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Abstract 
The association between occupational and other 
environmental exposures was evaluated in 60 acute 
myelogenous leukemia cases and controls. Odds ratios 
and 95% confidence intervals for prior cytotoxic 
therapy and benzene exposure, adjusted for age, sex, 
and race by logistic regression, were 3.7 (0.7, 19.9) and 
2.6 (0.4, 15.2), respectively. No other work-related 
associations, including employment in electrical 
occupations, were present. Other associations were 
suggestive but may have been due to biases in control 
selection or small numbers of subjects. The risks for 
prior cytotoxic therapy (odds ratio = 10.2) and benzene 
exposure (odds ratio = 11.4) were concentrated in 13 
patients with French-American-British M4 leukemia; no 
environmental exposures were associated with French- 
American-British subtypes M1 and M2. These findings 
support the concept that French-American-British 
histological subtypes of AM1 may have different 
etiologies. 

Introduction 
The causes of AML3 remain largely unknown. The best 
documented risk factors for AML (previous cytotoxic 
therapy and occupational exposure to ionizing radiation 
or benzene) probably account for only a small fraction 
of all cases. The lack of success in identifying risk factors 
may be due, in part, to the possibility that subtypes of 
leukemia may have differing etiologies, a concept em- 
phasized by Kessler and Lillienfeld in 1969 (1) and in 
subsequent reviews (2, 3). Although these authors em- 
phasized clinical (acute versus chronic) and broad histo- 
logical (granulocytic versus lymphocytic) subtypes, sub- 
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sequent clinicopathological and cytogenetic studies have 
shown great heterogeneity within AML alone (4-6). Sev- 
eral recent studies have reported associations for prior 
cytotoxic and occupational exposures in comparisons 
across cytogenetically defined subtypes of AML (7-1 01, 
lending further support to the notion that etiology may 
differ across subtypes of disease. The current study was 
originally designed in 1981 to examine several known or 
suspected risk factors for AML. The data were recently 
reanalyzed to determine whether occupations with pos- 
sible electromagnetic exposure were more common in 
cases; as part of that reanalysis, two FAB histological 
subtypes (4) were also examined. 

Materials and Methods 

Patients. Newly diagnosed, pathologically confirmed 
cases were ascertained between May 1, 1982, and March 
1, 1983, from hospitals in the Texas Medical Center, 
including Methodist (n = 7), St. Luke’s (n = l), Ben 
Taub (n = I), and the Veteran’s Administration Medical 
Center ( n  = 2) hospitals, as well as the M. D. Anderson 
Cancer Center (n  = 49). Eligibility criteria were a pa- 
tient-age of at least 18 years and U.S. residency. Be- 
cause FAB subtype was not a major focus at the time 
the study was conceived, the pathology review was 
mainly intended to confirm the diagnosis. However, 44 
patients had been assigned FA6 diagnoses: M1 (n = 8); 
M2 ( n  = 13); M3 (n  = 2); M4  ( n  = 13); M5 (n = 6); 
or M 6  ( n  = 2); the remainder were acute undifferen- 
tiated leukemia (n = 1) or AML, not otherwise specified 
(n  = 15). 
Controls. Controls, located from admissions printouts, 
were individually matched to each case by age ( f 5  years), 
sex, race (white, nonwhite), and hospital. Eligibility cri- 
teria were the same as for cases but also included 
(a) lack of evidence of a hematological abnormality and 
(b)  admitting diagnosis for a condition other than 
cancer. Because M. D. Anderson predominantly serves 
cancer patients, controls were selected from Methodist 
Hospital. Most -(n = 30) comparison subjects had been 
hospitalized for coronary or pulmonary problems; how- 
ever, other diagnoses included diabetes (n = 71, gastroin- 
testinal (n  = 8) or endocrine disorders (n = 61, and other 
miscellaneous conditions (n = 9). Informed consent, us- 
ing procedures and documents approved by institutional 
review boards at each institution, was obtained from 
each subject prior to participation in this study. 
Data Collection Procedures. Study participants were 
contacted through their attending physicians. Each con- 
senting subject was interviewed by one of the first two 
authors using a questionnaire modified from other stud- 
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ies (1 1, 12). The interviewers were not blinded to the 
status of the patient. The interview was used to deter- 
mine demographic background; residential history; use 
of alcohol, tobacco, and coffee; occupational or avoca- 
tional exposure to chemicals, ionizing radiation, and an- 
imals; occupational history; brief medical history; and 
family history of cancer/leukemia. 

Occupation was coded using the Dictionary for 
Occupational Titles (13). Prior to coding any data, 
two algorithms for determining exposed occupations 
were developed. The first corresponded more or less 
to blue versus white collar and was based on general 
occupational categories at the two-digit level of the Dic- 
tionary for Occupational Titles system; the second was 
based on specific occupations thought by the authors to 
involve chemical exposures. A Dictionary for Occupa- 
tional Titles code algorithm proposed previously (14) for 
possible exposure to electromagnetic radiation was also 
used. 
Data Analysis. ORs and 95% confidence intervals for 
both matched (15) and unmatched (16) designs were 
calculated. Differences among groups for continuous 
variables were evaluated by either the Wilcoxon signed- 
rank test or, when the matching was broken, by the 
Mann-Whitney test. Confounding was evaluated by strat- 
ification and unconditional logistic regression (1 7) using 
the SPSS/PC and EPILOG statistical packages (18, 19). 

Results 
One AML patient was too ill to be interviewed, but 
otherwise there were no refusals in either group. Cases 
and controls were similar with respect to age (52.6 versus 
52.6 years), sex (50% female), race (8% black), marital 
status (72% versus 70% married), education (14.0 versus 
12.2 years of school), and mean number of lifetime jobs 
(4.1 versus 4.7 jobs). More cases were from Texas (38% 
versus 25%) or out of state (1 7% versus 15%), whereas 
60% of controls and 45% of cases were from the local 
six-county region. 

ORs were similar in both matched and unmatched 
analyses and, in order to maximize flexibility, matching 
was therefore dissolved for the analyses reported below. 
Medical Exposures. Cases (Table 1) were more likely than 
controls to have had a previous diagnosis of cancer (OR 
= 5.8); no other statistically significant differences were 
present; the OR for prior cytotoxic therapy was 3.2 (0.5, 
33.7). 
Tobacco and Alcohol Consumption. Cases were more 
likely to have used tobacco products other than ciga- 
rettes (OR = 2.7) and to have consumed hard liquor (OR 
= 2.2). No differences were present for cigarette use, 
amount smoked per day, or cumulative dose (as meas- 
ured by pack-years). When total alcohol consumption 
was converted to ounces consumed, no differences were 
present. 
Occupation. No statistically significant differences were 
present; the ORs for benzene exposure in the longest 
occupation and the occupation at diagnosis were 2.1 
(0.3, 23.6) and 4.2 (0.4, 211.0), respectively. Only one 
case reported the longest employment in an electrically 
exposed occupation as compared to four controls. 

Other Factors. Controls were more likely than cases to 
use self-serve gas-stations (OR = 0.4), whereas cases 
reported more exposure to cats (OR = 2.2). 
Stratified Analyses. When numbers permitted, the data 
in Table 1 were stratified by age ( a 5  years versus 45 or 
older), sex, and FAB subtype. Eight of the older cases 
reported a prior cancer versus none of the older controls; 
the OR was 1.0 for the younger stratum. The effect of 
prior cytotoxic therapy was limited to women (OR = 5.8) 
and was not present in men (OR = 1.0). The only other 
difference that emerged was a statistically significant 
increase in consumption of hard liquor in the younger 
patients (OR = 7.8). which was supported by a dose- 
response relationship with frequency of consumption ( x 2  
= 4.99; P = 0.03). This pattern was not observed for beer 
or wine or for total ounces of alcohol consumed. 
Histological Subtype. ORs for a history of prior cancer 
(OR = 12.9), prior cancer therapy (OR = 8.7), and ex- 
posure to benzene (OR = 8.7) during the longest occu- 
pation were statistically significant in comparisons involv- 
ing FAB M4 patients (Table 2). There were no associations 
with the 21 FAB M1/M2 patients. 

Unconditional logistic regression was used to eval- 
uate confounding. There was little evidence of confound- 
ing in models that included prior cytotoxic therapy and 
benzene exposure at the longest occupation and the 
demographic matching variables for all patients, FAB- 
M1/M2 or FAB M4, shown in Table 3 (A-C, respectively). 
A model with selected variables that were elevated in 
the univariate analysis is shown in Table 3 (D). The OR 
for cytotoxic therapy was reduced (from 3.2 to 2.51, and 
the OR for benzene exposure during the longest occu- 
pation increased (from 2.1 to 3.3) in the full model. With 
the exception of farm residence as an adult (reduced 
from 9.1 to 6.7), the adjusted estimates in the full model 
were similar to the univariate ones. 

Discussion 
In this study, exposures to prior cytotoxic therapy and 
benzene were reported more often by cases than con- 
trols, as was use of other tobacco and residence on a 
farm as an adult. The latter two associations may reflect 
a bias in the selection of comparison subjects, since the 
catchment area for M. D. Anderson i s  both metropolitan 
Houston and all of east Texas (a most!y rural region), 
whereas the comparison hospital tends to serve patients 
from the Houston metropolitan area. This may be re- 
flected in the greater proportion of  patients from outside 
the local region (55% versus 40%). On the other hand, 
farming has been associated with leukemia in several 
studies (20), although AML has not been specifically 
mentioned. 

Another potential source of bias in this study, be- 
sides referral patterns, is the fact that the interviewers 
were not blinded. Over 80% of the time, cases and 
controls were interviewed by the same individual, and 
attempts were made to restrict the study to well-defined, 
objective outcomes. It is  also reassuring that previously 
known risk factors were identified in this study; however, 
the possibility of an unconscious bias cannot be 
excluded. 

The proportion of AML cases secondary to prior 
cytotoxic therapy in this series may be higher than in 
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Table I Relative odds tor en\ironmental exoosures in 60 leukemia cases and controls 

Number of exposed 

in = 60) In = 60) ratio 

9596 confidence 
Cases Controls Odds interval 

Prior medical conditions 
Shingles 6 3 2.1 (0.4, 13.6) 
Hepatitis, any 3 4 0.7 (0.1. 4.6) 

Cancer (any)' 10 5.8 
Infectious mononucleosis J 1 2.0 (0.1, 122.01 

Cytotoxic cancer therapy 6 7 3.2 (0.5,33.7) 
Leukemia in relatives J 2 1 .o (0.1. 14.2) 

7 (1.1, 56.2) 

Tobacco or alcohol use, ever 
Cigarettes 
Other tobacco 
Beer 
Wine 
Hard liquor 

Occupation at diagnosis 
Benzene exposure 
Pesticide exposure 
Dyes, glues, etc.b 
Ionizing radiation 
Electrical occupations 
Specific occupations' 
General categoriesd 

Longest occupation 
Benzene exposure 
Pesticide exposure 
Dyes, glues, etc.* 
Ionizing radiation 
Electrical occupations 
Specific occupations' 
General categories" 

34 
14 
28 
18 
30 

4 
7 

1 
1 
0 
3 

16 

1 

16 1.2 
19 2.2 

1 4.2 
2 1 .o 
5 0.2 
3 0.3 
4 0.0 
4 0.7 
9 2.1 

2.1 
0.5 
0.4 
0.5 
0.2 
1.3 
1.3 

(0.3, 1.4) 
(0.9, 9.4) 
(0.7, 3.4) 
(0.5, 2.8) 
(1.0, 4.9) 

(0.4, 21 1 .O) 
(0.1. 14.2) 
(0.0, 1.8) 
(0.0,4.2) 
(0.0. 2.3) 
(0.1,4.3) 
10.8, 5.8) 

(0.3, 23.6) 
(0.0, 9.7) 
(0.1, 1.9) 
(0.1. 9.7) 
(0.0, 2.5) 
(0.3, 6.8) 
(0.5, 3.2) 

Other factors 
Farm residence < age 16 24 22 1.2 (0.5, 2.6) 
Adult farm residence 8 1 9.1 (1.1, 409.4) 

Possibly exposed hobbies 6 4 1.6 (0.4, 7.9) 

Coffee use 45 47 0.9 (0.3, 2.3) 

Self-serve gas for car 32 44 0.4 (0.2, 1 .OJ 

Exposure to cats 29 18 2.2 (1.0, 5.0) 

Excludes skin cancer. 
Includes contact with dyes, glues, lacquers, and varnishes. 
Based on decision rule for specific occupations. 
Based on two-digit DOT codes using decision rule described in the text. 

population-based series due to the fact that M. D. An- 
derson is  a major referral center. i f  so, this would tend 
to bias the point estimate upward. However, the point 
estimate (OR = 3.0) for secondary AML was generally 
compatible with estimates derived from a relatively short 
follow-up of Surveillance, Epidemiology and End Results 
patients, which ranged from 2.5 to 4.5 (211, but the risk 
may be considerably higher for FAB-M4. 

Although a low risk (relative risk < 2.0) for cigarette 
smoking and leukemia (predominantly AML) has been 
shown in several studies (22, 23), the current study did 
not permit a reasonable evaluation of this issue because 
( a )  most of the controls had been hospitalized for smok- 
ing-related conditions and (b) statistical power to detect 
an association was limited. Other case-control studies 
have failed to document this association (24, 25), includ- 
ing one at M. D. Anderson that used patients with non- 
tobacco-related cancers as controls (26) .  

There was no evidence for an increased risk of 
AML in persons employed in electrical or chemically ex- 

posed occupations (27). The wide confidence intervals 
around ORs for the occupational analyses reflect the 
low power of this study to detect any but very strong 
risks. Furthermore, the lack of sensitivity and misclassi- 
fication that occur with the use of job titles may have 
diluted any occupational effect that may have been 
present and may account for the lack of results in larger 
studies (28). It i s  noteworthy that these data were col- 
lected prior to a concern for electrically exposed occu- 
pations in AML. 

There also was no evidence of an association be- 
tween AML and selected viral diseases or avocational 
exposure to chemicals. Although the Third National Can- 
cer Survey suggested a possible association between 
AML and alcohol use (291, it was not present in these 
data. 

A surprising and unanticipated finding was that both 
prior cytotoxic therapy and benzene exposure were clus- 
tered in the FAB-M4 (AMML) patients. These results may 
be chance associations due to the number of compari- 
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Table 2 Odds ratios for selected environmental exposures in FAB subtypes 

95% confidence 
interval 

Number oi exposed 

Patients Controls 
Odds ratio' 

FAB-M 1 /M2 (n = 211 (n  = 60) 
Cancer (any)' 0 2 0.0 (0.0. 12.2) 

(0.0. 12.2) Cancer therapy 0 2 0.0 

Other tobacco, ever 6 6 3.6 (0.9. 15.3) 
Alcohol u5e. current 12 40 0.7 (0.2.2.1) 

Benzene exposure, longest oc- 1 2 1.5 (0.0. 22.2) 

.. ' 

Cigarettes, ever 5 23 0.5 (0.1. 1.7) 

Benzene exposure, occupation 2 1 6.2 (0.4, 184.2) 
at diagnosis 

cupation 

at diagnosis 

cupation 

General categories, occupation 4 5 2.6 (0.5, 13.0) 

General categories, longest oc- 6 9 2.3 (0.3, 8.6) 

FAB-M4d ( n  = 13) (n  = 60) 
Cancer (any)' 4 2 12.9 (1.6, 122.4) 

(1.0, 88.2) Cancer therapy 3 2 8.7 
Cigarettes, ever 4 23 0.7 (0.2, 3.0) 
Other tobacco, ever 3 6 2.7 (0.5, 15.2) 
Alcohol use. current 11 40 2.8 (0.5, 19.9) 
Benzene exposure, occupation 2 1 10.7 (0.7, 330.2) 

at diagnosis 

cupation 

at diagnosis 

cupation 

1 Benzene exposure, longest oc- 3 - 8.7 (1 .O, 88.2) 

General categories, occupation 1 5 0.9 (0.0, 9.6) 

General categories, longest oc- 3 9 1.7 (0.3, 8.8) 

Matching was broken and comparisons are for each subtype versus all control5. Numbers of patients with each subtype are in parentheses. 

dAcute myelomonocytic leukemia (M4). 

Acute myeloblastic leukemia with (M2) and without (Ml) maturation. 
Excludes skin cancer. 

Table 3 Odds ratios for selected risk factors using unconditional 
logistic regression 

95% 

intervals 
%:c confidence 

A. Known AML risk factors, all patients' 
Prior cancer therapy 3.7 (0.7, 19.9) 
Benzene exposure, longest occupation 2.6 (0.4, 15.2) 

8. Known AML risk factors, FAB-Ml/MZ patientsb 

Prior cancer therapy No exposed 
cases 

Benzene exposure, longest occupation 1.5 (0.1, 17.6) 

C. Known AML risk factors, FAB-M4 patientsC 

Prior cancer therapy 10.2 (1.4, 74.6) 
Benzene exposure, longest occupation 11.4 (1.6, 83.8) 

0. Selected variables with elevated ORs in the 
univariate analysis, all patientsC 

Prior cancer therapy 2.5 (0.4, 15.6) 
Benzene exposure, longest occupation 3.3 (0.5, 22.3) 
Other tobacco 3.4 (0.9, 12.7) 
Farm residence as an adult 6.7 (0.7,65.0) 
Exposure to cats 2.0 (0.9,4.6) 
General categories, occupation at diagnosis 2.7 (0.9. 8.2) 
Liquor 2.2 (0.9, 5.4) 

'Model included age as a continuous variable, sex (male = I), prior 
cytotoxic therapy (yes = I),  and benzene exposure at longest occupation 
(yes = 1). 

Same model as in A, except there were no cases of persons with prior 
cytotoxic exposure. 

Model was the same as A, with each exposure coded as a zero-one 
variable. 

sons made in this study, but it has been noted that AMML 
predominates in therapy-related AML (30). On the other 
hand, a review of the data from the Fourth Workshop on 
Chromosomes and Leukemia (31) indicates that the pro- 
portions of FAB-M4 patients in de novo (22%) versus 
therapy-related AML (20%) were similar. 

Reviews of AML and benzene exposure have not 
assessed histological subtype (32). The proportions of 
FAB-M4 in exposed and unexposed cases were similar 
(1 1% versus 17%) in Aksoy's series (33), and erythroleu- 
kemia (FAB-M6) was excessive. Other reports of ben- 
zene-exposed cases do not cite myelomonocytic or mon- 
ocytic leukemia as excessive (34-36). It is interesting to 
note that Fanconi's anemia patients almost exclusively 
develop AMML (37). A cluster of AMML in Turkish chil- 
dren, frequently accompanied by chloroma of the eye, 
was reported in 1971; no cause was determined, in spite 
of intense study (38, 39). 

The results of this study must be interpreted in light 
of the relatively small number of cases and the problem 
of an appropriate comparison group for M. D. Anderson 
patients. The extent to which the catchment areas for M. 
D. Anderson and the Methodist Hospital overlap is not 
known; however, it is unclear whether using other cancer 
patients from M. D. Anderson would improve matters 
substantially, because referral patterns vary by site and 
severity of disease. Thus it is difficult to state any defini- 
tive conclusions, but some leads for future epidemiolog- 
ical studies o f  AML have been suggested. This study also 
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reinforces the importance of histological and cytogenetic 
subclassification, noted in several reviews (6, 40-421, for 
tuture etiological studies of these diseases. 

Appendix: listing of Exposed Cases and Controls 

A. Cytotoxic Therapy for a Prior Disease 

Cases 
1. Breast cancer-diagnosed 3/75, treated with radiation and 

chemotherapy (5-fluorouracil, Adriamycin, cytoxan, meth- 
otrexate); AML diagnosed 11/82 (M4). 

2.  Ovarian cancer-diagnosed in 1978, treated with chemo- 
therapy (alkeran) for 1 year; AIML diagnosed 11/82 (NOS). 

3. Chronic lymphocytic leukemia-diagnosed in 1973, no 
treatment; AML diagnosed 8/82 (M4). 

4. Endometrial cancer-diagnosed 1975 and treated sur- 
gically; AML diagnosed 7/82 (M5). 

5. Hodgkin's disease-diagnosed 10/78, treated with chemo- 
therapy (cytoxan, nitrogen mustard, oncovin, procarbazine) 
and radiation through 2/80; complete remission until AML 
diagnosed in 3/82 (M4). 

6. Poorly differentiated lymphoma-diagnosed 1976, treated 
with chemotherapy (cytoxan, mustard, oncovin, procarba- 
zine, Adriamycin, bleomycin, VP-16 (etoposide), methyl- 
Gag, ifosfamide, methotrexate); AML diagnosed 1/83 (iM4). 

7. Ovarian cancer-diagnosed 1 /81, treated with chemother- 
apy (cisplatin, hexamethylmelamine, Adriamycin, cytoxan); 
AML diagnosed 6/82 (NOS). 

8. Breast cancer-diagnosed 9/72, treated with chemotherapy 
(5-fluorouracil, Adriamycin, cytoxan, methotrexate, cyclo- 
phosphamide, velban, thiotepa) and radiation; AML diag- 
nosed 9/82 (NOS). 

9. Chronic lymphocytic leukemia-diagnosed in 1973, no 
therapy; treated 6 months with i.v. methotrexate for pso- 
riasis in 1967; diagnosed with AML in 9/82 (NOS). 

10. Prostate cancer-diagnosed in 1955, treated surgically; di- 
agnosed with AML in 8/82 (NOS). 

Controls 
1. Thyroid cancer-thyroidectomy in 1972 and l 3 ' I  therapy in 

2 .  Pituitary adenoma-diagnosed in 1970, treated with exter- 
1978; interviewed in 4/83. 

nal brain radiation of unknown dose; interviewed in 4/83. 

B. Benzene-exposed Occupations 

Cases 
1. Railroad freight car repairman (20 years)-used benzene 

and other solvents while spray-painting cars in poorly ven- 
tilated area (M4). 

2. Quality control laboratory technician at a refinery (20 
years)-benzene was among a variety of solvents used in 
the laboratory (M2). 

3. Research associate in biochemistry (1 1 years)-trained in 
organic chemistry, used several solvents, including ben- 
zene, at work; concurrent exposures to a variety of muta- 
gens in molecular genetics research (M4). 

4. Pipefitter apprentice (1 year)-worked at a petrochemical 
company; was intermittently exposed, with heavy exposure 
during cleaning operations in storage tanks (M4). 

Controls 
1. Instrumentation and guidance engineer (20 years but retired 

at time of interview)-used benzene to clean instruments. 
2. House painter (14 years)-used oil-based paints in new 

house construction; also spray-painting. 

C. Electrical Occupations (Assessed by Job Title Alone) 

Cases 
1. Electrician (20 years) and electric train operator in a coal 

mine for 4 years prior to diagnosis-same as AS above (M4). 

Controls 
1. Instrumentation engineer at an oil company (16 years). 
2. Instrumentation and guidance engineer (20 years)-same 

3. Computer sales (25 years). 
4. Electronics technician (6 years). 

as BS above. 

References 
1. Kessler, I. I . ,  and Lilienield, A. M. Perspectives in the epidemiology ot 
leukemia. Adv. Cancer Res., 12: 225-302. 1969. 
2. 5zklo. M. Are further epidemiologic studies of leukemia needed? Am. 
I. Epidemiol., 112: 225-231, 1980. 
3. Linet. M. S. The leukemias: epidemiologic aspects. In: A. M .  Lilienield 
(ed.). Monographs in Epidemiology and Biostatistics, Vol. 6 .  New York: 
Oxford University Press, 1985. 
4. Bennett, I. M., Catovsky, D., Daniel, M .  T., et a/. Proposals for the 
classification of the acute leukemias. Br. I. Haematol., 33: 451 -458, 1976. 
5. Second MIC Cooperative Croup. Morphologic, immunologic and cy- 
togenetic (MIC) working classification of acute myeloid leukemia. Cancer 
Genet. Cytogenet.. 30: 1-15, 1988. 
6. Sandier, D. R., and Collman, C. W. Cytogenetic and environmental 
factors in the etiology of the acute leukemias in adults. Am. I. Epidemiol.. 
126: 1017-1032, 1987. 
7. Mitelman, F., Nilsson, P. C., Brandt, L., Alimena, C., Castaldi, R., and 
Dallaptccola. 6. Chromosome pattern, occupation, and clinical features 
in patients with acute nonlymphocytic leukemia. Cancer Genet. Cyto- 
genet., 4: 197-214, 1981. 
8. Colombe, H. M., Alimena, C., Rowley, 1. D., Vardiman, 1. W., Testa, 
I .  R.. and Sovik, C. Correlation of occupation and karyotype in adults 
with acute nonlymphocytic leukemia. Blood, 60: 404-41 1, 1982. 
9. Fourth International Workshop on Chromosomes in Leukemia, 1982. 
Correlation of karyotype and occupational exposures to potential muta- 
genic/carcinogenic agents in acute nonlymphocytic leukemia. Cancer 
Genet. Cytogenet., 1 I :  326-331, 1984. 
10. Crane, M. M., Keating, M. I., Trujillo, 1. M., Frankowski, R., and 
Labarthe. D. R. Environmental exposures in cytogenetically defined sub- 
sets of acute nonlymphocytic leukemia. IAMA, 262: 634-639, 1989. 
1 1. Buffler, P. A., Pickle, L. W., Mason, T. I., and Contant, C. The causes 
of lung cancer in Texas. In: M. Mizell and P. Correa (eds.), Lung Cancer: 
Causes and Prevention, pp. 83-99. Deerfield Beach, F L  Verlag Chemie 
International, Inc., 1984. 
12. Graham, S. L., Levin, M. L.. Lillienfeld. A,, et a/ .  Methodological 
problems and design of the tristate leukemia survey. Ann. N.Y. Acad. 
Sci.. 107: 557-569, 1963. 
13. Depanment of Labor. Dictionary of Occupational Titles, Ed. 4. Wash- 
ington, D.C.: Department of Labor, 1977. 
14. lohnston, C. C., and Spitz, M. Childhood nervous system tumors: an 
assessment of risk associated with paternal occupations involving use, 
repair or manufacture of electrical or electronic equipment. Int. I. Epi- 
demiol., 18: 756-762, 1989. 
15. Cornfield, J. A method of estimating comparative rates from clinical 
data: applications to cancer of the lung, breast and cervix. I .  Natl. Cancer 
Inst.. 11: 1269-1275, 1951. 
16. Miettinen, 0. 5. Estimation of the relative risk from individually 
matched series. Biometrics, 26: 76-86, 1970. 
17. Breslow, N. E., and Day, N. E. The analysis of case-control studies. 



8 ' ' , I88 Histological Subtype a5 a Marker for Environmental Exposures 
I' * 

In: Statistical Methods in Cancer Research, Vol. 1, pp. 192-246. Lyon: 
International Agency for Research on Cancer, 1980. 
18. Norusis, M. I .  SPSS/PC+. Chicago: SPSS, Inc.. 1986. 
19. Epicenter Software. EPILOG, Version 3. Pasadena: Epicenter Soft- 
ware, 1987. 
20. Blair, A,, Malker, H., Cantor, K., Burmeister, L., and Wiklund, K. 
Cancer among farmers: a review. Scand. I. Work Environ. Health, 1 I ;  

21. Curtis, R. E., Hankley, B. F., Myers, M. H., and Young, 1. L. Risk of 
leukemia associated with first course of cancer treatment: an analysis of 
the Surveillance, Epidemiology and End Results program experience. I .  
Natl. Cancer Inst.. 72: 53 1-544, 1984. 
22. Austin, H., and Cole, P. Cigarette smoking and leukemia. I. Chronic 
Dis., 39: 417-421, 1986. 
23. Severson, R. K. Cigarette smoking and leukemia. Cancer (Phila.), 60: 

24. Flodin, U., Persson, 6.. Fredriksson, M., et al. Background radiation, 
electrical work, and some other exposures associated with acute myeloid 
leukemia in a case-referent study. Arch. Environ. Health, 4 J: 7744,1986. 
25. Kabat. G. C., Augustine, A., and Hebert, I. R. Smoking and adult 
leukemia: a case-control study. 1. Clin. Epidemiol., 41:  907-914, 1988. 
26. Spitz, M.  R. ,  Feuger, ). I., Newell, C. R., and Keating, M. 1. Leukemia 
and cigarette smoking. Cancer Causes Control, I :  195-196, 1990. 
27. Coleman, M., and Beral, V. A review of epidemiological studies of 
the health effects of living near or working with electricity generation and 
transmission equipment. Int. 1. Epidemiol., 17: 1-13, 1988. 
28. Linet. M. S., Malker, H. 5. R., McLaughlin, 1. K., et a/. Leukemia and 
occupation in Sweden: a registry-based analysis. Am. I. Ind. Med.. 74: 

29. Williams, R. R., and Horm, I .  W. Associations of cancer sites with 
tobacco and alcohol consumption and socioeconomic status of patients; 
interview study from the Third National Cancer Survey. 1. Natl. Cancer 
Inst., 58: 525-547, 1977. 
30. Creene, M. H. Epidemiologic studies of therapy-related acute leu- 

397-407,1985. 

141-144, 1987. 

3 19-330,1988, 

kemia. In: A. Castellani (ed.), Epidemiology and Quantitation of Environ- 
mental Risks in Humans from Radiation and Other Agents-Potential 
and Limitations, pp. 499-514. New York Plenum Press, 1985.' 
31. Fourth International Workshop on Chromosomes in Leukemia, 1982. 
Organization. Cancer Genet. Cytogenet., I I :  259-264, 1984. 
32. Austin, H., Delzell, E., and Cole, P. Benzene and leukemia: a review 
of the literature and a risk assessment. Am. 1. Epidemiol., 127: 419-439, 
1988. 
33. Aksoy, M. Malignancies due to occupational exposure to benzene. 
Am. J. Ind. Med., 7: 395-402, 1985. 
34. Yin, S-N., Li, C-L., Fu, 2-1.. lin, C., et a/. Leukaemia in benzene 
workers: a retrospective cohort study. Br. 1. Ind. Med., 44: 124-128, 
1987. 
35. Rinskv. R. A,. Smith, A. 8.. Hornuna. R.. Filloon. T. C.. et a/. Benzene 

I 

and leukemia: an epidemiologic risk assessment. N. End. ). Med., 316: 
1044-1050, 1987. 
36. Wong, 0. An industry-wide mortality study of chemical workers 
occupationally exposed to benzene. 1. General results. Br. I. Ind. Med., 

37. OCorman Hughes, D. V. Aplastic anaemia in childhood. 11. Consti- 
tutional aplastic anaemia and related cytopenias. Med. ). Aust., I: 519- 
526, 1974. 
38. Cavdor, A. O., Arcasoy. A., Cozdasoglu. S., et a/ .  Ocular granulocytic 
sarcoma (chloroma) with acute myelomonocytic leukemia in Turkish 
children. Cancer (Phila.), 41: 1606-1609, 1978. 
39. Cavdar, A. 0.. Arcasoy, A., Gozdasoglu, S., et a/. Chloroma-like 
ocular manifestations in Turkish children with acute myelomonocytic 
leukemia. Lancet, I :  680-682, 1971. 
40. Rowley, I .  D. Chromosome changes in leukemic cells as indicators 
of mutagenic exposures. In: I. D. Rowley and I. E. Ultman (eds.), Chro- 
mosomes and Cancer, pp. 139-159. New York Academic Press, 1983. 
41. Keating, M. 1.. Cork, A,, Broach, Y., et a/. Toward a clinically relevant 
cytogenetic classification of acute myelogenous leukemia. Leuk. Res., J I: 
119-133,1987, 
42. Rowley, 1. D. Chromosome abnormalities in leukemia. I. Clin. Oncol., 
6: 194-202, 1988. 

44: 365-381, 1987. 


