


TECHNICAL REPORT SERIES
¥ B B & 8 %

The ABCC Technical Reports provide the official bilingual statements required to meet
the needs of Japanese and American staff members, consultants, advisory councils, and
affiliated government and private organizations. The Technical Report Series is in no way
intended to supplant regular journal publication.

ABCC £ty #z, ABCCOHAABIURAEMBA, REM, FRs, BHFL2sUVILR
MoMEEfEoERZE L2200 HEEB - LAEETHS., EFEESLEIRLTEAO
EL#EELIRILOTIHE V.



TECHNICAL REPORT
16-64
¥ B w5 F

ACTIVE TUBERCULOSIS IN
MALIGNANT DISEASE OF RETICULOENDOTHELIAL ORIGIN

MEAKRROBERRBICS G 32 F 8 4 & %

HIROSHIMA & & 1949.62

-

LEWIS B. MORROW, M.D.!
ROBERT E. ANDERSON, M.D.?

Departments of Medicine' and Pathology®
ESPRHES D 5 & URERED 2

& zﬁc c

ATOMIC BOMB CASUALTY COMMISSION
HIRDSHIMA AND NAGASAKI, JAPAN

A Coogerative Research Agency of
L.5.A. NATIONAL ACADEMY OF SCIENCES . NATIONAL RESEARCH COUNCIL

and

JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE

with funds provided by
U5 A ATOMIC ENERGY COMMISSION
JAPANESE NATIONAL INSTITUTE OF HEALTH
U.5. A, PUBLIC HEALTH SERVICE

7 B # £ W T £ R $

BB s &

kEE MR- FH &% L EEEE T TS LK E M
EmH K KRB ERE B K

(RER TN ERE, BERECFHEERRERS L FRELENEROFERIILS)



B &

Tnfebdiiction: 5 B svammnaiemeanmsrmmermnii, o e e
Methods T BB etk b e A L e I e
Results e
DISENSSION B TR [l e i et e L SR O 0 L I S S S
Summary B W crnmsemn e T T e e e
References: B g« i tiiiiTiiihin s smnssomesssnas taeantssmmemmenn s asscrne s r et oot ot e e
TABLES

Es
1. Prevalence of active tuberculosis -
2. Helationship between active tuberculosis and distance
FIGURES

5
1. Prevalence of disseminated tuberculosis by age

e L e
2. Prevalence of pulmonary and disseminated tuberculosis by estimated duration

HEE A B B DA R b o U R R A i 0 BT B ettt et
3. Prevalence of active tuberculosis in chronic myelogenous leukemia and myelofibrosis

B A QMRS & O F A 12 3 0 S G A O B HE e
4. Prevalence of pulmenary and disseminated tuberculosis by hematologic treatment

MR R ol Nl e e ek ot o € =AU
5. Prevalence of active tuberculosis by hematologic treatment and diagnosis

CONTENTS

WEMERE O ARE: MENER S £ BN

10



ACTIVE TUBERCULOSIS IN MALIGNANT DISEASE OF RETICULOENDOTHELIAL ORIGIN
MEARROBHERBICE T 258 %%

HIROSHIMA 1949.62
B 1949 — 625

INTRODUCTION

Much speculation has concerned the significance of the
occasional association of malignant reticuloendothelial
disease and active tuberculosis, particularly the disseminated
type. The purpose of the present study is to evaluate the
relationship of these 2 diseases in 213 cases of leukemia,
lymphoma, and myelofibrosis autopsied at the Atomic Bomb
Casualty Commission {ABCC) Hiroshima during 1949-62.

Some of the individuals included in this report were
exposed to a significant amount of ionizing radiation
from the atomic bomb on 6 August 1945. A causal
relationship has been established between irradiation and

LR
leukemia.

Thus far, it has been generally accepted
that radiation-induced leukemia is indistinguishable morpho-
logically, chemically and clinically from the ‘naturally-
occurring’ variety which develops among the Japanese.q'?
The present study evaluates the relationship between
exposure status and the prevalence of active tuberculosis.
Additional correlations are made between tuberculosis,
hematologic therapy and the estimated duration and type

of hematologic disease.

METHODS AND MATERIALS

The autopsy program at ABCC, Hiroshima, was formally
initiated in June 1949. The 2348 autopsies performed
prior to 1 January 1963 were the basis of the present
study. Following a review of autopsy protocols and tissue
sections, 213 cases were establishedas primary malignancies
of the reticuloendothelial system which could be classified
as leukemia, lymphoma, and myelofibrosis. These broad
categories were further subdivided according to standard
criteria. This case material has been presented and
discussed elsewhere.® ™ In general, the diagnosis was
established following review of the clinical course, pre-
mortem peripheral blood smears, biopsies including bone
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marrow aspirates when available, and autopsy material.
Cases with inadequate or inconclusive histologic material
were excluded. The leukemia cases have been reviewed

independently as a part of the ABCC Leukemia Detection
ngrain.m A comparison of diagnoses determined by the
present reviewers and those of the Leukemia Detection

. : 10
Program revealed only minor differences.

The estimated duration of clinical symptoms ascribable
to the primary hematologic disease and the hema-
tologic treatment were also recorded. The latter was
divided into 5 categories: No treatment; steroids;
alkylating agents and related compounds(nitrogen mustard,
triethylene melamine, myleran, urethane); antimetabolites
(aminopterin, methotrexate, 6-mercaptopurine); and X-ray.
Persons receiving treatment only during the final 2 days of
life were placed in the ‘no treatment’ group. If more
than 1 treatment category was employed in an individual
case, e.g., steroids, nitrogen mustard and X-ray, each
category appears as a separate case in the analysis
of treatment.

Active tuberculosis was classified as follows: iy

A Pulmonary - lesion limited to lung (s} and regional
lymph nodes.
B Disseminated - lesions indicative of hematogenous
spread.
1 Miliary - pulmonary plus extrathoracic sites.
2 Extrapulmonary - involvement of extrapulmonary
sites without evidence of active pulmonary disease.

Lesions were considered active if there was evidence of
recent granulomata formation with epithelioid cells;
demonstration of acid-fast bacilli in tissue sections was
not considered necessary for inclusion in the active
group. Inactive tuberculosis was not evaluated; numerous
cases were found with healed, fibrotic, calcific lesions
that were likely tuberculous in origin but could not be
confirmed as such. The broad term ‘disseminated’ was
used rather than ‘miliary’ reserving the latter term for
disseminated tuberculosis with numerous small lesions
approximately millet-seed in size. The majority of lesions
classified as disseminated were actually miliary; however,
to simplify the analysis, 3 cases of extrapulmonary
tuberculosis involving spleen and lymph nodes were
included in this category although the lesions were not
numerous. Examples of primary gastrointestinal, tonsillar,
or cutaneous tuberculosis were not found.

The prevalence of active tuberculosis in the remaining
2135 ABCC autopsies was determined in a similar fashion
and these cases served as a comparison series. The
radiation dose absorbed by an individual can be estimated,
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however, uncertainties exist regarding air dose estimates
and the degree of attenuation from shielding provided by
various man-made and natural objects. Problems in
dosimetry are reviewed in more detail elsewhere.'? In
general, a good correlation exists between an unshielded
individual’s distance from the hypocenter of the explosion
and the radiation dose absorbed, therefore, cases in the
present study were grouped solely by distance from
the hypocenter.

Previous ABCC studies have shown that, by dividing
the population at 1400 m, it is possible to isolate a signifi-
cant number of persons who absorbed a high dose of
radiation at the time of the bomb (ATB). Correlations in
ABCC studies to date between disease entities and
radiation exposure can all be observed in this group.” ' * 1
Therefore, in the present report the following groupings
are used: Persons located 0-1399 m from the hypocenter;
persons at 1400-9999 m; and those beyond 10,000 m and
not in Hiroshima City ATB.

RESULTS

Case Material and Prevalence Figures The cases
comprising this report were distributed as follows:
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The so-called myeloproliferative disorders(myelogenous
leukemia, erythroleukemia, polycythemia vera, myelofibrosis)
were represented by 126 cases. No case of polycythemia
rubra vera was autopsied at ABCC during 1949-62. One
possible case of erythroleukemia (Di Guglielmo's disease)
was observed; however, this diagnosis was not well
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documented and the case was included with the acute
myelogenous leukemias since the autopsy material supported
only the latter diagnosis. in this report,
myeloproliferative disorders include only acute and chronic

Therefore,

myelogenous leukemia and myelofibrosis; italics indicate
that the term is being used in this limited sense. No
cases of chronic lymphatic leukemia were detected in
this study. This is consistent with the low incidences of
this type of leukemia reported for Japan,s'IT

In the malignant diseases of the reticuloendothelial
system, active tuberculosis limited to the lung and regional
lymph nodes was infrequent (Table 1); of the only cases
found 3 were in association with acute myelogenous
leukemia and 2 with chronic myelogenous leukemia. Thus,
while active tuberculosis was confined to the chest in
43 % of the comparison series, it remained localized in
only 22% of cases associated with malignant reticulo-
endothelial disease.
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TABLE 1 PREVALENCE OF ACTIVE TUBERCULOSIS BY DIAGNOSTIC CATEGORY
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Tuberculosis #

La;icr_\' (':_li;s Pulmonaryt  Blifs % Disseminated B &5 Tuotal # B
X 4 iE —

i} ; % Number £ % Number 2 % Number #
e e s 4.3 3 7.0 5 11.3 8
Chronic myelogenous leukemia

b5 R [ L EE -eeeeeemererenmeeessrssssnasuenes 43 4.6 2 18.6 8 23.2 10
Acute lymphatic leukemia

B ) v IREE LA e 34 0 2.9 1 2.9 1
Other acute leukemias
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Myelofibrosis

T T - R e e L Sy 12 0 33.3 4 33.3 4
Malignant lymphoma

B 2 2R e 37 0 0 - 0

BT 1 SO 1 2.3 5 8.5 18 10.8 23
All other ABCC autopsies

FOMODABCCEIHE ooerrriivrnnisrnnennn,. 2138 5.6 119 7.4 158 13.0 277

1 Lesion restricted to lung and regional lymph nodes.
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On the other hand, active disseminated tuberculosis in
the reticuloendothelial malignancies was somewhat more
common than in the comparison series despite the absence
of such lesions in association with the malignant lymphomas
or the heterogeneous group of ‘other acute leukemias,’
The largest increase in disseminated tuberculosis was in
association with chronic myelogenous leukemia and myelo-
fibrosis where the respective prevalences were 2.5 and
4.5 times that found in the comparison series. These
differences are statistically significant (P<0.05). The
prevalence of disseminated tuberculosis in acute myelo-
genous leukemia was the same as in the comparison series,
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The data suggest that, although persons with malignancies
of the reticuloendothelial system generally are not unusually
susceptible to tuberculosis, once a pulmonary lesion
develops, or becomes reactivated, hematogenous spread
ensues more commonly or earlier in the clinical course than
in individuals dying with nonhematologic diseases.

The prevalence of total active tuberculosis (pulmonary
plus disseminated) in the reticuloendothelial malignancies
was slightly less than in the comparison series(10.8% vs
13.0%). However, the highest occurrence rates were in
association with chronic myelogenous leukemia (23.2 %)
and myelofibrosis (33.3 %); both latter rates are signifi-
cantly(P<0.05) higher than those for the comparison series.
The rates of occurrence of active tuberculosis in acute
myelogenous leukemia and in the comparison series were
almost equal so that the prevalence of all forms of tubercu-
losis in the myeloproliferative disorders was somewhat greater
than in the comparison series(17.5% vs 13.0%). In fact,
only 1 other case of active tuberculosis was found in
association with the remaining 87 cases with reticulo-
endothelial malignancies, this in association wit]:8 alc;ute

Tt

was surprising that no active tuberculosis was associated

Iymphatic leukemia. Considering other reports,

with the malignant lymphomas including 9 cases of
Hodgkin's disease.

Since almost all active tuberculosis oceurred in associ-
ation with the myeloproliferative disorders, subsequent
attention is devoted to some of the characteristics of
these cases.

Disseminated Tuberculosis by Age Figure 1 compares
the prevalence of disseminated tuberculosis in the
myeloproliferative disorders with the comparison series: the
cases are grouped by 10-year age increments. The
prevalence of such tuberculosis in individuals aged 30-59
years was greater in the myeloproliferative disorders than in
the comparison series. The explanation for low prevalence
of disseminated tuberculosis in person with myeloproliferative
disorders under age 30 is not clear but may partially be
related to the paucity of myelofibrosis and chronic myelo-
genous leukemia in this age group, since, in the present
case material, these latter diseases are most frequently
associated with tuberculosis.

Comparable data for pulmonary tuberculosis was not
included in Figure 1 since no significant difference
occurred between the myeloproliferative disorders and the
comparison series. As expected, in both groups pulmonary
tuberculosis without dissemination was uncommon under
age 20.
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FIGURE 1 PREVALENCE OF DISSEMINATED TUBERCULOSIS BY AGE
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FIGURE 2 PREVALENCE OF PULMONARY AND DISSEMINATED TUBERCULOSIS BY ESTIMATED DURATION
OF SYMPTOMS REFERABLE TO MYELOPROLIFERATIVE DISEASES
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Duration of Disease TFigure 2 shows the prevalence of
active tuberculosis in relation to the estimated duration of
symptoms referable to the primary hematologic disease.
The prevalence of disseminated tuberculosis was directly
proportional to the estimated duration of the clinical
course in the myeloproliferative disorders. Thus, of T8
persons surviving less than 1 year after the onset of
symptoms, only 6(7.7 %)died with evidence of disseminated
tuberculosis. In contrast to this, 4 of 19(21.1%)individuals
surviving 1-2 years and 7 of 29 (24.1%) persons sympto-
matic for 2 years or longer had autopsy evidence of
disseminated tuberculosis.

These results suggest that a protracted clinical course
predisposes to the development of disseminated tuberculosis.
This could be due to a greater temporal opportunity to
contract tuberculosis de nove or to dissemination of
lesions previously limited to the lungs. The data in
Figure 2 pertaining to the prevalence of pulmonary
tuberculosis support somewhat the latter hypothesis. In
persons with a total symptomatic course of less than 1 year,
40 % of all active tuberculosis was confined to the lung
and regional lymph nodes; this was almost equal to the
comparable figure for the nonhematologic cases in the
ABCC autopsy series (43%). In contrast, the equivalent
figure for persons with myeloproliferative disorders and a
clinical course of greater than 1 year was 8%, only 1 case
of pulmonary tuberculosis occurred in the 48 individuals
who survived 1 year or longer. Thus, as the frequency of
disseminated tuberculosis increased with the duration of
symptoms, the prevalence of pulmonary tuberculosis not
only failed to increase proportionately but remained less
than in the comparison series. Although some of the above
groups contain only a small number of cases making con-
clusions in this area tenuous, the evidence suggests that
hematogenous spread of previously localized pulmonary
lesions accounts for the peculiar reciprocal relationship be-
tween pulmonary and disseminated tuberculosis seen in
Figure 2.

The prevalence of disseminated tuberculosis in persons
surviving less than 1 year was almost identical to that
for acute myelogenous leukemia; this is expected since
most of the latter belonged to this survival group. Therefore,
it might be suspected that variations in prevalence, as
shown in Figure 2, are not a function of longevity but
rather reflect variations in the relative proportion of the
various myeloproliferative disorders among the 3 survival
groups. To explore this possibility, the myeloproliferative
disorders were divided into the component diagnoses and
the data recalculated (Figure 3). Data for acute myelo-
genous leukemia cases were not included since most
survived less than 1 vear. Again, a direct relation existed
between estimated survival and the prevalence of active
tuberculosis except for a slight drop in persons with
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chronic myelogenous leukemia who survived 2 or more
years. A surprisingly large number of individuals with
myelofibrosis and chronic myelogenous leukemia survived
1 year or less and since each of the 3 survival groups is
of reasonable size, the relation between the prevalence of
tuberculosis and the duration of the clinical course is con-
sidered valid and not merely a function of sampling variations.

Therapy Chemotherapeutic agents, especially anti-
metabolites and steroids, have often been implicated in
the pathogenesis of tuberculosis in hematologic disorders.
Figure 4 shows the relationship between therapy and
active tuberculosis in the myeloproliferative disorders.
Primary comparisons were made between cases in the
various therapeutic categories and the group of 39 cases
that received no specific hematologic therapy; however,
the general prevalence figures for pulmonary and dissemi-
nated tuberculosis in the comparison series were also
included. The prevalence of pulmonary tuberculesis
showed little variation between the various treatment
groups and in no instance was significantly increased in
comparison with the group without antileukemic therapy.
Disseminated tuberculosis was not significantly increased
by steroid or antimetabolite treatment but prevalence
appeared to increase with the administration of alkylating
agents and X-ray. Three of the 39 cases (7.7%) that
received no specific therapeutic agent had disseminated
tuberculosis at autopsy. The comparable figures for the
remaining treatment groups were as follows: 4 of 45(8.9%)
cases Teceiving steroids; 6 of 51 (11.8%) cases receiving
antimetabolites; 13 of 62 (21 %) cases receiving alkylating
agents; and 6 of 21 (28.6 %) cases receiving X-ray.

These differences in prevalence, as related to therapy,
could be ascribed to variations in the management of
acute myelogenous leukemia as opposed to chronic myelo-
genous leukemia and myelofibrosis. This appears to be
so at least for therapeutic irradiation since only 1 case of
acute myelogenous leukemia was treated in this manner.
However, the remainder of the therapeutic categories
contain a relatively even distribution of cases; this
includes the ‘no treatment’ group. Antileukemic therapy
is extremely varied in Japan; this is apparent in Figure 5
where the relation between tuberculosis and treatment is
analyzed according to hematologic diagnosis. Chronic
myelogenous leukemia and myelofibrosis cases are combined
since they were treated almost identically. For Figure 5,
each myeloproliferative case was analyzed separately for
each therapeutic category and is recorded as having
received or not having received an agent from that group;
thus, primary comparisons are made within each therapeutic
group. The width of the ‘no treatment’ band represents
the difference in the prevalence of tuberculosis between
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FIGURE 5 PREVALENCE OF ACTIVE TUBERCULOSIS BY HEMATOLOGIC TREATMENT
AND DIAGNOSIS

5 JSEMEREOARE: MEFEHERD & U2
50
Dd not receive indicated agent
BMERG LN L E
= 40 - % Received indicated agent |
2 EMEZULE
=
: g
2@ a| % i
£& ]
=8 7
#E
B Z ;/
% 20 2 L i
E _ ' /é
;;« 7 g é /é Mo treatment
s : L o F° wma iy
ok Y 7 7 ZEE T T
7 ] 2 4
_ - Z ] Zi ] ﬁ
36 32 40 28 a7 1 67 1 41 13 41 13 17 37 34 20 Cases in group
: e ! s #BO M
Steroids mej.lt\anhr;litcs .*\;I;)“I:tt:ing Xeray Steroids m:::i::]jtes Aiakzyal.:tt,sni‘ X.ray ']'hernqcutic:lagem {s)
AFOAF fifiHm Tarasa XR ATO4F HAHES TLFLER X@ L

Acute Myelogenous Leukemia
alEMtans

acute myelogenous leukemia (12.7%) and the chronic
myelogenous leukemia plus myelofibrosis group (16.5%)in
persons receiving no antileukemic therapy. Asin Figure 4,
the prevalence of active tuberculosis did not increase
Tuberculosis
prevalence increased in association with administration of

with steroid or antimetabolite administration.

alkylating agents in the acute myelogenous leukemias but
not in the chronic myelogenous leukemia and myelofibrosis
group. In this latter group, therapeutic X-ray adminis-
tration was associated with an increased occurrence of
tuberculosis both in comparison with the nonirradiated
cases and with the ‘no treatment’ cases. Therefore, the
results in Figure 4 appear to be valid and not attributable
to sampling differences between the various treatment
categories.

Exposure Table 2 compares the prevalence of pulmonary
and disseminated tuberculosis in the myeloproliferative
disorders grouped by distance from the hypocenter ATB,
comparable figures are given for the comparison series.

In persons within 1400m with chronic myelogenous
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leukemia the prevalence of disseminated tuberculosis was
significantly (P<0.05) increased both in comparison with
those at 1400-9999 m with the same diagnosis, and with the
Thus, of 15 cases within 1400 m with
chronic myelogenous leukemia 6 (40%) had evidence of
disseminated tuberculosis. Of 11 cases at 1400-9999m in
this diagnostic group none had such tuberculosis. In the
comparison series, of 231 cases 16(6.9% ) had disseminated
tuberculosis. Other comparisons within diagnostic groups

comparison series.

are limited by insufficient numbers. In persons within
1400 m with myeloproliferative disorders the total prevalence
of disseminated tuberculosis was increased; however,
this is principally a reflection of the marked increase in
prevalence of disseminated tuberculosis in people within
1400 m with chronic myelogenous leukemia. Unexpectedly,
all tuberculosis in persons within 1400 m with myeloprolifer-
alive disorders was of the disseminated type; in no such
persons was the infection limited to the lung and regional
lymph nodes. This suggests that previous exposure to
significant amounts of ionizing radiation predisposes to
dissemination of tuberculosis in individuals with myelo-

proliferative disorders.

9999 m DFEEHIZ S - [F CERRE S L CHBE Iz
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TABLE 2 RELATIONSHIP BETWEEN ACTIVE TUBERCULOSIS AND DISTANCE FROM HYPOCENTER
#2OIGENERT L & BOIREERE L 0 IF

Pulmonary Tuberculosis g &

Disseminated Tuberculosis # i 454

Ca:;g;r-" C;s{;f 0-1399m 1400+ m 0-1399 m 1400+ m
- ' %  Number # % Numbertt % Number $f % Number #{

Acute myelogenous leukemia
SR MEAE BLHLTS rveveerernecsnsnsreressrassnsnsnsnas 25 1] 11.0 2 16.6 1 5.3 1
Chronie myelogenous leukemia
R TRk =18 1 PR 26 0 = 9.1 = 40.0 6 0 -
Myelofibrosis
T R R 10 0 - 0 = 14.3 1 33.3
Total & 0 e 9.1 3 28.6 8 6.1 2
Comparison serics
L W S S U I 6.5 15 5.5 59 6.9 16 6.2 67

Similar data are not given for those with myeloproliferative
disorders who were not in the city ATB. For leukemia
cases epidemiologic differences between persons who
were in the city ATB and those who were not make
interpretations based on comparisons between these groups
difficult."
prevalence of active pulmonary plus disseminated tubercu-

However, in the present series of cases the

losis in persons with myeloproliferative disorders was not
significantly different between those at 1400-9999 m and
those not in the city.
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DISCUSSION

The present study demonstrates an increased prevalence
of active tuberculosis in association with chronic myelo-
genous leukemia and myelofibrosis. Possible explanations
for this association include the following:

Tuberculosis is one of the etiologic agents that incite
these hematologic disorders;

Chronic myelogenous leukemia and myelofibrosis, as
debilitating diseases usually associated with a long
clinical course, predispose to tuberculosis in a non-

specific fashion;

Treatment of the primary hematologic process with
steroids and cytotoxic agents decreases resistance

to tuberculosis;

Radiation-induced leukemia is not identical with the
‘naturally-occurring’ variety and one expression of thisis a
difference in the susceptibility to tuberculosis;
Leukocyte abnormalities favor development or dissemi-
nation of tuberculosis.

Tubercu](:siq has been implicated in the genesis of

myelof1br051s

2 Andre et al® recently stated, “there is

as much, and perhaps more, for

considering tubercle bacilli as causative agents in the

evidence clinically

leukemias and other hematologic disorders as there is for
Efforts to define the relationship between
tuberculosis and hematologic diseases are often compli-

viruses ”

cated by difficulty in deciding clinically or at autopsy
Of the 23 persons in the
present series found at autopsy to have co-existent active

which process is primary.

tuberculosis and a malignant disease of reticuloendothelial
origin, 5 were known to have tuberculosis prior to the
onset of the hematologic disorder. This is slightly larger
prevalence of tuberculosis than would be expected on the
basis of the comparison series, but the difference is not

Also, Muller®

incidence of hematologic disease in a large series of

significant. found no increase in the

patients with tuberculosis. Finally, assuming that acute
and chronic myelogenous leukemia are etiologically
related, the difference in prevalence of tuberculosis
between the 2 forms is difficult to explain. Therefore,
although the possibility cannot be excluded that tuberculosis
is involved in the genesis of some of the myeloproliferative

disorders, the present study does not support this concept.

Tuberculosis is apparently increased in malnutrition®
and may be associated with diabetes mellitus™ and Hodgkin’s

disease.® ' The association between diabetes mellitus
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and tuberculosis may also be related to nutrition since
poor metabolic control apparently enhances susceptibility.%
The present study showed no relation between Hodgkin’s
disease and active tuberculosis. Surprisingly, no active
tuberculosis was found in 37 cases of malignant lymphoma
although the majority of these cases were associated with
Also, the
prevalence of pulmonary and disseminated tuberculosis in
241 stomach carcinoma cases autopsied at ABCC during
this same period of time was 11% and slightly less than
in the general autopsy population.

debilitation and a protracted clinical course.

Stomach carcinoma in
Japan is often accompanied by a long clinical course and
marked debilitation.
little if any evidence implicates debility per se in the
association of tuberculosis with the myeloproliferative
disorders.

The incidence of tuberculosis was very high in Japan
following World War I1.2" Nutritional factors undoubtedly
had some importance. The prevalence of tuberculosis
dropped sharply in the past decade following an extensive
public health campaign by the Japanese Ministry of Health
and Welfare. The ABCC autopsy material and the cases
comprising the present study reflect these factors.
However, because of emphasis on unequivocal tuberculosis
with histologic evidence of activity, a direct comparison
between the data presented herein and other reports
could be misleading.

Steroids have been more strongly implicated than any
other chemotherapeutic agent in the development or
dissemination of tuberculosis in patients with myeloprolifer-
ative disorders and other malignancies of the reticular
system. The prevalence of tuberculosis in persons with
myeloproliferative disorders treated with steroids was es-
sentially the same as in individuals receiving no specific
therapy. Also, the majority of the remaining 87 reticulo-
endothelial malignancies,
also received steroids and the

prevalence of tuberculosis in this group was extremely

proliferative disorders,

low. Active tuberculosis was increased in the myelo-

How-
ever, although X-ray therapy may be instrumental in the

proliferative disorders receiving therapeutic X-ray.

development of some cases of active tuberculosis among the
myeloproliferative disorders, this factor is probably of minor
importance since lymphomas and a variety of other
malignant diseases treated in this fashion show no apparent
increase in susceptibility to tuberculosis.

Discrepancies involving the prevalence of disseminated
tuberculosis between cases within 1400 m and those at
1400-9999m with chronic myelogenous leukemia were
However, these

Moreover, if all of

mexpected and may be artifactual.
differences are statistically significant.

Therefore, in the present study.

not included in the myelo-
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the cases of reticuloendothelial diseases within 1400 m
were eliminated from the present study, no significant
relationship would remain between tuberculosis and the

Although there has been a
28

myeloproliferative disorders.
disproportionate effort by ABCC lay autopsy contactors
to obtain autopsy permission in all individuals with a
death certificate diagnosis of leukemia, regardless of
exposure status, no known selective hias exists within the
it is difficult to
visualize how this could be a contributory factor since

leukemia |:»01:nula‘ci0r|,?'9 Furthermore,
superimposed tuberculosis was not suspected clinically in
the majority of patients. Finally, no relationship existed
between active tuberculosis and exposure status in the

remainder of the ABCC autopsies.

Assuming that the relationship between exposure status
and tuberculosis is not artifactual, it appears that exposure
to ionizing radiation ATB alters the host response to
tuberculosis in the presence of leukemia. This suggests
that radiation-induced leukemia is not identical with the
‘naturally-occurring’ variety. There is evidence that this
hypothesis may be true since marked differences in
longevity and spleen size have been found in myelogenous
leukemia cases between persons who were near to and
those who were distant from the hypocenter. "

The present study does not exclude the possibility that
factors other than radiation are important in the associ-
ation of tuberculosis and the myeloproliferative disorders.
Previous reports agree with the present study in showing
no overall increase in the prevalence of tuberculosis in
leukemia. ¥ % Unfortunately, the majority of such studies
do not consider the incidence of tuberculosis by type of
Lowther™

prevalence of tuberculosis was 6.5%;

leukemia. reviewed 27,104 autopsies and the

the comparable
5.6% and he

concluded that the coexistence of tuberculosis and leukemia

figure for 285 cases of leukemia was
was purely coincidental. However, of the 16 cases with
8 oceurred in
This

prevalence was therefore 12% or nearly twice that in the

coexistent leukemia and tuberculosis,

association with chronic myelogenous leukemia.
nonleukemic autopsy population. It is reasonable to
suspect that leukocyte abnormalities occurring in the
basic hematologic disease might favor the development or
dissemination of tuberculosis.®® Qualitative aberrations
are probably of greater importance than changes of a
nature since no active tuberculosis was
found in 11 cases of aplastic anemia autopsied at ABCC

during the period of this study (1949-62).

quantitative

Temporal factors must be important also since the
acute leukemias showed no increase in the prevalence of
tuberculosis. Obviously time is required for reactivation of

quiescent disease, dissemination of localized lesions or
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sufficient opportunity to contract primary tuberculosis.
The acute leukemias in the present series survived only an
average of 6.7 months after the onset of symptoms;
comparable figures for chronic myelogenous leukemia and
myelofibrosis were 30.0 and 32.5 months respectively.'!
The demonstration of a direct relationship between the
estimated survival and the prevalence of disseminated
tuberculosis supports this concept.

SUMMARY

The present study demonstrated an increased prevalence
of active disseminated tuberculosis in cases of chronic
myelogenous leukemia and myelofibrosis autopsied at the
Atomic Bomb Casualty Commission during 1949-62. No
such increase was found in association with acute leukemia
or malignant lymphoma. The prevalence of disseminated
tuberculosis among the myeloproliferative disorders was
directly proportional to the estimated duration of symptoms
of the primary hematologic disease and, with the possible
exception of therapeutic X.ray,K was little influenced by
antileukemic therapy. There appeared to be no increase
in tuberculosis in association with previous steroid or
antimetabolite administration; the relationship with alkyl-
ating agents was equivocal.

Cases of chronic myelogenous leukemia arising in
persons within 1400 m of the atomic explosion showed a
significantly increased prevalence of disseminated tubercu-

The

implications of the data are discussed in relation to the

losis in comparison with cases at 1400-9999m.

pathogenesis of tuberculosis in the myeloproliferative disorders.
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