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RODELLA S, CICCONE G, REGE-CAMBRIN G, VINEIS P. WORKING GROUP ON THE EPI­
DEMIOLOGY OF HEMATOLYMPHOPOIETIC MALIGNANCIES IN ITALY. Cytogeneti cs and
occupational exposures in acute nonlymphoc ytic leukemia and myelodysplastic syndrome. Scand J
Work Environ Health 1993;19:369-74. Studies on the association between cytogenetic aberrat ions
and environmental or occup ational exposures of patients with acute non lymphocytic leukemia and
rnyelodysplastic syndrome were selected from the literature and reviewed. Chromosome abnormali­
ties as a whole and specific aberrations involving chromo somes 5, 7, 8, and 21 were considered. Oc­
cupational exposures were also considered as a whole or, whenever possible , as specific substances.
An association between all occupations and any chromosome aberration has been observed in earlier
studies but was not confirmed in later studies. Similar results have been observed when specific aber­
rations, or specific substances (ie, solvents) have been considered . Methodological issues and the com­
parability of the reviewed studies are discussed, and suggestion s are made for refining epidemiologic
investigations.
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Results from severa l studies suggest that some leuke­
mias, particularl y acute nonlymphocyti c leukemia,
may be caused by en vironmental or occupational ex ­
posures. Except for benzene, radiation, and alky lat­
ing ag ents , however, conclusiv e studi es have not
be en performed (I ).

Leukemias as a whole represent a heterogen eous
group of di sease s with different progn ose s and re­
sponses to therapy, as we ll as different immunologic
ch aracteristics (1 ). Recent improvements in labora­
tory techniques for cytogenetic ana lys is ha ve re­
vealed nonrandom chromosome ch anges in the ma­
jority of patients with acute non lymphocytic leuke­
mia. Moreover, cytogenetic change s th at are second­
ary to cytotoxic therapy for prior medical conditions
have be en described in almost all ca ses of this dis­
ease (2). These observations have suggested that en­
vironmental factors might be related to cytogenetic
aberrati on s in human leukemias .
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In my elodyspl astic syndro me, represen ting clon­
al abn ormal itie s of hematopoietic stem cells th at ma y
undergo leukemic proliferation (3) , the pr op ortion of
patients wi th an abnormal karyotype can also be
high, approaching 60 % (4) . As in acute nonlyrn­
phocytic leukemia, th erapy-induced myelodyspl asti c
sy ndro me s have characteris tic cytogen etic features ;
a po ssible association with exposure to en vironmen ­
tal cy to tox ic agents ha s been suggested for thi s cat­
egory of di sorders as well (3).

From an ep idemiologic point of view, cl assifying
pati ents with leukemia or other hernatolymphopoi ­
etic mali gn an ci es by the presence of sp eci fic chro­
mosome abnor malit ies may strengthen the pos sibil­
ity of identifying risk factors in etiologic research.

Recent studies have investigated th e asso ci ation
between some occupational exposures and cytoge­
netic aberration s in patients with acute leukemia, par­
ticularly acute non lymphocytic leukemia, and othe r
malignan ci es of the hematolymphopoietic sys te m,
with different outc o mes.

The purpose of thi s paper is to rev iew such studies
and discu ss their results, especially focu sing on meth­
odologi cal as pects and comparability iss ues and
sugges ting so me priorities for future research .

Methods

All of the studies on the association between cy toge­
netic aberrat ions and en vironmental or occupational
exposures amo ng patients with acute leukemias or
other hem atolymphopoieti c neoplasm s were se lec ted
fro m the publ ish ed literature . The literature search
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was based on data banks (Medline) and personal
files. The chromosome aberrations were indicated
with AA (clonal abnormalities in all analyzed cells)
and AN (clonal abnormalities in a portion of the
metaphases). Among the specific cytogenetic aber­
rations, we singled out those analyzed in all (or most)
studies, namely, complete or partial loss of chromo­
some 5 (-5/5q-), monosomy 7 or deletion of its long
arm (-7I7q-), trisomy 8 and 21, and translocation
t(8;21). This choice was made to compare the fre­
quency of specific abnormalities in different studies
and their association with exposure. As the loss of
sequences belonging to chromosomes 5 and 7 is the
hallmark of treatment-induced hematological malig­
nancies (5), these chromosome abnormalities were
analyzed separately to disclose a possible preferen­
tial involvement of these rearrangements also in en­
vironmental-induced acute leukemias.

Eight studies were selected, published between
1978 and 1990. Seven of them (6-11) included
cases of acute nonlymphocytic leukemia, and only
one concerned cases of non-Hodgkin's lymphoma
(12). A paper published in 1979 (13) was not com­
pletely comparable with the other studies because it
also included patients with nonclonal chromosome
aberrations. Therefore, this study was not reviewed.
In one of the seven studies regarding cases of acute
nonlymphocytic leukemia, cases of myelodysplastic
syndrome were also considered (I I). In another study
myelodysplastic syndrome, chronic myeloid leuke­
mia, chronic lymphatic leukemia, and acute lym­
phocytic leukemia were considered in addition to
acute nonlymphocytic leukemia (I4).

This review mainly refers to acute nonlymphocytic
leukemia and myelodysplastic syndrome. The only
study regarding non-Hodgkins lymphoma has been
considered separately in the text.

All of the studies included patients with a diag­
nosis of acute nonlymphocytic leukemia or myelo­
dysplastic syndrome and an available cytogenetic
analysis. Cases with a previous diagnosis of myelo­
proliferative disorder, cases receiving cytotoxic
therapy before cytogenetic analysis, and cases of
secondary leukemia were always excluded or ana­
lyzed separately. Therefore, it is reasonable to as­
sume that all of the cases considered in these stud­
ies were incident (ie, newly diagnosed) cases, even
though this definition was clearly used in only four
papers.

The recruitment of cases was prospective in three
studies (9, 10, 14). In four a large proportion of the
cases was identified retrospectively (6-8, II). All
of the reviewed studies can be considered analyses
of case series, but in one the term "case-control
study" was used (I I), because the comparison group
(acute nonlyrnphocytic leukemia patients without
chromosome aberrations) was selected to resemble
the case group as nearly as possible.

In each study some cases were excluded because
of insufficient information on occupation. The ex-
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elusion was based on poor quality of clinical records
in three studies (6-8) and on refusal or other im­
pediments to interview in two studies (II, 14). The
proportion of cases excluded was rather important in
some of the studies (6, 8, 9). In one study (7) 22%
of the patients were excluded because the chromo­
some examination had failed or there was insufficient
information about occupation, but the number of pa­
tients in each category was not specified in the pa­
per. Finally, the proportion of patients excluded be­
cause of a missing cytogenetic test (44 of 367, 12%)
was reported in only one study (IO).

The type of information collected was rather poor­
ly defined in four studies (6-9) ("previous or
present occupation"). In two studies (II, 14) the pa­
tients were interviewed about their lifelong occupa­
tional history. Finally, in one study (10), the occu­
pational history of the patients was classified accord­
ing to three categories (usual, current, exposure to
specific agents).

Allegedly, in all of the studies data on occupation
and exposure were collected and categorized by one
or more experts who had no knowledge of the cy­
togenetic status of the subjects.

The number of exposed and unexposed patients
with presence or absence, respectively, of abnormal
karyotype was reported or computed from the origi­
nal data, whenever possible.

The results of each study were expressed using the
odds ratio as a measure of the association between
chromosome abnormalities and occupational expo­
sures considered as a whole and, whenever possible,
as specific substances. The odds ratio was reported
in the original paper in a few studies; when not avail­
able it was computed by us from the published raw
data. Confidence intervals for the odds ratios were
also computed by us, according to Miettinen (15),
when not present in the original paper.

Results

The most relevant aspects of each study were syn­
thesized, and the results are given in two tables, to
make possible a comparative interpretation of study
designs (table I) and the results (table 2). The fol­
lowing comments are presented according to the lay­
out of tables I and 2.

Each study had eligible cases that were not in­
cluded in the subsequent analyses either because a
cytogenetic test was not available (see footnotes to
table I) or insufficient data on occupational history
were collected. The hypothesis of an association be­
tween a missing cytogenetic test and probability of
exposure, although rather unlikely, cannot be defi­
nitely excluded. This might be a potential source of
bias.

The exclusion of all of the prevalent cases and of
previously treated patients is very important when
one focuses on environmental exposures, in order to
exclude all secondary chromosome rearrangements
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Table 1. Des ign o f s t ud ies o n cytogenetics and occupational exposures in hem atoiy m ph o po iet ic malignancies.- (A N LL = ac ute
nonlymphocyt ic leukem ia, M DS = myelodyspl ast ic syndrome, CT = c hem oth er apy , RT = radiotherapy)

Eligible Analyzed Excluded Occupa-
Non·

Path· Select ion Sources of Type of occupa- ExposureAuthors
ology criteria Recruitment subjects subject s subjects information information tional tional att ribu tion(N) (N) N(%) exposures exposures

Mitelman ANLL Incident Retrospecti ve 93 56 Insufficient Clinical Previous or Solvents , Not Blindl y
et ai, cases ?, 1 July 1972- data on records present insecticides, investigated (1 person)
1978 (6) no previous 31 Oct 1977 occupation occupati on petroleum

rnyetopro- 37 (39%) products
lif erati ve
disorders,
no previous
treatment,
age > 15
years

Mitel man ANLL Incident Retrospect ive? 208?' 162 Insufficient Clini cal Previousor Solven ts, Not Blindl y
et ai, cases?, 1972-1980 data on records present insecticides, investigated (1 person)
1981 (7) no previous 1974-1980 occupation (+ interview occupation petroleum

myelopro- ?? 01cases and products
lifera tive relatives)
disorders,
no previous
trealment,
age > 15
years

Golomb ANLL incident Ret rospective 128 74 Insuffic ient Clinical Previous or Insecficides, Hobbies Blind ly
et ai, cases?, Feb 1970- data on records present soivents + (in not (3 persons)
1982 (8) no previous April 1981 occupation (+ interview occupation chemicals + exposed)

myelopro - 54 (42.2%) of relatives) metals,
lif erative petroleum
disorders, products
no previous
treatment,
age > 17
years

Mitelman ANLL Incident Prospecti ve 595' 361 Insufficient Personal Previous or Insecti cides, Not Blindl y
et at, cases?, 1 Jan 1980- data on interview present chemicals, investigated (? number
1984 (9) age > 16 31 March 1982 occupation (standardized occupation radiation, of persons)

years 234 (39.3%) quest ionnaire) petro leum
products,
metalsl
minerals,
biological
agents,
undefined
exposure

Crane ANLL Incidenl Prospect ive 323" 235' Refusals Personal Usual Asbestos, CT or RT, A priori
et al cases, 1 Jan 1976- (270 re- or not interview occupatton, benzene, smoking, matrix
1989 (10) age > 18 30 June 1983 spon- located: (N = 89), current pesticides, alcohol,

years, dents) 88 (27%) telephone occupation, dyes, glues, hobbies
resident (97 nonre- interview specific varnishes,
in Texas soondents )' (N = 57), exposure metals,

postal paints,
questionnaire radiation
(N= 124)
(standardized
questionnaire)

Narod & ANLL Cases: Case-referent, 44 cases,' 44 cases, Insuff icient Telephone Occupat ional Metals, Nol Blind ly
Dube, MDS no previous retrospective 38 re- 38 re- data on inlerview history pest icides, investigated (3 spe-
1989 (11) CT or RT ferents ferents occupation of subjects radiation , ciatlsts in

chromo- ?? and their chemicals, occupationai
some relatives petroleum medicine)
aberration products
5 or 7;
controls :
no chromo-
some
aberration
5 or 7

Vineis ANLL Incident Prospect ive 22 22 Personal Occupational Organic Smoking Blindly
et ai, MDS cases, Oct 1988- 6" 6 interview history solvents (1 person),
1990 (14) age > 15 June 1989 (standardized 3 exposure

years questionnaire) categories

a Unexposed categories of the studies: reference 6: housewives, students and white-collar workers; reference 7: housewives, students, white-collar
workers and oth ers ; reference 8: hou sew ives , st ude nts, white-coliar workers and others; refere nce 9: housewives , stud ent s, white-collar workers
and oth ers; refe rence 10: housewives, mana gers, white-coll ar workers and others ; refere nce 11: th ose exposed < 1 year in 30 last years or disagree-
ment among experts; reference 14: - .

b The 162 patient s analyzed represent 78% of th e to ta l number of pat ient s ident ifi ed by the author s; 22% was exc luded bec ause of failu re of the
ch romos ome exam inat ion or insuffic ient data on occ upat ion (the number in each categ ory of exc lu sion was not report ed).

c Six hundred and six t y pat ients were init ial ly ident if ied , but 65 of them wer e excluded beca use of th ei r age « 16 years).
d Four hundr ed and for ty patients were initially ident ified , bul 70 were excl uded because they were fore ign , two because of the ir age « 18 years),

and one because of a previous diagnosis. Moreover , we have not included in the number o f eli gible cases (N =367) the 44 pat ients (35 respondents
and 9 nonrespondents) w ith a cytogen etic test in suffici ent or no t performed.

e Out of 270 respondents 31 had an insufficient test , and four did not have a test perfor med.
'Out of 97 non resp ond ents seven had an insuff ic ient test , and two did not have a test perf ormed.
• Fi ft een cas es and one refere nt wi th sec ondary leuke mia arc not considered.
" Cases with chronic myelo id ieukemi a, chron ic lym phat ic leukemia, and acut e lymphat ic leukemia are not considered In the review . 11 pat ients

with M DS were initially identifi ed , but five of th em did not have a test performed.
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Table 2. Result s o f studies on cytogenet ics and occupat ional exposures in hematolymphopoietic malignancies. (O R =od ds
rat io , 95 % CI =95 % confidence interval, A A =c lo n al abnormalit ies in all anal yzed cells, A N =c lonal abnormalities in a portion
of t h e metaphases)

Palients with Expo sed Exposed, Une xposed,
chromosome

patients l Type of
Type of chromosome chromosome

Authors aberratio nsl chromosome aberr ation aberration OR 95% CI
el igible analyzed exposure abe rration
patients pati ents Yes No Yes No

Mitelman 27/56 23/56 All AN+AA 19 4 8 25 14.80 4.29-51.34
et al , (48.2 %') (41.1 % ) - 5/5q· , .- 717q· 9 4 1 25 56.25 9.15-345.61
1978 (6) + 8, + 21, t(8;21) 10 4 1 25 62.50 10.35-377.39

Solvents AN +AA 13 8 25 181.25)b 1162-568.04
Insecticides AN+ AA 3 8 25 118.75)b 1.63-216.19
Pet roleu m
product s AN + AA 3 4 8 25 2.34 0.43- 12.67

Mitelman 74/162 52/162 All AN + AA 39 13 35 75 6.43 3.16- 13.08
et at, (45.7 %') (32.1 % ) - 5/5q' , - 717q· 17 13 13 75 7.54 3.15- 18.08
1981 (7) + 8, +21 , t(8;21) 19 13 8 75 13.70 5.49- 34.17

Solvent s AN +AA 24 3 35 75 17.14 6.04-48.59
Insect icides AN + AA 11 35 75 147.14)b 7.90-281.28
Petr oleum
produ ct s AN+AA 4 10 35 75 0.86 0.25-2.94

Golomb 37174 16/74 All AN + AA 12 4 25 33 3.96 1.19-1 3.18
et al , (50.0 %') (21.6 % ) - 5/5q·,- 717q· 8 4 7 33 9.43 2.45-36.26
1982 (8) + 8, + 21, t(8;21) 1 4 7 33 1.18 0.11-12.52

Solv ent s +
ch erntcats «
met als AN + AA 5 25 33 3.30 0.63-17.37
Insec tici des AN +AA 1 25 33 [2.64Ib 0.09-74.59
Petr oleum
produ cts AN + AA 6 2 25 33 3.96 0.80-1 9.70

M itelman 165/299 1031299 All AN+ AA 69 34 96 100 2.11 1.30- 3.46
et al, (55.2 % ' ) (34.0 % ) - 5/5q·, 7/7q· 14 24 22 100 1.87 0.87-4.04
1984 (9) + 8, + 21, t(8;21) 15 34 20 100 2.21 1.02-4.75

Chemicals AN+AA 24 15 96 100 1.67 0.83- 3.36
Insect ic ides AN+AA 20 11 96 100 1.89 0.87-4.13
Pet roleum
produ cts AN + AA 17 7 96 100 2.53 1.03-6.23
Min erals AN+ AA 8 1 96 100 8.33 1.41-49.38

Crane 178/323 62/235 All (usual) AN+ AA 38 24 88 84 1.50" 0.84-2.73"
et ai , (55.1 %) (26.4 %)
1989 (10) 46/235 All (current) AN+ AA 29 17 97 91 1.70" 0.82-3.10"

(19.6 % ) - 5/5q·, 717q· 23(?) 97 91
+8, +21 ,1(8;21) 6(?) 36(?) 97 91 0.16"

Benzene AN+AA 6 5 ? ? 1.10' 0.30- 3.80'
Pest icide s AN + AA 10 15 ? ? 0.60' 0.30-1.40'
Metals AN+ AA 18 12 ? ? 1.50' 0.70-3.20'
Asbestos AN + AA 17 7 ? ? 2.60' 1.00-6.50'
Dyes, glues AN + AA 16 17 ? ? 0.8Od 0.40-1 .80'
Paint s AN + AA 16 6 ? ? 2.60" 0.90-6.70"
Radiatio n AN + AA 6 5 ? ? 1.10" 0.30-3.60"

Narod & 44/82 17 case sl44 All Abnormali ty 5 or 7 17 14 27 24 1.18' 0.40-3.31'
Dube , (53.6 %) (38.6 % ) Chemi cals Abn ormalit y 5 or 7 11 10 27 24 0.91' 0.29- 2.84'
1989 (11) 14 ref e re nt s/38 Pesti cides Abnorrnall ty.B or 7 2 1 27 24 1.78' 0.15- 21.10'

(36.8 %) Pet rol eum
produ cts Abnorm ality 5 or 7 4 5 27 24 0.79' 0.17-3.59$
Metals Abn ormalit y 5 or 7 6 3 27 24 2.12' 0.42- 10.6b'
Radiat ion Abnorm alit y 5 or 7 0 2 27 24 -'

Vine is 10/28 9128 Solvent s AN +AA 3 6 7 12 1.00' 0.20-4.70'
et at, (35.7 %) (32.1 %)
1990 (14)

a Thi s percentage was computed onl y for analyzed cases because the number of chromosome abnormalities in patients excluded from the analys is
was not men ti oned by the authors. (See the text. )

" Since the value in one of the ce lls is 0, the OR is equal to inf ini ty . The value between brackets has been computed using corr ection to 0.5.
I Only patients 30 years and older are co nside red (separately analyzed in the orig inal art ic le).
tI OR reported in the original artic le.
e 95% CI reported in the ori gi nal artic le.
f Age.adjusted OR reported in the ori ginal art ic le .

or abnorm alitie s induced by antineoplastic therapies.
This criterion of selection was correctly adopted by
all of the authors.

In the earlier studies with a retrospective recruit­
ment of patients (6- 8) most of the information about
occupational exposures was drawn from clinical
records with occasional integration from other sourc­
es of data (ie, telephone interview of patients or their
next -of-kin ). Moreo ver the type of information col­
lected on occupation was not clearly described, and
the expression "previous or present occupation" was
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used. On the contrary, a better quality of informa­
tion would be expected from prospective studies (9,
10, 14) in which standardized questionnaires were
used for personal interviews and a life long occupa­
tion history was collected.

The percentage of patients showing chromosome
abnormalities over the total of el igible patients was
similar amo ng the studies (table 2) and ranged , in
most of them , between 45.7 and 55.2%. In the study
of Vineis et al ( 14) a proportion of 35.7% was ob­
served, but the small number of cases might explain



this difference. In three studies (6-8) the results of
the cytogenetic test were not reported for patients
exc luded from the analyses because of poor infor­
mation on occupation. The blind procedu re for ex­
posure assess ment should have avoided a selection
bias with regard to the chromoso me findings. The
reported prevalences of aberrations closely ap­
proached data reported by other authors . In fact , in
the earlier literature , appro ximately half of the pa­
tients with acute nonlympho cytic leukemi a were
found by different authors to have clonal aberrations
and, more recently, at least two-th irds of these pa­
tients have been estimated to be affected by recog­
nizable clonal chromosome abnormalities at diagno­
sis (16) .

The proportion of exposed pat ients showed some
variations among the studies, ranging between 41.1%
(6) and 19.6% (10) for all exposures as a whole.
These discrepancies could reflect either a different
prevalence of exposure among the popul ations un­
der study or the application of different criteria in
the exposure assessment. A decreasing prevalence of
exposure among patients with chromosome aberra­
tions and, conversely, an increasing prevalence
among patients without chromosome aberratio ns
were observed when earlier (ie, 6, 7, 9) and later (ie,
II , 14) studies were compared. Selection bias in the
earlie r studies cannot be ruled out.

The odds ratios observed in the earlier studies in­
dicated an association, even though of different
strength, between all of the occupations considered
and any chromosome aberr ation , but these observa­
tions were not confirmed in the later studies (table
2). A similar difference between ear lier and later
studies was observed when specific aberrations in­
volving chromoso mes 5 and 7 or trisomy 8 and 2 1
were ana lyzed (table 2). The differences observed
among the studies were even more impressive since
some of them were conducted with very similar
methods. However, the very large confidence inter­
vals in the earlier studies motivate spec ial caution
when conclusions are drawn from these results. Sim­
ilar caution must be applied when the association
between solvent exposure and any chromosome ab­
normality is considered.

Insecticides or pesticides were considered in six
studies (6- 11). The odds ratios were not significant
(9- 1I), or the numbers observed were too small
(6-8). Exposure to petroleum products was ana­
lyzed in five studies (6--9, II ), and the odds ratios
ranged between 0.79 and 3.96. Other exposures (met­
als, minerals, dyes, paints, radiation ) or some spe­
cific chromoso me aberrations were analyzed only in
a few studies, and it was not possible to compare the
results.

Compared with the several studies on acute leuke­
mias. only one study, to our knowledge, has been
performed on non-Hodgkin' s lymph oma ( 12). The
paper discusses the relation bet ween chro moso me
aberrations in 54 incident cases of non-Hodgkin' s
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lymphom a and occupational exposure to organic sol­
vents, assigning patients to three categories accord­
ing to the number of cytogenetic events produc ing
clonal aberrations. (This number was used as an in­
dicator of karyotypic complexity.) The results sug­
ges t that chro moso me aberrations, particularly a
14q+ abnormality, are more frequent in patients with
occupational exposure to organic solvents. This find­
ing seems to be similar to findings concerning acute
nonlymphocytic leukemia. The number of patients in
this study was very small, and more formal invest i­
gations are needed to confirm these resul ts.

Discussion

The majorit y of the studies publi shed so far, to our
knowledge, concerning the association between chro­
mosome aberration s and occupational exposures in
hematolymphopoietic malignancies are limited to
acute nonlymphocyti c leukemia. There arc probably
different reasons for this choice. Its incid ence has
been increa sing over time in the United States in the
last few decades ( I) , especially among men. Gender
and age-related differences in temporal trends sug­
gest that some of the increased incidence may be real
and possibly attributed to occupational or enviro n­
mental exposures ( I). Many epidemiologic studies
have suggested the role of environmental factors like
benzene or radiation in the etiology of acute non­
lymphocytic leukemia. Chromo some rearrangements
are recognizable at diagnosis in at least two-thirds
of the patients with acute nonlympho cytic leukemia
(16).

The results of our review deserve some important
comments. Refinements in cytogenetic techniques
over time are not suffie ient to explain the discrep­
ancies observed among the studies . First, the over ­
all prevalence of chromosome abnormalities in acute
nonlymphocytic leukemia is similar in all of the re­
ports , and these data make the results largely co m­
parabl e. Second, the specific abnormalities which
have been analyzed, namely, -5/5q- - 7I7q-, trisomy
8 and 21, and t(8;21) are rather gross rearrangements
which can be detected also in poorly banded chro­
mosome preparations.

Conversely, methodological issues in study design,
espec ially concerning the retrospective recruitment
of patients, poor definitions of occupational expo­
sures, the exclusion of large proportions of eligible
patients, and a lack of analysis of confounding fac­
tors, like age, gender and other exposures, are like­
ly to influence strongly the results of the earlier stud­
ies. In addition, a chance effect cannot be excluded
completely.

Finally. a clea r causative role in leukemogenesis
has not been established for broadl y defined expo­
sures like "solvents" or "pe troleum products." The
association between chromoso me aberrations and
chemical exposures should follow a clea r dcmonstra-
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tion of a causative role of such exposures in the eti­
ology of acute nonlymphocytic leukemia.

In conclusion, further epidemiologic investigations
are needed, that fulfill standard epidemiologic re­
quirements of analytical studies such as the prospec­
tive enrollment of patients, control of selection and
information biases, collection of accurate informa­
tion on both exposures and co nfounders , and ade­
qu ate statistical analysis. In addition, qu ality control
of cy togenetic tests should be performed, and the
source of interobserver variability should be studied.
Internal comparison of case seri es for cytogenetic
dam age should be focused on known risk factors for
leukemias.

In addition, little is known about the etiology of
myelodysplastic syndrome, and an investigation on
exposure to environmental cytotoxic agents was rec­
ommended in a recent report of a cooperative study
group (3). Including this group of diseases in future
research on the relationship between cytogenetics and
chemical exposures in hematolymphopoietic malig­
nancies would be of great interest.
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