re e

P S

S

i e — n " ———— e, .

PLAINTIFE’S
EXHIBIT

|56

Leukemia (1995) 9,693499
wStockton Press All rights reserved 0887-6924/95 $9 00

e

Exposure to occupational and environmental factors in myelodysplastic syndromes.

Preliminary results of a case-control study
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We performed a case-control study of occupational ana
environmental risk factors In myelodysplastic syndromes
(MDS) diagnosed at our institution, using the method of Siemia-
tycki. A control for each MDS case, matched for age, sex, and
residence area was chosen. The questionnaire asked demo-
graphic data, medical history, and information on life-time
environmental and occupational exposures. Occupational
exposures were first assessed by job titles, then by evaluating
exposure to a list of 70 chemicals, and the level and duration
of exposure to those chemicals (exposure index). In the first
100 cases and controls analyzed, a significantly higher inci-
dence of smokers or ex-smokers was seen in MDS cases (odds
ratio, OR = 1.83, P = 0.03). A significant excess of MDS was
found In male patients with jobs (or previous jobs) generally
exposing to chemical compounds, including plant and machine
operators and assemblers (odds ratio, OR = 3.73, P=0.014)
whereas, on the contrary, technicians and associate pro-
fessionals were more often seen in controls (OR = 0.17,
P =0.02). Inmales, there was also atrend for more skilled agri-
cultural workers and coal miners in MDS cases. In females,
there was a non-significant trend for more professionals in con-
trols. After adjusting for sex, age and smoking habits, signifi-
cantly more frequent exposure to stone dusts (OR = 3.06,
P=0.011), and cereal dusts (OR = 2.27, P-0.04)was found.
There was also a trend for higher incidence of exposure to
exhaust gases and nitro-organic explosives. In addition, sig-
nificantly higher exposure indices to petrol and diesel deriva-
tives (P=0.03) and to fertilizers (P=0.003) were seen in MDS
cases, as compared to controls. No significant difference in
exposure to other chemicals was seen between MDS cases and
controls. These preliminary results of our study, which is
accruing more cases, suggest, as two previously published
case-control studies of risk factors in MDS, that exposure to
some chemicals may be Involved in the pathogenesis of MDS.
Keywords: myelodysplastic syndromes; occupational exposure;
acute myeloid leukemia

introduction

Myelodysplastic syndromes (MDS) are clonal disorders of
hematopoietic stem cells, characterized by ineffective hema-
topoiesis leadingto blood cytopenia, and by a high incidence
or progression to acute myeloid leukemia (AML)."

Etiological factors of MDS remain poorly known. One of
the reasons is that MDS have only recently been well charac-
terized? and distinguished from aplasia and AML, especially
in epidemiological studies or registries.’? A familial predis-
position has been found in the rare cases of MDS occurring
in childhood® and, although to a lesser extent, in MDS occur-
ring in young adults.®* AML occurring after exposure to anti-
neoplastic drugs (mainly alkylating agents) are preceded by a
phase of MDS in the majority of cases.”® Likewise, a review
of cases of AML secondary to ionizing irradiation (especially

Correspondence: P Fenaux, Service des Maladies du Sang, CHU 1,
Place de Verdun, 59037 Lille, France
Received 21 June 1994; accepted 8 December 1994

in atomic bomb survivors)' and to benzene exposure®'” found
that they were often preceded by a documented or suspected
phase of MDS. Case-control studies or case reports have also
incriminated exposure to several other compounds in the eti-
ology of AML, including solvents other than benzene (xylene
and toluene),"" ethylene oxide,"”" pesticides and herbi-
cides,'#" chloramphenicol,’ radon,'® and electromagnetic
fields.' *'® An increased risk of dying from AML has also been
observed in farmers and other agricultural workers.'” How-
ever, apart from alkylating agents, ionizing irradiation and
benzene, a role for occupational or environmental exposure
to other agents had not been demonstrated in the etiology of
MDS until recently." Two recent case-control studies, which
included about 60 and 50 patients, respectively, addressed
this issue. Farrow et af'® found a higher incidence of exposure

to ammonia, petrol and diesel fumes in MDS than in controls.
Goldberg et al° on the other hand, found more frequent

exposure to pesticides in MDS cases than in controls.

We performed a case-control study of occupational and
environmental factors associated with MDS. Results of the first
100 patients analyzed are presented here.

Patients and methods

In September 1991, a casesontrol study of occupational and%
environmental risk factors of MDS was started at our insti-’?,
tution. All cases of MDS (according to French—American—Brit-ﬁs
ish (FAB) diagnostic criteria)' diagnosed in the Department of-;::

Hematology of the University Hospital of Lille were includecl,‘g

with the exception of MDS secondary to antineoplastic agents2
and patients who did not have the ability to answer the ques-ffi
tionnaire. Data of the first 100 patients, diagnosed between
September 1991 and July 1993, are analyzed here.

Overall, we used the same methodology as Farrow et al.'”
This method, described by Siemiatycki** for identifying car-
cinogens in an occupational environment, includes a control
for each MDS case, matched for age (x5 years) and sex. One
of the major differences with the study of Farrow et al was
that the control for each MDS case was randomly chosen
among the patients of the general practitioner of the MDS case
rather than in outpatient clinics taking place in our hospital.
Controls with cancers, blood or dermatological disorders, and
those who did not have sufficient ability to answer the ques-
tionnaire were excluded.

A trained physician interviewed the cases and their appro-
priate controls using a questionnaire. The questionnaire was
similar to that used by Farrow et al,'® translated into French.
All interviews were carried out in the patient's (or control's)
home. Confidential information included demographic data,
lifetime residence, medical history including drugs, diagnostic
X-ray procedures, radiotherapy, operations, past illnesses,
smoking habits, and hobbies. Occupational history was first
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assessed by job title (according to the classification of the
International Labour Office).?? Detailed analysis of each job
was then made in order to estimate as precisely as possible
exposureto a list of 70 chemicals whose list had been chosen
based on literature data and on substances suspected of hav-
ing causal links with leukemias. Finally, the level (Low level
= 1:indirect exposure; Medium level = 2: direct contact; High
level = 3: direct contact and inadapted conditions of use), fre-
quency and duration of exposure to a given substance was
evaluated. An exposure index was then calculated (Index =
(hours a day X days a year X number of years X level of
exposure)/10?) for each substance. Exposure to potential toxic
compounds during hobbies were also taken into account for
the calculation or exposure indices. All questionnaires were
blindly reviewed by the Medical Occupational Inspector
of our region in order to reassess the job exposures over
the occupational history according to the method of Siemia-
tycki.?!

The total bone marrow dose irradiation from diagnostic
radiology was evaluated using the mean dose calculated by
Shlein et al*? for each type of radiological examination (X
(dose X number of examinations)).

Statistical analysis was performed with SAS software. For
job titles, the analysis was performedon the entire population,
and separately in males and females. Odds ratios (OR) were
calculated without adjustment, for the different jobs held over
at least 6 months, those jobs being included in major groups
and subgroups according to the International Labour Office
(ISCO 88).2? Adjustment of OR for age and sex, using Mantel-
Haenszel x? tests, showed equivalent OR, and are not shown.
For the analysis of exposure to the 70 chemicals and other
substances, a logistic regressionwas used to adjust OR on age,
sex and smoking habits. Finally, quantitative data (exposure
indices) were compared using a non-parametric test
(Wilcoxon test) as normality was not assumed.

Results

Initial characteristics of the patient and control
populations

Median age of the patients was 70 years (range 31-87). Eighty
patients were aged between 60 and 80, two were aged more
than 80 and 18 less than 60. There were 56 males and 44
females. According to FAB classification, there were 28 cases
of refractory anemia (RA), 10 cases of refractory anemia with
ringed sideroblasts (RARS), 26 cases of refractory anemia with
excess of blasts (RAEB), 12 cases of RAEB in transformation
(RAEB-T), and 24 cases of chronic myelomonocytic leukemia
(CMML). Median age of the control population was 69 years
(range 32-91) and controls included 56 males and 44 females
(Table 1).

As seen in Table 1, the socio-economic status was not sig-
nificantly different in patients and controls, and remained so
after adjustment for sex and age (Mantel-Haenszel *: 3.02;
P=0.082).

Demographic data, medical history and environmental
exposures

Eighty-nine of the patients and 89 of the controls had at east
one child. The mean number of children in those persons was

Table 1 Socio-economic characteristics of the MDS and control
populations
MDS cases Controls P value
Sex
Male 56 56 NS
Female a4 44 (x? test)
Age (mean * SD) 67.7* 12567 * 125 NS

(Wilcoxon lest)

Socio-economic status”

Groups 0, 1,2, 3 14 27 NS
Groups 4, 5 23 23 (x? test)
Group 6 12 3

Group 7 24 24

Group 8, 9 22 17

Unemployed 5 6

2According to the International Labour Officemajor groups (ISCO-
88) and based on the last job held at the time o the study

2.9 * 1.6 in MDS cases, and 3 * 1.7 in controls (difference
not significant).

No documented familial history of hematological malig-
nancy, aplasia or MDS was found in patients and controls.
Past health was analyzed by classifying diseases in 14 speci-
alty groups, but none showed significant association with
MDS. No differences between patients and controls were
found for previous medical or surgical treatments. Past immu-
nizations could not be adequately analyzed in many patients
and controls, who had forgotten those data and/or lost
adequate medical documents. Fifty-nine of the MDS cases
were current smokers or ex-smokers, as compared to 44 of the
controls, and the difference was significant (P=0.03, Table 2).
On the other hand, the risk of MDS was not higher in heavy
smokers than in light smokers, as there was no clear dose
response pattern, even after adjustment for age and sex, using
a logistic regression (P=0.164).

When past radiodiagnostic procedures were examined and
cumulative irradiation to the bone marrow calculated we
found that, surprisingly, MDS patients had been submitted to
a significantly lower cumulative dose than controls (13.4 *
14.8 mGy and 18.5 * 17.9, respectively, P= 0.04).

No differences in the life-time hobbies of the patients and
controls (including gardening, decorating, car maintenance,
hobbies using paints and glues) were statistically significant,
but slightly more controls (85%) than MDS patients (75%) had
been involved in gardening.

Occupational exposure

Analysis by job titles: We first analyzed job titles, classi-
fied according to the International Labour Office Classification
(ISCO 88),%? for major groups (Table 3) and for different jobs
in those major groups. This was done in all cases and separ-
ately in males and females. The mean number of jobs held
for at least 6 months was 1.93 (*1.3) in MDS patients, and
1.78 {(=1.1) in controls (difference not significant, Wilcoxon
test). By analyzing males and females together, the compari-
son of jobs held for at least 6 months showed an overall sig-
nificant excess of MDS in plant and machine operators and
assemblers (group 8) (odds ratio (OR)= 3.12, P = 0.012, ¥?
lest) and, on the contrary a significant excess of technicians
and associate professionals in controls (OR =0.28, P = 0.004).
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Table2  Smoking habits 695
MDS cases  Controls Odds ratio P value
(95% confidence interval)
Smokers 59 4 1.83(1.04-3.21) 0.03 (x* test)
(Currentand ex-smokers)
Non-smokers 41 56 0.55 (0.31-0.96)
Pack-years
0 41 56 0.55 (0.31-0.96) NS (x? test)
1-10 15 12 1.29(0.57-2.93)
11-20 15 6 2.76 (1.06-7.24)
21-30 8 7 1.15(0.4-3.32)
>30 21 19 113 (0.56-2.27)

Pack-years, number of packs per day x number of years

The excess of MDS cases in group 8 was restricted to males
(OR: 3.73, P =0.014). In males, an excess of MDS cases as
compared to controls was seen in several categories of this
group, including metal plant operators (two cases, one
control), wood and paper plant operators (two cases, one
control), machine operators (three cases, one control), drivers
(four cases, two controls) but differences were not significant,
probably because of the low figures in each category. By con-
trast, technicians and associate professionals (group 3) were
significantly more represented in controls in males (OR:0.17,
P =0.002). The odds ratio (OR)for MDS cases were slightly
increased in craftsmen (group 7) skilled agricultural workers
(group 6) people with elementary occupations (group 9) in
males but differences with controls were not significant. Of
note is that 13 of the MDS cases had been coal miners (a job
included in group 7), as compared to seven of the controls,
as coal mining was until recently a major economic activity
in our region. The difference however, was not significant (P
=0.16).

In females, very few MDS and controls belonged to groups
3 and 8, which made comparison difficult in those groups.
No differences were found between MDS cases and controls
for group 7 (which included almost exclusively textile workers
in females). There was a non-significant trend for more con-
trols than MDS cases in females in group 2 (OR =0.15, P =
0.11, Fisher's exact test). This group, in females, almost
exclusively included teaching professionals.

Detailed analysis of exposures: We subsequently ana-
lyzed in a detailed interview previous occupational and
environmental exposure to a list of 70 substances. A compari-
son between the number of exposed MDS and controls was
studied when at least four persons in each group had been
exposed. Odds ratio were adjusted for age, sex, and smoking,
using a logistic regression. As seen in Table 4, previous
exposure to stone dusts (OR = 3.06; P=0.011) and cereal
dusts (OR=2.27; P=0.04)was significantly more frequent in
MDS cases than in controls. There was also a trend for more
frequent exposure of patients to exhaust gases (OR = 2.19)
and nitro-organic explosives (OR = 2.46) but the difference
with controls was not significant. Exposure to stone dusts
mainly concerned coal mining, whereas exposure to nitro-
organic explosives was only seen in that job.

Quantification of exposures: Finally, in MDS patierits and

controls with previous exposure to one of the 70 specific
chemicals and substances analyzed, an exposure index, taking
into account the time of exposure during life, its intensity and
the route of exposure was calculated. Exposed MDS cases
were found to have a significantly higher exposure index to
petrol and diesel derivatives (P=0.03) and to fertilizers
(P=0.003) than exposed controls (Table 5). These differences
were related to differences in intensity rather than duration of
exposure, as the mean duration of exposure was comparable
for all the compounds analyzed in MDS cases and controls.

Discussion

To our knowledge, only two case-control studies investigating
the relationship between MDS and previous occupational or
environmental exposure to specific chemicals have been pub-
lished.'®2° Our case-control study was based on the protocol
established by the Cardiff group which performedone of those
studies, with few modifications.” We used the same struc-
tured questionnaire and the job exposure analysis based on
the Siemiatycki methodology.?!

In case-control studies, the choice of controls is of major
importance. Contrary to Farrow et al,'* we did not choose
controls among outpatients referred to other departments of
our hospital. The reason was due to differences in the British
and French health care systems. Indeed, there is in France for
most specialities (but not for Hematology, at least in our
region), a large private sector which on average treats people
with higher socio-economic status. The public hospital sector,
on the other hand, treats a higher proportion of people
belonging to the working class, ie with a potentially higher
risk of occupational exposure to toxic compounds. Choosing
controls in other departments of our hospital could therefore
have created a recruitment bias. The choice of controls among
the patients of the general practitioner of the MDS cases,
among other advantages, allowed matching for the area of
residence. Cases and controls were also matched for age and
sex. The socio-economic status was not significantly different
in MDS cases and controls, supporting the absence of selec-
tion bias. On the other hand, although the interviewer was
normally blind as to the patient-control status, many patients
and controls revealed their status, and one cannot exclude
that this could have created some bias in the analysis. Still,
the analysis was performed only on the exposures assessed
by the occupational inspector who coded each questionnaire
blindly 1o the status.
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Table 4
ents and controls
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Previous exposure to some of the 70 specific substances studied in the questionnaire in MDS pati-

Substance No. of exposed persons Odds ratio (95% confidence interval)
MDS cases Controls
Explosives 13 6 2.46(0.84-7.14)
Petrol and diesel 18 18 1(0.47-2.15)
Oils and greases 16 14 1.46(0.6-3.52)
Coal Tar 6 5 1.08(0.3-3.85)
Exhaust gases 23 12 2.19(0.95-5.06)
Solvents 28 27 1.08(0.54-2.17)
Paint, varnishes 18 19 0.88(0.4-1.9)
Glues, adhesive 10 8 1.2(0.43-3.32)
Sulfuric or hydrochloric acid 6 7 0.91(0.27-3.03)
Ammonia fumes 10 6 1.57(0.53-4.18)
Insecticides 13 13 0.89(0.38--2.14)
Pesticides 11 13 0.66(0.27-1.61)
Herbicides 18 23 0.64(0.31-1.31)
Fertilizers 21 19 1.1(0.54-2.28)
Woodworm treatment 9 7 1.26(0.43-3.67)
Copper 4 6 0.67(0.17-2.68)
Metal dust 8 8 0.81(0.28-2.37)
Asbestos 4 5 0.86 (0.2-3.6)
Stone dust 24 11 3.06 (1.28-7.32)"
Cotton dust 15 12 1.45(0.61-3.47)
Cereal dust 24 12 2.27 (1.04-4.97)

Odds ratio are adjusted for age, sex, and smoking, using a logistic regression.

2P =0.011.
bP =0.04

Table 5

Mean exposure indices in MDS cases and controls exposed to a given substance

Substance Mean exposure indices (range) P value (Wilcoxon test)
MDS cases Controls
Explosives 18(0.2-88) 17 (0.2-37) NS
Petrol and diesel 85(0.5-250) 35 (0.02-190) 0.03
Oils and greases 43(0.2-195) 87 (4-334) NS
Coal Tar 61(14-167) 50 (0.6-230) NS
Exhaust gases 66 (4-250) 90 (23-231) NS
Solvents 8(0.01-51) 8 (0.02-65) NS
Paint, varnishes 29(0.06-205) 17 (0.4-123) NS
Glues, adhesive 57 (0.1-435) 5 (0.12-25) NS
Sulfuric or hydrochloric acid 5(0.03-14) 3 (0.06-10) NS
Ammonia fumes 8(0.3-40) 14 (0-38) NS
Insecticides 2(0.06-13) 3 (0.02-41) 0.03
Pesticides 2(0.01-13) 0.4(0.01-4) NS
Herbicides 2(0.01-13) 0.3(0.01-4) NS
Fertilizers 4(0.01-47) 1 (0.01-14) 0.003
Woodworm treatment 4 (0.1-25) 04(0.01-1) NS
Copper 20 (0.9-40) 23 (1.1-69) NS
Metal dust 17(0.5-53) 25 (2.5-96) NS
Asbestos 34(0.5-111) 15 (0.8-41) NS
Stone dust 92(0.7-275) 94 (1.6-222) NS
Cotton dust 31(2.7-184) 57 (1.7-276) NS
Cereal dust 19(0.9-154) 14 (0.4-43) NS

Farrow et al'® observed significantly more celibates among
male patients than controls, a finding we could not evaluate
because marital status was not included in our questionnaire.
We did not confirm, however, their finding that MDS patients
were more often childless than controls. Insufficient infor-
mation was obtained in patients and controls for past immuni-

zations, and this did not allow us to confirm or not the higher
incidence of previous poliomyelitis immunization found by
Farrow et a/'® in controls. As these authors, we found no dif-
ference in medical history and previous treatments in patients
and controls. We found a significantly higher incidence of
smokers and ex-smokers in patients than in controls, which
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had not been previously reported in MDS, to our knowledge.
However, two case-control studies have shown a significantly
higher risk of AML in cigarette smokers.24-2%

We found, unexpectedly, that controls had a higher calcu-
lated bone marrow irradiation by X-ray diagnostic procedures
than MDS patients. An explanation to this difference could
have been that patients chosen as controls for the study were
often regular patients, who possibly had more frequent medi-
cal surveillance (including X-ray procedures) than a general
population of the same age.

The odds ratio for job titles showed an excess of cases in
jobs usually associated with exposure t0 chemicals. However,
possibly owing to the small humber of patients in each major
group, no specific jobs could be incriminated. By contrast,
jobs where less exposure to chemicals is generally observed
were more frequent in controls. A relatively high odds ratio
was found in skilled agricultural workers but the difference
with controls was not significant. Several previous studies
have shown an increased risk of AML among farmers, and
suggested that this could be the consequence of chemical
exposures.' 17

Evaluation of exposure t0 a list of 70 chemicals during life-
time, including occupation time and hobbies, found signifi-
cantly more frequent exposure to stone dusts and cereal dusts
and a trend for more frequent exposure to exhaust gases in
MDS patients, as compared 10 controls, after adjustment on
sex, age, and smoking habits. The excess of exposure to
exhaust gases in MDS cases is in agreement with the findings
of Farrow et al'®> and those of Richardson in AML.'* Contrary
to the report of Farrow et al,'® the number of MDS cases and
controls previously exposed to petrol and diesel fumes or
liquids was equivalent, but the mean exposure index was sig-
nificantly more elevated in MDS cases. This stresses the inter-
est of calculating the exposure index for each chemical, and
suggests that the toxicity of some chemicals may occur above
a certain threshold or is cumulative over time. A previous case
control study had demonstrated a higher incidence of AML in
petrol station attendants, and a potentiation of the leukemo-
genic effects of benzene by other petrol or vehicle exhaust
components had been suggested.?® In the report of Goldberg
et al,’® a trend for higher incidence of exposure to solvents
(including benzene)was found in MDS patients, as compared
to controls, but the difference was not significant.

Significantly more frequent exposure to stone dusts was also
found in MDS patients than in controls. Stone dusts were gen-
erally silica and exposure mainly involved coal mining, a
major industrial activity in our region until recently. Coal
miners were somewhat more frequent (although not
significantly) in MDS cases than in controls. Coal mining
exposes not only to stone dusts, but also to exhaust fumes
and to nitro-organic explosives, for which a non-significantly
higher incidence of exposure was seen in MDS cases. Nitro-
organic explosives include nitroglycerine, ethylene glycol
dinitrate and trinitrotoluene, and the two latter chemicals have
been incriminated in the pathogenesis of leukemia and aplas-
tic anemia, respectively."?7?% Therefore the nature of the
compounds which could be responsible for the excess of MDS
in coal miners remains uncertain.

In the present study, there was no increased exposure to
herbicides, pesticides or insecticides in MDS cases, as com-
pared to controls, both for the number of cases and the
exposure index, and this did not confirm the results of Farrow
et al'” who found that the number of MDS patients and con-
trols exposed to insecticides, herbicides, and pesticides did

not differ, but that their exposure indices were significantly
higher in MDS cases. A history of exposure to pesticides was
also significantly more often found in MDS cases than in con-
trols by Goldberg et al,?® and in AML preceded by an MDS
phase than in AML of acute onset in another report.2? Insecti-
cides and pesticides had also been previously incriminated in
leukemogenesis.'>'* On the other hand, in our study, a larger
number of MDS cases had been exposed to cereal dusts and
mean exposure to fertilizers was significantly higher in MDS
cases, these findings being in agreement with the larger num-
ber of farmers in MDS. No excess of exposure to cereal dusts
had previously been reported in MDS.'9-2¢

Finally, Farrow et al reported a significantly higher inci-
dence of exposure to ammonia, a non-significant trend for
chromium, lead and tin compounds and higher exposure indi-
ces to copper compounds in MDS patients, but we could not
confirm these findings.

In conclusion, these preliminary results suggest, as the
reports of Farrow et al'® and Goldberg et al® a possible link
between exposure t0 some chemicals and MDS. In spite of
preventive measures, benzene or other suspected substances
including aromatic polycyclic hydrocarbons, contained in
exhaust gases and petrol derivatives, could be incriminated
in some cases. Fertilizers, insecticides and pesticides used by
gardeners and/or agricultural workers, could also be impli-
cated. Our findings of a higher incidence of MDS in smokers
(and to a lesser extent in coal miners) will have to be con-
firmed, and the nature of the causative chemical(s) deter-
mined. Recent reports have suggested an increase in the inci-
dence of MDS over the last few years'?° and, in a British
Registry of Hematological Disorders thought to be associated
with occupational hazards, MDS was the most frequent." if
this increase does not only correspond to improved diagnosis
of MDS in recent years, better identification of the chemicals
possibly involved in the pathogenesis of MDS will have to be
made, and preventive measures taken. Final results of this
case-controlanalysis, which should include a total of 300 pat-
ients and 300 controls, should contribute to the answer to
this question.

Acknowledgements

The authors are indebted to Dr R West and to the late Prof A
Jacobs for their help throughout this study. Supported by the
Centre de Recherche en Santé, Travail, Ergonomie (CERESTE),
by the Comité du Nord and Comité du Val d’Qise of the Ligue
contre le Cancer and by the Fondation de France (Fondation
Weisbrem-Berenson).

References

1 Oscier D. Myelodysplastic syndromes. Baillieres Clin Haematol
1987; 1: 389-426.

2 Bennett )M et al. Proposals for the classification of the myetodys-
plastic syndromes. Br ] Haematol 1982; 51: 189-195.

3 Mole R. lonizing radiations and human leukemia. In: Henderson
E, Lister T (eds). Leukemia, 5th edn. Saunders: Philadelphia,
1990, 253.

4 Rosner F Grunwald H. Chemicals and leukemia. In: Henderson
E, Lister T (eds). Leukemia, 5th edn. Saunders: Philadelphia, 1990,
pp 271-290.

5 Gadner tl, Haas OA. Fxperience in pediatric myelodysplastic syn-
dromes. FHenato! Oncol Clin N Am 1992; 6:655-672.

6 Fenaux P etal. Denovo myelodysplastic syndromes in adults aged




50 or less. A report on 37 cases. Leukemia Res 1990; 14:
1053-1059.

7 Pedersen-Bjergaard ) et a/. Chromosome aberrations and prognos-
tic factors in therapy-related myelodysplasia and acute nonlym-
phocytic leukemia. Blood 1990; 76: 1083-1091.

8 Levine EC, Bloomfield CD. Leukemias and myelodysplastic syn-
dromes secondary to drug, radiation, and environmental exposure.
Semin Oncol 1992; 19: 47-84.

9 Aksoy M. Malignanciesdue to occupational exposure to benzene.
Am J Ind Med 1985; 2: 217-245.

10 Brandt L. Exposure to organic solvents and risk of haematological
malignancies. Leukemia Res 1992; 16: 67-70.

11 Hogstedt C, Aringer L, Gustavsson A. Epidemiologic support for
ethylene oxide as a cancer-causing agent. JAMA 1986; 255:
1575-1578.

12 Brown LM et al. Pesticideexposures and other risk factors for leu-
kaemia among men in lowa and Minnesota. Cancer Res 1990;
50: 6585-6591.

13 Kichardson S et al. Occupational risk factors for acute leukemia:
a case-control study. int J Epidemiol 1992; 21: 1063-1072.

14 Schmitt-Graff A. Chloramphenicol-induced aplastic anemia termi-
nating with acute nonlymphocytic leukemia. Acta Haematol
1981, 66: 267-273.

15 Henshaw DL, Estough JP, Richardson RB. Radon as a causative
factor in induction of myeloid leukaemia and other cancer. Lancet
1990; 1. 1008-1112.

16 Coleman M, Beral V. A review of epidemiological studies of the
health effects of living near or working with electricity generation
and transmission equipment. Int / Epidemiol 1988; 17: 1-13.

17 PearceN et al. Leukaemia among New Zealand agricultural work-
ers. Am J Epidemiol 1986; 124: 402—409.

18 Cartwright RA. Incidence and epidemiology of the myelodysplas-
tic syndromes. In: Mufti G, Galton D (eds). The Myelodysplastic
Syndromes. Churchill Livingstone: London, 1992, pp 23-32.

19 FarrowA, JacobsA, West RR. Myelodysplasia, chemical exposure,
and other environmental factors. Leukemia 1989; 3: 33-35.

20 Goldberg 1 el al. Survey of exposure to genotoxic agents in pri-

Occupational and ErMronmentalRisk Factors in MDS
Nisse et al

21

22

24

26

27

28

29

30

34

mary myelodysplastic syndrome: correlation with chromosome
patterns and data in patients without hematological disease. Can-
cer Res 1990; 50: 6876-6881.

Siemiatycki ). An epidemiological approach to discovering car-
cinogens by obtaining better information on occupational
exposures. In: Harrington JM (ed). Recent Advances in Occu-
pational Health, Churchill Livingston: Edinburgh, 1984, pp 143-
156.

International Labour Office. International Standard Classification
of Occupations (ISCO 88), International Labour Office: Geneva,
1990.

ShleienB, Tucker TT, JohnsonDW. The mean active hone marrow
dose to the adult population of the United States from diagnostic
radiology. Health Physic 1978; 34: 587-601.

Severson RK et al. Cigarette smoking and acute nonlymphocytic
leukaemia. Am J Epidemiol 1990; 132: 418-422.

Garfinket L, Boffetta P. Association between smoking and leu-
kaemia in two American cancer society prospective studies. Can-
cer 1990; 65: 2356-2360.

JakobsonR, Ahlhom A, Bellander T, Lundberg t. Acute myeloid
leukemia among petrol station attendants. Arch Environ Health
1993; 48: 255-259.

Newton WA, Tarcher AB. Disorders of the hematopoietic system.
In: Tarcher AB (ed). Principles and Practice of Environmental
Medicine. Plenum Medical Book Company: New York, 1992, pp
353-369.

Paterson JP. Trinitrotoluene. In: ParmeggianiL (ed). Encyclopedia
of Occupational Health and Safety, 3rd edn. International Labour
Office: Geneva, 1983, pp 2218-2219.

Crane MM, Keating MJ.Exposure histories in acute nonlympho-
cytic leukemia patients with a prior preleukemic condition. Can-
cer 1991; 67: 2211-2214,

Reizenstein P, Dabrowski L. Increasing prevalance of the myelo-
dysplastic syndromes. An international Delphi study. Anti-Cancer
Res 1991; 11: 1069-1070.

JacobsA, Geary C, Osman J. Haematological disorders and occu-
pational hazards: a British Society foi Haematology/Health and
Safety Executive study. Br J Haemato! 993; 84: 555-557.

699



