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APLASTIC ANEMIA IN HIROSHIMA AND NAGASAKI
WITH SPECIAL REFERENCE TO INCIDENCE IN ATOMIC BOMB SURVIVORS
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SUMMARY: Review of the data accumulated at ABCC during the past 20 years revealed 156 cases of
aplastic anemia. Forty cases were confirmed in A-bomb survivors. Analysis of the incidence of this disease
in relation to exposure dose showed that the relative risk of aplastic anemia in the survivors who received
Lrad or more was 1.8, as compared with those who received less than 1rad (negligible amount). The
increase in risk was not statistically significant, however the number of cases is small. Aplastic anemia
among A-bomb survivors did not show any particular clinical characteristic. The risk of aplastic anemia
among patients treated with radiation and workers exposed to occupational radiation was examined in re-
lation to the vesults of the present study.
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INTRODUCTION #® B
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effects of such exposure no systematic study has determined
whether the risk of aplastic anemia has been increased
among A-bomb survivors. Aplastic anemia is a very rare
condition, with a lower incidence than leukemia, and not
necessarily readily diagnosed. Reports by hematologists
in Hiroshima and Nagasaki, and studies based upon death
certificate diagnoses, have been published concerning
aplastic anemia among A-bomb survivors,” '” but there
are no definitive conclusions for risk of aplastic anemia
in A-bomb survivors.

Auxier et al have developed new estimates (T65D) of the
air-dose curves for radiation from the A-bomb.!!
Cheka et al have reported a method for estimating the
radiation dose received by individual A-bomb survivors
which utilizes shielding information for exposed persons. *
These data are applied to the fixed sample of A-bomb
survivors at ABCC for the calculation of individual radi-
ation doses.'?

A comprehensive review of medical information accumu-
lated during the past 20 years at ABCC has now been
undertaken for a systematic study of the prevalence and
incidence of aplastic anemia in relation to exposure to the
A-bomb, with emphasis on individual radiation dose.

MATERIAL AND METHODS

Screening of Cases. All cases suspected as aplastic
anemia (coded as 292.4 or 294.5 according to the 7th
revision of the International classification of Diseases)
were selected from the data collected as of June 1967 in
the ABCC Leukemia Registry,'* autopsy protocols,'® and
the mortality study of the fixed sample'® of A-bomb
survivors; 340 cases thus obtained were screened for the
above classifications.

Diagnostic Criteria. The definition of aplastic anemia
was based upon the classification of Wintrobe.'” The
study was based solely upon available medical information.
Most of the patients were dead, and for some cases with
no available autopsy material or bone marrow specimens,
data were insufficient to judge by the criteria of Wintrobe.
Therefore, the collaborating hematologists also made a
classification of the certainty of the diagnosis:

Definite or Probable. A case with pancytopenia in the
peripheral blood, and the hone marrow was listed as
aplastic, hypoplastic or, occasionally, hyperplastic when
there was no evidence of other diseases of the hemato-
poietic system such as leukemia, anemia due to other
causes, myelofibrosis, hypersplenism, multiple myeloma
or metastatic cancer in the bone marrow.
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Possible.  Available medical information suggested
aplastic anemia, but the diagnosis could not be confirmed
because materials, particularly bone marrow findings,
were inadequate.

Review of Material. Cases with autopsy material avail-
able were reviewed by one pathologist and two hematol-
ogists independently. After their diagnoses were recorded,
an effort was made to resolve any disagreement in diag-
nosis by discussion between the three investigators. For
cases with no autopsy material available, the two-hematol-
ogists independently reviewed the medical information.

In practice, however, an attempt to achieve agreement on
the diagnosis for all cases by review of available medical
information only does not completely eliminate differences
in diagnosis. Therefore, in the present analysis the cer-
tainty of the final diagnosis was classified as follows:

Aplastic Anemia
Definite. Autopsy cases in which the diagnosis of the
pathologist and both hematologists was aplastic anemia.

Probable. Autopsy cases in which the diagnosis of the
pathologist and one of the hematologists was aplastic
anemia. Cases without autopsy material in which the
diagnosis of both hematologists was aplastic anemia and
the certainty of diagnosis as evaluated by both hematolo-
gists was definite or probable.

Possible. Other cases in which the diagnosis of the
pathologist or one of the hematologists was aplastic
anemia (including possible cases).

Other Disease

Cases diagnosed as not aplastic anemia after review of
material by the pathologist and two hematologists. Cases
without autopsy material were not reviewed by the
pathologist,

Only cases of definite and probable aplastic anemia were
used in the analvsis of the prevalence, incidence, and
clinical findings. Each case was evaluated with no
knowledge of the exposure status. After the final diagnosis
had been recorded, exposure information was obtained
from the ABCC Department of Statistics. The extended
sample of approximately 110,000 persons for the JNIH-
ABCC Life Span Study for the investigation of late
effects of A-bomb exposure includes about 82,000 survivors
in both cities. This sample was selected from those resi-
dent in either Hiroshima or Nagasaki as of 1 October
1950. Ascertainment of mortality in this sample is accom-
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TABLE 1 DISTRIBUTION OF A-BOMB SURVIVORS IN THE JNIH-ABCC LIFE SPAN STUDY
EXTENDED SAMPLE BY TENTATATIVE TOTAL DOSE AND CITY

#1 T -ABCCHGHEMANY v 7V 2 H 1 2HBEHH: WEBSRNS & 0S5

T65D ## it (rad)

City Total

it 2100 99-1 <1 N“ﬂ:;:;;;ed 2
Hiroshima No. A¥ 3138 27187 29973 1676 61974
15 B % 5.0 43.9 48.4 2.7 100.0
Nagasaki No. At 2542 11642 4702 1462 20348
e iy % 125 57.2 23.1 7.3 100.0
Total No. A%t 5680 38829 34675 3138 82322
) % 6.9 47.2 42.1 3.8 100.0

plished by yearly koseki* checks. Table 1 shows the
distribution of exposed members of the extended Life Span
Study sample by dose and city. Radiation doses have
been calculated for 97.3% of Hiroshima subjects and
92.8% in Nagasaki. The 3138 persons for whom dose
estimates have not yet been calculated all had heavy
shielding such as an air raid shelter or concrete building
for which no method has yet been developed for calculating
the exposure dose.

The prevalence and incidence of confirmed aplastic anemia
among A-bomb survivors were analyzed in relation to dose
using the extended Life Span Study sample, and the
clinical characteristies of aplastic anemia among A-bomb
survivors were examined using all cases available including
those not in the sample.

RESULTS

Table 2 shows the final diagnoses of the 340 cases
screened by certainty of diagnosis and availability of
autopsy material, definite or probable aplastic anemia was
confirmed in 69 cases in Hiroshima and in 87 cases in
Nagasaki for a total of 156 cases. The confirmation rate
by availability of autopsy material also is shown in Table 2.
No significant difference is seen among cases with and
without autopsy material, the confirmation rate being
43.6% (48/110) for cases with autopsy material and 47.0%
(108/230) for cases without autopsy material.

Distribution of Confirmed Aplastic Anemia by T65D
and Exposure Status. Table 3 shows the distribution
of the 156 patients with definite and probable aplastic
anemia by exposure status, dose, and sample classification.

T WRCHOBER T obhtw3., Rl ziHaH
FIAAS Y TV OBERE O GH & HRERD & F5H ¢
L. HBEREES TN REDT.I%, BT
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ANiE, TNTHERART v 7 ) — S %o T
TlEWwkHETH-T, Tholzo20TOMBHEERL
EHRBERTWE W,
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PRAERLHE L OMBER, BERELAY Y FLEH
VTR U, PR oo B T B Rl o0 B R AR 0 Y
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iz W TR,

A |

H2IZHBHOMRE I L, TR SR A340F1122 »
TORMBEH L VB BEH O FENOFHEET L A
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6O, FWf TIx87H, G IS6HTH . Fh, F2
(ZHEURA R O FREP OMEEE L LT L A A EHE T
1 43.6% (48/110) T & b, Sl B R INE T I
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*The official family registration system based on a permanent address (HONSEKI). Changes of address and vital events must be reported to ihe local
office of custody of the records. The record ilself is the KOSEKI, the office of custody is the KOSEKI- KA
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TABLE 2 DISTRIBUTION OF CASES SCREENED BY FINAL REVIEW DIAGNOSIS AND AVAILABILITY
OF AUTOPSY MATERIAL

#2 ORE LM O G BRBI S L CRBREE O S E

" Final review diagnosis

Cases screened and availability of autopsy slide

BE L -EFK LB EERN

1 % B2 i Yes & 0 No # L Total
No. {7 ¥ % No. il # % No. ¥ %
Aplastic anemia HETBIER M 55 50.0 194 84.3 249 73.2
Definite &2 I FE 52 45 40.9 - 45 13.2
Probable | 1¥7# 5 3 2 108 47.0 111 32.6
Possible 75 3% 7 6.4 86 374 93 274
Other disease fth o i 55 50.0 36 15.7 91 26.8
Total #t 110 100.0 230 100.0 340 100.0

TABLE 3 DISTRIBUTION OF DEFINITE AND PROBABLE APLASTIC ANEMIA BY SAMPLE CLASSIFICATION
AND TOTAL DOSE

£3 PWHEEL L CIBEMEOSETRERLO 5H: > 700N & U5 R

T65D M (rad) Not in Born after
Sample classification e 6 . Not city August 1945 Total
Wy TN DR : ' estimated ANT{EE 19456 8 B LIKE B
#ifE T B IZHEFhiH

Extended Life Span Study sample No. 7 4 1] 4 . 16
B I KA T % 6.3 43.8  25.0 25.0 100.0
Reserve part of Master Sample No. 3 0 4 7
WA 7T bl % 42.9 57.1 100.0
Other % @it No. 2 3 18 2 75 33 133
% 1.5 2.3 13.5 1.5 56.4 24.8 100.0

Total it No. 3 10 25 2 83 33 156
% 1.9 6.4 16.0 1.3 53.2 212 100.0

Among these 156 cases, 40 were A-homb survivors, 20
in Hiroshimaand 20 in Nagasaki. The remaining 116 cases
were either not-in-city (bevond 10,000 m) at the time of
the bombh (ATB), or were born after August 1945, In the
extended Life Span Study sample, which is a population
defined for the study of A-bomb survivors and for which
mortality information is complete and dose estimates
available for 96.2%, only 16 cases of aplastic anemia
have been confirmed of whom 12 are A-bomb exposed
persons. Even with the accumulation of 20 year's data,
because of the rarity of this disease, only these few cases
were available for analvsis.

The accuracy of the death certificate diagnosis of aplastic
anemia among 19,091 deaths between 1 October 1950 to
December 1968 in the extended Life Span Study sample
was studied by comparison with the diagnosis in the
present study (Table 4. The confirmation rate for death

TNGEM O G AR T . 1560 rh40E AR E A Y,
ZOWRIEE B0, ZH200 s -2, BO® 1165
IR T IAIZ 0 2 A o 723 (10,000m LI o Ji ) =
1945 8 HUIB e LA T - 1. RS AR
NTHEH, FRAB2%OH TN IZOBTEHFEEAT
VS LEIANHEBERATO OB ERETCHIBHH
HIERT > 70 53 h+F2 16O BET R Gl A
ERENZUITET, 20350hFH 120 & »
BMETH . BENEMIbA, TERE AT
HH3ZEArhoF, KENLILEhOTEALER
(20T, ZOLSLPHBIL @B IZHBEc: 2 »
a7

FaBABEI AT 7005 5195005100 1 [ A 5 19684
IZHETIFELE L 219,090 Hiz> 0T, B
HEOREFBETRERMLLE 4 - TOAEOERES
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TABLE 4 COMPARISON OF DIAGNOSIS OF APLASTIC ANEMIA BETWEEN UNDERLYING
CAUSE OF DEATH AND PRESENT REVIEW DIAGNOSIS AMONG EXTENDED
LIFE SPAN STUDY SAMPLE IN HIROSHIMA AND NAGASAKI
(1 OCTOBER 1950 - 31 DECEMBER 1968)

£4 BB BRGOFGREEILAY Y 7 C IS EETBER L ORFERZI
EARBEOBERER L olet (19504105 1 H—1968412H31H )

Present review diagnosis

Underlying cause of death

AWET OB

Definite or probable aplastic Anemia

BWHRE AL EEEELFETRER M

Possible aplastic anemia

TS x AT BRI

Others % o fil

IEFERE
Aplastic anemia
(7th ICD 292.4, 292.5) Other
BETBRERD 2 Ofl
(35 7 EFEEMER 1 88: 292.4 42 L292.5)
8 3
(a) (by)
7 4
(e,) (b,)
12 19057
(cz) (d)

Confirmation rate #® ¥ : aflatc, +c,)=8/27 x 100 =29.6%
Detection rate &R 3 : a/a+b1 =8/11 x 100 =72.7%

certificate diagnosis was about 30% and the detection
rate was about 70%. Therefore, the reliability of the
diagnosis of aplastic anemia on the death certificate is
very poor because of differences in diagnostic criteria
between individual physicians. Cases certified as aplastic
anemia on the death certificate have been found to include
some cases of leukemia, pernicious anemia, and severe
anemia due to other causes.

Prevalence and Incidence of Confirmed Aplastic
Anemia Among A-bomb Survivers by Dose. Among
79,184 A-bomb survivors in the extended Life Span Study
sample with dose estimates, 12 cases of aplastic anemia
were found during the 16 years and 9 months from
1 October 1950 to June 1967. Eight cases had received
doses of more than 1 rad and include one case with onset
prior to 1 October 1950. Only four cases were found
among the group exposed to a negligible dose (less than
1rad).

Although there are differences between Hiroshima and
Nagasaki in the quality of radiation received due to the
difference in the radiation spectrum of the bombs, the
small number of cases made it necessary to combine both
cities for examination of the relation between total dose
(gamma plus neutrons) and the prevalence or incidence of
this disease. The results are summarized in Table 5.

The crude period prevalence and crude annual incidence
were increased by only about 50 % in the proximal group
exposed to a dose of 1 or more rad in comparison with

4), RECEZEWEORROMAFRIHNN%THY, 20
BRRFBREHNIO% TCHh- 1. LD T, REZHFHIZE
WMLTHr2BETRERMLOZWOEREET 2 b TE
v, ZHEEMBoBHEECEZERTSS52 L1255 8
DOTH3. TR EETBREGM & DM & h e
Flodiziz, ALK, BERALP L OCMoBREIZLSH
WLAMAE T T

FRHBRECHRBINAFBETAMALDORRAIC A
HRECRER, HBERIHE I ATV EEBEIRY
79, 184 o F g AL R P 5, 19504E10F 1 H
HEIGTECREFTHOIFEILAOMIZL2ZHlOBEETE
MRMAER SN~ 1rad Dl ot s 25 FE8
MTh->T, 203 HIZ19505E108 1 ALIAT 255 L &
HIFIFEEhTwa, BLAYERL) SEEOHRR
(lrad Rifi) L2AZUH 2L o -HALE4FHIFETE
hizizt gxwv,

L EORRGHRAEARY PR LE 5 TVTH
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A LTS (F i e i FHRES O W)
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FOREREETEHTESIZRLE.
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TABLE 5 PERIOD PREVALENCE RATE & INCIDENCE RATE OF DEFINITE & PROBABLE APLASTIC ANEMIA
AMONG A-BOMB SURVIVORS IN THE EXTENDED LIFE SPAN STUDY SAMPLE, HIROSHIMA &
NAGASAKI COMBINED BY TOTAL DOSE(OCTOBER 1950 - JUNE 1967)

#5 BERHENLRY > 7V hOWBEOBWREE p L OISITHEOEE TRMER MO LM
A

WEE L URER, B BRWGAF:

Fesr it h (19504108 —19674¢ 6 H )

Classification

T65D ###k (rad)

o

100+

<1 Not estimated

A HE R

99-1

Subjects *f St

Definite and probable aplastic anemia
PWHEES L VEEREOBEETREROLE
Crude period prevalence rate/10,000

HMM AR (AO1FAIZDE)

Person years risk

risk & AFEH

Crude annual incidence rate/1,000,000
HEMBER (AOEHAIZDE)

Standardized annual incidence rate
adjusted/1,000,000 by sex and age

- R E DATE U A~ B dfb 4F M58 4 5
(AOERAIZ2E)

Relative risk for standardized annual
incidence rate

PRUE (L 8 o6t 5 MY risk
Difference for standardized incidence
rate between 1+ rad and < 1rad

I+ radd < 1 rad MO EE S 2%

5680

686066.8

10.203

10.680

38829 34.675 3163

ri 4 0
1.80 1.15 0
532468.3

7.512

5.972

1.8 1.0

X2, =773, P: > .05

*1 case developed the disease before | October 1950 1 f1Z1950F 108 1 HLLHT (2 AW B AREE L 2.

the distally exposed with less than 1rad. Although the
number of cases was small, no tendency was found for
the risk to increase with dose. The risk in each group
was compared by examination of the sex-age adjusted
annual incidence. The relative risk in the 1rad or more

group was only 1.8 which is not statistically significant.

Clinical Characteristics of Aplastic Anemia in A-bomb
Survivors. Among the 40 cases of definite and probable
aplastic anemia among A-bomb survivors are two patients
exposed proximally but with heavy shielding for which no
method has yet been developed for estimating the exposure
dose. However, dose estimates are available for the
remaining 38 patients. Although the number of cases is
few, they were subdivided into two groups (13 cases with
a dose of 1rad or more and 25 cases with a dose of less
than 1 rad) for a comparison of various clinical characte-
ristics such as age ATB, age at onset, initial hematologic
data, frequency of abnormal bone marrow findings, and
prognosis. The results are shown in Table 6. The 5-vear
survival curve, calculated by the Life Table Method, and
plotted at 3-month intervals is shown in Figure 1. Com-
parison of the average age ATB, average age of onset,
average number of months from exposure to onset, 2-year

-1
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TABLE 6 COMPARISON OF MAJOR CLINICAL COURSE OF DEFINITE AND PROBABLE APLASTIC ANEMIA AMONG A-BOMB
SURVIVORS BETWEEN CASES WITH 1 RAD AND MORE AND CASES WITH LESS THAN 1 RAD

#6

WA L rad LI EE 1 rad RO EBEIBREOBITHEE b £ ZITHEEL

BETRERM O & & 2 BRSO K

tem of comparison

Group A, 1rad and more Group B, less than 1rad

s H A, lradll b2 Zi4% B, lrad X220 %
1. Cases #ETA#E 13 25
2. Age ATB [FIRRE 6 &G Mean 13 31.3 35.7
sp Fdifmx 17.08 19.72
3. Age at onset FEIHIEE M Mean 15 45.5 49.3
SD  RHefEa 19.48 20.60
4. Interval between bomb and onset (months) Mean T# 166.2 161.3
BB AOOEBETCOMMB) SD  iRdE{R 67.75 61.63
5. Survival rate £E7F 5 (1000)
2 years 2 i Rate & 307.7 480.0
Standard error f3#A 2% 128.0 99.9
5 years 5 Rate & 230.8 320.0
Standard error 3 #ijR % 116.9 93.3
6. Etiology #i[#
Idiopathic %1% 13 24
Drug-induced % %2 [ 1{% 0 1
7. Initial hematologic data ¥ ¢» ML %% 19 ¥
RBC # Il Bk Mean 1 179.5 x104 154.6 x 104
SD R E 74,3 x 104 73.07 x10¢
WBC H Mk Mean -5 3110 2687
SD B {2 1637.8 1436.05
Hemoglobin 1l & # i (g/100 ml) Mean F15 6.1 5.6
SD  FRusfE % 2.49 2.26
Platelet count 1L/ H ¥ Mean 43 42180 26972
SD  HEdk{RE 37072 19765
8. Major bone marrow findings (proportion) ¥ & % W #iAT R (H3#)
Aplastic marrow BET BT 61.5 29.2
Hypocellular marrow {5 #H o {4 ¥ & 23.1 54,2
Hypercellular marrow & #1101 &6 23.1 4.2
Normocellular marrow 1E ¥ # fa 4 1 # 0 20.8
Erythroid hypoplasia  #RIMERFE N T & 53.8 33.3
Erythroid hyperplasia 5 fiL 5K 3 2 ¥ T 33.3
Plasmacytosis 4 5 B 4 1N 6E 23.1 50.0
o 2 VER B M E 53.8 37.5

Lymphocytosis

and 5-vear survival rates, initial hematologic findings
(RBC, WBC. hemoglobin, and platelet count), and fre-
quency of major bone marrow findings did not show any
statisticallv significant difference between the two groups
except for one comparison. The variation in the initial
platelet count differed significantly between the two
groups. being larger in the group exposed to a dose of 1rad

or more in comparison with theless than 1 rad group.

Among the group estimated to have been exposed to a
dose of | rad or more, only three cases had dose estimates
greater than 100rad. These cases will be briefly

described.
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FIGURE I SURVIVAL RATE/1000, DEFINITE & PROBABLE APLASTIC ANEMIA BY T65 DOSE
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Case 1. 51-year-old male (MF-). Exposed at
Nagasaki at 1100 m. Estimated exposure dose 381 rad
(gamma 377 rad, neutron 4 rad).

At the time of the A-bomb, the patient had heen pinned
beneath a collapsed house and temporarily lost conscious-
ness. He had acute symptoms of epilation and diarrhea.

From about August 1951, general malaise developed for
no known cause and he was hospitalized on 24 October
1951. DBlood findings at time of admission showed
hemoglobin 15%, WBC 3200 mm® (with 46% Iympho-
cytes), and platelet count 32,000 mm.* A diagnosis of
aplastic anemia was made and he died on 3 November
only 10 days after admission. The autopsy diagnosis also

was aplastic anemia.

Detailed review of the bone marrow material obtained at
autopsy revealed mild generalized hypoplasia, but there
were some areas of hyperplasia with findings suggesting

comparatively marked regeneration, particularly of granulo-

poiesis. Many eosinophils also were noted and the bone
marrow showed a considerably unique picture which
could not be called typical aplastic anemia.

Case 2. B4-year-old male (MF ). This patient had
been exposed at the Ohashi Weapons Factory in Nagasaki

i 1. sione (v [, 2o we
EEEELLOOm , %% MRS 38l rad (4> <8 377 rad,
HfEf-4 rad ).

FUHREE, BEEBOTHRE &40, FrEEk T,
BEUTHOBEERN S - 72,

BB

LIBIEBAZAN 64 A 6MERE 4 £ HBERAH
b, FEI0R 2418 ARz, MR WAL (0 & E15%,
FIMLER$E 3200 mm® (3 ) o 2SERA6% ), 1L/ M7 £232, 000
ST, BESRERILE B E AN, ARELT A
WOHHDIIA 3 AIZEL . Simashe 5ETAER
MTdHo .

mm

Bt o SFHH R A C ST Ak,
BTS20, BFmizas LAanFRitesRL,
T REED RO EERE bR A
ot FREHOFBRBROGFEFBED LN, ERNE
ERBREROLEMEZZE V2L, R

bk,

MY P ek

2. S 0B (MF-). 18 JE#E1200m .



at 1200m. Estimated exposure dose 338 rad (gamma
330 rad, neutron 8rad).

He had experienced temporary loss of consciousness and
subsequently developed acute symptoms of pharyngitis,
gingival bleeding, and epilation. It was also noted that
the patient had oliguria, edema (of lower extremities), and
proteinuria late in 1954, In 1955, he began to complain
of general malaise, and episodes of epistaxis and subcuta-
neous hemorrhage occurred. He died on 13 August 1955.

Unfortunately, the hematologic data for this case are not
available, but examination of the autopsy material showed
marked generalized hypoplasia compatible with aplastic
anemia. However, amyloidosis of the spleen and kidney
was seen and severe renal arteriosclerosis was noted so
that the possibility of marked medullary hypoplasia asso-
ciated with renal insufficiency and uremia can not be
ruled out.

Case 3. 61-year-old female (MF-). Exposed at
Hiroshima at 1000 m. Estimated exposure dose 283 rad

(gamma 167 rad, neutron 116 rad).

The patient developed gingival bleeding ATB which
presumably had occurred as an acute symptom. In 1963,
symptoms of anemia such as general malaise and palpi-
tation occurred. Blood findings in March 1963 showed
marked pancytopenia with RBC 2,100,000 mm,® WBC
2600mm°® (with 75% lymphocytes), and platelet count
10,000 mm.* Bone marrow revealed marked hypoplasia.
The patient died on 18 May 1963, This is considered to
be an almost typical case of aplastic anemia.

The remaining 10 cases of aplastic anemia among the Irad
or more group, excluding the ahove three cases, had esti-
mated doses in the range of 1-42rad, which is small and
not considered to be significant exposure. There was no
particularly characteristic pattern seen and all cases had
hypoplasia or aplasia of the bone marrow. In one of these,
there was the possibility of an association with drug allergy
following treatment for asthma, and in another case the
development of aplastic anemia was preceeded by larvngeal
cancer, but there was no evidence of metastasis to the
bone marrow.

DISCUSSION

The bone marrow is most sensitive to ionizing radiation.
Extensive hematopoietic disturbances developed due to the
acute effects of radiation and resulted in many deaths

among persons exposed to the A-bomb.!  The most
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important late disturbance of the bone marrow is the
increased incidence of leukemia.'® It was thought that
another disease associated with abnormal medullary
hematopoiesis which may occur at an increased rate as
alate A-bomb effect is aplastic anemia. For this reason,
hematologists in Hiroshima and Nagasaki have had great
interest in aplastic anemia and have directed great efforts
toward case detection. Fortunately, American and
Japanese hematologists at ABCC have been engaged in a
study of leukemia in A-bomb survivors in which virtually
complete detection is made of all cases among residents
of the two cities as well as among members of the fixed
sample, and medical information on related diseases
including aplastic anemia has been accumulated as part of
this study.

In the present study, two hematologists and a pathologist
jointly reviewed available data using standardized diagnostic
criteria and confirmed 156 cases of aplastic anemia.
However, only 12 of the aplastic anemia cases among
A-bomb survivors were in the extended Life Span Study
sample and could be used for the analysis of the risk of
aplastic anemia. The analysis of the relation between
exposure dose and the incidence of this disease failed to
show statistically significant increase in risk as a late
effect of exposure to the A-bomb.

The reported risk of aplastic anemia occurring as a late
effect of radiation exposure in humans is compared between
patients with ankylosing spondylitis treated with radiation
in England,"”  American radiologists,”” and A-bomb
survivors'" in Table 7. Court Brown and Doll '* reported
that observed deaths were approximately 30 times higher
than expected in their series, and Lewis®’ found that the
number of observed deaths was 17 times greater than
expected among American radiologists. In the mortality
noted a tendency
suggesting that the risk of this disease is increased
In contrast to

study of A-homb survivors, Beebe et al '”

somewhat with increasing radiation dose.
this, we were unable to confirm an increased risk in our
present study. Each of the three other studies reporting
an increased risk were based upon death certificate diag-
noses, whereas in our present study the diagnoses had
heen confirmed by detailed review of medical information
so that the accuracy of the diagnosis is considered ex-
tremely high.

Court Brown and Doll report that deaths attributed to
aplastic anemia occurring within several years after
radiation therapy also included a considerable number of
misdiagnosed cases which actually were not aplastic
anemia. We know of no data with which to evaluate the

reliability of the diagnosis of aplastic anemia among
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TABLE 7 COMPARISON OF RISK FOR APLASTIC ANEMIA AMONG IRRADIATED PERSONS

#T7T MABREERE ST ASEEFTRERMO risk o Hi
Subject Source Kind of radiation Risk Cases studied
WAt & R B B St o H R = e
Ankylosing spordylitis patients!? Death certificate X-ray treatment O/E
MR HERSE FE &6 F 5 X #RiA 5 WEFECH &/ WFIECH
20.4 15
American radiologists 20 Death certificate Medical X-ray O/E
Sf (] Jo 4 45 WP R FELC 2 IR [EfE B X i WEEFECH /W FEC R
17.4 4
A-Bomb survivors Hiroshima and Nagasaki
- B olimeis :
Mottty atigy ol Death certificate l“dixed radiation T65D 0/E
R HE FEC I HEREl e 0-9 0.8
10-39 0.8 25
40-179 1.3
) 180+ 4.4
Present study Hematologic data ~ Gamma & neutron E{el;_tiva risicdfnr stan-
; A ' i ¢ by ek ardized incidence rate 7
il KErasn TIRREUEET s cag 5
fHI Y risk
(T65D : 1+)
1.8

American radiologists, but it is likely that the death
certificate diagnosis of this disease is of limited accuracy.zl
Ichimaru et al in their earlier review of the clinical
records, blood smears, bone marrow specimens, and
autopsy data on previously reported cases of aplastic
anemia among A-bomb survivors found that three of the
cases in Nagasaki were pernicious anemia or myeloma, and
two of the cases reported in Hiroshima could not be defi-
nitely said to be aplastic anemia.” In another four cases
in Nagasaki and three cases in Hiroshima, the bone marrow
was hypercellular, and in many cases the cellular infil-
fration of various organs and peripheral blood picture
suggested leukemia although the findings were not typical.
Moreover, it is interesting to note that almost all of the
reported cases among the proximally exposed had findings
suggesting leukemia, while many of the cases found to
have some other disease had been comparatively distally
exposed. A similar impression is gained from the present
review of aplastic anemia.

In the case of A-bomb survivors, exposure had been to
single whole body irradiation, and of those receiving a
very large radiation dose many died of acute hematopoietic
On the other hand,
those who had heen exposed to a moderate dose developed

disturhbances of the bone marrow.

comparatively mild disturbances and recovered rapidly.
It is possible that in such cases who survived for 5 or
more vears, the risk of developing an aplastic anemia-like
condition due to bone marrow disturbances may not differ
from those exposed distally to a negligible dose or the
nonexposed.
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In contrast to this, patients treated with radiation have
received intermittent localized exposure to massive doses,
and the American radiologists had received continuous
occupational exposure to minute doses of radiation during
the period from 1941 to 1955 when radiation protection
may have been inadequate. Because of such differences
in exposure conditions (site, dose, rate, and frequency)
between these cases and A-bomb exposed persons, there
possibly is a difference in the mechanism by which the
hematopoietic disturbance of the bone marrow occurred.

Regarding the development of aplastic anemia in relation
to the time elapsed from exposure to radiation, Court
Brown and Doll ** reported that the risk is increased until
3 to 5 years after radiation therapy after which there is a
decline. This trend is very similar to that of radiation-
induced leukemia, but the decline in risk of aplastic anemia
at more than 5 years after irradiation is reported to be
much more marked than that in leukemia. The sample
for the present study is a population resident in Hiroshima
and Nagasaki as of 1 October 1950 and who had survived
for more than 5 years after the A-homb so that the risk
of aplastic anemia within the 5 years after the A-bomb
cannot be discussed. However, among the cases confirmed
in the present study, all three cases with large doses in
excess of 100 rad had onset later than October 1950, and
unless case detection within 5 years after the A-bomh had
heen particularly poor, there is no evidence that the risk
had been high in that period.
some cases of leukemia have been confirmed among heavily

It must be mentioned that

exposed persons even prior to October 1950.

In the comparison of the clinical characteristics of aplastic
anemia between A-bomb survivors exposed to significant
doses (1 rad or more) and those distally exposed no signifi-
cant difference was noted in the major clinical findings.
It is noteworthy that a patient exposed at Nagasaki to a
massive dose of 377rad and with onset in 1951 did not
show a typical bone marrow picture of aplastic anemia on
review of the autopsy protocol.

It is worthwhile noting the reports by Miyoshi and Miwa,””
and Amano et al*® concerning long-term radiation effects
Although the findings in these
cases are similar to aplastic anemia, immature cells are
seen in the peripheral blood, and the histologic picture of
the bone marrow shows proliferation of immature cells,
retainment of relatively active hematopoietic foci and the
presence of eosinophils as well as marked generalized

among X-ray workers.

2 -
fibrosis. Miyoshi and Miwa > regarded this as a special
form which is neither aplastic anemia nor leukemia,®'
while Amano considered this to be transition to mixed

2 . . -
leukemia.”?  The hone marrow findings in the case
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described here are quite similar to the cases of Miyoshi et al
although no immature cells or fibrosis of the bone marrow
is seen so that this patient is classified here as a probable
case. As mentioned earlier, in the detailed review of
previously reported cases, seven expused‘patients were
not classified as aplastic anemia in view of the findings of
immature cells in the peripheral blood, fibrosis of the bone
marrow, and infiltration by immature cells in extramed-
ullary organs. These cases are interesting in view of the
similarity to patients with chronic X-ray disturbances,
but we feel that they are lesions which possibly may under-
go transition to leukemia or so-called myeloproliferative
disorders and therefore should be considered apart from
aplastic anemia. Moreover, it is interesting that these
cases had developed around 1950 when the frequency of
leukemia among A-bomb survivors was the highest and
this suggests that the nature of these cases is similar to
Such unique cases have not developed among
A-bomb survivors in any other period.

leukemia.

It cannot be denied altogether that there is some uncer-
tainty concerning the etiology for individual cases in the
present study. However, as evident in our clinical study,
idiopathic aplastic anemia is relatively more frequent in
the Japanese than in Europeans and Americans, whereas
secondary aplastic anemia induced by various drugs,
especially chloramphenicol, is frequently found among
Europeans and Americans. In view of this, there may
possibly be a difference in the risk of radiation-induced
aplastic anemia by race.
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LIST OF DEFINITE AND PROBABLE APLASTIC ANEMIA, HIROSHIMA AND NAGASAKI
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A. Cases in Extended Life Span Study Sample
BOEWMEI KRS > TR B EH

#

Total 23 cases
it i

*not in city ATB HEHMEHACVE o 2HEERT

B. Cases Other Than the Extended Life Span Study Sample

MAn ML KA 2 T VLI O SER

Total 133 cases



