. 1966 BM erythroid hyperplasia
Aug. 1967 WBC 54,000 Juvenile cell (+) Sep. 1967 HUH admission Diagnosis: AMOL
QOct. 1967 Deceased. Autopsy (+)
5 (- AGL Jul. 1956 Hb 10.8 anemia persisted
58 F 335 rad May 1960 WBC 2,350 leukopenia persisted
Mar. 1963 WBC 22,200 Aug. 1963 Memorial hospital admission Diagnosis: AGL
Sep. 1963 Deceased. Autopsy (+)
6 (q AGL  Nov. 1948 Hb 10.8 1951-58 PB normal
47 F 292 rad Aug. 1960 Hb 11.0 WBC 3,200 Jul. 1962 WBC 2,200 Mo 20% Juvenile cell (+)
Aug. 1962 BM erythroid hyperplasia
Sep. 1967 Deceased at Citizens Hospital Diagnosis: AGL Autopsy (—)
7 m AL Oct. 1954 Hb9.9 WBC 2,400 Apr. 1956 Hb 10.4 WBC 2,900
51 4 rad Qct. 57-Feb.58 RCH admission (Leukopenia)
Apr. 1958 RCH admission Dec. 1958 PB Blast (+) BM Blast 80%
Feb. 1959 Deceased. Autopsy (+)
8 AL Jun. 1954 Hb 9.5 Oct. 1960 Hb 11.4 WBC 3,200 Jul. 1962 Hb 11.0 WBC 2,200
40 F 163 rad Apr. 1965 Low back pain, tiredness May 1965 bleeding tendency
Jun. 1965 Sasebo North Hospital admission Jul. 1965 PB Blastoid cell (+)
QOct. 1965 Deceased. Autopsy diagnosis: AL
Hb: Hemoglobin (g/100 mi) Op:

0§emn’on PB: Peripheral blood HUH: Hiroshima University Hospital
WBC: White blood cell count (/mm

) Mo: Monocyte BM: Bone marrow RCH: Red Cross Hospital
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TABLE 3 DURATION OF PERIPHERAL BLOOD ABNORMALITY
#3 AR MK O F

Case Abnormality Duration Case Abnormality Duration
] Anemia 17 years 5 Anemia 3 years
Leukopenia 7
2 Anemia 1 6 Leukopenia 9 (probable)
Leukopenia 9 Thrombopenia 5 (probable)
3 Anemia 15 7 Anemia 4
Leukopenia 17 Leukopenia 4
4 Anemia 13 8 Anemia i
Leukopenia 13 Leukopenia 11
Thrombopenia 1

the leukopenia cases showed granulopenia but
not always so, because the same cases sometimes
had a normal differential blood count. Two
cases had monocytosis in excess of 20% in the
differential and the absolute number also was in
excess of 500/mm®. In one case, juvenile
granulocytes appeared in the peripheral blood
5 years before leukemia was diagnosed. Anemia
was mild in almost every case with the
hemoglobin level being 9.0-11.0 g/100 ml and no
blood transfusions being required. Serum iron
levels were normal or slightly high in most cases.
Bone marrow puncture was performed on three
of the eight cases and all cases showed hyper-
plasia of erythroblasts. All five cases on which
morphological abnormalities of the peripheral
blood smear could be studied had earlier presented
anisocytosis, polychromasia, and poikilocytosis,
with a remarkable presence of ovalocytes in
some and especially marked poikilocytosis in
other cases. In many cases, morphological
abnormalities of platelets appeared later than the
morphological abnormality of RBC. The
presence of large-sized platelets was remarkable
and some had few platelet granules. In many
cases, morphological abnormalities of WBC
appeared much later than the morphological
abnormalities of platelets, and the main abnor-
malities were binucleated cells, hypersegmenta-
tion, Pelger-Huet-like anomaly, and decrease of
neutrophil granules. As morphological abnor-
malities in the bone marrow, the erythroblast
showed slight megaloblastic changes and the
WBC series showed the same changes as in the
peripheral blood. There was no specific
abnormality in the megakaryocytes. Such
preleukemic abnormalities persisted for 4 to 17
years (Table 3).

Table 4 compares the prevalence of preleukemic
state by exposure dose, but there was no

EARTERERA E WA, #1229 L3RS F, F—E6
FIEWEAMMSEERST b horz. 420
BB TE20%0HIRE £ 5 h, 2 0
H500/m® FMEZ TV AL IHIZE VT IR EME -
W E NS 5 AT E KMz B R O ShE Lo
HEAR SR, RO FROERN I B0 T 6 E
P, NESTEYHIEEAEI.0—11.0g/100m
BTHMENE LT B0 LD ML E S
BOLROHEMERNIEE AL TH -7, B
WM 3BT hh T A, LEAFKERZD
WIFHERL T/ RHEMIZH T 5 FRE S 3,
BEREMETE 256+ < TIZREMWH 5 FRlEke
FAAE, LHett, WANEATRS 5, 00 P o
HE 7 B e ) 0 BRI AR A A - 2
LSRRI 2 6 1 AR R AR S & 0 LB h T
TAHHAEL, KOG O HHE MR YR A
ELAEREVWLEOL A G N, IR G
MAREEREE L VERBATHR Y 505 % ¢,
FOREE LT, M, B5 %, Pelger-Hiet
FREVE, PR OB L A ELLOTH 272, Bl
LRI ABEBREIZOVTIE, RERJZIBREOES
FHHROL D AEERL, £/, AMRBEER
& FMOERERL 2. EBBRRICIIEN RS
RS shah o/, LED X 2AAMBREIZ
4D B ITEMBH L TV (£3).

F 4 TITBEERAR A 12 & 7 B 005 1R 0 o 5 B s R
IO 220, BHEWNIERZIEDSAL H -



RERF TR 14-80

TABLE 4 PREVALENCE OF PRELEUKEMIC STATE
AMONG ACUTE LEUKEMIA CASES BY DOSE
F#4 BMEA MR ER O R
GURS I RoR N AT oF e

Dose in rad Cases Preleukemic State
Unknown 1 0( 0.0%)
250 + 28 6(21.4 %)
100-249 9 1(11.1 %)
1-99 11 0( 0.0%)
0 & NIC 6 1(16.7 %)

Total 55 8 (14.5%)

x*f3}=3.217 P >.10 (Excluding unknown dose)

TABLE § CRITERIA OF PERIPHERAL BLOOD ABNORMALITIES
CHARACTERISTIC OF PRELEUKEMIC STATE
Fh R IRTE (2 R B 7 SR L 42 o) Ak e

Item Criteria Duration in years

A Anemia Male Hemoglobin ~ <12.0 g/100 ml 4

Female Hemoglobin  <11.0 g/100 ml 4
B Leukopenia Leukocytes  <4,000/mm? 4
C Relative neutropenia Neutrophils <40 % 4
D Relative lymphocytosis Lymphocytes 50 % + -+
E Relative monocytosis Monocytes 10 % + 4

statistically significant difference indicating oo F b b, EAREREEE O B A M AT E

increased prevalence of preleukemic state in
acute leukemia cases among A-bomb survivors
exposed to high dose.

Five hematological abnormalities characteristic
of preleukemic state based on the above-described
peripheral blood data of the AHS sample were
selected; namely, anemia (male hemoglobin
<12.0 g/100 ml, female <11.0 g/100 ml),
leukopenia (<4,000/mm?®), relative neutropenia
(<40%), relative lymphocytosis (=50%), and
relative monocytosis (210%) (Table 5). Thrombo-
cytopenia could not be studied because platelets
were not accurately counted, although the
numbers were estimated.

The prevalence of the five selected abnormalities
was studied for relationship to radiation dose in
the AHS subjects undergoing biennial examina-
tions since July 1958 for whom data of peripheral
blood tests of three consecutive Cycles are
completely available.
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MELAE. 2F0, RM(~EZaE >y $B<12.0g
/100ml, #x<11.0g/100ml ), F I8k (< 4,000
Jmm® ), FHAFEYEF P EREE D (< 40% ), Mty ) v o8
i £ (=50%), tHEAVHERM L (210%) @ 5 1HE
THA(ES) MR IZo2VwTHEOHEDLT
IEHE A2 E T AT & Vo Tl MR R
LTI TE L H ok,

19584E 7 H IR EMMZ % % F, #MELL /2 3RO
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TABLE 6 PREVALENCE OF PERSISTENT PRELEUKEMIC STATE (ANEMIA, MALE)
IN AHS SUBJECTS, BY DOSE & CYCLE, JULY 1958-JUNE 1976
RO AR A BE I B0 3R] A LIRS (R, BiE) o
HE, AR, MEZEMR, 19584 7 H —1976% 6 H

T65 Dose in Rad

Examination Item o Sloij_:fs_»t of .
Cycle Control Low High Unk ot lbnd lEance
0&NIC 199 100+ e (=)

o Subjects 1654 873 649 129 3305

Cases 20 9 6 1 36

Rate (10~ %) 12.1 10.3 9.2 7.8 10.9 536

Relative Risk* 1.0 .8 9 - — P>.10
24 Subjects 1911 915 814 171 3811

Cases 17 7 9 4 37

Rate (10~3) 8.9 7.7 11.1 234 9.7 1.569

Relative Risk 1.0 8 14 - - P>.10
3-5 Subjects 1911 919 789 180 3799

Cases 23 2 10 3 38

Rate (10~3) 12.0 i) 12.7 16.7 10.0 9.031

Relative Risk 1.0 1 1.2 - - .01<P<.05
4-6 Subjects 1775 864 730 160 3529

Cases 30 9 6 1 46

Rate (10— 3) 16.9 10.4 8.2 6.3 13.0 3.442

Relative Risk 1.0 6 6 - 2 P>.10
5o Subjects 1642 804 678 159 3283

Cases 19 9 6 - 34

Rate (10—3) 116 113 8.8 = 10.4 068

Relative Risk 1.0 9 8 - — P>.10
6-8 Subjects 1548 745 632 155 3080

Cases 21 9 8 2 40

Rate (10— 3 13.6 12.1 12.7 12.9 13.0 121

Relative Risk 1.0 9 1.0 s et P>.10
7-9 Subjects 1442 693 590 156 2881

Cases 22 6 5 - 33

Rate (10—3) 15.3 8.7 8.5 s 11.5 2.243

Relative Risk 1.0 .6 .6 - - P>.10

*Standardized relative risk adjusted for age ATB (<13, 15-29, 30-44, 45+).
“*Mantel and Haenszel's procedure after adjustment for age ATB.

Table 6 shows the prevalence of anemia in males
by dose as observed for seven periods of three
Cycles each, No consistent difference was
noted by dose in the prevalence of anemia among
males except during Cycles 3-5.

Table 7 shows the prevalence of anemia in
females analyzed as for males. In females, as in
males, no significant difference was noted in the
prevalence of anemia between the dose groups,
except during Cycles 5-7.

Table 8 shows the prevalence of leukopenia by
dose. No significant differences by dose were

FEORMIZoWTHBEMN A~ FHEZ 4 3 FM
LD THMIZ OV T L AR E E6IIRL A,
W3S AR E, B0 RiogEnEmEs
NE—HLAZRIBDSALE o2
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TABLE 7 PREVALENCE OF PERSISTENT PRELEUKEMIC STATE (ANEMIA, FEMALE)
IN AHS SUBJECTS, BY DOSE & CYCLE, JULY 1958-JUNE 1976

T ORAGEHERTE A R E BT 2 AT B IR e (%, i) @
HEE, AR, HBER, 195847 A—19765 6 H
T65 Dose in Rad
Exammation I . 1."e_st of
Ciials tem Control Low High Unk Total Significance**
0 & NIC 199 100+ HSHeH (df =2)
1-3 Subjects 2709 1749 1010 178 5646
Cases 89 40 26 9 164
Rate (10_3) 329 22.9 257 50.6 29.0 4.240
Relative Risk* 1.0 v 8 - - P>.10
2—-4 Subjects 3176 1851 1215 231 6473
Cases 103 42 32 9 186
Rate (103) 324 227 263 39.0 28.7  3.958
Relative Risk 1.0 T 8 - - P>.10
3-5 Subjects 3241 1896 1188 228 6553
Cases 98 37 35 10 180
Rate (10~3) 30.2 195 295 439 275 4406
Relative Risk 1.0 7 9 - - P10
4-6 Subjects 3095 1822 1109 215 6241
Cases 104 47 39 10 200
Rate (103) 33.6 25.8 35.2 46.5 320 2.100
Relative Risk 1.0 .8 1.0 —~ - P10
5-7 Subjects 2900 1672 1054 206 5832
Cases 96 35 45 10 186
Rate (10_3) 331 20.9 42.7 48.5 31.9 3.427
Relative Risk 1.0 .6 1.2 - - .01<P<.05
6-8 Subjects 2766 1561 1001 202 5530
Cases 74 37 30 6 147
Rate (10_3) 26.8 23.7 30.0 29.7 26.6 616
Relative Risk 1.0 9 1.0 - - P>.10
7-9 Subjects 2585 1477 971 201 5234
Cases 66 27 23 5 121
Rate (10~3) 25.5 183 237 249 231 2.066
Relative Risk 1.0 o) .8 - - P>.10

* ¥ Soe Table 6.

noted up to Cycles 4-6. However, in the three
periods subsequent to Cycles 5-7, statistically
significant differences by dose were noted and
the risk in the low and high dose groups was
significantly higher than in the control group.
However, because no significant difference in
prevalence was noted between the low and high
dose groups in Cycles 6-8 and 7-9, this
phenomenon is believed to have been due to
some factor other than dose effect. Other
abnormalities did not show any significant
difference by dose.

The risk of acute leukemia was compared
between subjects having blood abnormalities
characteristic of preleukemic state during Cycles

4—6EME BRI EEZ I Lo LN, B
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TABLE 8 PREVALENCE OF PERSISTENT PRELEUKEMIC STATE (LEUKOPENIA)
IN AHS SUBJECTS, BY DOSE & CYCLE, JULY 1958-JUNE 1976

#8 AR RE I S HEEY T A R ( A il 2R R 5 ) @
HRE, RPN, MBEMB, 195847 H—19764 6 A
Examination Item 165 Dose In Rad Total Si Tf?;.t of e
Cycle Control Low High K ot igniticance
0&NIC 199 100+  Unknown (@r=2
1-3 Subjects 4363 2622 1659 307 8951
Cases 23 23 10 1 57
Rate (10— 3) 5.3 8.8 6.0 %3 64 2609
Relative Risk* 1.0 1.6 1.2 - ~ P>.10
24 Subjects 5087 2766 2029 402 10284
Cases 38 26 11 - 75
Rate (10—3) 7.5 9.4 5.4 - 7.3 1.833
Relative Risk 1.0 12 8 = - P>.10
35 Subjects 5152 2815 1977 408 10352
Cases 43 28 17 1 89
Rate (10~3) 8.3 9.9 8.6 2.5 8.6 292
Relative Risk 1.0 1.1 1.1 - . P>.10
4-6 Subjects 4870 2686 1839 375 9770
Cases 52 34 22 3 111
Rate (10~3) 10.7 12.7 12.0 8.0 11.4 594
Relative Risk 1.0 11 1.1 - - P >.10
5 Subjects 4542 2476 1732 365 9115
Cases 53 33 35 3 124
Rate (103 11.7 13.3 20.2 8.2 136 8.788
Relative Risk 1.0 1.1 1.9 - —  .01<P<.05
6-8 Subjects 4314 2306 1633 357 8610
Cases 46 45 28 4 123
Rate (10~3) 10.7 19.5 17.1 1.2 143 9428
Relative Risk 1.0 1.8 18 = —  .001<P<.01
7-9 Subjects 4027 2170 1561 357 8115
Cases 36 35 20 2 93
Rate (10~3) 8.9 16.1 12.8 5.6 115  6.157
Relative Risk 1.0 1.8 1.6 - —  ,01<P<.05

* ** See Table 6.

1-3 and those without such abnormalities.
Among the 8,951 subjects examined in Cycles 1-3,
8 developed acute leukemia by June 1976, of
whom 4 had had hematological abnormalities
including 3 erythroleukemia and 1 acute mono-
cytic leukemia (Table 9). It was found that cases
showing anemia (female), leukopenia, relative
neutropenia, and relative lymphocytosis had a
statistically significant higher risk of developing
acute leukemia later than those without such
abnormalities (Table 10). The risk of acute
leukemia seemed high especially among the cases
in which leukopenia persisted, relative neutro-
penia and relative lymphocytosis were present,
and the granulocyte productivity of hemato-
poietic organs had nonspecifically decreased.

PoltBLEBLBLAE, Bl —-3FMOMRES T
7-8,9B1% 25, FDOH19764E 6 H £ Tl @MEHE M
ERFLAERSEZTHY, I b4 RCITMAERYE
RO, ZORMEHRAMEE 3 F, Stk
PRI LEHTh-72 (29 ). Wi (L), Gk
b, AT RERR D, FHIEYY v OSBRI L R B
U#E, EE&IcHEL, aanmoy 2y 4
MAFEMIZERIIH VI AL S (£10). B
2B IERGE A AHERE L, Mt AF P EREE D & HE Y
Uy RERM E A Y, M B BRI A RE e
AIEFREMIET LT v AR 5 RMEE IS
DIVATHBLEhAL.
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TABLE 9 ACUTE LEUKEMIA CASES WHO DEVELOPED LEUKEMIA AFTER
EXAMINATION CYCLE 3 BY HEMATOLOGIC DATA OF PRELEUKEMIC STATE
DURING CYCLES 1-3

29 Bl — 3BTRS S R AR AR O T R 6
FERIO S 3 FEMALLEIC FRE L 2 8 [ 1 s 52 )
Onset Persistent Preleukemic State*
MF # Sex Age Type

Y1. Mo. A B C D E
M 44  AGL 1975 Apr. - - - - -
F 46 ERYTH 1968 Apr. = + + + -
M 44  ALL 1971 Jan. - = = - =
F 51 ERYTH 1971 Dec. - - - + -
F 49  AGL 1966 Oct. - - - - -
F 41  AMOL 1967 Aug. + + + =
F 50 ERYTH 1970 Mar. + - - -
F 36 AMOL 1970 Dec. - - - - =

*See Table 5

TABLE 10 RISK OF ACUTE LEUKEMIA IN AHS SUBJECTS WHO RECEIVED HEMATOLOGIC EXAMINATION
DURING CYCLES 1-3 WITH RESPECT TO 12-YEAR FOLLOW-UP PERIOD,
BY PRELEUKEMIC STATE DURING CYCLES 1-3

#10 H1—3FHMAPMPERTZ 21T W ARERE SR E S HRIF -~ 1258 Mo
BRI T T A2 B EIMLE O BT S IR EE R ) A o
Persistent 90% Confidence Relaiis Test of
Preleukemic State Subjects Leukemia  Rate (107%) Limits Risk* Significance®*
Cycles 1-3 Upyer T (df=1)
A  Anemia, Female Yes 164 2 12.20 3841 2.17 17:2 x*= 10.32
No 5482 4 0.73 1.67 25 1.0 P <.01
B Leukopenia Yes 57 3 52.63 13596 14.39 102.8 x*=111.82
No 8894 5 0.56 1.18 22 1.0 P < .001
C Relative Neutropenia Yes 29 2 68.97 217.24 12.26 86.3 x*= 60.48
No 8922 6 0.67 1.33 .29 1.0 P < .001
D Relative Lymphocytosis  Yes 18 2 111.11 350.00 19.75 184.5 x2=116.89
No 8933 6 0.67 1.33 29 1.0 P < .001

*Standardized relative risk adjusted for age ATB (<40, 40-59, 6 0+).
**Mantel and Haenszel’s procedure after adjustnent for age ATB.

DISCUSSION

Blood abnormalities preceding leukemogenesis
were rteported as early as 1900.*° The word
“preleukemia” was first used in 1949 by
Hamilton-Paterson'® and Mallarme '' when each
of them reported three cases. However, the term
“preleukemia” apparently came into general use
after Block et al'* made a detailed report
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entitled “Preleukemic acute human leukemia’
on 12 cases which showed blood abnormalities
prior to development of acute myelogenous or
stem cell leukemias. Subsequently, many reports
began to appear, including those of Linman,®
Saarni and Linman,' and Uchino and Kamada??
in Japan. In September 1975, an international
symposium entitled “Hemopoietic dysplasias
(Preleukemic states)” was held in Paris.!®* To
date, however, no clear definition or diagnostic
criterion has been established. That is, opinions
vary widely, from that which makes a broad
interpretation including as preleukemia even the
group hematologically normal at present but with
a high probability of developing leukemia in the
future (a sibling whose identical twin has
developed leukemia, a person exposed to radia-
tion, etc.), to that which includes hematological
diseases with high probability of developing
acute leukemia in the terminal stage (myelo-
proliferative disorders, sideroblastic anemia, etc.),
and to that which strictly confines it to cases
that have developed leukemia which presented
some hematological disorder before onset. It
seems that it is now the consensus of
investigators’®™'® to consider it as the blood
abnormality observed before leukemia finally
developed.

Among changes in the peripheral blood, hemato-
cytopenia is present in almost all cases. Anemia,
among them, invariably develops in almost all
cases, but the degree is various, ranging from
mild to severe. Oval macrocytosis, especially
like that related to deficiency of vitamin Bi, or
folic acid, has been emphasized.'”?° Besides,
anisocytosis and poikilocytosis are also known.
Appearance of erythroblast is frequently noted.
In many cases, WBC count decreases to below
4,000/mm® and often monocytosis is seemn.
Pelger-Huet-like anomaly and giant or hyper-
segmented neutrophils appear among the neutro-
phils and there are findings of maturation
disorder. Thrombopenia is frequently seen, but
there are also cases in which the platelet count is
normal or increased. Morphologically, large size
and presence of granular abnormality are reported.

Bone marrow findings frequently show hyper-
plasia, but some show normoplasia or hypo-
plasia. Hyperplasia of erythroblasts is
characteristic, with the immature type being
rather numerous and a megaloblast-like abnor-
mality presented. There are also cases that show
ringed sideroblasts with increase of iron in
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erythroblasts when iron staining is done.
Granulocyte series show no increase of myelo-
blasts and promyelocytes (i.e., diagnosis of
leukemia cannot be made). However, increase
of myelocytes or metamyelocytes is sometimes
seen. Megakaryocytes usually increase in number
and show various morphological abnormalities.

Comparing the peripheral blood abnormalities
of eight cases which showed preleukemic state
in this report with those cases reported to date,
it seems that the hematocytopenia, especially
anemia, was mild in degree and preleukemic
state was long. This probably is because the
analysis was made on data of examinations
conducted for many years on a special popula-
tion of A-bomb survivors and their controls.
Morphological abnormalities of the peripheral
blood and bone marrow cells were in agreement
with past reports.

There was no case of acute lymphocytic leukemia
although two were of unclassified type. All were
leukemia of the hemocytic system, with origin in
the bone marrow. This also was in agreement
with past reports.

Kamada and Uchino®? reported on preleukemic
state among A-bomb survivors and raised the
question that many of the leukemia cases among
them may have had preleukemic state. In the
present analysis, six of the eight cases concerned
survivors exposed to a heavy dose of 250 rad or
more. This may be due to the special character
of the study which evolved around the proximally
exposed survivors.®?!  Prevalence by exposure
dose showed no statistically significant difference.
Thus, the findings did not suggest the prevalence
of preleukemic state was increased in acute
leukemia developing in survivors exposed to
heavy dose.

At ABCC, Moloney and Lange22 published a
paper entitled “Observations of early phases of
leukemia™, but this was primarily a report on
chronic granulocytic leukemia which does not
belong in the category of preleukemia. Hoshino
et al® studied leukemia occurring from 1947 to
1962. Of the cases, 44 (32 acute leukemia and
12 chronic leukemia) had received hematology
examination at ABCC before onset, but none of
the 32 acute leukemia cases had presented
preleukemic state. However, increase of atypical
and abnormal lymphocytes in the peripheral
blood was noted 3 to 4 years before the clinical
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diagnosis of acute or chronic leukemia was
established, and this was regarded as the im-
munological reaction of the host to the basic
clone of leukemia cells.

In the present study, 7 of the 8 cases regarded as
having preleukemic state developed leukemia in
or after 1963, and 1 developed the disease in
1958 and is included in the 32 cases of Hoshino
et al. These investigators made no classification
of preleukemic state, and this is believed due to
the difference in the method of analysis and
criteria. That is, without analyzing the cases
individually, they classified them into leukemia
and control groups, and compared the mean
values. They adopted the criterion of less than
3,000/mm® WBC for leukopenia but gave no
detailed description for anemia.

As stated, there is no established definition for
preleukemia and there are no definite standards
for the various types of hemocytopenia. How-
ever, since fixed values are needed to analyze a
large number of cases, hematologically acceptable
standards as shown in Table 5 were set up.
Further, the peripheral blood data of the study
population were only obtained biennially. The
findings of peripheral blood abnormalities just
once or twice (during 2 years) seemed to be
inadequate for considering the relationship to
preleukemia. Cases with abnormalities persisting
for three examination Cycles (at least 4 years)
were selected and the relationship to exposure
dose was analyzed. The results did not indicate
an increased prevalence of blood abnormalities
characteristic of preleukemic state among the
heavily exposed survivors who as a group have
a high risk of leukemia.

The prevalence of acute leukemia was significant-
ly higher than in persons without hematological
abnormality in the group that had presented any

of the abnormalities of anemia (female),
leukopenia, relative neutropenia, and relative
Ilymphocytosis among the five that were

described as preleukemic state. The prevalence
of leukemia was high especially in cases that had
presented leukopenia, relative neutropenia, or
relative lymphocytosis. These three conditions
can be detected by simple routine tests, which
may serve as screening for the preleukemic state.
Although such abnormalities are not specific, we
should carefully follow the cases with any
such involvement.
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