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Abstract

Objective To examine associations between occupational exposure to selected organic solvents

and meningioma.

Methodology A multi centre case-control study conducted in seven countries, including 1,906
cases and 5,565 controls. Occupational exposure to selected classes of organic solvents (Aliphatic
and Alicyclic hydrocarbons, Aromatic hydrocarbons, Chlorinated hydrocarbons and “other” organic
solvents) or seven specific solvents (Benzene, Toluene, Trichloroethylene, Perchloroethylene,
1,1,1-Trichloroethylene, Methylene chloride and gasoline) was assessed using lifetime
occupational histories and a modified version of the FINJEM job-exposure matrix (INTEROCC-
JEM). Study participants were classified as “exposed” when they had worked in an occupation for
at least 1 year, with a 5-year lag, in which the estimated prevalence of exposure was 25% or
greater in the INTEROCC-JEM. Associations between meningioma and each of the solvent
exposures were estimated using conditional logistic regression, adjusting for potential

confounders.

Results A total of 6.5% of study participants were ever exposed to “any” solvent, with a somewhat
greater proportion of controls (7%) ever exposed compared to cases (5%), but only one case was
ever exposed to any chlorinated hydrocarbon (1,1,1-Trichloroethane). No association was
observed between any of the organic solvents and meningioma, in either men or women, and no
dose response relationships were observed in internal analyses using either exposure duration or

cumulative exposure.

Discussion We found no evidence that occupational exposure to these organic solvents is

associated with meningioma.



Introduction

Meningiomas are the most frequently diagnosed primary brain tumours, accounting for
approximately 20% of all intracranial tumours in males and 38% in females in the United States
(Claus et al 2005; Wiemels etal, 2010) - Tha jncidence of meningioma increases markedly with age, and the
disease occurs at a ratio of approximately 2:1 in females compared with males. In contrast with
other types of cancer, meningioma does not appear to be influenced strongly by lifestyle factors
such as cigarette smoking, diet, and alcohol Bond et & 2008 Fisher etal. 2007) Tha higher incidence in
females, and the observation that meningioma is associated with a prior history of breast cancer

(Schneider et al, 2005; Helseth et al, 1989; Schoenberg et al, 1975; Smith et al, 1978) suggests that hormonal faCtOfS (bOth

endogenous and exogenous) may be involved in the aetiology in women (®°nd etal. 2008)

Much of the aetiological research on brain cancer conducted to date has investigated primary
malignant brain tumours (which are predominantly gliomas), and relatively few have investigated
specific risk factors for meningioma. Increased risks of all brain cancer types have been observed
in a number of studies to be associated with specific occupations or occupational exposures, most
notably: farming and peStiCideS (Musicco et al 1988; Ruder et al 2009; Rodvall et al 1996; Viel et al 1998), organic SOlventS

Rodvall et al, 1996; Heineman et al 1994; Wesseling et al, 2002 Bhatti et al 2009; Anttila et al 1996; Cocco et al 1999
( 9 ) and metals ¢ ) although

the evidence remains equivocal for most of these exposures (onmely & Malkin, 2007)

There have been relatively limited findings to date on environmental risk factors specifically for
meningioma. The only established risk factors for meningioma are high-dose ionising radiation,
with significantly elevated risk observed in atomic bomb survivors Mreneh etal 2002 g following

lower-dose radiation therapy given to Israeli children for scalp ringworm (Ron et 1988; Sadetzki etal, 2005)

however these account for only a small proportion of cases. Several studies have also shown

elevated risk associated with exposure to full-mouth dental X-rays, although it is thought that this



may be associated with the higher doses that were given in the past freston-Martin &Mack, 1996; Rodval et al,

1998)

Other environmental exposures for which associations with meningioma have been observed
include extremely low frequency electromagnetic fields 2 2 2010 herhjcides in women but not in
men (Samanicetal, 2008) “gn |agq (Hu et al 1999 Navas-Acién etal 2002) (mgst apparent in individuals with the
ALAD G177C polymorphism Reiaramanetal 2006y *A nymper of occupations with potential exposure to
organic solvents have also been implicated as risk factors for meningioma. The highly lipophilic
nature of organic solvents means that they are readily absorbed through the respiratory system
and skin, and readily cross the blood-brain barrier, where the resulting irritation of cell membranes

and tissues cause neurotoxicity ®® 2 201D |n 3 Chinese case-control study ¢ & @ 1999

a non-
significantly elevated risk was observed inindividuals with occupational exposure to petrol or diesel
oil, or to benzene, while in another Swedish study Mavas-Acénetal 2002 5 gignificantly elevated risk was
observed in those estimated to have “possible” exposure to solvents although no risk was
apparent in those with “probable” solvent exposure. Significantly elevated risks have also been
observed in a US case-control study in potentially solvent exposed occupations including
automotive body and related repairers, automotive body painters and designers and decorators,
with a suggestion of a dose-response relationship, however the numbers of cases were small and
the confidence intervals wide (R¥aramanetal 2004) ' har stydies, however, have found no association

with solvent exposure in women (€°¢¢© €@ 199) o \wjith exposure to chlorinated solvents @€t @ 2012)

In recognition of the paucity of information on the aetiology of meningioma the Brain Tumour
Epidemiology Consortium recently released a consensus document recommending further
epidemiological research into risk factors for meningioma, with improved exposure assessment,
and using large-scale case-control studies on an international level "% €2 2009 |y the year 2000
an international group mounted a study of glioma, meningioma, acoustic neurinoma and malignant

parotid gland tumours in order to evaluate possible carcinogenic effects of mobile phone use (the



INTERPHONE study). The study design and epidemiological methods, and a description of the
INTERPHONE study population, are described in detail elsewhere (& €ta: 2000 A important
additional component of the INTERPHONE study was the inclusion by seven of the participating
countries (Australia, Canada, France, Germany, Israel, New Zealand and the United Kingdom) of
an additional section in the study questionnaire obtaining a complete occupational history of all
jobs held for more than 6 months to investigate associations with occupational exposure to

selected chemical agents.

The information collected from these seven countries has been further analysed for the
Occupational Exposure and Brain Cancer (INTEROCC) study, using improved exposure
assessment methods to evaluate the effects of exposure to selected chemicals in the workplace
on the risk of brain cancer. For this component of the INTEROCC study in which we evaluate risk
factors for meningioma a total of 1,906 cases and 5,565 population based controls were included,
making this by far the largest case-control study of meningioma after the INTERPHONE study. In

this paper we present results for occupational exposure to a range of organic solvents.



Methods

The case-control study

The INTEROCC study is a multi centre population-based case-control study conducted between
2000 and 2004 in 10 study centres from 7 countries; namely Australia, Canada, France, Germany,
Israel, New Zealand and the United Kingdom. In most centres the study population consisted of all
residents in the study regions aged 30 to 59, with eligible cases being all residents of those
regions diagnosed during the study period with a confirmed first primary meningioma. The age
range of cases varied in some centres, with cases up to the age of 69 years included in Germany,
cases aged 18 to 69 in the UK, and in Israel cases aged 18+ years were recruited to allow for
greater case ascertainment. Controls were randomly selected from the source population in each
centre, either individually matched or frequency matched on year of birth (within 5-year
categories), sex and study region. Wherever possible study subjects were interviewed face-to-face
by trained interviewers using a computer assisted personal interview (CAPI) questionnaire,
although a small number of proxy interviews were conducted where the study subject had died or
was too ill to be interviewed. The study questionnaire covered demographic factors, including

socio-economic and lifestyle factors, and a full occupational history.

Occupational exposure assessment

The occupational history information obtained included all jobs held for at least six months, the job
title, the specific tasks performed in that job, the company name, a description of the activities
performed by the company, and the start and end year of each job. An occupational hygienist from
each of the seven patrticipating countries coded local jobs according to the international occupation
and industry classifications, i.e. the International Standard Classification of Occupations 1968
edition (ISCO68) "-° %9 and 1988 edition (ISCO88) -° **°? for occupations, and the International
Standard Industrial Classification 1971 edition (ISIC71) "-° 9" for industry. To maximise the

quality and comparability of coding between countries a common set of coding guidelines was



established, a group training exercise was held and a web-based forum was established to discuss
difficult cases. Before and after comparison trials were conducted to determine the reliability of

coding between different countries, which showed that the reliability was moderately improved

(McLean et al., 2011)

Based on a review of the literature in relation to possible occupational risk factors for brain cancer,
a total of 29 chemical agents, including selected organic solvents, combustion products, metals,
dusts, formaldehyde, oil mist and sulphur dioxide were selected for investigation in the INTEROCC
study. The retrospective assessment of exposure to the selected chemicals for all study
participants was made by linking the occupational history information to a newly developed Job-
Exposure Matrix based on the Finnish job-exposure matrix (FINJEM)®auppinen etal, 1998) ‘The methods
used to infer exposure, including the modification of the FINJEM using exposure estimates
developed for a population-based case-control study of lung cancer in Montréal (-2voué et al. 2012) 4q
develop the INTEROCC-JEM, as well as peer review by an international panel of occupational
hygienists to ensure that INTEROCC-JEM estimates better reflected the prevailing exposure

(van Tongeren et

patterns in the seven participating countries, have been described in detail elsewhere

al., 2013)

For this component of the INTEROCC study occupational exposure to the following organic
solvents was assessed; Aliphatic and Alicyclic hydrocarbons (ALHC), Aromatic hydrocarbons
(ARHC), Toluene (TOLU), Benzene (BENZ), Chlorinated hydrocarbon solvents (CHC),
Perchloroethylene (PER), Methylene chloride (MCH), 1,1,1-Trichloroethane (TCE), and
Trichloroethylene (TRI), Gasoline (GASO), and Other organic solvents (OSOL). The INTEROCC-
JEM assigns both P (proportion of workers in that occupation who were considered to be exposed)
and | (intensity of exposure), and for the main analyses it was decided to assign exposure only to

those occupations where the estimated prevalence of exposure in that job category was greater



than or equal to 25% (P =25%). A minimum period of exposure of 1 year was applied, and to allow

for latency a lag period of 5 years was also applied.

Statistical analysis

Conditional logistic regression models were used to calculate odds ratios (ORs) and 95%
confidence intervals (95% CIs) for risk of meningioma. Models were stratified by sex, age (5 year
groups) and country-region, and adjusted for education. Three exposure indices were used, 1)
ever/never exposed, 2) lifetime cumulative exposure categorised in quartiles of the distribution
among exposed controls, and 3) total duration of exposure in categories decided a priori of 1-4
years, 5-14 years and >15 years. All subjects never exposed to “any solvent” were used as the
reference category. Sensitivity analyses were conducted by excluding proxy respondents, subjects
over 69 years and subjects with neurofibromatosis and tuberous sclerosis, and by including those
with uncertain exposure (i.e. duration of exposure < 1 year) in the unexposed group. We also
repeated the analyses using different cut-off points for defining exposure (i.e. P=5%, P= 50%), and

using different lag periods (i.e. 1, 5 and 10 years).



Results

Table 1 describes selected characteristics of the study population of the 1,906 meningioma cases
and 5,565 controls that were included in the analyses. The majority of cases (73.4%) were women,
the mean age at diagnosis was 55 years, and the majority of cases (60.1%) had at most a primary
or secondary education. A total of 4.6% of the case interviews were conducted with a proxy

respondent. Overall participation rates were 81% for cases and 50% for controls.

The lifetime occupational exposure prevalence, mean cumulative exposure and mean duration of
exposure to organic solvents is shown in Table 2. Where P225% a total of 6.5% of all participants
were ever exposed to any solvent, with a greater proportion of controls (7%) ever exposed to any
solvent compared to cases (5%). Where P=5% was used as a cut point a total of 14.3% of
participants were ever exposed to any solvent, while where a cut point of P250% was used the
total ever exposed was 4.7%. The specific solvents with the greatest number of participants ever
exposed at P=25% were aromatic hydrocarbons (ARHC) 5.7%, aliphatic and alicyclic
hydrocarbons (ALHC) 2.5%, toluene (TOLU) 2.3% and other organic solvents (OSOL) 1.6%. Of
the chlorinated hydrocarbons no cases were ever exposed to Methylene chloride (MCH),
Perchloroethylene (PER) or Trichloroethylene (TRI), and only one case was exposed to 1,1,1-
Trichloroethane (TCE). The highest mean cumulative exposures were for ARHC (10,464.20 ppm)
and TOLU (10,446.80 ppm), while the longest mean durations of exposure were to OSOL (12.4
years), ARHC (10.9 years), ALHC (10.4 years) and TOLU (10.3 years). Controls tended to have
greater mean cumulative exposure to all solvents compared to cases, and also tended to have
higher mean durations of exposure to all solvents compared to cases with the exception of
benzene (BENZ). As can be seen in Table 3, with the exception of those ever exposed to ARHC
(where less than 40% were ever exposed to any other agent) joint exposure to different solvents or

classes of solvents was common.



As can be seen in Table 4 no association was observed between exposure to any solvent and
meningioma in the overall study population (OR=1.05, 95% CI 0.82 — 1.36), or in women
(OR=1.02, 95% CI 0.75 — 1.39) or men (OR=1.16, 95% CI 0.73 — 1.84) separately. For those
specific solvents with at least 5 exposed cases the ORs ranged from 0.65 to 1.33 overall, and
none were statistically significant. In internal analyses there were also no significant trends of
increasing risk with either increasing cumulative exposure or duration of exposure, either overall or
when stratified by gender. Sensitivity analyses excluding proxy respondents, including those with
uncertain exposure (less than 1 year in duration) in the reference group, excluding unresponsive
respondents, excluding subjects greater than 69 years of age, or excluding subjects with
neurofibromatosis or tuberous sclerosis, generally revealed little change in odds ratios (results not
shown). Other sensitivity analyses using different cut points to define exposure, and using different
lag times, also resulted in little change to odds ratio estimates and showed no significant trends
according to exposure duration or cumulative exposure. Similarly analyses including additional
potentially confounding variables (socio-economic status, marital status, smoking, use of a proxy,
a medical history of atopic conditions, or age at first exposure) in the model also generally resulted
in little change in the odds ratios. There was also no significant interaction according to sex, age,

age at first exposure, or smoking status for ever exposure (data not shown).



Discussion

This multi-centre case-control study of 1,906 cases and 5,565 controls provides no evidence of
any association between occupational exposure to organic solvents and meningioma, in the

overall study population or in women or men separately. There were also no significant trends of
increasing risk with either increasing cumulative exposure or duration of exposure. However,
interpretation of these negative findings should take into account the strengths and limitations of

the study.

The INTEROCC study is the largest case-control study conducted to date investigating
associations between occupational exposure to organic solvents and meningioma. Potential
sources of selection and recall bias in the design and conduct of the INTERPHONE study on
which this study was based have been addressed in detail elsewhere (& et al. 2007 Vriheid et al, 2009)
however these related primarily to the somewhat more problematic issue of recall of cell phone
use by study participants and it is unlikely that the same biases would apply to occupational
chemical exposure with the methods used in this study to assign exposure. The vast majority of
interviews in this study were conducted face-to-face, with only 4.6% of the case interviews being
conducted with a proxy respondent. There were differential response rates between cases and
controls (estimated as 81% of cases and 50% of controls), however there is little evidence of
systematic response bias apart from gender distribution, and to a lesser extent country-region,

between cases and controls and these differences were controlled for in the statistical analyses.

The retrospective assessment of occupational exposure is the major challenge in all community-
based case-control studies, particularly in multi centre studies where there may be either true
differences in exposure prevalence and intensity between countries or differences in the quality of

the exposure estimation made locally (©fermans etal, 2013; Peters etal, 2011) The (jfferent methods available



for estimating occupational exposures retrospectively, i.e. analysis by job or industry title, self-
reports of exposure, job-exposure matrices and case-by-case expert evaluations (Slemiayeki 1996)
each have advantages and disadvantages and involve some trade-off between cost and validity
(van Tongeren etal, 2013) \v/ith over 35,000 jobs having been held by INTEROCC study participants, and

the relatively limited information available in the occupational history, the only feasible option for

this study was the use of a job-exposure matrix.

Notwithstanding the limitations associated with the use of a job-exposure matrix approach to
estimate past exposure, we believe that the process we followed to modify the FINJEM for
application to the INTEROCC study resulted in significantly improved consistency and better
estimates of exposure across the seven participating countries. The assessment of exposure
based on study participants’ reported occupational histories and a job-exposure matrix minimises
the probability of recall and reporting bias, however assigning a single exposure measure to all
subjects when it is known that there is typically wide variability in exposure levels between workers
in a given job title does introduce error. This error, however, is non-differential with respect to

case/control status and is, therefore, likely to lead to the attenuation of true risk estimates.

A number of previous studies have suggested associations between occupational exposure to
organic solvents and meningioma. However, this evidence has come from two relatively small
studies using exposure assessment based on responses to specific questions about chemical
exposures M ea1999) or analyses using expert assessments to group jobs determined to have
similar tasks and exposures Reiramanetal. 2004. Apgther large Swedish study Navas-Acienetal, 2002)
involved linkage of cancer registry data with census data from 1960 and 1970 to determine
occupation, and used a Swedish job-exposure matrix to estimate exposure. This study, however,
found some evidence of an association with “possible” exposure but not with “probable” exposure
to solvents. Despite the large sample size in the INTEROCC study the prevalence of exposure to

chlorinated hydrocarbons was extremely low with only one case ever exposed to a chlorinated



hydrocarbon. We were unable, therefore, to assess risk associated with exposure to Methylene
chloride, perchloroethylene, 1,1,1-Trichloroethane or trichloroethylene, however the exposure
prevalence was adequate for the other solvents. The recent US study M2 €@ 2012 sing expert
assessment to estimate exposure found no evidence of an association between occupational

exposure to chlorinated hydrocarbon solvents and meningioma.

In conclusion, this study provides no evidence of an association between occupational exposure to

selected organic solvents and meningioma.
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Table 1: Description of the study population

Cases Controls
n % n %
Total 1,906 5,565
Sex
Males 507 26.6 2,484 44.6
Females 1,399 73.4 3,081 55.4
Country
Australia 254 13.3 669 12
Canada 94 49 653 11.7
France 145 7.6 472 8.5
Germany 379 19.9 1,535 27.6
Israel 737 38.7 987 17.7
NZ 50 2.6 160 2.9
UK 247 13.0 1,092 19.6
Age (years)
<25 4 0.2 33 0.6
25-34 79 4.1 390 7
35-44 272 14.3 1,117 20.1
45-54 658 34.5 1,765 31.7
55-64 524 27.5 1,529 27.5
65-74 252 13.2 582 10.5
75-84 102 5.4 132 2.4
85+ 15 0.8 17 0.3
Smoking
Current 486 25.5 1,501 27
Ex 397 20.8 1,319 23.7
Never 1,023 53.7 2,745 49.3
Maximum level of education attained
Primary, Secondary 1,146 60.1 2,998 53.9
Intermediate college, professional 361 18.9 1,045 18.8
Tertiary 392 20.6 1,511 27.2
Unknown 7 0.4 11 0.2
SIOPS* SES scale in quartiles
<35 550 28.9 1,369 24.6
35-42.8 439 23 1,369 24.6
42.9-52 417 21.9 1,369 24.6
52.1+ 421 22.1 1,369 24.6
Unknown 79 4.1 90 1.6
Marital status
Single, divorced and widowed 465 24.4 1,306 23.4
Married 1,434 75.2 4,244 76.3
Don't know/Missing data 7 0.4 15 0.3
Benign or Malignant
NA - - 5,565 100
Malignant 15 0.8 - -
Benign 1,891 99.2 - -

*Standard International Occupational Prestige Scale



Table 2: Prevalence, mean cumulative exposure and mean duration of solvent exposure in cases and controls*

Cases Controls
Ever Ever Mean Mean Ever Ever Mean Mean
Agent (n) (%) cumulative duration of (n) (%) cumulative duration of
exposure exposure exposure exposure
(ppm) (years) (ppm) (years)
Any solvent 95 5 - - 389 7 - -
ALHC 41 2.2 6,287 8.8 139 2.6 7,261 10.9
ARHC 74 3.9 9,876 10.1 351 6.4 10,588 11
BENZ 13 0.7 756 7.4 66 1.3 1,054 4.7
CHC 1 0.1 869 1.5 13 0.3 4,614 7.6
GASO 5 0.3 143 4.1 25 0.5 169 4.2
MCH 0 0 0 0 0 0 0 0
0OsOoL 27 1.5 4,509 8.9 89 1.7 7,150 134
PER 0 0 0 0 0 0 0 0
TCE 1 0.1 188 1.5 3 0.1 458 3.7
TOLU 36 1.9 9,399 9 128 2.4 10,742 10.6
TRI 0 0 0 0 11 0.2 3,521 6.1

* Exposure in an occupation where P>25% in Job-Exposure Matrix for at least 1 year with a 5-year lag.



Table 3: Joint exposure to solvents in the INTEROCC study*

ALHC ARHC BENZ CHC GASO MCH OSOL PER TCE TOLU TRI

n 180 425 79 14 30 0 116 0 4 164 11
ALHC - 33.6 46.8 35.7 100.0 0.0 96.6 0.0 0.0 82.9 45.5
ARHC 79.4 - 97.5 92.9 100.0 0.0 99.1 0.0 75.0 100.0 100.0
BENZ 20.6 18.1 . 78.6  100.0 0.0 8.6 0.0 25.0 29.9 100.0
CHC 2.8 3.1 13.9 - 0.0 0.0 4.3 0.0 100.0 3.0 100.0
GASO 16.7 7.1 38.0 0.0 - 0.0 0.0 0.0 0.0 18.3 0.0
MCH 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0
OSsoL 62.2 27.1 12.7 35.7 0.0 0.0 - 0.0 0.0 64.6 45.5
PER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
TCE 0.0 0.7 1.3 28.6 0.0 0.0 0.0 0.0 . 0.0 9.1
TOLU 75.6 38.6 62.0 35.7 100.0 0.0 91.4 0.0 0.0 - 45.5
TRI 2.8 2.6 13.9 78.6 0.0 0.0 4.3 0.0 25.0 3.0 -

*Values of cells in each column represent the proportion of participants with exposure to solvent A co-exposed to solvent B



Table 4: Risk estimates for meningioma associated with exposure to selected organic solvents

ALL MEN WOMEN
Agent Cases Controls OR* 95% ClI Cases Controls OR* 95% Cl Cases Controls OR* 95% ClI
Never 1,811 4,849 1.00 Reference 441 1,922 1.00 Reference 1,370 2,927 1.00 Reference
exposed
Ever 95 349 1.05 0.82-1.36 66 287 1.02 0.75-1.39 29 62 1.16 0.73-1.84
exposed
ALHC 41 122 122 0.84-1.79 25 87 131 0.81-2.12 16 35 1.11 0.60-2.06
ARHC 74 314 0.94 0.71-1.25 54 270 0.89 0.64-1.24 20 44 1.14 0.66 —1.98
BENZ 13 60 0.65 0.35-1.21 7 36 0.70 0.30-1.64 6 24 060 0.24-1.50
CHC 1 12 0.28 0.04-2.19 1 7 0.68 0.08-5.93 0 5 - -
GASO 5 21 073 0.27-2.01 1 9 0.58 0.07-4.97 4 12 0.79 0.25-2.51
OsoL 27 79 133 0.84-212 19 67 1.21 0.70-2.08 8 12 184 0.73-4.63
TCE 1 2 140 0.11-18.44 0 1 0.00 - 1 1 480 0.20-113.04
TOLU 36 114 1.16 0.78—-1.73 23 89 1.09 0.66-1.78 13 25 1.35 0.68 —-2.69

*ORs for Ever/Never exposed (P>25% in JEM) with at least one year of exposure and a 5-year lag.





