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INTRODUCTION

Idiopathic generalized myelofibrosis with myeloid
metaplasia is a disease of unknown etiology in
which the clinical and morphologic manifestations
vary greatly even during the course of an indi-
vidual case. The resultant confusion has led to an
undue number of synonyms, each of which tends to
focus on a single aspect of the disease. Many
cases exhibit panhyperplasia of all bone marrow
elements including fibroblasts although eventually
the more characteristic picture of fibrosis may
predominate. Myeloid metaplasia is a constant and
persistent finding, even when the bone marrow is
hypercellular. A leukoerythroblastic peripheral
blood picture is usually present at some time during
the course of the disease.

The report includes 12 cases of myelofibrosis
among patients autopsied at the Atomic Bomb
Casualty Commission (ABCC), Hiroshima. Of the
12 cases to be reported 9 were exposed to a
significant amount of ionizing radiation at the time
of the atomic bomb explosion on August 6, 1945.
An additional patient was exposed to a dose of
ionizing radiation that may or may not be of bio-
logic significance. Evidence will be presented to
show that the increased frequency of myelofibrosis
among exposed persons is directly proportional to
the distance from the hypocenter at the time of
the explosion.

METHODS AND MATERIALS

All cases from 1950-59 recorded as demon-
strating extramedullary hematopoiesis, and/or
significant unexplained bone marrow fibrosis, and /
or unexplained splenomegaly were selected and
the histologic sections reviewed. In addition, all

cases previously diagnosed as myelogenous leukemia
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were studied histologically. All cases putatively
considered to represent myelofibrosis were then
evaluated from a hematologic standpoint. Specifi-
cally, the peripheral blood smear was reviewed,
when available, in an attempt to document nucle-
ated erythroid precursors and immature myeloid
forms, the so-called leukoerythroblastic blood
picture. The patient’s chart was studied for other
evidence of bone marrow dysfunction. The hema-
tologic treatment was recorded. Cases having
received therapy known to produce bone marrow
fibrosis, specifically P** and extensive x-ray, were
excluded from the study. Also excluded were
cases in which sketchy hematologic and / or clinical
data precluded adequate evaluation.

Next a variety of autopsy tissues were examined
microscopically and semiquantitatively evaluated.
The quantity of the various bone marrow com-
ponents was roughly estimated and recorded
according to the scale shown (Table 3). Hyper-
plasia was rated on a similar scale and evaluated
according to the amount of bone marrow fat
remaining. A 4+ or maximum evaluation indicated
no fat was present in sections obtained from rib,
vertebrae and femur. The hyperplasia could
conceivably have been of the connective tissue
component only, however. Special stains were
used to evaluate the degree of bone marrow
fibrosis. The presence or absence of necrobiosis,
osteosclerosis and lymphocytic influx was noted.
The weights of the liver and spleen were recorded
and the degree of extramedullary hematopoiesis
recorded as absent () to marked (4 +). In addition,
notation was made as to whether the hepatic
infiltrate, when present, was predominantly within
the portal areas or the sinusoids. Exi:rqmedullary
hematopoiesis, in the context of this report, implied
significant numbers of erythroid, myeloid and
megakaryoéyte elements grouped together outside
the confines of the bone marrow. One autopsy,
case 10, showed extensive involvement of the liver
and spleen with immature myeloid precursors but
because only scattered megakaryocytes and no
erythroid precursors were present this was not
considered as true hematopoiesis. Finally all the
tissues were reviewed microscopically for further
evidence of extramedullary hematopoiesis as well
as other significant findings.
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Based on this information the cases were divided
into 3 categories: typical myelofibrosis (8 cases),
atypical myelofibrosis (1 case) and myelofibrosis
with a transition to myeloid leukemia (3 cases).
The cases of the latter group were characterized
by an increase in immature myeloid elements within
the bone marrow. However, in other sites, usually
the liver, spleen and/or lymph nodes, there was
abundant evidence of hematopoiesis often in the
form of solid sheets of admixed myeloid, erythroid
and megakaryocyte elements.

After evaluation of the clinical and pathologic
aspects of each case, the exposure history and
dosage estimates were accumulated. A few
remarks about the exposed population of Hiroshima
are pertinent. Estimates vary widely as to the
population of Hiroshima at the time of the bomb
(ATB), the number of persons killed and the number
so-called exposed. The most commonly accepted
estimate' records the civilian population on August
6, 1945 as 255,000, Of this number about 64,600
were killed and 72,200 injured. Immediately after
the explosion the population was widely dispersed,
but over the next five years former residents
returned and by 1950 the population of survivors
of the bombing living in Hiroshima was estimated
to be 90,000. However, of these 60,000 were
located at distances 2000+ m from the hypocenter,
where dosages of absorbed radiation were small
and biologic effects questionable (Fig. 1). A
tremendous postwar influx of newcomers brought
the total population of Hiroshima to over 385,000
in 1958. Therefore, during 1950-59 the segment
of the population which had not experienced the
bombing greatly outnumbered the population of
survivors and especially the group located within
2000 m of the hypocenter ATB.

Exposure data have been compiled from a number
of sources and vary slightly according to the
exact position estimated to be the hypocenter. The
figures in the present report are taken from the
ABCC master file shielding data and are considered
to be an accurate record of an individual's distance
from the hypocenter ATB. The hypocenter is
defined as the point on the ground directly beneath
the center of the atomic bomb at the moment of
explosion. Figure 1 illustrates the air dose
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FIGURE | ESTIMATED GAMMA AND NEUTRON AIR DOSE BY DISTANCE
FROM HYPOCENTER HIROSHIMA
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estimates in rad for both neutrons and gamma
radiation. as compiled by Oak Ridge National
Laboratory. To determine the dose in rad absorbed
by an individual, the air dose estimates are
applied to the individual situation and corrected
for shielding provided by natural and man-made
objects. These latter figures relating to dose
estimates are not accurate and are considered by
many to be too large. Survivors at a total body
dose much in excess of 600 rad are thought to be
unlikely.> Reference to Table 1 shows 3 patients
with dose estimates considerably greater than this
figure. There are several reasons for these
inaccuracies and the reader is referred to other
sources’ ' for more detailed explanations. In
general, however, attenuation data probably needs
revision since the present figures have been
calculated only for rather stereotyped situations.
In addition, more refined information on shielding
configurations is necessary before accuracy may
be attached to the degree of attenuation in indi-
vidual cases. Uncertainties regarding air dose
estimates are appreciable as indicated by the
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assigned 50% confidenee limits (Fig. 1). From
animal experiments the Relative Biological Effective-
ness of ionizing particles is known to depend upon
the effect under study and the assignment of
arbitrary values, especially for neutrons, is hazard-
ous. The neutron dose in these studies is calcu-
lated as a first collision dose; a multiple collision
dose would probably be more accurate. Finally,
dose estimates are calculated on the position of
the person at the instant of the explosion. Cases
are known of persons carried by the force of the
blast into a more sheltered location, i.e., a cave,
thus escaping exposure to many if not all of the
ionizing particles.

RESULTS
Selection of Cases

The pathologic findings in the majority of cases
presented few diagnostic problems. This is re-
flected in part by the fact that the diagnosis made
by the prosector at the time the autopsy was
completed coincides with the opinion of the present
reviewers in 10 of the 12 cases (Table 3). The
fact that most of the cases were diagnosed as
panmyelosis reflects, in part, the philosophy of
Black-Schaffer and Stoddard, both of whom were
at ABCC during different periods. These patholo-
gists are of the opinion that cases herein referred
to as myelofibrosis would be better termed
panmyelosis.” As pointed out by these authors,
there is little difficulty in the histologic diagnosis
of a typical case of myelofibrosis. The picture,
early in the course of the disease, of a panhyper-
plasia of all hematopoietic elements produces a
characteristic appearance in the bone marrow.
Later dense connective tissue seclerosis of the
bone marrow often supervenes from which the
disease has derived its most generally accepted
name. In all stages there is a varying degree of
extramedullary hematopoiesis.

A few of the cases merit special comment. The
case classified as atypical myelofibrosis, case 9,
was peculiar in that although a panhyperplasia of
all bone marrow components was present, there
was an immaturity of the myeloid, erythroid and
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megakaryocyte elements usually not associated with
myelofibrosis. However, the monotonous picture
of leukemia was absent and no megaloblastiform
cells were present to suggest erythroleukemia. In
addition, the patient was never thrombocytopenic
and not significantly anemic until terminally during
a long clinical course. Two of the cases, 11 and
12, presently classified as myelofibrosis showing
a transition to leukemia might have been more
appropriately included with the cases of typical
myelofibrosis. However, the immaturity within
the myeloid series was somewhat greater than
in the more typical cases. Finally, case 7 was
diagnosed by the prosector as miliary tuberculosis
and apparently the bone marrow fibrosis was
attributed to the infectious process. However,
judging from the appearance of the systemic
lesions, the tuberculosis was more acute than the
myelofibrosis and apparently of relatively short
duration. In addition, the granulomatous involve-
ment of the bone marrow was extremely spotty
whereas the myelofibrosis was generalized.

General Information and General Exposure Data

The present study includes 12 cases of myelo-
fibrosis with myeloid metaplasia; 7 were male and
‘b female. The average age at death was 51 years,
the median age 50.5 years. Of the 12 cases, 10
were survivors of the atomic bombing; 2 were not
in the city ATB and are classified nonexposed.
The exposed patients were at an average distance
of 1190 m from the hypocenter ATB. The median
distance from the hypocenter was 1086 m. Shield-
ing histories were available on only 6 patients, 3 of
whom were in the open and completely unshielded,
1 was in the open but partially shielded by a light
man-made structure and 2 were inside typical
Japanese houses of light construction. The esti-
mated total dose absorbed by these 6 individuals
varied from 8rad to 1397 rad with an average of
614rad. It must be re-emphasized that the estimated
dose may well be too high perhaps by as much as
a factor of 2. Acute radiation symptoms were
reported by 5 patients each of whom reported 2
of the following 3 signs: epilation; bleeding
phenomena; oral lesions. Four patients reported
no acute radiation signs and for 1 individual this
information was never obtained (Table 1).
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TABLE 1 GENERAL INFORMATION AND EXPOSURE DATA

#F 1 — TR S & OHERE R
Category Case Autopsy # Age Sex Distance oM m Ty?e o,r * Estim.n:ed Dose ACUMA Radiation
P EH MRER w8 B Ak | snheees
1 57 M 832 Og;;gs';efff 1397 +
2 69 F 964 Unknown T8 +
3 36 F 1061 Unknown 78 -
Myelofibrosis 4 66 M 862 Inside i) 1022 +
s 5 % F Not in ity 7 13 7€
6 55 M 1086 Unknown 7Hj 0
¥ 38 F 1436 Unknown 72y Unknown  FH)
8 51 M Not in City i 9 4 (€
Atypical myelofibrosis
IETE BB REMEAE 9 48 M 1079 Open 154k 738 +
Transition to leukemia 10 48 F 1105 Tnside ®A 338 0
HREAOHTH 1 50 M 2071 Inside MM 8 0
12 58 M 1402 Open M3 178 0

* Position of the exposed individual ATB with respect to buildings, walls, terrain, or other objects that might absorb some fraction of gamma and neutron radiation.
‘Open’ indicates that the person was in the open and not shielded. 'Open, Shielded’ indicates the individual was in the open but totally shielded by some man made

structure of light construction.
ZOWBI,
BREBIOTERKEA TV I s LT EERT.
BIEMEOBRB/MAIZVLZ EERT.

‘B, EEHn’

‘Inside’ indicates the person was inside a building of light construction.
Hes—BBLUPETFRHBL 1 EBRE T BbhsREBEWOR, WEzLARZOMOBMR LT IEMBRORBETT.
BRBCVWAEIHEWEN L > TE(EREhTVWAEAZLERT.

‘A
R

1 Sum of gamma plus neutron (first collision dose) radiation at the center of the interval.
FARIZ M iz B 3 v — L i B (1 kiR R) o,

+ Reported the presence singly or in combination of epilation, bleeding phenomena, or oral lesions.

e
Clinical Manifestations and Laboratory Data

The presenting symptoms varied but in almost
every case reflected anemia or massive spleno-
megaly. The most consistent physical finding
other than pallor was splenomegaly. Bleeding
phenomena were very uncommon until terminally.
Information about possible exposure to bone marrow
toxins was usually not included in the history
(Table 2).

The most consistent laboratory finding was
immature leukocytes and nucleated red blood cells
in the peripheral blood. This was present in the
11 cases for which information was available and
in the majority was confirmed by the authors.
Anemia was present in all but possibly 1 case at
the time of initial examination. In the majority of
cases the anemia was profound and often necessi-
tated blood transfusions.
white cell count was generally elevated, sometimes

markedly so, and was never within the normal

The initial peripheral
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TABLE 2 SUMMARY OF CLINICAL AND LABORATORY INFORMATION

#2 BERMESIUVERBREMRIORE

Peripheral Blood Findings® FiamdEAT R
Hematologic Date of Estimated Final Clinical
“ate, Cas ;& . Nuele: . ratior sis
(.:lftgor,\ (_.-aje Autopsy Presenting Symptom (s White Blood Hainnglobin Platelet Buicl:;u:d“[‘{rd Treatment Death Duration Duinu‘m
g8 &= EhiEN aEER AR ;.u:, sy FCEAH EEiimms B
/mm® gms% Jmm months
Myelofibrosis 1 Liver, iron, transfusions { Aplastic anemia
Fraaig i 2,475 3.31 54,600 . TR, IRl Ml .. 1/28/50 12 BT RERA
2 Nitrogen mustard, vitamins Chronic myeloid leukemia
307,666 6.5 302,000 . +4 ro¥y. I 1/20/52 43 BitHEta s
3 Abdominal tumor, Palpitation, vertigo X-ray to spleen, urethan, iron Chronic myeloid leukemia, terminal
ARBEDS CeTGE MR 243,000 .85 359,000 + MAEXMUER YLr @M . 6 452 50  twberculosis
1848 Pt £ A | RN L ESBE R
4 Weakness Transfusions, iron Aplastic anemin
B i 2,400 8.85 147,000 4 Wadn, B8 ... B/28/54 2 EERBEERM
5 Abdominal distension Nitrogen mustard, X-ray to spleen Splenic tumor, diabetes insipidus
ARG Gl 183,200 5.36 144,000 : A rOErT Ay~ X BBAS 8/ 4/55 54 FBRERAS, bR IAGE
6 Anemia Transfusions, vitamins Anemia
T 3,500 11.1 224,000 ; MEL EFR S aianeian  BHEST 1w R
i Fever G-mercaptopurine, transfusions Chronic myeloid leukemia
L T — 15,800 8.4 674,000 ! 6=2NAT TNy, WAL, 4/16/57 9 1B{EHEE B
8 Anemia Transfusions, iron, folic acid, steroids Aplastic anemia
P 1,050 4.4 7.000 + W, kW, K8, 27o4 Ko 5/31/57 48 FETAERM
Atypical 9 Myleran, transfusions terminally Chronic myeloid leukemia
? 38,700 11.25 1,100,160 s AL I, FMMICHR . 1 2/59 19 1 T B 55
Transition to 1ﬂ Adequme to increased Transfusions, vitamins Probable leukemia
leukemia 73,000 13.3 MWLM L v LR ; ML, 73> ... 10/10/51 17 BfF O
Bl 0BT s ) : ”
11 Tiredness, gingival bleeding Transfusions, urethan, X-ray to spleen, vitamins, Chronic myeloid leukemia
FIE @mEEE. . B 239,000 7.35 489.000 * triethylene melamine, nitrogen mustard 90 BEwitany
i >4 Xigas, sz,
> iy ‘.’ Fao¥
TAF—F - 12/ 3/55
12 Anemia Unknown Unknown None known Heart failure
46,600 7.7 | 4 5/ 1/57 6 LT e

* Earliest available laboratory determinations after the onset
s - 2Bt ERFRoh B RWIZT S

ymptomatology

eferable to myelofibrosis. In almost every case this represents determinations made before the commencement of any hematologic therapy.
PEERENE. A K (ol (844 -1 &

7 TLiehh-BEdETH




range. In 4 cases leukopenia was reported at the
time of the initial examination. In 6 of the cases
the initial platelet count was within the normal
range. In 1 case the count was markedly elevated
and in 1 case there was no known record. The
remaining 5 patients had platelet counts below
normal at the time of initial examination; however,
only 2 patients were severely thrombocytopenic.

Treatment generally consisted of hematemics,
blood transfusions and chemotherapy; 4 of the
patients received nitrogen mustard; 3 cases
received small doses of therapeutic radiation
limited to the region of the spleen.

The estimated duration of the disease ranged
from 2 to 90 months and averaged 32.5 months.
Duration may be underestimated, however; many
of the patients reported minimal symptoms of short
duration at the time of initial examination but were
found to have massive splenomegaly and may well
have had the disease for many months or even
vears. Among the 10 exposed cases, the average
data of the onset of symptoms directly referable
to myelofibrosis was November 1951, and the
average date of death was April 1954.

None of the cases was correctly diagnosed
premortem. This is not surprising because of the
infrequency of myelofibrosis in Japan and the
medical professions’ reluctance to undertake
surgical bone marrow biopsies. Seven patients
were considered to have leukemia, 3 to have aplastic
anemia and 1 each to have anemia of unspecified
type, splenic tumor and heart failure.

Autopsy Findings

The important anatomic findings are summarized
in Table 3. Hypercellularity of the bone marrow
was a consistent finding with a variable replacement
of marrow fat. Hyperplasia of the megakaryocytes
was the single most striking finding and was also
uniformly present. As has been pointed out
previously,” bone marrow fibrosis is not a neces-
sary contingency for the diagnosis of myelofibrosis.
However, a variable degree of fibroblastic prolifer-
ation was present in all cases in this report although
equivocal in 1 case (number 12). The fibrous

BRERBENTHI L d o 4w TIED
PRECAMERRVES S -4, 6HIIEVTEED
OMmMAREIEEFEBENATS - 2. 1 H1E il R
AERIZEML VA, Hlol@icseCiiidsd
BaAho. RUSBOBEDMDRE L WS
BIEEHELTTH - LA, 2803 I2HED GRS
EAFBB LN,

AR S LT, —BRAY I M o4k, i
BPLUbEREINEE R T WA, 4 £ Nitrogen
Mustard @ #5 %% 11, 3 HHEMREESCRE L TP
o GRS AR IR AT & 2 1 2

ZOFEROHEEFHEBMIE2 -0»H T, T
R.5PATH- . LAL, HSUEILADIC AR
bhTwadrElhiwv., ¥4bhs, BEOE I
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v, HEEREII0M 12 d o T d, B AR MERE 12 R
H+ 5L E 25RO FHERIA $19514F11H
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ChizARBEBLZ LT EY. TEZOAFICIZAMR
7, 3AEOBEICRHELRSRERML, 2H08BEFL
HZHAFhFMAHORM, BEES S CLTEN
Hhr0EEZ LN
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TABLE 3 AUTOPSY FINDINGS
3 HEBFAE

01

Bone Marrow*® #* Spleen B Liver AR
Case Autopsy # Other Regions Final Anatomic Remarks
fEf sligEe  Hyperplasiat Fibrosis Megakaryocytes  Erythropoiesis ~ Myelopoiesis  Weight Hematopoiesis  Weight Hematopoiesis Involved Diagnosis e
HREEL P Btk FrIER:E B Wi i i it s i Z OO IR SRR EIEN
Myelofibrosis F s HELE
1 + 4+ +—++ F+++ ++ ++ 125 +—++ 1710 + 0 Panmyelosis, pneumonia
L REGE, M
2 o+ 4+ +4 4 + =+ e 680 FHAF 1350 4+ Lymph nodes, kidney Panmyelosis
abdominal soft tissue  J-fH#i5E
o 5EE, TR B
AL
3 +++ +=+++ +++ =+ +—+++ 1000 4+ 1900 F+—+++ Lymph nodes Acute panmyelosis, miliary Myelofibrosis predates
1) w238 tuberculosis terminal tuberculosis
BETLERGEE, SN RMoEsE LD L TR
HELE AT
4 =t F++ o+ + F—++ 300 H+F—F+++ 1465 + Lymph nodes Acute myelofibrosis, myo- Short course due to myo-
1) w245 cardial infarct cardial infarct
BRERHERHELE, LR CRERED 2 0 TR Y
5 FTH+F ++ ++++ + 4+ 1100 +++ 2250 ++4 Lymph nodes Acute myelofibrosis, Mpyelofibrosis predates
1) w23 ry tuberculosis terminal tuberculosis
HEARHEE, RiEESEE SO L D & A
HERE 4 1T
6 b+ +4 4+ +—+ - — 250 +++4 1500 + Lymph nodes Fibrosis of bone marrow, Fibrotic phase of myelo-
1) v extramedullary hemato- fibrosis
poiesis, brain hemorrhage #isiieiE oL
T RARAELE, b,
fia i i i
7 +++ o A - 0 670 ++ 1800 + 0 Miliary tuberculosis Tuberculous involvement of
BRI marrow slight, focal.
Myelofibrosis marked
generalized 5 12 /@
PR s 5%
MHE 4 Stk AR
8 +4 e —t+ - - 250 ++ 1700 + Lymph nodes, ileum  Panmyelosis A S S AR
PR 1] A EE
Atypical myelofibrosis 3F%E B HHHERE
9 ++++ $ +4+++ + +4+44 355 ++ 1400 + Testes Chronic myeloid leukemia, Immaturity of myeloid
®H gastric uleer with G-I erythroid and megakaryo-
hemorrhage cyte elements FHERF,
TRt AHifE A n TRERF 3 & U E R R
. o L E P2 5 Wil ek it
Transition to Leukemia BEMFH~OHET
10 bt - B + ++++ 520 0 1435 0 Lymph nodes Panmyelosis terminating ~ Typical myeloid metaplasia
1) i as myeloid leukemia found. Only in lymph noedes
BWiEOLM & Loiuie ) 200 & R iR
& 5 L BhEE L4
11 4+ + +H++ + ++++ 800 +t++ 1850 ++—+++ Lymph nodes Panmyelosis, massive abdominal
1) 4 S hemorrhage following liver biopsy
IR REEE, FFA: Mk o BEEE A s
12 ++++ = ++ ¥ ++++ 300 ++ 1380 + Lymph nodes Panmyelosis
e.pn‘cnrf.lmm A
Lo7hak
* Graded quantitatively on a scale of —to ++++ as follows: EREVF(E & -+ oM ETOHBEICRE S TITL 5 £
— Less than normal 0 No increase (normal) + Equivocally increased + Slightly increased ++ Moderately increased +++ Markedly increased ++++ Maximally increased

EWRLTF smAi L (EH) A~ B gt 2 B0 E [T 11 e FEAm AN K B
kR E L UVARERAMEOR CRERBEO LV LETT.

T A ++++ indicates no residual fat in sections sampled from costal, vertebral and femoral bone marrow. i, #
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tissue was generally loose and reticular in texture.
Often, however, it occurred in coarse bands separat-
ing small islands of hyperplastic hematopoietic
elements. In 3 cases (numbers 6, 7 and 8) the
bone marrow space was occupied almost exclusively
by dense fibrous tissue and hyperplastic mega-
karyocytes. In these cases erythroid and myeloid
precursors were generally present in decreased
numbers. Inthe group of cases classified as typical
myelofibrosis, the myeloid precursors were found
to mature in an orderly fashion with apparent
representation of all the various cell types in
appropriate numbers. In the remainder of the
cases, classified as atypical myelofibrosis and
myelofibrosis showing a transition to leukemia,
the bone marrow contained increased numbers of
myeloblasts, promyelocytes and myelocytes. In
most cases bone marrow smears prepared at
autopsy and /or shortly before death were available
to aid in this evaluation. In all cases except the
one previously mentioned, number 9, the erythroid
and megakaryocyte elements appeared normal
morphologically.

Necrobiosis of hematopoietic elements followed
by reactive fibrosis has been postulated as a
mechanism in the development of myelofibrosis.®
Necrobiosis was not a consistent feature in the
cases reported here and appeared to be related to
the type of chemotherapy employed clinically and
the duration between the last administration of
this agent and death. Osteosclerosis was noted
in several cases, but contrary to previous reports’
thickening of the bony trabeculae as evaluated
histologically did not seem to correlate well with
the degree of medullary fibrosis. Lymphocytes
within the marrow cavity were not conspicuous
except in cases that exhibited extensive fibrosis.

In this
connection, it is important to note that the weight

The spleen was uniformly enlarged.

of normal organs among the Japanese is small by
Western standards. The average splenic weight
in people over 40 as reported by the Tokyo
Metropolitan Examiner's Office® is 82g. This
figure is essentially identical to that calculated
from ABCC autopsy data” when disease states
known to induce splenic enlargement are excluded.
Specifically excluded were cases of lymphoma,
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leukemia and diseases known to predispose to
portal hypertension. In the cases reported here
the weight of the spleen varied from 125g to
1100 g with an average weight of 530 g or almost
7 times the normal weight. Gross nodules of
hematopoiesis were often observed but infarcts
were rare, even in cases terminating as leukemia.
Splenic hematopoiesis, including all hematopoietic
elements, was present in all but 1 case (number 10).
Splenic fibrosis was often prominent and roughly
correlated with the degree of myelofibrosis in
surprisingly consistent fashion. The basic splenic
architecture was preserved to a variable degree
in all cases except number 10. In cases with
marked splenic involvement, however, normal
lymphoid follicles could barely be discerned between
sheets of hematopoietic cells.

Extramedullary hematopoiesis was generally
present within the liver, but in most cases the
involvement here was less impressive than in the
spleen. The average weight of the liver was
1645 g; the Tokyo Metropolitan Examiner’s Office®
lists an average figure of 1250 g for people over
40. Histologically, hematopoietic elements were
much more numerous within the sinusoids than in
the portal areas. In several cases the portal areas
were virtually spared. This peculiar phenomenon
has been previously commented upon by others.’

Organs other than the bone marrow, liver and
spleen were involved in 10 cases. In 6 cases this
was limited to lymph nodes. In 3 other cases
lymph nodes were involved as well as an additional
site or sites. In 1 case the testis alone was involved.
In 1 case, number 7, the skin was infiltrated with
myeloid precursors in a premortem skin biopsy
leading to a diagnosis of myelogenous leukemia;
however, i the absence of erythroid and mega-
karyocytic elements this was not considered to
represent extramedullary hematopoiesis. In 1 case
(number 10) extramedullary hematopoiesis was
confined to lymph nodes.

The final anatomic diagnosis has been discussed
previously and usually correlated with the opinion
of the present authors. Several patients died of
nonhematopoietic complications at a time when the
primary disease process appeared to be stabilized
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clinically. These nonhematologic complications
included: an acute myocardial infarct, an acute
gastrointestinal hemorrhage from a gastric ulcer
and an acute cerebral hemorrhage in a patient
with adequate platelets. In addition, 1 patient
expired of massive abdominal hemorrhage following
liver biopsy. This diagnostic procedure was
undertaken because of some question as to the
diagnosis of leukemia in light of the long clinical
course and the patient’s apparent well being.

Radiation Information

The autopsy occurrence of myelofibrosis as a
function of distance from the hypocenter is shown
in Table 4. The frequency was greatest in indi-
viduals located at distances less than 1000m
and diminished sharply with each succeeding
500 m increment from the hypocenter except for a
slight rise in the group located at 2000-2499 m.
The actual autopsy occurrence per 10° autopsies
in each distance grouping was as follows: 10,340
cases in individuals at distances less than
1000 m; 4032 cases in individuals at 1000-1499 m;
680 cases in individuals at 1500-1999m; and
277 cases in individuals located at 2000-2499 m.
No cases were found in persons located 2500+ m.
These data are interpreted as indicating a direct
relationship between distance from the hypocenter
ATB and the development of myelofibrosis.

Myelofibrosis is rare in Japan. The autopsy
prevalence is only 84 cases per 10° autopsies.
Sawada'? derived this figure for 1946-55 from
autopsy protocols collected from all Japanese
medical schools and universities, general hospitals
and research institutes. This included all autopsies
performed in Japan during this period except for
those performed at tuberculosis sanatoria, leprosy
sanatoria, ABCC, and old people’s homes where
special cases were autopsied. During the 10 year
period 32 cases of myelofibrosis were documented
among 38,145 autopsies; by way of comparison
1434 cases of leukemia were autopsied in this
same series of cases.
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During the period of observation at ABCC,
2 cases of myelofibrosis were documented among
582 autopsies of nonexposed persons. The occurrence
rate among the nonexposed population is, therefore,
344 cases per 10° autopsies which is considerably
higher than the figure recorded for the remainder
of Japan. Several explanations are possible for
the diserepancy. Of primary importance is the fact
that early in the operation of ABCC considerable
effort was directed toward obtaining autopsy
This is
reflected in the tremendously high autopsy rate
of leukemia among the nonexposed population during
this same period; the rate of occurrence of this
disease at ABCC, 12,027 cases per 10° autopsies,
is almost 4 times the autopsy prevalence in the
remainder of Japan (Table 4).

permission in all hematologic cases.!!

ABCC Iz & it 2 IEBIME CBE LT, B W HESE
2l AR O BRI 582 h kN AW & h £
€~ T, FEHMM REFIC B 5 5 285 #1105
B 3MBIZELY, ZHIEREDZDOMoE D
HEORELIVEPENVELZ- TS, 2R
C2WTRESHPOHMA TR TCH 5. ABCCHE
OBV TIE, TNTOMERSERN >V T
HEFT 2B 20208 hidbhtén
ST EFERTRETHASN Z R FEI R IR
Bt REMIZE W 5 I O S _E o A2
MmuIZ kA5 E45 5. ABCC Iz BT 5 AMBOEE,
ThbhbEMHREL10° K0, 12,0276 1B KD Z Ofb
O OE K EOMIEORA Y4B THE(FEL).

TABLE 4 AUTOPSY PREVALENCE OF MYELOFIBROSIS AND LEUKEMIA AS A FUNCTION OF
DISTANCE FROM HYPOCENTER
4 BUMAE S & OB MR 0SB, R RERER

Distance Il m
Category Not in City
g il <1000 1000-1499  1500-1999  2000-2499 2500+  Total §&¥k i AT

Autopsies ABCC, 1950-59
ABCCHIBRAE, 1950 —595F ... 29 124 147 114 245 659 582
Autopsied cases of myelofibresis ABCC, 1950-59
ABCCIz#54} 5 THEsEES i, 1950 -59% 3 5 1 1 0 10 2
Estimated autopsy occurrence of myelofibrosis*
FEBARMEREHE T AIRRBIIE ... 10,340 4,032 6380 877 0 1,517 344
Autopsied cases of leukemia ABCC, 1950-59
ABCC (2451} 5 AL MATHIRET B, 1950 - 59%F .............. 12 20 i 1 15 55 70
Estimated autopsy occurrence of leukemia
ELlHEESIBUR 41,379 16,129 4,762 877 6,122 8,346 12,027

* /105 autopsies. The comparable figure for the remainder of Japan is 84 cases of myelofibrosis /105 autopsies.
HiEEE 10° W0 OBIE. AR ZOMBONEOIILT % 5 BFERHRE 10° 40 o FIHHERESF.

t /105 autopsies. The comparable figure for the remainder of Japan is 3,763 cases of leukemia / 105 autopsies.

HifE 10° %0 OMUE. OO ZOMONHORIET S 5 HF Il 10° 40 OE0S 3,763,

The autopsy prevalence of myelofibrosis at ABCC
among persons within 10,000 m of the hypocenter
ATB was 1518 cases per 10° autopsies. This is
4% times as great as the prevalence in the control
population and 18 times as great as that reported
for the remainder of Japan.

During the 10 year period encompassed by this
study 1289 autopsies were performed by ABCC at
Hiroshima. Of these cases, 582 were among people
who were not within the city ATB and who were
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located beyond 10,000m of the hypocenter, 659
were among people located within 10,000 m of
the hypocenter and 48 were among persons whose
location ATB was never determined. The 10,000m
figure as the point beyond which no biologic effects
could be attributed to radiation absorbed ATB
was arbitrarily accepted early in the history of
ABCC and has proved to be unduly conservative.
Unquestionably many, if not the majority, of persons
‘exposed’ at distances up to 10,000m received
insignificant amounts or no radiation ATB. However,
even with the overly conservative figure of 10,000 m
as the demarcation point, the autopsy prevalence
of myelofibrosis still shows an impressive difference
between ‘exposed’ and nonexposed individuals.
After correction is made for the difference between
the total number of autopsies among ‘exposed’ and
nonexposed, the ratio between ‘exposed’ and
nonexposed cases of myelofibrosis is 10:2.25.

It has been suggested that the group of survivors
located at distances 2000+ m received negligible
This is supported by the air dose
estimates in Figure 1 where it is evident that the
estimated total dose (gamma plus neutron) absorbed
by an unshielded individual at 2000 m is less than
20rad. If, for the moment, we consider the 359
autopsied individuals located 2000+ m as nonexposed
‘controls’, then there are 9 exposed cases among
300 autopsies and 3 ‘control’ cases among 941
autopsies. The estimated prevalence figures are
3000 cases of myelofibrosis per 10° autopsies
among the exposed autopsy population vs 319 cases
per 10° autopsies among the redefined ‘control’
population or a ratio of almost 10:1.

radiation.?

Comparison betweenthe ABCC autopsy prevalence
of leukemia and myelofibrosis is shown in Table 4.
Excluding persons ‘exposed’ at distances 2000+ m
where the calculated radiation dose was negligible,
the autopsy incidence of myelofibrosis is % the
prevalence of leukemiaand this relationship isalmost
constant at all distance gradients. There is, of
course, some overlap in such a comparison because
cases of myelofibrosis that show a transition to
leukemia have been included in both groups.

Persons most proximally located might have been
expected to develop myelofibrosis before those
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FIGURE 2 RELATIONSHIP BETWEEN YEAR OF ONSET OF MYELOFIBROSIS
AND DISTANCE FROM HYPOCENTER AT TIME OF BOMB
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located greater distances from the hypocenter.
Figure 2 which relates distance from the hypo-
center with year of onset of symptoms shows no
such relationship.

DISCUSSION

The pathogenesis of myelofibrosis remains
unknown. An imposing number of synonyms includ-
ing panmyelosis,” agnogenic myeloid metaplasia,’
myeloid megakaryocytic hepatosplenomegaly,'*
leukoerythroblastic anemia and myelosclerosis,!®1
chronic nonleukemic myelosis,'”'® megakaryocytic
myelosis with myelosclerosis,' aleukemic myelosis
with osteosclerosis,?® myelofibrosis associated
with a leukemoid blood picture,”’ myelophthisic
splenomegaly,” and aleukemic megakaryocytic
myelosis®® suggest a variety of manifestations of
what is now generally considered to be a single
entity.**?* Many physical and chemical substances

have been implicated in the genesis of myelofibrosis.
26,27

9

These agents include: benzene, carbon tetra-
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chloride, fluoride®® and several hormones.?® 37
A number of radioactive substances have been
shown to be etiologic agents including phosphorus,®
strontium®® and radium.*® Limited experimental
" indicates that a microinfarct of the
bone marrow, secondary to occlusion of a small
nutrient arteriole (s), is followed by located myelo-
fibrosis. Experiments®®*" also have shown that
death of hematopoietic cells on an immunologic
basis is followed by fibrosis. Because so many
diverse factors have been etiologically implicated,
this disease, like hepatic cirrhosis, has been
characterized as a morphologic entity without
etiologic unity.® Furthermore, because many of
the etiologic agents mentioned previously are toxic
to the bone marrow, it has been postulated® that
the pathogenesis of myelofibrosis revolves about
multiple episodes of necrobiosis involving princi-
pally the more mature hematopoietic elements.
Theoretically, this is followed by a reactive over-
growth of the less mature elements with hematoge-
nous dissemination which results in extramedullary

evidence

hematopoiesis. Repeated episodes of necrobiosis
of the bone marrow result in survival of only the
least differentiated elements, the supporting
structures, which eventually predominate.

Currently the most popular theory concerning the
etiology and pathogenesis of myelofibrosis considers
this disease to be a pseudoneoplastic proliferation
of the reticular system and relates myelofibrosis
to leukemia and the malignant reticuloendotheliosis.
A close interrelationship has been postulated for
all the so-called myeloproliferative disorders:
polycythemia vera, myelogenous leukemia, mega-
karyocytic leukemia, erythroleukemia of di Guglielmo
and myelofibrosis.'®*****  Figure 3 illustrates
some of these relationships. A postulated myelo-
stimulatory factor (s)*' theoretically incites these
related disorders, and in the case of myelofibrosis
not only acts upon the bone marrow but also upon
hematopoietic rests.** An equally plausible expla-
nation, of course, would relate these disorders to
the. removal or inactivation of some naturally
oceurring inhibitory factor.

Proponents of the third principal concept of the
pathogenesis of myelofibrosis refute any relationship
to leukemia and consider myelofibrosis as a primary
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FIGURE 3 POSSIBLE INTERRELATIONSHIP BETWEEN MYELOFIBROSIS AND
THE OTHER MYELOPROLIFERATIVE DISORDERS
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The omnipresent
myeloid metaplasia is considered to be a purely
compensatory process. A somewhat similar theory
postulates that marrow fibrosis is secondary to
another ‘spent’ or ‘burned out’ hematologic disorder.
Again, the accompanying myeloid metaplasia is
considered compensatory.

Although the present study does not resolve the
question of the pathogenesis of myelofibrosis, it
does tend to support the ‘myeloproliferative theory’
The incidence of myeloid leukemia has been shown
to be increased following ionizing radiation,** !
The results of the present study show that myelo-
fibrosis is also increased following exposure to
ionizing radiation. Although the demonstration of
a common etiology does not necessarily demonstrate
a relationship between diseases, the remarkably
constant relationship between distance and preva-
lence for myelofibrosis and leukemia at distances
up to 2000 m (Table 4)is felt to be very significant.
In addition, contrary to the report of Leonard et al,'*
a significant number of cases of myelofibrosis
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terminate as acute myeloid leukemia and demon-
strate, at autopsy, both diseases and transitions
between. This experience in the present study
has been reported by others.®* Although evidence
for their relationship is mounting, individual
diagnoses of myelofibrosis, myeloid leukemia,
polycythemia vera and erythroleukemia hardly can
he abandoned in favor of the all-inclusive term
The majority of
myeloproliferative disorders are, at least initially,
clear-cut entities and differences in prognosis and
therapy make it mandatory to separate them into
individual groups. The variable responsiveness of
the bone marrow elements to a stimulus of constant

‘myeloproliferative disease’.

or variable expression over a period of time may
well account for the transition cases which occasion-
ally confuse the picture. In the present series,
the diagnosis could have been established or at least
strongly suspected in all but 1 case antemortem
with an adequate surgical bone marrow biopsy.

Myelofibrosis can certainly be included experimen-
tally by a variety of toxic substances; however,
this study presents little evidence to implicate
multiple episodes of necrobiosis in the genesis of
this disease. Although ionizing radiation in suf-
ficient quantity is known to produce necrosis of
all hematopoietic elements,” the exposure neces-
sary to produce chronic bone marrow failure must
apparently be in small increments spaced over
long periods of time.?**® It has been said that
no cases of marrow failure have followed an
instantaneous exposure to ionizing radiation, as
in atomic warfare.® If myelofibrosis were related
to multiple episodes of necrobiosis, a single
ionizing insult would not be expected to produce
the syndrome of myelofibrosis. The argument
could be advanced that a single large insult might
be comparable to numerous small ones. However,
one insult could not explain the chain of events set
forth in the multiple infarct theory, especially
the genesis of extramedullary hematopoiesis. In
addition, necrobiosis of bone marrow cells was not
a consistent finding in the cases included in the
present report. The absence of myeloid necrosis
has been commented upon by others.®:’
of the concept of metastatic nests of hematopoietic
cells does not seem necessary to explain the
genesis of extramedullary hematopoiesis. Fetal

Introduction

19

MEMEAmMEE LTiEL, #IRcPVuTlED
RELBITXEMPT 5. CoBRBRIEBoA 4 L HE
LTw3.%% ZhsodEit2ndElizsme
TWwa Lz FHSEE, Fiitonms, Xt
MERMEE & & AR B MFE O 4 DBIFH & HIE L
THIEMRE, BHMMERAEHVIZLIET
FTELV. BHHMEREORZHE, Zhih
Ll L RMIEALEMELTLY, THEL
UHEICEZRP 3 -0 OB IZgHs el E
SLTERETHS. —EOMBIZEI RO —E L
gliEE s OB ORBE R 2 HE, BB
REEFZhFhELARRERT 2B IIBITEA
AU L TEREORIIBFAETIILIZEZS0
ThAHH. FEFIECEMCTS L IFNEREE MR
Airhbhid o, 1MER2HFIZENT, &
HGHEOLH 2 TLRATE LA L, 1D
EL LT hABLEDNTVWETHS ).

Bl AEAE (2, f 4 OB & - TERN
CHEBTIoLHTES. LAL, ARG ZOK
BORELERLAEEELOMNEZRT LS L&
HIzBA YBRD V. +5 4 o Tk R s A
SHEMBERICHELEST I LR FT-TVED, S @
HEMHALELBET L2010, EHMizbAED
HMMERBHEOEFEHRIVETCHLLED N 5.9%
BEFRSF L XoBEA0 k5 10, WEERGHORERHE
SHICEEHASEAEELTVLEVEVDATY
5.6 & L, R e A 8 A A oo 48 (6] 56 4 1 B AR
AhEETHE, —EoBERSRBELIZL S T,
FHMAEEOERRHIELZVTHZS. 1EHOK
REEatz, MORERBHI T E55 Lokl
REBWAZELETESRESS. L L 1EOREI
HSWTEHMEFEEN SO TET L N5 MEHRE,
FrEHlERoBE*FEH T LRI TE L V.
FioRHMlaoREER, SRXTHLOALEMNT
H—BULAEMRTRLA, . BHEEEO RNIZD
WTIE, lIFEEERLTVWS.S 7T EnMlan iR
BruigEeo®Alz, FHMlELoBEELE~S



hematopoietic rests or multipotential lymphoblasts
in the liver, spleen, lymph nodes, etc., could
conceivably respond to the same stimulus that
abnormally influences the bone marrow. In this
connection, the rough correlation in the present
series of cases between marrow fibrosis and
splenic fibrosis is certainly of interest. The
splenic fibrosis was restricted to areas of hemato-
poietic activity and appeared to be an integral
part of the extramedullary process. Actually,
this is exactly what might be expected if the same
stimulatory agent was exerting an effect on
medullary and extramedullary hemato poietic foci.
Of additional interest is the apparent increased
prevalence in exposed individuals of marrow and
splenic fibrosis in otherwise straightforward cases
of leukemia without good evidence of myeloid
7 Although the bone marrow fibrosis
in association with leukemia is a well-known
‘natural’ phenomenon,” and indeed has heen seen
in nonexposed cases at ABCC, the increased
incidence among exposed individuals suggests the
possibility that some of these cases originated as
true myelofibrosis and that during the transition
to leukemia all the extramedullary hematopoietic
foci were replaced by leukemic infiltrates in much

metaplasia.®

the same manner as the normal medullary hemato-
poietic cells were replaced.

There seems to be even less evidence in the
present study to support the concept that myelo-
fibrosis represents a primary bone marrow failure
with secondary compensatory hematopoiesis.
Extramedullary hematopoiesis predating visible
myelofibrosis has been reported on numerous
occasions™*™ %% and this often occurs while the
hone marrow is actually hypercellular. Although
cellularity niay not correlate with function, cases
have been reported where splenic hematopoiesis
developed despite effective marrow erythropoiesis
as demonstrated by isotope studies.”® In addition,
myeloid metaplasia which is a sine qua non of
myelofibrosis is seldom observed in other types
of longstanding hone marrow failure. Certainly
the hyperplasia of all the bone marrow elements in
what appears to be the earliest expression of the
disease is more suggestive of a reactive or neoplasitic
process than a degenerative or regressive one.
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There appears to be no evidence to support the
concept that myelofibrosis might be secondary to
another ‘spent’ hematologic disorder. The peak
incidence occurred within 10 years after the
explosion of the atomic bomb, at about the same
time leukemia reached its peak, and before any
cases of polyeythemia vera or erythroleukemia came
to autopsy. Parenthetically, mention should be
made of the fact that no cases of myelofibrosis
have been recorded in autopsies at ABCC,
Hiroshima in the period subsequent to the present
study although this material was not reviewed by
the present authors.

Tuberculosis has been implicated sporadically in
the genesis of myelofibrosis.”® %  Although
tuberculosis was documented in 3 of the 12 cases
in the present study, this does not represent an
unduly high incidence of this disease in Japan
during the period of observation, as reflected in
the autopsy series at ABCC. In addition, in 2 of
the cases with tuberculosis the infectious process
obviously postdated the myelofibrosis and was a
near-terminal complication of the hematopoietic
disease. It does not seem unreasonable to suspect
that myelofibrosis, in common with other chronic
hematopoietic and reticuloendothelial diseases,
might predispose an individual to develop tubercu-
losis.
tuberculosis or a circulating toxin cannot be

However, direct action of the bacillus of

excluded as possible causes of myelofibrosis. In
this connection, however, Muller®® in a large
series of patients with tuberculosis found no
increase in primary hematopoietic disorders. Also,
during much of the period of observation for the
present report tuberculosis was a very common
disease in Japan (autopsy prevalence almost 15,000
cases per 10° autopsies) while
remained very rare (84 cases per 10° autopsies).

myelofibrosis

SUMMARY

The present study summarizes the clinical and
autopsy findings in 12 patients with idiopathic
generalized myelofibrosis with myeloid metaplasia
autopsied over a 10-year period at ABCC, Hiroshima.
Ten of the patients were exposed to ionizing
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radiation at the time of the atomic bomb in 1945,
The autopsy prevalence in these 10 expesed patients
has been shown to be directly proportional to the
distance from the hypocenter with the highest
frequency among those survivors most proximally
exposed. The autopsy prevalence of myelofibrosis
among members of the exposed population was found
to be 4 % times greater than among the nonexposed
autopsy population at ABCC and 18 times greater
than the autopsy prevalence throughout the
remainder of Japan. Although the present report
strongly implicates ionizing radiation in the develop-
ment of at least some cases of myelofibrosis, it
does not exclude the possibility of other or even
synergystic agents. No relationship was found
between degree of exposure and time of onset of
symptoms. Integration of the present data with
the current concepts of myelofibrosis and the
myeloproliferative disorders is discussed.
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