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I.\' STUDIES OF LEUKEMOGENESsISs, the contribution of epidemiology is greatest :
diation dam

when it interacts-with the clinic or the laboratory. This paper reviews
recent clinical-epidemiologic developments, with a range of information frg,. :

single cases to large populations, which have provided some insight into etjg- A 90 Th?the
logic factors in leukemia. bE radiation WIth
B eloproliferativ

Eloidy.4® The m
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P Ewelogenous Jeu

Demographic patterns have suggested leads to the etiology of leukemia. The -
sharp age peak for leukemia at 3—¢ years which occurs among U.S. swhite .
children, but not among the U.S. nonwhites or in Japan, appears to be sp€-
cific €or acute lymphocytic leukemia.* An additional, smaller, peak at adoles.
cence is due to acute myeloid leukemia.*® Although the mechanisms underl ing
these age variations are uncertain, the patterns suggest the influence of host
factors: genetic susceptibility in early childhood and hormonal changes 1
adolescence. The relatively low frequency of leukemia in Japan® and other
Oriental countries® may be ascribed to the near absence dof chronic lympho-
cvtic leukemia. The deficiency may result from a lack of genetic susceptibility,
as suggested by a preliminary study of Japanese immigrants to the U.S. whe
have shown. as yet. no increase in mortality from this disease.*® These de. . -
scriptive studies support the notion that leukemia is a heterogeneous complex
of diseases. Although an environmental leukemogen such as radiation cag
induce many (but not all) forms of leukemia, the demographic patterns of
each cell tpe of leukemia are sufficiently dissimilar to suggest etiologic dif-
ferences between them.

A recent don-nturn in leukemia mortality has been reported for the U.S.
white population, especially in young children.”* Whether or not the trend 1s
due to diminished exposure t0 an environmental leukemogen, such as more
cautious use of medical x-rays which followed recognition of the hazards,
should be clarified by study of leukemia patterns by cell type in the future.
Even a cytologic type of leukemia may consist of etiologically distinct entities.
as is suggested by recent studies cf chronic myelogenous leukemia which shew
ciinical-epidemiologic differences between patients with and without the Phii:-
delphia chromosome.®3
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¢ of ankylosing spondylitis,’* and survivors of the atomic blasts in Hiroshima
B and Nagasaki, where 20 years later the rates for acute leukemia are still ex-
¥ cessive.® Among the various groups esposed to radiation, the highest risk of
B letitkemia has been found among patients with polycythemia vera who have
treated with s-ray, radioactive phosphorus, or both.%¢ Whether or not
B the frequency of leukemia ( 16 per cent within 10-15 years) can be ascribed
radiation damage alone® should be clarified by a prospective study in
R progress.”® The exceptional risk of leukemia may result from the interaction
of radiation with a disease which is intrinsically susceptible, on the basis of its
- mveloproliferative character or its recentlv described chromosomal aneu-

'h;k M

3
E ploid~."¥he mechanism may be similar to the process by which chronic bl
: = mYyelogenous leukemia "'converts™ to acute leukemia.?* §

Preconceptional diagnostic irradiation of parents was reported recently to -

increase the risk of leukemia among children conceived after exposure; a re-
trospective case-control study of 319 children showed a relative risk of 1.6
and 1.3, respectively, following radiation-exposure of future mothers or fa-
-thers.>® In contrast, a prospective study of 17,700 children by the Atomic Bomb
Casualty Commission (ABCC) showed no increase in leukemia after much -
= heavier exposure cf their parents to preconceptional radiation.”* Furthermore,
5 there was no excess of chromosomal abnormalities—an indes of radiation
5 effect—among children conceived at various intervals since the mothers or
= fatheis were exposed to the atomic blast.! In a similar manner, retrospective
‘studies have shown a relation between maternal preconceptional irradiation
- ar d Down's syndrome™ ¢ or other trisomies®® in the offspring, whereas no such

#= diat on and leukemia is not causal, but results from some aspect of the under-
- Iy ng state which required radiologic esxamination.®s o

e ocveral retrospective and prospective studies have indicated that diagnostic
=% radiation during pregnancy may as much as double the risk of childhood
= leukemia #4-3 However, the magnitude of the association is similar to that o h
i served with preconceptional radiation, suggesting the influence of as vet un-
=%r.own confounding variables. This interpretation is strengthened by the same
2 1 k of specificity, since in utero esposure is associated with equally increased
=% 3 es for each childhood neoplasm other than leukemia.®

_v,_;‘ Although a dose-response relation is characteristic of radiogenic leukemia,
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@stm.c&s. \Whereas an excess of Ieukemla was found in a limited sample of N
===women 1 ceiving castrating doses of pelvic irradiation for metropathia hemar- _’_';;
Fyhagica ' N0 increase in risk was observed among women who received much T2
larger dose of rediation for treatment of cervical cancer.#* These findings, if E
—==eonfirmed suggest that under conditions of intense localized irradiation, the LB
mar.ow cells mav have less capacity for transformation than when more lightly ==
exposer . Further clarification awaits completion of a follow-up study of a large =
mpl. cf women who received ovarian irradiation for benign evnecologic
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Chemicals

T T e—————r m— PRI
A follow-up survey of

, ]!4 persons with bone-marrow depression attributed to chloramphenico] re.

vealed the development of leukemia in three instances, although only one hag
characteristics indicative of a causal relation between drug exposure and leu-
kemia.” Another patient in this study group, however, subsequently developed
leukemia and was reported separately.?® Other case reports linking chloram.
phenicol toxicity to leukemias and to chromosomal aberrations®™ have en-
hanced the possibility that this drug has leukemogenic potential. Since
radiation,® benzene,?® and chloramphenicol have the capacity to depress the
bone-marrow and damage chromosomes, other agents with these characteris.
tics should be evaluated for leukemogenic activity.

Viruses

Despite the discovery that several leukemias in laboratory animals are virailv
induced. there is as yet no epidemiologic substantiation of the hypothesis that
human leukemia is transmitted by infectious agents.*%-*3-% Evidence is lacking
’to incriminate *“vertical” transmission of an agent (from one generation to the
next). as demonstrated for murine leukemia; for esample. no excess of leu-
kemia was found among offspring of mothers who were leukemic during
pregnancy,*-3% and the breast-feeding experience of leukemic children was
similar to that of a control group.® “Horizontal” (contagious) spread of leu-
kemia has been suggested by anecdotal reports of ““clusters.””but most statistical
studies <which detect epidemicity of a low order have implicated random vari-
ation as the basis for the clustering of cases—with respect to the time and
place in which the leukemia developed or the patient was born.>-28-51 Al
though the use of one technic in different populations has indicated weak
clustering of leukemia among young children within variable time and space
distances,*® the effect may be due to a methodologic bius or demographic
shifts.>=-%% Furthermore: the risk of leukemia is not increased in children re-
ceiving neonatal eschange transfusions,'*? in sponses of leukemic patdents.*
in the masters of leukemic dogs#* in certain seasons®" or in other situations
that might reflect the infectious spread of disease.

A particular agent recently incriminated in childhood leukemia is simian-
virus 40, which is oncogenicin laboratory animals and was contained in many
early lots of polio vaccine.®* A report from Australta indicated that leukemie
children received significantlv more polio vaccine (presumed to contain SV -0
than did a control pup, with no such difference in other immuunizations.#
However, comparison of the leukemia mortality experience of 3 groups of & to
S-year-old children receiving polio vaccine during the U.S. mass vaccination
program Of 1955 showed no differences according to the dose-level of SV-40
which contaminated certain lots.** Furthermore. among a group of newborns
(the age of maximum susceptibility to oncogenic agents: that inadvertently
received batches of polio vaccine containing high doses of SV—0. none have
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B died of leukemia or other cancers in the first eight years of life (unpublished
. observations).

=~ The recent discovery that patients with infectious mononucleosis acquired
 antibodies to the EB virus derived from Burkitt-lymphoma cell lines's has
' caused speculation that this virus induces both infectious mononucleosis and
hematopoietic neoplasia. Epidemiologic studies are in progress to evaluate a
* possible relation between the two diseases, including a follow-up survey of
¥ military veterans who contracted mononucleosis during World War I1.3® This
y o, survey Will also assess the relation of leukemia and other cancers to infectious
o~ hepatitis, a disease which also harbors the EB virus;" and which has been

= suspected of diminishing the risk of cancer.’*
&2 . Since the study of leukemia clusters or *viral-like" patterns has made little
== progress in detecting leukemogenic agents, more promising as subjects for
E=a® laboratory research would appear to be those groups of individuals whose host

= syndrome ** in which the characteristic chromosomal defect ( Gtrisomy ) re-
= sults from meiotic nondisjunction prior to conception, suggests that extra chro-
. mosomes ( aneuploidy ) play a role in leukemogenesis. More tenuous is the re-
L___leatlon of leukemia to other congenital chromosomal defects, perhaps since
F 2= many of these disorders are rare, highly lethal, and/or poorly recognized. Since
b‘-— the risk of leukemia in mongolism is increased at all ages and appears es-

< of SV0, none have

b3 pecially great during neonatal life,5 the frequency of leukemia in other con-
=gk ditions should be estimated more precisely when technics are developed to
i'%:pemnt the diagnosis of such defects early in life and improve the survival of
=a-affected children. However, compilation of case reports®¢ suggests that other
F-2% forms of aneuploidy —-Kh‘nefelter's syndrome {XXY or variants) in 4 patients
=and D-trisomy syndrome in 2 newborn infants**>—are related to leukemia.
altho ugh follow-up study of more affected children is needed to establish an
__ association. Since aneuploidy may occur in phenotvpically normal persons,
cytogeneuc study of leukemic patients in remission might be more productive
= in vielding antecedent defects. In such a study based on examination of blood
and skin cells of 23 leukemic children without somatic anomalies, Borges et al.”
found 3 with aneuploidy (XXY, probably XYY, and Ftrisany)and one with
g elongated Y. Other investigators have reported prezvgotic chromosomal
moees-ah NO[TEN I tES i 3 Of 32 persons of all apes with chronic mrelogenous leu-

: .~3«.. a.w and 2 of IS patients with acute leukemia.™

= Susceptibility to leukemia is strongly suggested in 3 diseases. all inherited
3 an autosomal recessive pattern which show increased chromosomal break-

ge and rearrangement on cell culture.® Among 33 patients reported with
loom’s svndmme (featuring photo-sensitive telangiectatic facial rash. dwarf-
m and unusual facies), 3 ce'»elopen acute teukemia, described in 2 instances
-myelogenous.™ Acute lenkemia of the monocytic type has béen documented
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in 3 patients with Fanconi's syndrome of aplastic anemia and multiple ano-
malies.®3 Ataxia-telangiectasia, which has an immune-deficiency state and
appears to predispose to lymphoma {see below), has been reported in 3 chil-
dren with acute leukemia,?%?® including 2 sibs with the lymphatic type.s
Despite the small number of cases, the type-specific nature of the acute leu-
kemia in each condition would appear to extend the evidence for heterogeneity
in leukemia and suggests distinct host-related pathogenic mechanisms for vari-
ous forms of acute leukemia.

\Whereas congenital cytogenetic defects predispose to various leukemias, re-
view=¢ of case studies suggests that lymphoma occurs disproportionately among
the genetic syndromes associated with immune deficiency, such as ataxia-
telangiectasia, Wiskott-Aldrich syndrome, and sex-linked agammaglobulinemia.
Epidemiologic support for the relation of immune deficiency to lymphoma was
provided recently by a study of the British Medical Research Council; among
176 persons with hypogammaglobulinemia (all presumed to be genetically-
induced) followed over variable periods of time, 6 subsequently developed
lymphoreticular neoplasms.®®

It remains to be determined whether or not other congenital disorders, 1ot
associated with chromosomal or immunologic defects, are related to an in-
creased risk of leukemia. One possibility would be osteogenesis imperfecta,
which has been reported with acute lymphatic leukemia in 2 sibs.? Individual
case reports of childhood leukemia with achondroplasia,®® Marfan's syndrome,
Klippel-Feil svndrome,™ and a variant of the Ellis-van Creveld syndrome.** sug-
gests a general relation between leukemia and genetically-determined diseases
of the skeletal system. Such a relation, if established, would extend the spec-
trum of hematologic disorders which have been observed with congenital syn-
dromes involving skeletal abnormality.1®

Other Ecvidence of a Genetic Influence

There is increasing-evidence, beyond the concurrence of leukemia with
heritable disorders, that genetic factors mayv influence leukemogenesis. In
childhood, the contribution of inheritance may be estimated by the concord-
ance rate of 20 per cent among identical twins, while no concordance occurred
for fraternal twins.’! Recently confirmed,’® this finding suggests that leu-
kemogenic mechanisms may be clarified by laboratory study of unaffected
identical twins of children diagnosed with leukemia. Genetic factors probably
account also for the-fourfold increased risk of leukemia among sibs of leukemic
children,®* although the influence of environmental factors cannot be excluded.

Recent case reports inciude families in which 3 or more young sibs developed

acute lymphocytic leukemia **4° 2 sets of infant sibs had chronic myelogenous
leukemia in the absence of the Philadelphiz chromosome.*® and 3 children
related- as cousins showed a myeloproliferative disorder resembling myelo-
genous leukemiz.®® Familjal aggregation of leukemia among adults, while
awaiting epidemiologic <+~ tion, is strongly suggested by -case studies of

families with a high frequency of specific farms of leukemia, most often the g

chronic Ismphoeytic variety.™®
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B The recessively inherited diseases (previously noted) which predispose to
¥ Jeukemia and lymphoma suggest that, even in the absence of genetic syn-
dromes, these neoplasms may be subject to the influence of recessive genes.
This possibility is supported by a recent study from Japan, where about 4 per
F ent g? mam:}/ges oc?é)ur amor{; first cousins,Y.é which I?evea eg parental an-
sanguinity in 4 of 7 sib pairs with leukemia at various ages.t™ In this country,
@ consanguinity has been reported infrequently in case studies—? aggregations
Pof acute childhood leukemia involving 3 or more sibs,+™ and a cluster of
 chronic lymphocytic leukemia in 3 adult sibs (unpublished observation) .

High Risk Disorders of Adults

4 number of conditions of an “acquired” nature appear to predispose to leu-
emia or lymphoma, although putative mechanisms are more obscure than
- with the congenital disorders. In contrast to the epidemiologic survey of poly-

g cythemia vera which ascribed a heightened risk of leukemia to #e radioactive
phosphorus administered as therapy,® a follow-up study of hyperthyroid pa-
tients revealed a 30 per cent increase of all forms of leukemia regardless of
" treatment with radioactive iodine.”™ In addition, pernicious aremia has been
found to carry a small increased risk of myelogenous leukemia,” and case
reports suggest that leukemia can evolve from certain forms of refracton
& anemia.’* Chromosomal aberrations obsened in the megaloblastic“. and re-

Ly

= | fractory anemias'® may play a role in the increased susceptibility to leukemia.

= Lymphoreticular neopiasms also appear to occur excessively in particular
“acquired” disorders characterized by immunologic deficiency and/or lsmphoid
e =i hyperreactivity. “Acquired” as well as congenital forms of hyvpogammaglobu-
"7 linemia show a high risk of such tumors.® In addition. among 202 patients

tract).%¢ A study of 58 patients followed with Sjdgren’s syndrome revealed that
creticulum cell sarcoma occnrred in 3 cases, and Waldenstrom’s macroglobu-
linemia in one.s! Further reports on the follow-up survey of hyperthyroid pa-
tients should clarify the suggestion derived fram a case seres that long-stand-
$==ing hyperthyroidism predisposes to lymphoma.t” Finally, case reports have
'%id.rawn attention to two environmentally-triggered conditions. Lymphoreticular
= peoplasms appear to occur excessively in hydantoin-induced lymphadeno-
—=pathy** and following remal homotransplantation associated with immuno-
==suppressive therapy.’® The unusual proportion of reticulum cell sarcomas after
saransplantation, celiac disease and Sjogren’s syndrome suggests that. as mas
in leukemia, certain cell types Of hruphoma have distinct etiopathogenic
anisms. This concept is relevant even when the neoplasm is unassociated

istent Neoplasms

In'a prospective studv Of patients with leukemia and kmphoma. Berg® ob-
ed a significant werease M the risk of further cancers. By fat the larrest
ess occurred for cancers of the skin which had a conservativelv-estimated
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risk of ninefold after mveloid leukemia, fourfold after lymphatic leukemia, and :
twofold after the lymphomas. Of related interest are recent case reports = L Aw
of mucocutaneous carcinomas occurring in the leukemia-prone conditions: ., Nerii s
Bloom’s svndrome,” Fanconi’s syndrome,*® and ataxia-telangiectasia.® The '
apparent predisposition to skin cancer or leukemia in the inherited disorders § survivors. Nature
indicates that, in the absence of the syndromes, the concurrence of such neo- 2. Berg, J. W
plasms in one individual may represent a genetically-determined response to 1‘:::::5}’ ;an;:ﬁ'
an oncogenic agent. Susceptibility to skin cancer in the genetic syndromes B emias, and m),eerf
suggests an in tivo counterpart to the observation that cultured skin fibroblasts 3 3:741, 1967.
from persons with Fanconi’s syndrome or autosomal trisomy are exceptionally 3. Bizzozero, O
sensitive to SV-40 transformation. - ’ and Ciocco, A.: I
Hiroshima and
SUMMARY gt Distribution, incid
. ew Eng. J. Med

Heterogeneity in the etiopathogenesis of leukemia appears to be reflected in ; 4. Blackburn, ]
dissimilarities of distribution by cell type in the general population, as well as
in several groups at unusually high risk of the neoplasm.

Radiation in sufficient dose is known to cause human leukemia. There i3 e X )
some question, however, about the small increase in risk during childhood fol- > » -dom"an::;?
lowing very low doses of preconceptional or intrauterine radiation. The possi- : spective study of ,
bility exists that the underlying disorder for which diagnostic radiation was =on -the very hig!
prescribed is directly related to the neoplasm, with radiation merely an in- 1 . Can-
dicator of the host abnormality. Other influences may enhance the leukemo- b O Bloom’TA' L
genic potential of radiation, as suggested by the very high rate of leukemia e aber;aﬁsnini(j
among patients irradiated for polycythemia vera. Benzene is the only chemical B vors of the atomi
agent strongly suggested to be leukemogenic on the basis of striking occupa- and Nagasald. ian
tional clusters. although recent suspicion has been directed to chloramphenicol. §. Bloom, G. E..

Despite the discovery that viruses can cause leukemia in laboratory animals, it mr;naﬂﬁz";m“di
convincing evidence of a viral influence in human leukemia has not been ¥ New Eng. Jf’ f;:;t
achieved by the epidemiologic technics designed to detect an infectious spread. =% 7. Borges, . I
However, this influence would have gone unnoticed if the agents are: (1) not - ®Hamm, C. W.. Pr.
transmitted in the manner of other human pathogenic viruses, (2} too evan- =E Bleu“emia- I
escent, or (3) so ubiquitous that only nonviral “trigger” mechanisms are de---- - Sraver, M. ]
tectable. Since intensive investigation of leukemia clusters bas made little ) :
progress so far in identifying leukemogenic agents, an apparently more en-. - port of three ca

couraging approach for laboratory research would utilize groups of individuals " H 711(3)0?]: 1967.
»!.b-m 9. ri A B.,

at unusually high risk of leukemia. g =g

Evidence is accumulating that certain inborn disorders associated with cy- s=seyseel, R M.: Lev

: 2 . ) - Ptefeposure to ionizin:
togenetic defects carry an increased risk of leukemia, whereas inherited syn- . PESZaf the findings in 1

dromes of immune deficiency predispose primarily to the ymphomas. Genetic d"a comparison w

factors are further indicated by familial patterns in leukemia, some of which - geEghs. Anon. Intern 1

implicate the infiuence of recessive genes. Chromosomal and immunologie - - ,g"lhe[‘: T, an

defects also accompany or mediate the heightened risk of leukemia and Ivin- . geemuy rstic £$a df‘

phoma among certain idiopathic or environmentally-induced conditions. The - e

oplastic anemiz
ia following ¢!

. J. Med. 43.7
special influence of abnormal immunologic mechanisms in the orgin of reticu- - =11 Court Brown,
lum cell sarcoma is suggested by the high frequency of this cell type = ia in child:
Sjoeren’s syndrome. in celiac isease, and following immunosuppression for—8- rends. :n\:(

resen

renal homotransplantation. : . Court Brown
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