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SUMMARY

For 156 cases of aplastic anemia ascertained
during the past 20 years in Hiroshima and Nagasaki,
the etiology, bone marrow findings, and compli-
cations were examined to determine the relation
It was observed
that the cause unknown (idiopathic) is more

between these and survival rate.

common in Japan than in Western countries and
the acquired type shows the opposite trend.
The survival rate drops sharply during the first
2 years from onset after which the decline is
not very marked. Survival also parallels the
degree of medullary hematopoietic disturbances
found in the initial stage of the disease.

INTRODUCTION

Aplastic anemia, a disease rare in Japan, is
classically manifested by erythropenia, leukopenia,
and thrombocytopenia as a result of marrow
hypoplasia or aplasia. ABCC has attempted to
identify all cases of aplastic anemia in Hiroshima
and Nagasaki in a study ro determine whether the
risk of this condition is increased as a result of
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exposure to the atomic bombs. The present report
deals not only with aplastic anemia among A-bomb
survivors, but also includes a statistical study on
the clinical picture of 156 cases of aplastic anemia
confirmed in a recent review of data accumulated
during the past 20 years at ABCC.

MATERIAL AND METHOD

Screening of the ABCC Leukemia Registry, autopsy
records, and death certificates on file as of June
1967 revealed 340 cases suspected as having
aplastic anemia. Review of all available medical
information confirmed 156 cases as definite or
probable aplastic anemia. The diagnostic criteria
were based upon the definition of aplastic anemia
by Wintrobe.l The method used in the confirmation
of diagnoses has been dedcribed elsewhere. 2

For each confirmed case of aplastic anemia,
hematologists reviewed the available medical
information and recorded the date of onset, initial
symptoms, initial hematologic findings, complica-
tions, bone marrow findings, and kinds of treatment.
Confirmed cases were also classified by etiologicdl
factors associated with the development of aplastic
anemia such as ionizing radiation, marrow
depressive  drugs, occupational exposure to
benzene, and medical X-ray, insofar as these
occupational  and medication histories  were
recorded in the medical chart. Thus, occupation
histories are not as detailed as they would be if
in-depth interviews were possible. The major
pathologic findings in bone marrow and wvarious
organs were recorded by the pathologist after
review of the autopsy protocols and autopsy
material.

The medical data collected on each case had been
obtained by the hematologist as part of the
operations of the I.eukemia Registry3 and recorded
according to standardized procedures in both
Hiroshima and Nagasaki. [n examining survival
rate, survival status as of December 1968 was
determined.

RESULTS
Etiology

In the classification of Wintrobe,1 the etiology of
aplastic anemia is divided into Acquired: Various
physical and chemical agents; and Cause unknown
(idiopathic): without associated anomalies and
congenital pancytopenia (Fanconi). Shown in
Table 1 is the distribution of cases by etiology.

ML TWwaA2E»2MAEL T 2. RS ICIIES
WHRE BT ABEABMR MO A% 5, ABCC T
EEMIZhAE - TENENAETOEM Iz oW T #E
FiEd &N, MEACRMEHEM &2 s i 166 17 o RS
P B % G A I BRET L A2

HESLUHE

19674 6 H B 70 ABCC AT, SIMsts LU

ZHEBIIODWTAZ N —Z v P 2iTa- 18R, BE
TEMEMOECOHIL0E JMOHERLE. 2hs
DEEFNZ DWW T AFTESTNTOEREMERT L & 12
LTHMETL 8%, 16FrMERRMERELS L THEE
FRRITEFMETHI LRI aNL. FOREER
Wintrobe O E X B A MO EFRIZET VWAL B
DIEFEHFEL oSGl L 4.2

BETRERM & BUF L ~BERIZ> 0T, MEHEFE
EEEfFOER A S &2, BBEHH, PORER E ik
ST R, SOFEOSE, TREITE B X UARIE S U8
L. HESE L fEfl& REMNRTEIZTEAL THAHAD
LR T EBERCGE AR, BREEIBIA], v Yy RN X
Z2WTOBREMRED LS 2 BERE L L UHBEEOR
HAT, BETRMAMOERLHEOH:2Z0L I %
WHEFIZLE->THBALE. FhEr 0 BERIIo>LT
FAb Ao HERITL > WM AIE LTI FITIE G v,
e & A O B A FT RO R B MR AT R AR
GREEIMREAEE ERFALABIZIEALEZLOTH S,

KREFCRT 3 EEM 7 — 7 FMBEEPEC - T A
B O—RE L TIEENELOTH T, K - Kl
DREME b I~ LEHETREALL. EHROBEL
50T I1F 1968 127 75 O AEIRT & Wk L 7=

HAERR

m A

Wintrobe ! @ 5 HIZ L2 EBEARBRERMIT Z OREC
LY EMoWE - LEMMBEICLISLDE, B
EAR(FERE) 2o h s, T4b6, MENRED
Huvd ok kR FRENMERR L ( Fanconi 1) @ —.2(C



TABLE 1 ETIOLOGY OF DEFINITE AND PROBABLE APLASTIC ANEMIA
#1 WEHLCZIIHEOSEARERMOHKE

Etiology #m[# Cases fiF fil 4 %
Cause unknown: 1 Without acquired agent HEEMEEOGZ VLD 136 87.2
LR 2 Familial (Fanconi type) % {E( Fanconi &) 1 .6
Aquired. 1 Physical agents — jonizing radiation (X-ray treatment
e after surgical operation of malignant neoplasm)
y FE Y B R — M A AR PR TR i 1R O X BRGHE) 3 L9

2 Occupational exposure to benzene and derivatives

MY Yy B EUEORBAS O ME 2 1.3
3 Antimicrobial agents  Hi 4 4nH 4 2.6
4 Analgesics L A 4 2.6
5 Anticonvulsants LI 1 -6
6 Phenothiazines phenothiazine F & 1 -6
7 Gold compounds Eolaed ] 1 .6
8 Miscellaneous O fh 3 1.9
Total & 156 99.9

Among the 156 cases, there were 137 cases
(87.8%) (including 1 case of Fanconi type aplastic
anemia) classified as etiology unknown.

Among 19 cases of acquired type there were
3 cases who had developed this condition after
X-ray treatment following surgery of uterine
cancer (MF031830), breast cancer (MF 168422) and
laryngical cancer, and 2 cases which were judged
to be induced by occupational exposure to
benzene and toluene in coating work and trans-
portation. According to Wintrobe's classificationl
for agents associated with aplastic anemia, there
were 14 cases thought to be drug-induced: 4 cases
associated with anti-microbial agents (3 cases of
chloramphenicol and 1 case of penicillin); 4 cases
due to analgesics and 1 case each by anti-
convulsants, phenothiazines (major tranquilizer), and
gold compounds; 3 cases were due to miscellaneous
drugs administered for long periods. Table 2
compares the distribution of cases by etiology,
reported by different authors4-10 as well as the
results of the present study. In Japan, the acquired
type is relatively less common than in other
countries.

Clinical Symptoms

Bone Marrow Findings. The bone marrow findings
were classified as aplastic, hypocellular, and
normal. The aplastic type accounted for 42.0%,
the hypocellular type 39.3% and the hypercellular
or normocellular type 18.7%. Thus, over 80 % of
the cases were of the aplastic or hypocellular
type. Other changes noted in the bone marrow
included erythroid hypoplasia in 20.7 %, lympho-
cytosis in 47.3%, plasmacytosis in 42.0%, and
maturation arrest in 4.7 %, respectively. [n general,
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TABLE 2 COMPARISON OF ETIOLOGIES OF APLASTIC ANEMIA
£2  HELRMER MO

: Cause Unknown Acquired
In\;s%:s:tor ..IE [ A< Hy i g g Tn;:l
No. ¥ % No. ¥ % i
USA  Welch et al, 1954 Nationwide Survey (1952-54)
& EAEf e 299 49.3 308 50.7 607
England. pohler & Leavell, 1958 12 series of patients (1918-57)
f;lﬂu 120 # 7§ 237 78.5 65 21.5 302
3‘&]*] Lewis, 1965 England
£k 32 53.3 28 46.7 60
Wallerstein et al, 1969 California Statewide Survey (1963-64)
AT T EMEE 40 66.7 20 33.3 60
Japan. Kawakita, 1955 Kumamoto (1930-54)
ax it HE 4 61 88.4 8 11.6 69
Nakajima et al, 1960 Tokyo
F RS Hi 33 84.6 ] 15.4 39
Hasegawa, 1966 51 hospitals (1954-64)
&N 51 %5 B 1219 92.2 103 7.8 1322
Ichimaru et al, Present Study Hiroshima & Nagasaki (1946-67)
did s ( AWAE) [ 1%« Feldf 137 87.8 19 12.2 156

there is clearly a marked decrease in the production
of erythrocytes and leukocytes of the myeloid
series in the bone marrow, but apparent erythroid
hyperplasia such as reported by other authors9,10
was noted in approximately 20 %.

Type. The relation between the type of bone
marrow findings and initial hematologic findings
is shown in Table 3. The greater the reduction
in WBC and the more marked the relative lympho-
cytosis in the peripheral blood, the greater is
the proportion of aplastic type of bone marrow
findings. 1In contrast, cases with higher WBC and
less marked relative lymphocytosis tend to be of
the hypoplastic and normoplastic or hyperplastic
types. No statistically significant differences
were found in the RBC or hemoglobin by the
three types of bone marrow findings.

Complications. The major complications noted
during the course of the disease in 130 cases
for whom well documented records are available
included bleeding in 63.8% (83 cases), infection
in 36.2% (47 cases), hemosiderosis in 24.6%
(32 cases) and ulcer in 9.2 % (12 cases).

Prognosis

The prognosis in this disease is generally
considered to be poor though variable depending
upon the hematologic findings and age of onset.
The administration of drugs to inhibit the
progress of anemia and blood transfusions are
reported to be of some therapeutic efficacy. The
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Az, Hm) v Sk g A0 wBEIcIz 2R
Heffl U TICHERR, IR 72 128 & & 2 Mm AT,
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BRIZEIHFNCEELHERE D a2 .

SHAE. O &N AEH 130 CRBD s hEFES
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TABLE 3 RELATIONSHIP BETWEEN BONE MARROW FINDINGS AND INITIAL HEMATOLOGIC DATA

#3 BHATRE MM T— 5 Lo BE

Aplastic Hypoplastic Normoplastic Total
Item 096 W {15 79 Bl 12 or Hyperplastic it Test for
wH EHRE 2 7= (£ 8RR Significance
No. ¥ % No. % % No. & % No. & % HEAERE
RBC =2.0 19 46.3 14 34.1 8 19.5 41 100.0
o £ 1.9-1.0 27 36.5 33 14.6 14 18.9 T4 100.0 P> .05
(108) <1.0 14 45.2 12 38.7 5 16.1 31 100.0
Hemoglobin = 6.4 21 44.7 16 34.0 10 21.3 47 100.0
& % 3.2.6.3 32 38.6 37 14.6 14 16.9 83 100.0 P> .05
(g/100 ml) <32 6 37.5 6 37.5 4 25.0 16 100.0
WBC > 4000 4 14.8 13 48.0 10 37.0 27 100.0
Fi 2 3999-2000 27 37.5 33 45.8 12 16.7 72 100.0 P<.001
< 2000 30 61.2 13 26.5 6 12.2 49 100.0
Lymphocyte = B0 15 62.5 i 29.2 2 8.3 24 100.0
:JV-;fP 50-79 32 41.0 33 42.3 13 16.7 7 100.0 P<.001
|
(%) <50 7 17.9 19 48.7 13 33.3 39 100.0
Total %4 it 63 42.0 59 39.3 28 18.7 150 100.0

cases in the present series had been accumulated
over a 20-year period from 1946 to 1967 and
improvement in methods of therapy has occurred
during this interval and includes the introduction
of steroid hormones and bone marrow transplan-
The effects of such therapy, however,
were ignored for the moment in the examination of
the effects of wvarious factors upon the survival
rate.

tation.

Based on the life table method, the survival rate
(per 1000) was examined at 3-month intervals
from time of onset, and the survival curve plotted
up to 5 years. The proportion surviving drops
sharply during the first 2 years afrer onset following
which the decline is gradual to the fifth year.
As shown in Figures 1-3 the survival rate was
examined by the following eight factors which were
thought to be related to survival.

Age of Onset. The survival rate was examined by
dividing the age of onset into a group under
20 years, another aged 20-39, and those 40 years
and over., The survival rate of the 20-39 years
age group was significantly higher than in the
under-20, and 40-and-over groups.

Bone Marrow Findings. Examination of the survival
rates for the aplastic, hypoplastic, and normoplastic
types showed the prognosis to be the poorest for
the aplastic type followed by that in the hypoplastic
type. The survival rate after 5 years was approxi-
mately 50% in the hyperplastic or normoplastic
types,
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S196THEN20EM Iz b > THEBLENALOTHY, Z0
THE R C R R R, FAAEEERLE Y B
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EmRICETOTIHEBEDS 3 o H & 124175 (10000
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FIGURE 1 SURVIVAL RATE/1000 OF DEFINITE & PROBABLE APLASTIC ANEMIA, BY AGE & BONE MARROW FINDINGS
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Initial Hematologic Findings. The peripheral

blood findings during the initial stage of onsert
of the disease were examinea in relation to progno-
sis. The survival rate was examined according to
the RBC, hemoglobin, WBC, and degree of relative
Iymphocytosis. It is evident that the prognosis
is poorer the lower the medullary hematopoietic
evaluated from blood

function as the peripheral

findings.

The year of onset was divided
1946-55, 1956-60, and 1961-67.

specific treatment has

Year of Onset.
into three periods:
Although
presumably occurred in this period, it is interesting
that noted in the
curves for the three periods.

improvement in
survival

no differences are

Comparison of the survival rate
showed a

City of Registry.
for cases in Hiroshima and Nagasaki
the rate of survival for

significant difference in

longer than 2 years. As the survival rate is higher

in Nagasaki than further analysis
Although
initial hematologic

differences

in Hiroshima,
was made of clinical features by city.
there were no differences in
findings, significant in bone
findings by city were noted as shown in Table 4.

Marrow

The reason for the city differences is not known.
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FIGURE 2 SURVIVAL RATE/1000 OF DEFINITE & PROBABLE APLASTIC ANEMIA, BY HEMATOLOGICAL DATA
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TABLE 4 DISTRIBUTION OF DEFINITE AND PROBABLE APLASTIC ANEMIA BY MAJOR
BONE MARROW FINDINGS & CITY

#d BESIVEIHEEOBEABERANO ST : LESMATE & & 0mil
Bone .Marr:)w Findings Hiroshima [5 & Nagas;l:i : 1:"::655 Total #
i P 5L No. # % No. % No. & %

Aplastic R 40 60.6 23 27.4 63 42.0
Hypoplastic (% gz 5% 21 31.8 38 45.2 56 39.3
Mormoplastic or hyperplastic
IEERE & 7= 14 8 T8 iR 5 7.6 23 27.4 28 18.7
Total 7 it 66 100.0 84 100.0 150 100.0

X?=19.0 df EEE =2

P<.001



FIGURE 3 SURVIVAL RATE/1000 OF DEFINITE & PROBABLE APLASTIC ANEMIA, BY YEAR OF ONSET & CITY
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DISCUSSION

The descriptive terminology and even definitions
of aplastic anemia vary among investigators.
In Japan, the terms aplastic anemia, panmyelo-
phthisis, and pancytopenia are used. Even among
hematologists in Hiroshima and Nagasaki, the
diagnosis for this or analogous conditions is not
uniform. Based upon a review of existing medical
data using the criteria of Wintrobe, we were able to
confirm 156 cases of aplastic anemia. The
diagnoses were made by hemarologists and a
pathologist who reviewed the material from
autopsied cases separately, but it was not
infrequent that difficulty was encountered in
reaching agreement on diagnosis. [n the present
series, there were 93 cases, or 27.4% of the total
screened, in which there was disagreement in the
diagnosis among reviewers, or in which confirmation
was not possible using available material only.

Cases due to occupational exposure to benzene and
drug-induced  aplastic  anemia are frequently
reported in Western countries.4*7  The most common
cause of drug-induced origin is chloramphenicol,
followed by other antimicrobial agents. Of course,
all confirmed cases had not been examined or

treated by the reviewers and a detailed record of

CITY il
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medication had not systematically been obtained
so that it can not definitely be said that no case of
the acquired type is included among those classi-
fied as cause unknown. In the present study, 13 of
the patients among A-bomb survivers had received
a radiation dose of 1lrad or more, but 3 cases
received 100 rad or more. Only one of three cases
was typical aplastic anemia. The other 10 cases
received less than 40rad. The analysis did not
show significant increase in the risk of aplastic
anemia in persons received 1 rad or more. Therefore,
the cases among A-bomb survivors were not
classified as radiation-induced in the present
study.

There is as yet no definite theory on the intrinsic
nature of this condition, but according to the
classification which we have used, a gross
division into the cause unknown and acquired
types can be made. In the present series,
19 cases among 156 were found to be of the
acquired type being associated with X-ray treatment
and chemical agents or related to occupational
exposure to benzene and drugs. It seems that the
relative risk of acquired aplastic anemia may be
lower in Japanese than in Western populations.

The relation between the type of bone marrow
findings and initial hematologic findings is
interesting in the elucidation of the pathogenesis
of this condition. According to our data, aplastic
and hypoplastic bone marrow was more frequent
in subjects with greater disturbances of medullary
leukopoiesis as manifested by the initial hemato-
logic findings, and many of these cases demon-
strated an acute course. [n view of this, cases
classified as aplastic anemia may be one of two
types, acute or chronic, The difference is probably
due to the grade of destruction of hematopoietic
cells in bone marrow. A possible factor in the
pathogenesis of this disease may be immunologic
cytopenia, and the acute or chronic course may
be due to a difference in the degree of destruction
of bone marrow cells by an auto-immune mechanism
or a difference in the degree of residual antibody-
forming clones.

This disease has a poor prognosis, leading to death
in the majority. Aside from the difference in
treatment provided to individual cases, a study
was made of the effects of various factors upon
the prognosis. It was found that the prognosis was
poor in the under 20, and 40 and over age groups in
comparison with the 20-39 age group. Qur
findings are in good agreement with the report of
Nakajima et al.? In general, the prognosis is
poorer the greater the decrease of cell count,
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particularly of the myeloid series, in the peripheral FICRBMER OB ZMIEL L2 1T bh i L5
blood, and the survival rate after 2 years is low

in those with RBC less than 1 million, hemoglobin AT <, AR 100 FLUF, MEFKS.2 g /100 ml L)
less than 3.2g/100ml, or total WBC less than T A SO MEEE2000m? LUFTY ¥ 23580%L o
2000 mm3 with over 80% lymphocytes. The

proportion surviving for more than 2 years was low LOIIEWTIE2ELBROEFRERIEY. Ta4bb, &

among those with findings of aplasia of the bone
marrow. It is evident from this that the survival

EREHOMAOH 380125V TIE 20 LotffFx

rate is poorer for those with marked medullary BEw., ZOZEALMLRE LD, EETLH,LE

disturbances among those with the acute type
which show hemaropoietic disturbances from the

MEEEO & 5 JERER TH L W EHEEO 5 25412

early period of onset. For cases surviving more IBHEFE BN, 26D LERFLAERTIE, 20HBD
than 2 years, the subsequent drop in survival rate

EHEOETEIEVIMTEEVOT, FMAEGFH L

is not marked so that the wvarious hematologic

findings and bone marrow findings may possibly QHELINICHET AN OIZIEE Ly O MR E LU
differ between the long surviving cases and the S U e, i AR )
cases that die within 2 years, but this aspect has REIPTRICAHEAS 32 LALVAY, ZOFEIZDL
not yet been studied. In the three-period classifica- TRHEEWUFETE-T RV, 3z RHEERE
tion of the year of onset, it is interesting that there

is no difference in the survival rate and as a whole RIZHMTIBEFRIELEC, 2O ERE L THEEERY

the availability of improved methods of treatment
does not seem to have contributed to better

WRENAZLDADETENANTHREORBICERL T

prognosis. WEVEITHBZEVn)ZELEBES B EZAETHS.
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