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OBJECTIVES: The effects of occupational and leisure-time exposures on the risk of acute myeloid
leukemia (AML) were investigated with emphasis on clonal chromosome aberrations (CCA) and
morphological subtypes. METHODS: Consecutively diagnosed cases of AML (N=333) and 1
population referent per case were retrospectively included in the study. Information on worktasks,
companies, and leisure-time activities was obtained with telephone interviews. Exposure probability
and intensity were assessed by occupational hygienists. Associations were evaluated with logistic
regression. RESULTS: Exposure to organic solvents was associated with an increased risk of AML
[low exposure: OR 1.5 (95% confidence interval (95% CI) 10-2.3, moderate-high exposure: OR 2.3
(95% CI 10-5.0)]. For exposure to solvents, but not to benzene, the OR was 1.2 (95% CI 0.69-2.0)
for "low" and 2.7 (95% CI 1.0-7.3) for "moderate-high" exposure. The observed effects increased
with intensity and duration of exposure. The estimated effects were higher for patients >60 years of
age at the time of diagnosis. The effect of exposure to organic solvents was not differential with
regard to morphology [except possibly erythroleukemia: OR 4.2, 95% CI 10-17 or the presence of
CCA in general]. No increased risk for AML with complex CCA or with total or partial losses of
chromosomes 5 or 7 were observed, but a higher risk was found for AML with trisomy 8 (OR 11,
95% CI 2.7-42) as the sole aberration. CONCLUSIONS: Exposure to organic solvents was associated
with an increased risk of AML. This association was not due to benzene exposure alone and may be
modified by age. Furthermore, specific associations with trisomy 8, and possibly also
erythroleukemia, were suggested.
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Acute myeloid feukemia and clonal chromosome aberrations in refation to

past exposure to arganic soivents

by Maria Albin, MD," Jonas Bjbrk, BSc,' Hans Welinder, PhD,' Hékan Tinnerberg, PhD,’ Nifs Mauritzson
MD,? Bertit Johansson, MD.* Rotf Billstrom, MD2 Uit Stromberg, PhD.' Zoli Mikoczy, MSc,’ Tomas

Ahigren, MD* Per-Gunnar Nitsson, MD.2 Felix Miteiman, MD? Lars Hagmar, MD"

Albin M, Bidrk J, Welinder H, Tinnerbeeg H, Mauritzson N, Johansson B, Billstrdm &, Strdmberg U, Mikotzy 2,
Anigren T, Nilsson P-G, Mitelman F, Hagmar L. Acute myslaid leukemia and clonal chromosome aberrations in
reiaticn 10 past axposiure 10 organic solvents. Scand J Work Enviran Heafth 2000;26(6):482—491.

QObjectives The effects of occupational and leisare-time exposures o the risk of acuie myeloid lenkemia (AML)
were investigated with emphasie on ¢lonal chromesome aberrarions (CCA) and morphologicat subtypes,
Methods Coreecutively diagnosed cases of AML (N=333) and 1 population referent per case were fetrospectively
included in the study. Information on workiasks, companics, and Icisure-time activities was obtained with
telephone inverviews. Exposurc probability and intensity wers assessed by occupational hygienists, Associations
were evalusted with logistic regression,

Resulls Exposure 1 organic solvents was associacd with an inereased risk of AML [low exposure: OR 1.5 (95%
confidence interval (95% CI) 1.0-—2.3, moderatc-high exposyre: OR 2.3 (95% CI 1.0—~3.0)|. For exposure w
solvents, but Rot to benzeoe, 1he OR was 1.2 [95% C) 0.69—2.0) for “low™ and 2.7 (95% CI {.0—7.3) for
“moderate-high™ expesiure, The abserved effects increased with intensity and duration of expasure, The ctimated
effects were higher fow paticars =60 years of age at the time of diagnosis. The effect of exposme w onzanic solvents
was oot differential with regand © morphology [excepr passibly erythrolenkearia: OR 4.2, 95% CI 1.0—17 orthe
presence of CCA in peneral]. No increased sk for AML with complex CCA or with total or partial losses of
chromosomes 5 or 7 were obscrved, but a higher risk was found for AML with trisomy 8 (OR 11,95% C12,7—42)
as the sole aberration.

Concluslons Exposurc to arganic solvents was associaled with an incraased risk of AML. This sisociation was
not due i benzene cxposure alone and may he modified by age. Purthenmore, specific assoctations with risomy 8,
and passihly also erytmolenkeris, wene sugpesred

Key terms  age, benzene, case-referent, cywogenctic, effers modification, crythrolenkesmia, ocoupadonal limit

values, popularion anributable risk, wisomy 8.

Acute myeloid leukemia (AML) is characterized by
acquired, nonrapdom clonal chromesome abnommalities,
which have proved 1 be elinically and biologically im-
portant since they provide diagnestic, prognostic, etic-
logic, and pathogenctic information (1.2). Some experi-
mental srudies indicate that different exposures may
cause differenttypes of clonal chromosome abnormali-
tes {(3—35). Furthermore, AML following radio- or chem-
otherapy differs cytogenetically from de nove AML (6,
7). The pateaens for clonal chromosome abnormalivies in
meatment-relaled AML seem to vary with cespect to the
type of cytosatic drugs used. For example, alkylatiog
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agenws have been associared with total or partial losses
of chromosomes 5 and 7 and deletions aof the short acms
of chromosomes 3 and 12. whereas topaisamnerase-LI in-
hibiters have been linked to structural rearrangements of
chromosome bands 1tg23 and 21422 (g, 93. Inaddition.
in peripheral lymphocytes o f healthy workers exposed ta
high concentrations of benzene, dose-dependent gains
(mainly trisomy)of chromoseme 8 (10) and deletions of
chromosomes 5 and 7 {11) have been found.

Known risk factoers for AML include radio- and
chemotherapy, benzene exposure, and smoking (12), In
addition. exposure 1 other organic solvents (13), ex-
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wemely low frequency electromagnetic fields (ELMF)
(14—18), hair dyes (1921}, pesticides (22}, pemroleum
products and exhaust gases (). animalborne viruses
(24), and foresgy work (25) have been indicated as risk
factors, albeit with conflicting results (12, 26).

Studies of supgested occuparional risk factors for spe-
cific subtypes of AML, as defined by morphelogy or
karyotype, have not been consistent. Exposure was not
associaied with any specific merphology in one study
{27), whereas others have indicated increased risks for
acute myelomeonocytic leukemia after benzene (28) and
pesticide (29) exposures, increased risk for acute promy-
elocytic leukemia in electricians {30). and a possibie as-
sociation between exposure D solvents. insecteides, or
petroleum products and erythroleukemia @0). With re-
gard 10 clonsal chromosome abnormalities, N some stud-
ies, AML partients expased 10 solvents or pesticides (31~
) or “chemicals™ (27, 34) had a higher proportion of
clonal chromosome ahnormalities (especially coraplete
or partial lossof chromosome 3 or 7. and trisomy 8). but
not In others (16, 35, 36). It hasalso been suggested that
AML in associstion with previous wxic occupational
exposures has a werse prognosis and represents a distinct
climcal, as wzll as cytogenetic, entity (32).

Limle & Xnown about the effect modification Of ex-
posure by age, gender, and soking in AML. However,
Sandler 1 al (37) observed gu exposnre-response between
smoking avd risk for AML only for subjects shove the
age of 60 years & the time of diagnosis.

The present study Was undertaken to explore preva-
lent exposures, such as organic sclvents, ELMF, and hair
dyes, suggested as risk factors in previcws studies wirh
regard to overall xisk for AML. Moreover, other objec-
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tives were 10 study characteristic clonal chromesome ab-
normalities @ markers of exposure, differential risks for
morphalogical subtypes,and effect modificagon by age
gender, and smeoking.

Subjects and methods

Cases

Our study IS based on a series of 372 consecunve cases
of AML, dizgnosed between 1976 and 1993; the subjects
were at least 20 years of age when cytogesetically n-
vestigared at the Department Of Clinical Genetics, Lund,
which performs all cytogenetic analyses in southern Swe-
den. AU referralsfor such analyses are made within the
public health systemn. The hematology departments at the
Lund University Hospital and at the nearby haspital in
Helsingbarg, throughout the study period, included cy-
togenetic analyses aS a routinein the diagnostic evaloa-
tion of hematological malignancies, indicating that the
coverage of incident cases is most complete for these
catchment areas (Lund-Helsingborg). Interview informa-
Hon was obtained for 333 enees (90%) (table 1). The non-
participating cases were older (median age 68 years) and
more afien women (59%).

The medical records for each case Were reviewed by
1 0f3 hematalogists (38). The diagnoseswere based on
the morphological and clinical findings present at the
time of the cygenetic investigation. The momphologi-
cal subtypes according to the French-American-British
{FAB) classification were as follows: minimally differ-
entiared (MO)L case, myeloblastic without mamrasien

Table 1. Destriptive data for the cases of acute myveloid leukemia investigated cylogenetically between 1976 and 1998 in Lund, Sweden,
and for their population referents. {CCA= clonal chromosame aberrations)

P.03/11

inter-  Year of diagnasis Yeur of birtht Age (yoars) at diegrosis  Men  Inter-  Smok-  Chemo-
viewed %) view  ers? of radio-
subjects with (%) therapy®
(N} raxt-
of-kin
Madian 10th 00tk  Median 10t Q90th Median 1Gth S0th inter- imter-
par- par- per per- per-  par- view  visw
cert-  cem- ceft- - cant- cent- (%} and
ile ile fle il e madical
racords
%}
Cases
CCA 1€9 1987 1979 1952 1926 1910 1851 2 7% 426 838 462 BS 1178
Nownal 154 1988 1983 1993 1925 1918 19% €3 ®» 75 5.1 841 28 39 73
Referents: 351 1925 12 1952 501 142 410 43

* Evar-smoicer during the 20 years hetors the disgnnsis of the case. Theee cases and 3 referants with unknown smoling habits.

* Chemo- or adictherapy (Including trastmant with isctopes) during the 20 years bafore the diagnosis of the case {14 cases, 14 refanents), or at an
Wknown reterent).

tme (5 cases, 1

¢ The median numbsr of jobs rapored, imespaciive f the informatian sourze, was 3.0 (10W parcentie: 1.0, 90th percentila: 5.0 for the cases and 3.0

(10t percentile: 1.0, 30th percentie: 6.0) far the reforems.
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(M1) 64 cases, myeloblastic with maturation (M2) 101
cases, promyelocytic (M3) 19 cases, myelomenocytic
(M4) 60 cases, monoblastic (M5) 26 cases, erythrolegke-
mia (M6) 13 cases. megakaryoblastic (M7) 3 cases, and
46 cases that could act be classified (39—42).

Cytogenetic investigations

All the cytogeneric investigations were performed in 2
standardized fashion an bone maow or peripheral blood
samples that were taken before the start of the AML wear-
ment. In short, the cells were adjosied 10 3 conceniration
of 10°/ml and cultured for 24 and 48 howrs in McCoy’s
5A mediam supplenmiented with 20% fatal calf serum, |-
ghetamine, and antibiotics, and the chromosomes were
banded by wrypsin-Giemsa. Throughout the study peri-
od, the definition and description of clonal aboormali-
ties followed the recommeandations of the Interpational
System for Human Cytogenetic Nomenclamre (43), In
general, 25 metaphases were analyzed. The cytogenetic
investigation was considered a failune if fewer than 10
metaphases coukl be investigated, and such cases are not
incladed in this study. The analyses were blind with re-
gard to exposure.

The cases were cygenetically divided into normal
or abnormal, with the latter further subgrouped om the
basis of aumber of abnormalities [1, 2, or complex (ie,
23 aberrations)], prognostic category, and characteristic
abnormality. The prognastic categories were bad [com.
plex (if incinding tovai or partial chromosoms 5 or 7 losz-
es), -5, Sg-, -7, der{1,7), tfiav(3)(q214q26}, and
1(9;22)(q34:q11)], good [1(8;21)1{q22;q22),
K15;17q22:q12—~21), and inv(16)(p13q22)]. and inter-
mediate [all other aberrations]. The following character-
istic abnormalities were also considerad: -3/3p-, -5/9¢-,
~7f1g-. +8 as 1 single anomaly, der(11(g23), and -1/
12p-.

Referents

Statistics Sweden selected 3 referents foreach case.
matched with respect to gender, year of birth, and coun-
ty Of liviag from the smdy population (souther Sweden)
within the calendar year IN which each case was diag-
nosed. Oae referent in eack matched set was randomly
selected 1o be interviewed. When refereats or their next-
of kin could not be interviewed, qather referents from the
marched set were selecred. Altogether 351 referents wera
included in the study (participation rate 72%) (table 1).
The nonparticipating referents were alder (medianage
68 years) and more often WOMEN (60%).

Information on exposure

The subjects were rotrospectively enrollcd I rhe
study and contacted with a letter describing the purpase
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of the study and the Main questions to be addressed dur-
ing the interview. A life-long occapational history was
thereafier obuined during the pertod 1995—1997 n a
structired relephone interview made by 1 0F 3 oceupa-
tiomai health nurses Who were aware of the case-referent
status. The history inclvded all jobs held for at lessr 1
year, including workzask, department, and name of com-
pany. No specific exposures were asked for in the inter-
view, but follow-up questions were triggered concern-
ing the applicasion of pesticides in work oS 2 gardener or
horticulrarist, lumberjack, railway w o r k (track main-
tenance), farmer, or farmband; type of cargo in work as
adriver Or on a merchant ship: handling Of cytostatics in
work a8 a nurse; and working at a mear counter in werk
as ashop keeper or shop assistant. Information on extra
jobs held for at least 1 year was collacted In the same
way as for the regular job.

The following hobby activiries were explicicly in-
quired abow: Motor sepair, artistic painting with oil. fur-
niture renovation, canstruction of models, riding, animal
breediag, bunting, and gardening. Follow-up questions
were asked about activity peried and average hours per
week spent in the activity. A follow-upquestion on reg-
ular pesticide use was triggered Dy gardeniag as a hob-
by. Ferthermore, questions were asked about regular hair
dye use, and smoking habits. The medical history pre-
cedingthe rime of the Case diagnosis ineluded gquestions
abour radiotherapy. chemotherapy, and reapment with
isotopes.

[f the subject was deceasedor too il! to pasticipate, a
nexc-af-kin was selected in the following order: spouse,
parent, sibling, and child. Informaion had m be obtained
from the next-of-kin MONe often for cases than for refer-
ems (tahle 1). The proportdon Of nexr-of-kin interviews
mcreased as the age of the subjects increased (eg, next-
of kin imterviews were used & 93.3% of the cases and
23.5% of the referents older than 60 years Of age). S p -
es and children were the most frequently interviewed
among the next-of-kin of bath the cases (48% and 36%,
respectively) and the referenes (27% and 6396, respec-
tively).

Exposure assessment

Fuposure agsessment was performed by 1 of 3 occu-
parional hygienists, on tho basis of the structured rele-
phone interviews made by the occupational health nurs-
es. The ocenpational hygienists were unaware Of the
case-referent status. The assessments Hr all cases, and
for the corresponding referents, were restricted (6 expo-
sure periods OF at least 1 year during the 20 years before
the diagnosis Of the case. All codings were Supervised
by double-checks performed by one oOF the hygienists
(HW).
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Exposure assessmeants were performed for estab-
lished, and suggested, eccupaticnal and leisure-timerisk
factors for AML (listed Ntable 2). Quantitative defini-
tions of the different exposure intensity categories were
uscd for organic solvents, benzene. and ELMF. “Low™,
“woderate”, and “high™ eXPOSUIre eo Organic solvencs COr-
responded to 1—5%, 5—15%, and =15%, of the present
Swedish occupational exposure limits; respectively. For
benzene, the corresponding categories were 0.05—0.2,
0.2—0.5, and >0.5 mghmé. Exposure t© ELMFwas clas-
sified according w 8-hour arithmetic averages reported
for different occupations (44), with the fallowing cate-
gories: 0.23—0.30, 0.30—0.50, and »0.50 yT. For gl
other occupational exposures. the differentexposure In-
tensity categories were delineated by examples of occn-
pations or tasks. For exposure to aromaric organic sol-
vents (excluding benzene), chlorinated organic Solvents.
and cymstatic drug. only dichotomeons assessment (ex-
posedunexposed) was possible. Exposure to cattle, po~&
ry and fresh mear Was considered together due to the hy-
pothesis of a common causal factor (animalborne vim -
es). The main occupation in this exposure category was
farmer.

For regular hair dye Use and smoking. elassification
was directly based oa the specific questions in the inter-
view. Cases and refereats were classifiedas smokers if
they had smoked for at least 1 year during the 2Q years
before the diagnosis Ofthe case. Mure-time exposures
were assessed for all the agenrs, except ELMF, ionizing
radiarion and chemotherapentic drugs.

Far the occupational exposurcs, the confidencs in the
exposure codings was assessed (high coafidence or not)
on the basis of the quality of information on worktasks
and exposures in the imterview data and the confidence
of possible exposure for different worktasks.

Tmerrater reliabiliry was assessed after the exposure
assessments were finalized for all the interview forms.
The main occupational bygienist (HW) reassessed 198
randomly selecied inrerview forms, unaware Of the orig-
inal exposnre assessments. In the ariginal assessmeanr 47
Of these subjects were ¢lassified as having certain OCCU-
pational or Jeisure-time exposure @ organic solvents,
70% of them wers classified in the same way in the re-
assessment. The 198 iterviews were also reassessed by
2 2nd occupational hygienist. The concordance between
the 2 reassessments was slightly better (B09%.) ihan be-
tween the new A old assessments; thisdifference indi-
cated a slight shift in assessment with ime. However,
thers were no differences in the concordance between the
cases and referents, Only the old assessments were used
in the analyses of exposure effects.

W\e chose to include information on previous chemo-
or radiotherapy from both the interview and the medical
records (cases only) in the classifSeation, since the inter-
view was insemsitive i m detecting SUCh treatment, as

T-415 P.05/11
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judged from comparisons with the medical records avail-
able forthe cases (rable 1). ThuSthe effect estimates were
likely 1 be biased and therefore have nor been present-
ed.

Statistical analyses

When only general maiching factors such as age and gen-
der are used, confounding can normaily be more effi-
ciently controlled in a seratified analysis rhan in a
maztehed apalysis (45). In our study, all effect estimates
were therefore abtained by upconditional logistic regres-
ston (46), stratified for ageinio 3 broad calsgaries (<54,
35--69, and 270 years) and gender. Comparison with
estimates from a conditional logistic regression mode}
(46) showed that the stratification sufficiently accounted
for the effect of the matching variables. Year of diagno-
sis and county Of residence did not influence the effect
estimates and were therefore not included. \When the
trends were tested, the coefficient from a logisoe model
with the exposure intensity (1=hobby-low, 2=moderare,
3=high) and duration (as acontingous variable), respec-
tively, was used as the 1est siatistic, provided thar the data
were fairly consistenmt with SUCh a model (47). The pop-
ulaton atrributable risk, with 95% confidence intervals
obtained with the Manwel-Haenszel approach, Was esti-
mated when appropriate (48, 49),

In order 0 reduce exposure misclassification, only
exposure assessments with high confidence for occupa-
tional expostres were used in the analyses. Subjects were
classified as unexpased for a pasticolar agent only if they
were unexposed With high confidenceduring the entire
assessment period. Subjects were classified as exposed
i they were exposed with high confidence for & best 1
year during the assessment period. Subjects that could
not be classified as exposed or unexpesed with high con-
fidence were exeluded from the analyses. A less restric-
tiveapproach didnot change the results subsrantially, and
they therefore have not been presemted, However, the
approach implies that the presented exposure durations
and intensities are minimum values.

Resulls

Al acute myeioid leukemias

Exposure 10 all organic solvents was associated with
moderately increased overall risk for AML (table 2).
Restriction of the analysis to the suhjects interviewed in
person (45 cases, 301 referents) gave a symilar, but less
precise estimate [OR 1.4, 95% confidence interval (95%
CI) 0.65—3.1]. Adjustment for smoking and wreatment
with radioc- or chemotberapy changed the estimate mar-
ginally (OR 1.7,95% CI 1.1-=-2.5). A stratified analysis

Scand J Work Environ Health 2000, vol 25, no 6 48D
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Table 2. Effects of accupational and hobby exposure 20 years before the diagnosis an the risk for acuts myaioid leukermia. Only cases
and referents with exposyre assessment with high confidence were Includes in the anatyses [ELMF= axmamely fow-frequency magnetic
fields (occupational exposure anly), OR = 6405 ratio, 95% Ci = $5% condifence intarvai]

Expasuret Cases (N} Aeterents (N) oRe 95% Gl
Exposed Unaxposed Uncertain =~ Exposec Unexposed Lincertain
Organic solvants
AR %] 205 40 67 243 41 1.6 1.1—24
Hobby-iow levels 70 §7 1.5 1621
Modsraw-high leveis 18 10 23 1.0=4.0
Benzene 39 278 18 29 302 20 18 0.88—28
Hobby-iow levels 28 19 16 0.89—13.1
Modasata-high jeve's 11 10 1.3 Q52=—13.1
Chorinated sohvents® 12 293 2 16 309 26 0.7 0.38—1.7
Gasoline and diesal fuel 56 70 . 7 48 289 14 1.3 0.83—2.0
Hobry-low levels 45 37 13 0.82—2.2
Macerate-high levels 1 1 1.1 0.48--2.7
Gaaoline ar diesel exhaust 57 260 16 5t 278 xn 1.2 8.79—19
Holiy-low levels 44 41 1.2 0.73—1.9
Magerate-nigh iavels 13 10 15 0.62—3.9
Pastictoes a8 284 11 47 287 17 0.83 0.52—1.3
Hobliy-iow igwels 28 39 073 0.44~~12
Moderale-high levels 10 8 1.3 0.5¢—34
Fragh mwat or cattle or poultry &0 272 1 55 290 3 1.2 0.78—1.7
Hobly-low leveis 2 18 ) 1.4 0.73—26
Moderate-high levels a7 37 1.1 0.65—1.7
Fresh wood 26 30 7 n m 8 0.87 0.50—1.5
Low levels e 24 og A7
Mogarate~high lavels 5 7 D.73 0.28—24
ELMIF 63 297 33 67 252 32 1.8 055815
Livw lovels 28 3 096 0.56—1.7
Moderate 25 28 11 a.82—2.1
High levels éé) 13 D.82 8.38—9
Raguiar use of hair dyes $3) 268 - 69 282 - 0.98 0.54—15

3 Qecupational exposyr® 1o ioniing radiation and cytostatics was 10 rare to permit analyses. in addition, the analysia for aii aromatic sohseres is not

gresented dua to 1 £I02H 4S5044T0N with exposure to all organic seivents.

* O obtzined from uncondtional lagistic regression analyses. {See the 1211 )

<Only 1 level of assessmant.

indicated an increasing risk with increasing intensity of
exposure [table 3 test ferwend (hobby-low, amvoderace,
high), P<.01]. Typical accupanams in the moderate-high
intensity caregory were paimters and rubber industry
workers, and I the low-intensity category carpenters and
motor mechanicsprevailed.
Supgesied assaciations Were observed Tor exposure
o benzene, bur not for chlotinated hydrocarbons. No i+
creasing eisk by intensity df benzene exposure was ob-
served. Effects from exposure to all organic solveats and
tobenzene were separated by restriction Of the analyses
0 subjetts exposed 10 solvents other than benzene. The
odds ratio was 1.2 (95% CI 0.69—2.0) for the hobby-
low category and 2.7 (%% CI 1.0—~7.3) for e moder-
ate~high category; this resalt indicates that the observed
effect Was not due 10 benzene exposure alone. Separa-
tion of the effecrs from exposure 1o all organic solvents
from thar of aromatic solvents other thaa benzene was
not possible heeaute they were toa closely associated.
Analyses Dy durartion of only eccupational exposure
(e, excluding leisure-time exposures) to all organic sol-
vents alse indicated 2 positive association with risk for
AML [1-7 years (12 cases, 15 referents); OR 0.98, 95%
CIL0.44—2.2; 8—14 years (15 cases, 15 referents): OR
1.2, 95% Cl 0.56—2.5; 215 years (30 cases, 17 refer-

A86  scand J Work Environ Heaith 2000, wor 26, 70 6

ens): OR 2.1, 95% CI 1.1—4.1; P=0.03]. A similar high-
¢r visk for longer duvations of leisure-time exposure was
observed, but with wider confidence intervals. Restrict-
ing the duration analysis to occupational benzene expo-
sure resulted in wide and thus noninformative coafidence
intervals. No clear association between duration of ex-
posure and risk was observed for aay of the other agents.

The population anributable risk from occupational
and leisure-time exposure 1o atl organic solvents was
11% (95% CI 2.6—20%), OR 1.6, 30% exposed cases
{table 2), the main preparton being atribatable to lei-
sure time and low occuparional xpasure due to the high
prevalence. A similar estimate [14% (95% CI 2,5—26%),
OR 1.7 (95% CI 1.1-~2.9)] was obtained when we re-
stricted the analysis o AML (190 cases) from the best
coverage area (Lupd-Helsingborg).

Clenal chromosome aberrations

Anaslyses by the prasence of clonal chromosome abnor-
malides did net indicate thar the increased overall risk
associated with exposure to all organic solvents was pre-
dorninaarly associated with AML with an abnormal kary-
otype. In faet, the risk for AML with a normal karyotype
in association with exposure to all organic solvents was
somewhat higher than that for an abnormal karyotype (ta-
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Table 3. Categorica) anatysis of the intensity and duration of occupational 2nd ieisure-time &xposure 1o all organic soivents as risk
factors for acute myelold leukemia. The analyses were restricted to cases and referents with axposure assessment with high confidance

for the entire assessment paricd. (OR = adds mtio, 95% Cl = 95% confidence interval)
Age group
intensity Al 2060 years: 261 years®
Cases  PReferents  OR 95% €I Cases Retarents OR 85% LI Cases Refereats OR 95% Cl
Unexposed
20 years' duration 205 243 1.0 . 94 103 10 . 111 140 18 . =
Hobbydaw 70 57 1.8 1.0-28 N 38 B9d 049—16 39 19 27 1449
1—20 years' duration
17 yare' duralion 10 17 B72 4.32-186 4 12 D38 07112 [] L3 18 04552
8—14 yeare’ dumtion 13 15 1.5 07331 5 it D58 0.13—1.8 13 § 33 1.1=-8.6
16—20 years’ doratian 42 25 2t 12==37 22 B 15 0.70—3.3 20 8 29 12—6.8
_Moderate
1-—20 years' durgtion 9 7 18 05143 3 5 0.66 015238 & 2 39 07—
High
1—20 years’ duration 9 3 38 1.0—15 6 2 3% 0e6s—8 3 1 - .
Uncartain 40 4 .2 074240 19 20 11 0.82—21 21 bl 1.8 06725
»The median duration of exposiee Kr the Iows, MOterxles, and Di quonuﬁﬂncmsmﬂ 5.and 3 years, respactively,

forme%mﬁ&ywmmpxﬂ? 13 am B years, respeciively, for the

1-year age group.

Tubietﬁﬂectsufoccupationaland leisure-time expasure o all arganic solvents with z duratian of =1 year, 20 years or eariier before
the diagnosis on the risk for acute mysloid leukemia with regard to karyotype. Only the cases and referents with sxposure assessavent
with high confidence were included in the analyses. (OR = odds ratio, 95% Cl = 95% confidence Interval)

Groug Expased Linexpased Uncartain OR 5% i
™) (3] L
Reteremts B7 248 41 10
Cases
mhhn. iaryctypic abnormality §1 19‘8' 123 %.2 u1.3—g§
\aryoiypic abrovmsity 7 1 K | B3
Number of abnormatities
One 17 5 18 13 0.67—25
Twa B 20 3 1.3 444306
Campiec 14 37 7 16. 0.76—8.2
Progecstic catagosy
Good 8 24 ] 15 051384
lnumedim 20 51 15 1.8 08429
9 35 § 11 0AD=—2 6
Spnﬁc abnormality
313p- 1 ) 1 “
8 a3 4 12 059—25
-y 5 23 i} 1.0 0.36—29
+B (sule) 70- 4 2 1 2 7—ax
der(11) 4 0 .
-12/12;;@ 5 1% 1 10 0.34-3.1
2 Refers to 28 abrormakities.

* Twia cases with only ieisure-time cases with occupational

(3 moderats,

anposure, 5 exposure 2 high).
‘Lﬂsuw-hwﬁnﬂ 95;@17—22.%3!&% {R 9.6, 95%[:!2.21—-44 10r Subiects axpoSed 10 organic soivents, but not

to benzene: OR B.3, 95% 1 1.5

ble 4). The risk was pot differential with regard to the
number of major abnormalities ar prognaste category.
Among the characteristic abnormalities, a high 0dds ra-
tio was observed for wisomy § as the sole abnormality
(OR 11, 95% CI 2.7—42), whereas all other estimates
were close to unity. Restriction w0 AML in the Lund-
Helsingborg area gave a similar result (OR 19, 95% CI
3.1—110). Tha strong estimated effect for visomy 8 was
not due o benzene exposure alone. An increased risk was
observed both for hobby exposure and occupstional ex-
posure. Out of 7 exposed cases with wisomy £, 3 were

ever-smokers. Nope had been weated with chemo- or ra-
doherapy.

Morphoiogical sublype

We found no indicstions of a differential risk with re-
gard 1o worphological subtype, with the exceptics of
erythrolenkemia, for which a higher risk from exposure
to orgAnic solvents was suggested (OR 4.2, 95% C1 1.0
17, 3 exposed, 5 unexpasad and 3 cases with uncertain
exposure). None of the exposed cases had trisomy 8; 4
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were ever-smokers. Nome had been reated with radio-
or chemotherapy.

Eifect modification

Although 3 weak effect from smoking was suggesiad (OR
1.3, 95% Cl 0.96—! &, ever smokers versus nansmok-
ers), smoking did not modify the risk for AML from ex-
posure to all organic solvents. Furthermore, no effect
modification by gender was observed. I contrast, strag-
fication by age indicated a higher risk at each intensity
level of exposure to all organic solvents for cases diag-
nosed ahove the age of 60 years (tabie 3).

Discussion

The salient feature of the present study was the consise-
ent association between expasure I organic solvents and
risk for AML, especially in cases Wirh trisomy & as the
sole aberration. Contrary to our hypothesis, the assacia-
dons were essentially pondifferential with regard to the
overall presence of clonal chromosome Abnarmalities, as
well as o wotal ar partial losses OF chromosomes 5 ad 7,
The hypothesis OF an association between such exposure
and misomy 8 was less srong, having been based only
on a few earlier publications (10, 34, 33). Inour study, 7
out of 13wirh +8 as a sole anomaly had a history of ex-
posure Dorganic sotvents (table4), a prevalence similar
1o that reported by Davico et al (33), It is, in this con-
£2Xt, noteworthy that a review of treatment-related AMIL
did not reveal a significandy higher incidence of trisomy
8 im such AML when compared with de novo AML (7).
The possibility thar exposure 60 otganic solvents thus co-
sules in different karyotypic patterns than does exposure
10 radio- or chemotherapy is fusther supported by the
present lack of an association berween exposure to SOI-
vents and abnormalities of chromasomes 5 and 7, aber-
rations that are commeon in waatment-related AML (7).
It remains to be seen whether other myeloid malignan-
cies with trisomy 8 as a sele anomaly, especial ly myelo-
dysplastic syndromes and chronic myeloproliferatve dis-
orders{1). are also associated with exposure ts organic
solvents.

The suggested higher risk for erythroleukemia than
for other subtypes of AML Inrelation to exposure to all
organic solventsis intwresting, but it has previously only
been reparted i celation to a Similar small number of
cases from a pooled study (31) and acase-seriesof ben-
zene-exposed workers (50).

Qur observations of consistendly increased risks..even
from low-level exposure [not exceeding 5% of the Swed-
ish cccaparional exposure limits) to organic solvents are
a source of worry. The results also indicate that expo-
sure to organmic solventsm y contribute t an impormany
proportion Of the AML, cases in the general popoiation,
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The most prevalent exposure was White Sirit. For this
agent, the observatiems would correspond to an effect lav-
el of <15 mg/m®, which is remarkably low. In addition,
an effectfrom leisure-time exposure only {OR 1.8, 95%
€10.92—3.5, not in results} was indicared,

Benzene exposure, which B an established risk €a5-
tar far AML, didmet fully ezplain <> excess risk for ex-
pesure  organic solvents. The observed levels of ben-
zene expesure were |0N(72% of the exposed cases were
exposed o intensities belnw 0.07 ppea), and our modest-
ly elevated OR estimates for benzene exposure are thus
not in conflict with thase Of former studies.

We did not observe an increased risk in association
with overall exposure 1o pesticides. The frequent use of
proxy respandents for the cases did not permit a classifi-
cation of the type of pesticide. Our findings of no in-
creased risk with regard © the use Of kair dyes are in
accordance With the results of 2 former studies{S1, 52),
while 3 other smidies (19—21) have been modestly Sup
partive of such a risk. Previous studies of the risk for
AML associared sith exposure to ELMF aye conflicting
and indicate a moderately increased risk, if any (26). Ony
results are compatible with this finding.

Ve may, to some extent. have underestimated the in-
ensity and duration of exposure among the subjects by
only nsing axposnre assessments with high confidenca.
Bias resuiting frem such misclassification may be in ei-
ther direction when more than 2 exposure categoriesare
used in the analysis (53). However, for both the cases
and referents classified as exposed to organic solveats,
the average number of years assessed wirh high coafi-
dence was 18 (outof 20 possible); this finding indicares
that this is a minor problem. In additior, We chose. on
the basis of previous swudies of reatment-related AML
(12) and AML related  bigh benzene exposure (54), to
focus exposure assessment On the 20 years before diag-
nosis. Ifless jnense, and less toxic, exposure is associ-
ared with a longer latency time than 30 years, our assess-
ments would underestimate relevant expesre durations

An important aspect of the validity af the study is the
differential ase of proxy respondemts for cases and refer-
ents; this use violates the comparable accuracy principle | .
foryhe salecrion Of referents (553) and may lead 10 nega-
tive infarmation bias. However, when there IS no indica-
tion of & substantial difference in information quality, the
dominant use of proxy respondents for the cases and self-
repons for referents is justified (56). The referents in our
study reported the same median number of jobs held as
the cases (table 1). In addition, No differemce i the
number of years assessed with high confidence was seen
between the cases and refereuts for exposure to grganic
solvents. Thus no substantial difference in information
quality was indicated, but the measures are crude. W e
refrained from adding respondent status as acovariate in
the logiste regression model becanse such adjustments
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do not necessarily redoce the net bias (57). An effectes-
timate Tor organic solvents restricted D self-respondents
did not indicate any substantial bias. Stll, the elear dif-
ference in the proportion of nexi-of-kin interviews may
have affectad the affect astimares. This possibility espe-
cially applies to cases diagrosed for older people.

Although the assessment of exposure was made wirh-
out knowledge of case-referent status, for ethical reasons,
the nurses Who earmied but the interviews had this know)-
edge. This situation may have introduced a (positive)
bias, bot, im ouT opinion, it i s likely to have beea small
since the interviews were rather firmly struenred

All refermals far cytogeneticinvestigations are made
within the Swedish public health system, and there is
therefore no reason to suspect any saciocconomically
based selection bias among the eases, although cases di-
agnosed at Older ages, when curative intended therapy is
less fraquent, are likely 10 be umderrepresented. A lower
participation rate among the referents rhan among the
cases may, however. have introduced differential selec-
tioa into the study with regard to, for example, socio-
ecomomic factars, and thevefore resulted I biased effect
esamates. Such a selection would be likely to introduce
4 bias in the same direction Tor broad categories oF ex-
posure. e found no iadications of such a general shift
in the effect estimates for industial-urban (gasoline and
diesel fel and exhaunst gases and ELMF) or agricultur-
al-roral (pesticides, fresh-meat-animal contact, fresh
wood) exposares (table 2), bur it cannot be ruled out.

The results of a reassesement of exposure 1D arganic
solvents agreed well with the results of the initial assess-
ment. There were po differences IN the agreement be-
tween the cases and referents.

The median duration of eccupational exposure with-
N dose categories was skightly higher for cases diagnosed
a older ages (261 years), and the propordon of nexi-of-
kin interviews was higher than m the younger age graup,
but it is questionable whether or not this difference £x-
plains the suggestad effect modification by age. Ope al-
temative interpretacion is that AML induced by organic
solvents oconrs at an older age than AMI. with other efi-
ologies. Another possibility is a stronper effect from ax-
posurc in that it has been suggested that the effect of a
late-stage carcinogen would be mare promounced at an
older age (58).
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