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INTRODUCTION

Late effects of ionizing radiation on the human hemato-
poietic system have been studied at ABCC and elsewhere.
Although leukemia among A-bomb survivors has been
extensively investigated,!"* aplastic anemia has not been
explored as yet at ABCC. However, the leukemia
Registry® at ABCC has registered aplastic anemia cases
as related to disorders of leukemia.

In 1957, Court Brown and Doll® reported an excess risk
of aplastic anemia among 13,352 patients with ankylosing
spondylitis who were treated by X-ray. In 1965, a
further report” on essentially the same series, described
15 deaths from aplastic anemia compared to an expected
value of 0.51 due to late effect of X-ray treatment.

The present study was undertaken to examine the
occurrence of aplastic anemia among A-homb survivors
as a late effect of ionizing radiation due to the atomic
bomb and in addition to note any geographic differences
in the prevalence, clinical course and pathologic evidence
of the disease in the Hiroshima and Nagasaki areas.

The present report reviews the clinicopathological charac-
teristics of aplastic anemia confirmed at autopsy in the
ABCC material accumulated from 1949 through June
1967, with special reference to A-bomb survivors. Since
the ABCC autopsy series has a certain selective nature
the prevalence of aplastic anemia and the effect of A-bomb
radiation to a population risk will be reported separately,
with and without autopsy materials. A recent improved
dosimetry® provides an estimated dose from A-homb
exposure of the cases registered in the leukemia registry
as well as a certain fixed population study sample.
Therefore, it is possible to examine clinicopathologic
characteristics of aplastic anemia among A-bomb survivors
in relation to tentative radiation dose (T 65D)."
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MATERIAL AND METHOD

Based on data in the ABCC Leukemia Registry,” the
Pathology Studies'® and available death certificates for
residents of Hiroshima and Nagasaki cities and the ABCC
fixed population study sample,!! 340 cases were screened
as suspected aplastic anemia. The criteria used for
selecting the cases of aplastic anemia from the autopsy
files were that the principle autopsy diagnosis was
aplastic anemia or that the contributory or accessary
diagnoses included pancytopenia in the peripheral blood
and hypoplasia or aplasia of the hone marrow usually
obtained from three sites at autopsy (vertebra, sternum,
and femur). Therefore, diseases of the hematopoietic
system such as leukemia, treatable anemias, myelofibrosis,
hypersplenism, multiple myeloma, and especially metastatic
cancer to the bone marrow were examined as well as all
cases with the diagnosis of aplastic anemia. A number of
autopsy cases where the clinical diagnosis was suspected
of aplastic anemia were reexamined.

Table 1 shows the number of cases screened and avail-
ability of autopsy material by city and sample classification.
The autopsy data were available for review in approxi-
mately 31% of the total screened. There were 27% in
Hiroshima and 36 % in Nagasaki. A total of 6327 autopsies
were performed in both cities from 1949 through June
1967. Among the 6327 autopsies in both cities there
were 106 (1.7 %) cases of suspected aplastic anemia (in
Hiroshima, 1.25% of 3836 autopsies, and in Nagasaki,
2.33% of 2491 autopsies). The autopsy procurement
program!” at ABCC chiefly emphasized the JNIH-ABCC
Life Span Study sample!? after 1961. This is a matched,
fixed sample of approximately 100,000 persons who were
living in Hiroshima or Nagasaki in 1950, most of whom
were in one of the cities at the time of the bomb (ATB).!?
The sample is divided into four comparison groups as
follows: group A — persons located within 1999 m from
the hypocenter ATB; group B — persons located 2000-
2499 m; group C — persons located 2500-9999 m, matched
hy age and sex to group A; and group D — persons
located 10,000m or further or not in either city ATB,
matched by age and sex to group A. Of the 35 Life
Span Study cases screened for aplastic anemia in both
cities, b were accepted as aplastic anemia.

The criteria for the diagnosis of aplastic anemia for this
review were based upon the classification of aplastic
anemias by Wintrobe.'® Two pathologists jointly (J.D.K.
and T.M.) and two hematologists independently (M.L. and
T.T.) reviewed the cases. The pathologists reviewed all
autopsy protocols and all slides and the hematologists
reviewed clinical charts, blood and bone marrow smears,
and hematologic data available in order to obtain a more
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TABLE 1 NUMBER OF STUDY CASES BY AVAILABILITY OF AUTOPSY,
SAMPLE CLASSIFICATION, AND CITY

#1 WEERR: BBAE - EASE - #ifin

Suspected Aplastic Anemia
BETBERMLOE VA H 31

Sample Classification Autopsies
i Screened with .
LR Screened Autopsy Data  He i
Ay ==y AT ==y L
Lo BEO»EL0
Hiroshima [ 5
Total & #t 177 48 3836
Life Span Study % & @& 42 23 2409
Other % 0 fis 135 25 1427
Nagasaki [%i#
Total it 163 58 2491
Life Span Study # @ ¥ 18 12 737
Other £ o fl 145 46 1754
Total both cities 7 i & &t 340 106 6327

BIERZ>VCE A NEMEFZ L FNBIE {2 LA
BT IZZRY & 5 A, HBEEME L LEEME L
HFETHRE L RAABE e .

accurate diagnosis by the standardized criteria for aplastic
anemia. After making their own diagnosis for each case
screened, the pathologists and hematologists together
reached a final diagnosis in disputed cases.

The cases were grouped in the following categories for ERIE, Wit LRO BB I HHENL:
statistical purposes:

PRMMECHERRMEAEM . HEEPE - %M
Definite Aplastic Anemia. Both the pathologists and EONAAF B L THEFRERMO B ¢ 7 L
hematologists were in agreement with the diagnosis of AR AN
aplastic anemia.
EMEIRELSHETRMAD. HMEMELFE
TRMERM & ZH LA, LEEMEO D &0 25
RFEFEL M. Gd, SO BMEARRET SR
TWwhdo2h, BERMEE & USIHFR &ML
AR, BETRERMEZEAL LR &0 2.

Probable Aplastic Anemia. Those cases where the pathol-
ogists diagnosed the cases as aplastic anemia, but one
hematologist disagreed. In one case although the
autopsy bone marrow slides were not available the
diagnosis of aplastic anemia was accepted after a review
of the clinical and autopsy protocol.

BEHRRE CBETRERM. 7585 PIE 0B
BETRMRMIAO SO TH - 24, MEHFIE

Possible Aplastic Anemia. The pathologists’ diagnosis DUED, E21E5000 FEET AN GR & B L

was other than aplastic anemia, but either one or both

hematologists diagnosed aplastic anemia. 8D,
According to this classification of certainty of the diagnosis SEOBHOEEEMN I A-BETRBERLO 7IHIZ &
of aplastic anemia, there were 42 cases definite, 3 UL, EBWTEE AL 4200, BT IEWEEEL 3 M, B

probable, and 6 possible. Examination of only those THEEFFOFTH - KR, BHEESLUS

45 cases of definite and probable aplastic anemia make
up this report.

BrZIEfEEOBE RN RERMASBTHOLIZI>0TITFE
'jf_‘.



RESULTS

Table 2 shows the comparison of diagnoses of 106 cases
screened from autopsy material by pathologists and two
hematologists. Among the 106 cases screened diagnoses
for 97 cases were agreed upon by all reviewers. The
concordance rate was approximately 92%. In eight
cases these was disagreement in the diagnosis by investi-
gators. It was not surprising that there would be some
disagreement in the diagnosis of primary aplastic anemia
by the reviewers in view of the characteristics of
this disease.

There were 19 definite and probable cases of aplastic
anemia in Hiroshima and 26 definite and probable cases
of aplastic anemia in Nagasaki. Table 3 summarizes the
cases studied in this series. The proportion of availability
of autopsy materials for total cases screened and the
confirmation rate were almost similar between the two
cities. The prevalence rate of aplastic anemia in autopsy
cases is two times higher in Nagasaki than in Hiroshima,
as a whole.

Distribution of Aplastic Anemia by Sex, Age at Death,
and City. Table 4 shows the distribution of the cases
and prevalence rate by sex, age at death, and city. Asa
whole, the crude prevalence rate per 1000 autopsy cases
was 6.2 (22/3539) for males and 8.2(23/2766) for females.
The rate was higher in the younger age group. It
appears that the rate was higher in Nagasaki than in
Hiroshima for both sexes; however, the standardized
prevalence rate adjusted by sex and age at death shows no
statistical significant difference between the two ecities.
Although the number of cases was small for the exami-
nation of rate by sex and city, the standardized prevalence
rate differs significantly between the two cities only for
males (P<.05). There may be some epidemiological
significance for regional differences for the incidence of
aplastic anemia. However, it is essential to confirm the
evidence from the clinical data with or without autopsy
findings.
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TABLE 2 COMPARISON OF DIAGNOSIS BY THREE REVIEWERS
R2 3AORIHIL S B0

Pathologists Hematologist [l #% 9 ") (£ Number %
7 B [ I It 14 2

Diagnosis A A A 42 39.6
bl A A 0 2 1.9
0 A 0 4 3.8
6] A A 2 1.9
(0] (0] (0] 55 51.9
No slide 2 5 1 F#% L A A 1 0.9

A: Aplastic anemia H4E R R M

O: Other disease # o fth & 5 i



TABLE 3 SUMMARY OF CASES SCREENED IN STUDY OF APLASTIC ANEMIA

#3 BETBMRAMOAET A7) -y 7i2T4-lo—RKE
Item Hiroshima Nagasaki Total
A g ] pidit it
(1) Cases screened*
REN == FRATE S B s 177 163 340
(2) Cases screened with autopsy data**
27N -2y S ETh L EHTHBREROS A LD 48 58 106
(3) Autopsies*™*
I +oeveveseeeseeseee e see s s s st s e 3836 2491 6327
(4) Cases confirmed as definite & probable aplastic anemia
PWHEESIUBIWIZERELBETRERLE LT
FEER E N A e 19 26 45
Availability of autopsy material( (2)/(1) % 100)
BIHEFEEID A T E oo 271 35.6 31.2
Confirmation rate ( (4)/(2) % 100)
v L 39.6 44.8 42.5
Prevalence rate ( (4)/(3) x 1000)
TR B R e T i Y 5.0 10.4 T

* Source ¥i## : Leukemia Registry, Autopsy File, Death Certificate by 30 June 1967,

19674F 6 H30H £ T A M EER, SHYER, FECBIFN

** Cases deseased by 30 June 1967 1967 6 A30H # © 0 JE

TABLE 4 DISTRIBUTION OF APLASTIC ANEMIA IN AUTOPSY SERIES BY SEX, AGE AT DEATH, AND CITY, 1949-67

£4 MBBECSUABETEERMOS 6 k- BOREEM - MR, 1949 674
Age at Male % Female % Total & &t
Desth Autopsies Cases Ratet Autopsies Cases Ratef Autopsies Cases Ratet
e SBEH KA % BiRH R L BBH R $
Hiroshima [E %

0-19 157 0 0. 121 4 33.06 278 4 14.39
20-39 209 3 14.35 176 3 17.05 385 6 15.58
40-549 512 2 3.91 393 2 5.09 905 4 4,41

60+ 1204 2 1.66 1063 3 2.82 2267 5 2.21
Total it 2082 7 3.36 1753 12 6.85 3835 19 4,95
* Standardized prevalence rate

I3 e 7 95 3.67 7.64 5.42

Nagasaki %

0-19 134 3 22,39 107 3 28.04 241 6 24,90
20-39 217 3 13.82 174 4 22.99 391 7 17.90
40-59 456 4 8.77 289 2 6.92 745 6 8.05

60+ 650 5 7.69 463 2 4.31 1113 7 6.29
Total it 1457 15 10.29 1033 11 10.65 2490 26 10.44
* Standardized prevalence rate

R 1 95 5 9.43 9.24 9.62
Difference between cities £ & - ui il o) 2%

X? =4,522 Y: =0.198 X =0,819
m m &3]
P: <.05* P: >.05 N.S. P: >.05 N.S.

Two autopsy cases were eliminated from denominator, because of unknown age at death.

Bl 2R IITECHERTHO 2D, FE» RO
1t Prevalence rate/1000 autopsies. 1000 % /= 0 o) 75

* Total number of autopsy cases in Hiroshima and Nagasaki. 58 « B8 i & 11 3 fl A £ 2



Distribution of Cases by Exposure. Of the 45 cases 17
were A-bomb survivors and 28 were not in the city ATB
or born after August 1945. Although the number of cases
of aplastic anemia are few, there were 7 cases exposed
at distances less than 2500 m from the hypocenter and
there were 10 cases exposed between 2500-9999 m.

Table 5 lists 17 cases of A-bomb survivors by city, sex,
age ATB, month and year of onset and death, survival
month, T 65 dose, and distance from the hypocenter.
Although the number of cases was too small, in Nagasaki,
it seems that the average survival in months among cases
receiving 1rad or more was of shorter duration in
comparison with those receiving negligible amounts of
radiation. The median age ATB was 41 in the former
group and 51 in the latter group, and median survival
was 9 months in the former group and 13 months in the
latter group. Among the Life Span Study sample there
were only five cases of aplastic anemia in A-homb survivors.
At ABCC the autopsy procurement program has been
devoted to this sample, especially since 1961.1* Only
four cases of aplastic anemia from A-homb survivors
were confirmed among autopsy cases in this sample after
1961. The number was too few to test the risk for radiation
effect on the autopsy series.

WHIES R K ER L. BEo 5 5, 17612
BMETHY, BHIEFEREFRICOLD A EE 2R
1945 8 ALIfERIIREL-EFETHE -~ HREL»LOE
ERBRERAMOENBE LTS A, BLibrs
2500m B oM A CHEBE LA L mIE 7 H T, 2500-9999
m OEHEIC G EZI0E TS -

=g 83
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FHEEUFECHER, SHFEAH, TEDMEL 5 02 H
BIEMEY TR L0 THS. MIEESEVA, 1 radl)
Loy 2o AEAOFSEFERRE, BiRles s
i nEE2 2 H0k~NB L, BT —RICE
B oo, TRIRIFER O PR IT, BiHE TIZAEE, BET
IFS1ETHY, EHFAMPREEHETEI»A, #HH
TEHBPATH- 7. BOaREEERPOFBEREICS
WABETRBERMHIEHT»5HTH - 7. ABCC(D
A FFTEE COBERZGRE LTEREZATH,
Fizl961FELEzomiz hAEsrhtwsd, Lal, 2
DEFERT, 1961ELHEOEKAO Y b, BETRERM
CHEF X BB EEREE, b 4BTHE- . 2D
B, BHAICEG 3RS OREERSLDIZES
F0IZH DL,

TABLE 5 LIST OF APLASTIC ANEMIA CASES CONFIRMED IN AUTOPSY SERIES AMONG A-BOMB SURVIVORS
BY T65 DOSE, SEX, AGE ATB, YEAR OF DEATH, SURVIVAL TIME, AND CITY
#5 RIS OXBBEE cHER SN A FEFRMERMMA: TSDME - 4% -
BRI G iy - PECCHERE - RTEIM - R
Age Onset Death Survival T 65D (rad) Certainty of
MF Sex ATB  (Mo-Yr) (Mo-Yr) (Month) > Distance Diagnosis
PERI SRS R SRR mew  wpAg  ocmme  Neuron o Total R BFoRIE
(B -%#) (H-1F) g ] g o
Hiroshima % &
M% 44 03-1965 09-1965 6 36 6 42 1359m  Definite 92
F # 04 07-50 02-54 42 10 1 11 1620 Definite
M 11 11-66 0167 2 3 0 3 1824 Definite
15} 35 02-62 11-62 9 2 0 2 1944 Definite
M 31 02-61 06-61 4 0 0 0 3025 Definite
E 56 03-64 12-64 9 0 0 0 3909 Definite
F 58 03-54 10-54 T 0 0 0 4099 Definite
Nagasaki £ #§

M 17 1149 05-50 6 Not estimated 7 t ¥ 519 Definite Fi£ 92
M 45 09-51 11-51 2 317 4 381 1163 Definite
M 43 12-54 08-55 9 330 8 338 1248 Definite
M 39 01-66 05-67 17 3 0 3 2520 Definite
F 57 11-56 09-63 82 0 0 0 2991 Definite
M 52 05-63 04-64 12 0 0 0 3434 Definite
F 04 01-62 01-64 25 0 0 0 4139 Definite
M 50 09-46 09-49 36 0 0 0 4438 Definite
F 26 11-57 12.58 13 0 0 0 8727 Definite
M 19 04.57 03-59 23 0 0 0 9114 Definite

* Life Span Study sample members % i 1 5 & 9. (]
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TABLE 6 FREQUENCY OF MAJOR PATHOLOGIC FINDINGS BY EXPOSURE STATUS
26 LEFERROBE: HRE

A-bomb Survivors(17 cases)

Others (27 cases) Total (44 cases)

Finding I HE AR (171 2ol (2T & Bt (4469
i 8 Number Number Number
¥ % # % % %

Bone Marrow 16

Hypocellular {11 = S, 13 76.5 21 71.8 34 17.3

Normocellular ~ EHMER{E .o 2 11.8 2 7.4 4 9.1

Hypercellular  BIERYE 1 5.9 1 3.7 2 4.5

Hypocellular & Normocellular

fEmERYE & & CEMMERTE e 1 5.9 1 3.7 2 4.5

Hypocellular & Hypercellular

R ERTE & & USBMERTE e 0 0 2 7.4 2 4.5
Site of Myeloid Metaplasia ¥ i b (L % o 50 {7

Spleen [ 3 17.6 3 11.1 6 13.6

Liver T s 2 11.8 1 3.7 3 6.8
Site of Hemosiderosis -~ % % 71 » (L fE O L

Liver BFBE s 13 76.5 16 59.3 29 65.9

Spleen BB e 9 52.9 14 51.9 23 52.3

Bone marrow TR s 6 35.3 10 37.0 16 31.8

Pancreas FERE s sannns 5 29.4 8 29.6 13 29.5

Kidney 1. S 2 11.8 4 14.8 6 13.6
Complication 1 i

Bleeding i il 9 52.9 16 59.3 25 56.8

Ulceration Wy 0 0 2 7.4 2 4.5

Fungus infection FMAIKEEL: .. 1 5.9 2 7.4 3 6.8

Other infection £ DTEORERE s 3 17.6 9 33.3 12 27.3

Major Pathologic Findings. Table 6 summarizes the
pathologic findings of 44 cases of aplastic anemia from a
review of the protocols available. In 38 cases the bone
marrow findings were fairly uniform in all sites showing
either hypoplasia or aplasia, and no difference was noted
in the exposed cases from the nonexposed. In six cases
the bone marrow was either normocellular, or hypercellular,
and the cellular elements varied in activity in different
sites examined. Occasionally foci of lymphocytes and
plasma cells were seen in hypoplastic bone marrow.
Myeloid metaplasia in the spleen was seen in 13.6% and
in the liver 6.8%. The degree of hemosiderosis depended
upon the number of transfusions received and usually was
marked. The liver showed a higher incidence (65.9%)
than the spleen (52.3%). Ulceration of the oral mucosa,
a common finding in aplastic anemia, was noted in only
two cases and fungus infection was seen in three cases.

Major Clinical Course of Aplastic Anemia. Major clini-

cal findings of 45 cases of aplastic anemia are summarized

in Table 7.

FTEREMR. £6E, AFEIhTuI8MEEL S
AEaNABETEBSEROMARIZM T 2BHAAROEHT
5. FOHE3BH T, BHLICETSEMAR IS,
EhO—RESFHD, BEAEEZEEREOVT AL
FERL TV F RO L IERG L oz OEE
2@ ohtdo k. 6T, EHITEFMELSV
Liiflfafe 4 2 LTH 0, Sk TR0 IES) 1158
AoTwih. BERAEOBHMTE, BFIZY v /SBROFHIE
PHEERP RS 62 B EERETL13.6%, I

TS BIEn s, ATV T VILEEDRE

e Mo EAIZ G L L TEWRTH 5 . IFIE(65.9
%) Tk, MK (52.3%) &0 @ VWEETEROLhL.
BT BRI RS 5 h 5 ORI O a2 6
bhFEhr2p, RKERREIMEDLAL.

BERRMAOOEEHAZB. BETRERMSH O
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TABLE 7 MAJOR CLINICAL FINDINGS OF APLASTIC ANEMIA IN AUTOPSY SERIES (45 CASES)
#7  HIRBIEEA (450) PO BERBMER MO EEERFR

Item Number % Mean
£ 5 7 ¥ SE 19 fii

Initial Symptom 13 ® fE %

Weakness including dyspnea, malaise & palpitation

TRIREEE, BE, LENELEOBENE e, 35 77.8

Bleeding tendency MM oo 25 55.6

Fever FEBE oo 20.0

Infection BEEE e et 4 8.9

Lymphadenopathy U PSIRIE e 1 2.2
Initial Hematologic Data & #0 ) L % ¥ 75 %6 &}

Red blood cell WHIRE (10% ) oo 42 166.40

White blood cel} EHLERBE e 43 2909.30

Hemoglobin MEFER  (g/100ml) oo 42 5.30

Platelet i O e e 41 5.01
Complication & i fiF

Hemosiderosis NEITFN PRI e 20 44.4

Ulceration TR o nimmamss i 4 8.9

Infection BEHE o e e A 25 55.6

Bleeding Wl v s S R 34 75.6

Malignant neoplasms unrelated to aplastic anemia

EEHEH(BETRERM LMo zvwi o) 3 6.7

FEtiology. Among 45 definite and probable cases there
were 42 of idiopathic etiology. One of the cases was
presumably drug-induced following prior therapy with
chloramphenicol over a period of 5 months while heing
treated for cardiac decompensation. This drug has been
incriminated as a cause of fatal aplastic anemia.’® In the
second case the aplastic anemia was presumably induced
by radiation therapy for a carcinoma of the cervix received
over a 3-year period following hysterectomy. Death
occurred 38 months following the initial course of radiation
therapy. The third case was considered congenital in origin.

Initial Symptoms. Weakness including dyspnea, malaise

* and palpitation were present in 77.8%; bleeding tendency,

55.6 %; fever, 20.0%; sore throat and other infection
8.9 %; lymphadenopathy in one case 2.2%.

Initial Hemaiologic Data.  Average initial RBC was
166 x10%/mm® and average initial WBC was 2909/mm?®,
The average hemoglobin level was 5.3 g/100ml. The
average initial platelet count was 50,000.

Complications. Bleeding was most often seen (75.6%);
infection (55.6 %), hemosiderosis (44.4 %), and ulceration
(8.9%) were also present. Malignant neoplasm occurred
in three cases, but without metastatic evidence in the
bone marrow.

RHE. BWHEE S & OB IEREE 0450 b, 5
DEDOFRHH 5. BN IMOS b 1HIIE, HF6 <
CHRERBTZ0BEROZH52AL Lich s TAR
R krusry 70— LoB5 kL, THEREXN
eosBEbhs., ZoEA, RGN BERRBER
MOFEER L shTWE. Y B2z, BETSEERM
i, %6 FEUIBRMN®GFEEE SO M METEL 3
FHICb o TR LBIIFRER LD EEL LR,
ZOERNE, MSBEROBEDOMBE%EB, A TRE L
Twd. B3IMFE, EREOFERIZLZ EEZLSNL.

FFAER. WRELE, BE, LETEL LRABATE
% WM AFESE. 6% ; H#k20.0%; WEHWER 2 oo i
8.9%; U v /SIRIEZ.2% (1) Th - 7.

MO MBRTER. WL E9 R0z 166X
104 /om3 T, FiHAMEME L2909/ m? Th-7 ¥
7o, P Hifix5.3g /100ml ¢, A O
50,000T & - 7=.

EFE. HmiEfe A OLN(75.6%), BiiE
(55.6%), ~EY 7 yILHIE(4.4%), & & UilEH
B(8.9%)t@/wbhTwa., B EWIT3MIZE
WhoNA, BHIZIEZOEBFREIBDShEH 52



Bone Marrow Findings. Major bone marrow findings in
smears by hematologists were as follows:

FHMBEAR. MEHMEHITL - 2 BERECS TS
FELEMAREROLIZEOTH - 12t

Finding Number

i R “ )
Hypocellular bone marrow  ff& M B4 4 #i 24 53.3
Normocellular bone marrow ERMERIERH ... 5 11.1
Hypercellular bone marrow i it &R 1% % i 5 11.1
Aplastic marrow T R 23 51.1
Erythroid hypoplasia o MER I A AR & 26 57.8
Erythroid hyperplasia FRMEGBEMR e 4 8.9
Maturation arrest in erythroid series i ER %12 & 13 5 s {% 1k 2 4.4
Plasmacytosis UL ER 1 % 4E 20 44.4
Lymphocytosis Uy SERRRIEE L. 25 55.6

Treatment. In addition to blood transfusions, patients
were often treated with certain specific drugs such as
steroid hormone (31 cases), folic acid (18 cases), vitamin
B 12 (12 cases) and antibiotics for infection (18 cases).

Comparison of Clinical Course Among A-bomb Survivors.
Table 8 shows initial hematologic data and bone marrow
findings of autopsy material among 17 aplastic anemia
cases in A-bomb survivors. Although the number of cases
is not large enough to examine the difference of the
initial hematologic data and autopsy findings for A-bomb
exposure relationships, there are no remarkable differences

in these findings between exposed and nonexposed patients.

DISCUSSION

It is well established that the outstanding features of acute
radiation injury occurring in heavily irradiated survivors
of the A-bomb was the rapid occurrence of severe hemato-
poietic damage. .17 Hypoplasia and bone marrow depres-
sion from radiation have been reported in animals under
experimental conditions.'® There are a number of recorded
cases of aplastic anemia among radiologists and others
exposed to unshielded radiation over a long period of
time. " Court Brown and Doll reported®’ an excess risk
of aplastic anemia as a late effect of irradiation among
persons with ankylosing spondylitis treated by radiation.
Lewis?" also reported that mortality attributed to aplastic
anemia among American radiologists is 17 times higher

212 of aplastic

than expected. There are a few reports
anemia among A-bomb survivors. On the other hand,
Blaisdell, Amamoto, and Okamoto®® reported that they
failed to find evidence of aplastic anemia as a late sequel
to single exposure irradiation among A-bomb survivors
and controls in 4101 subjects in Hiroshima and 783 in

Nagasaki in 1958-59. However, it is well known that

@, B, EIoiE»Iz, LIELERIBEERALE
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£ =

B FEE O I MR B AR (MR U 2 D R OE T A Bk M AT
OBESE LRI, T A AR R thHf:hgﬁ
ZOZERTTIEESTATYLS T G T,
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TABLE 8 LIST OF 17 CASES OF APLASTIC ANEMIA IN AUTOPSY SERIES AMONG A-BOMB SURVIVORS
BY T65D TOTAL DOSE, ETIOLOGY, INITIAL HEMATOLOGIC DATA AND BONE MARROW FINDINGS

#8 R ERE ORBEER A 3 HETBERMLE O — 5.
T 65D #45ht, HE, WARMLEHRERR, SR

Initial Hematologic Data

Bone Marrow Findings for

MF City T65D (rad)  Etiology FENE LR X Hﬁﬁﬁﬁﬁﬁ;}
Lt il RBC Hb Platelet WBC Hyper- Normo- Hypo-
(10* ) (g/100ml) @i cellular cellular cellular
(10%) W ERE A MERYE  E Rk
Nagasaki  Not estimated Idiopathic
e b HeE o A

(Distance i 519m) ! 8.0 L7 2900 + - -
N 381 " 62 1.9 1.4 5000 - - +
N 338 n ¥ ? ? ? = = +
Hiroshima 42 n 233 8.2 3.0 1850 - - +
H B8 11 " 99 4.7 2.0 2200 = - +
H 3 " 198 6.9 2.7 2350 - = +
N 3 n 170 4.9 0.2 1700 - = +
H 2 n 190 5.6 1.8 3800 = + +
H 0 n 286 8.3 0.8 5100 - = +
H 0 " 140 5.6 1.3 2900 = s <t
H 0 " 109 3.2 0.1 4000 z + =
N 0 " 210 T2 2.5 3800 — — +
N 0 " 182 5.5 2.6 5325 = e +
N 0 " 86 2.7 2.2 1300 — — +
N 0 n 149 5.7 4.0 2150 - = +
N 0 n 54 2.1 1.8 1600 - + -
N 0 n 130 4.2 8.7 2800 - — +

T65D 1 rad or over and not estimated
TESD#HMR L rad I E B L UHEF 2T o b Ao 0 158
T65D Orad TEDMBAANOraddb e ... 149

Average Value SE#1fi

Number Positive 585 4 38w 7 il #

5.8 1.8 2829 1 1 7
4.9 2.3 3219 0 2 1

aplastic anemia is extremely rare. Therefore, it appears
that it is difficult to evaluate late effects of irradiation for
incidence of aplastic anemia among A-bomb survivors in
such a small sample and short period of investigation.

In elucidating a late effect of radiation for incidence of
aplastic anemia among A-bomb survivors, the present
study was undertaken for materials accumulated at ABCC
over a 20-year period. The present report deals with the
clinicopathological aspects of aplastic anemia which were
detected on autopsy material. It has been shown that
risk of aplastic anemia is greater in the younger age
under 40 than the older age 40 and over (Table 4).

There is a question of regional difference on the occurrence
of aplastic anemia between Hiroshima and Nagasaki.
There were 17 cases of aplastic anemia from A-bomb
survivors in the autopsy material and all 17 cases were
confirmed by both pathologists and hematologists. A
number of aplastic anemia cases among A-bomb survivors
received a significant amount of irradiation from the
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A-bomb in Hiroshima and Nagasaki. It will be of interest
to determine whether the risk of developing aplastic
anemia is increased among those who received a signifi-
cant amount of radiation compared with those receiving
no radiation. However, the present study emphasized
that there are no significant differences in clinicopatho-
logical characteristics of aplastic anemia between those
who received a significant amount of radiation and those
that did not. ‘

In the present series of 45 aplastic anemia cases, most
(42/45) were idiopathic etiology. Cases of aplastic anemia
following virus hepatitis have been reported and suggest
virus induced chromosome damage to the bone marrow
which may result in a temporary aplastic anemia.”*" In
these cases the hepatitis preceded the pancytopenia from
2 to 24 weeks. This has not been our experience. In the
literature there are numerous cases of aplastic anemia
following drugs and chemical poisons in addition to
irradiation by radium and X-rays. The degree of hemo-
siderosis depended upon the amount of blood transfusions
given and only one case developed severe homologous
serum hepatitis.

This study also examined the accuracy of the clinical
diagnosis of aplastic anemia confirmed at autopsy. It
was noted that the diagnosis made clinically or from
death certificates in a number of cases reviewed were
frequently related to other diseases, particularly metastases
to bone marrow from carcinoma or lymphoma. Findings
in the bone marrow from different sites at autopsy revealed
no significant histological differences between A-bomb
exposed and nonexposed subjects,

SUMMARY

The present study is primarily concerned with the
prevalence of aplastic anemia in material from the ABCC
autopsy files of Nagasaki (2941 cases) and Hiroshima (3836
cases) with the hope of determining the prevalence of
aplastic anemia among A-bomb survivors as a late effect of
ionizing radiation. The criteria used for the autopsy
diagnosis of aplastic anemia included hypoplastic or
aplastic bone marrow and clinical findings of pancytopenia.
Cases with tumor metastatic to bone marrow, leukemia,
and myelofibrosis were excluded. A total of 45 cases
were confirmed by both pathologists and hematologists,
19 cases in Hiroshima and 26 cases in Nagasaki. There
were 7 males and 12 females in Hiroshima and 15 males
and 11 females in Nagasaki. The prevalence rate of
aplastic anemia was higher in the younger age groups.
There were 17 cases in A-bomb survivors of which 7
received more than lrad of radiation. The duration of

it}
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symptoms in the 17 survivors with a T 65 dose estimate TN 355

varied from 2 to 42 months in Hiroshima and 2 to 17 W, 1965 I AR I A HE T X 4 RE b B ET
in Nz ki. T mk f cases i - series R . S -

months in Nagasaki he number of cases in our series MM, EEBTIR2AEA52NH, BRTE2AHA

was too small to make any final conclusion as to the e e
CITPATH - 2. SEIOHE

LHENIZLLEL, &

relationship of radiation exposure and aplastic anemia,

. gy .p i : FHR{T] & JE IR b o iz A T BB o e i
since there were no significant differences in the histo- RO & SEBHRG & O IR 12 FEET B %R i o) TR

b Z2EERMRCARO£EL R

-z L e
HEH5EHD

logical changes in the bone marrow or clinical findings

characteristic of aplastic anemia in exposed and non- DED 70T, RIGEERBERBYERLOEHE
exposed subjects. EORFRIZIOVTRENFERS T2 sz cahdy -7,

MASTER FILE NUMBER OF DEFINITE AND PROBABLE APLASTIC ANEMIA CASES
IN THE PRESENT STUDY

THEE TR MR o 3 A4

TFE & & UNIE | Eh

Hiroshima Nagasaki
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