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ABSTRACT The aim of this study was to investigate the hypothesis of an increased risk of pleural
mesothelioma due to co-exposure to asbestos and refractory ceramic fibres (RCF) compared to asbestos
exposure alone.

Males were selected from a French case—control study conducted in 1987-1993 and from the French
National Mesothelioma Surveillance Program in 1998-2006. Two population controls were frequency
matched to each case by year of birth. Complete job histories were collected and occupational asbestos and
RCF exposures were assessed using job exposure matrices. The dose-response relationships for asbestos
exposure were estimated from an unconditional logistic regression model in subjects exposed to asbestos
only (group 1) and subjects exposed to both asbestos and RCF (group 2).

A total of 988 cases and 1125 controls ever-exposed to asbestos were included. A dose-response
relationship was observed in both groups but it was stronger in group 2. In comparison with subjects
exposed at the minimum value of the cumulative index of exposure, the odds ratio was 2.6 (95% CI 1.9-3.4)
for subjects exposed to 75 fibres-mL™"-year™" in group 1 increasing to 12.4 (95% CI 4.6-33.7) in group 2.

Our results suggest that the pleural carcinogenic effect of occupational asbestos exposure may be
modified by additional exposure to RCF.
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Introduction

Refractory ceramic fibres (RCF) are manufactured inorganic fibres that belong to the subgroup man-made
vitreous fibres. In 2002, the International Agency for Research on Cancer concluded that the limited
available data from epidemiological studies did not allow adequate evaluation of the cancer risk linked with
RCF exposure, thus, RCF were classified into group 2B: “possibly carcinogenic to humans” [1].

From animal studies, it has been shown that inhalation of RCF produced fibrosis and pleural tumours [2].
However, the experiment protocols were criticised and it has been hypothesised that a lung overload effect
occurred in these studies [3].

From epidemiological studies, a US cohort study of workers exposed to RCF did not report any excess
mortality related to all deaths, all cancers, or respiratory disease including mesothelioma [4]. However, the
mean latency period in this cohort was only 21 years and only 942 subjects were available for analyses. In
2012, WALKER et al. [5] used the updated data of this cohort to compare the observed mesothelioma rates to
those expected if RCF had the same carcinogenic potential as different varieties of asbestos. The authors
rejected the hypothesis that RCF has the same pleural mesothelioma potency as crocidolite, but they could
not reject the hypothesis for amosite or chrysotile [5, 6].

Besides cancer, the European and the US cohort studies of workers exposed to RCF revealed that the
prevalence of pleural abnormalities increased with RCF exposure and in the absence of asbestos exposure
[7-10]. More recently, a dose-response pattern was observed between cumulative exposure to RCF and
radiographic pleural changes in workers not exposed to asbestos [11].

Animal models have shown that inflammation and fibrosis may be a preliminary step in the development
of pleural mesothelioma [12]. Moreover, while controversial [13], there is some evidence from
epidemiological studies of an increased risk of pleural mesothelioma in the presence of pleural plaques
[14]. Since RCF seems to have the ability to induce pleural plaques in humans, we may hypothesise that
RCF may also have the potential to induce a carcinogenic effect in the pleura.

In the case of RCF, the number of exposed workers is very small. Thus, it is not possible to perform cohort
studies large enough to observe an increased risk of pleural mesothelioma due to such exposure. However,
to date, there is no case—control study investigating the relationship between occupational RCF exposure
and pleural mesothelioma. In France, a recent study examined the relationship between pleural
mesothelioma and occupational co-exposure to asbestos and mineral wool. While it was almost impossible
to reach a conclusion on the association of occupational exposure to mineral wool and pleural
mesothelioma due to a low prevalence of exposure to mineral wool alone, without any occupational
asbestos exposure, results from this study were in favour of an increased risk of pleural mesothelioma for
subjects exposed to both asbestos and mineral wool compared to subjects only exposed to asbestos [15].

Using a French pooled case—control dataset, the objective of the present study was to investigate the
hypothesis of increased pleural mesothelioma risk due to asbestos and RCF co-exposure compared with
asbestos exposure alone.

Methods

Study design

The case—control dataset used in this study has been described previously [15, 16]. Cases were either newly
diagnosed subjects included in a previous case—control study between 1987-1993 [17], or all histologically
confirmed incident cases of pleural mesothelioma identified through the French National Mesothelioma
Surveillance Program (Programme national de surveillance du mesothelioma; PNSM) from 1998 to 2006
[18]. Two controls were frequency matched to cases according to sex and year of birth within groups of
5 years from two population-based samples from the French Institute for Public Health Surveillance, which
recorded complete job histories [19]. Finally, the present case—control dataset comprised 1199 male cases
and 2379 male controls.

Data collection

A different, but standardised, questionnaire was administered to both cases and controls by trained
interviewers. For each subject, age at diagnosis/interview, year of birth and complete job history were
recorded. A job was defined as an occupation held within an industry. Occupations and industries were
coded according to the International Standard Classification of Occupations [20] and International
Standard Industrial Classification [21].
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TABLE 1 Definition of exposure indicators included in the asbestos and refractory ceramic
fibres (RCF) job exposure matrices used to assess occupational exposure of subjects

Exposure indicators

Asbestos

RCF

Probability %

Proportion of exposed workers within a job

Frequency %

Average frequency of exposure per working week

Intensity fibres-mL™’

Average level of exposure

Possible (>0-5)
Probable (>5-30)
Likely (>30-70)
Definite (>70)

Sporadic (>0-5)
Occasional (>5-30)
Frequent (>30-70)
Continuous (>70)

Very low (>0-0.01)
Low (>0.01-0.1)
Medium (>0.1-1)

High (>1-10)

Class 1 (>0.1-1)
Class 2 (>1-10)
Class 3 (>10-50)
Class 4 (>50-90)
Class 5 (>90)

Occasional (>0-5)

Intermittent (>5-30)
Frequent (>30-70)
Permanent (>70)

Class 1 (>0-0.1)
Class 2 (>0.1-1)
Class 3 (>1-3)
Class 4 (>3)

Very high (>10)

Occupational exposure assessment

Occupational asbestos and RCF exposures were assessed by two job exposure matrices (JEMs) provided by
the French Institute for Public Health Surveillance [16, 22]. For each job classified in the international
classifications and for different time periods, the JEMs provided three exposure indicators: 1) probability,
2) frequency, and 3) intensity of exposure (table 1). In order to be more specific, we defined a job exposed
to asbestos as a job with a probability of exposure >5% and a job exposed to RCF as a job with a probability
of exposure >1%.

Next, subjects exposed to asbestos and RCF were defined as subjects with at least one exposed job (as
defined previously). For each fibre type, three exposure indicators were defined: 1) the highest probability of
exposure, 2) the total duration of exposure in years and, 3) the cumulative index of exposure expressed in
fibres'mL*-year. To calculate the cumulative index of exposure for both asbestos and RCF, we attributed
values to each class of each semi-quantitative parameters included in both matrices. These values were
arbitrarily defined by the centre of the class.

Statistical analyses

Because our objective was to study the quantitative effect of asbestos exposure in the presence or absence of
RCF co-exposure on the risk of pleural mesothelioma, all our analyses were restricted to subjects
occupationally exposed to asbestos (988 male cases and 1125 male controls).

All analyses were performed using unconditional logistic regression adjusted for age at diagnosis for cases
and at interview for controls (years) and birth year. The occupational exposure variable of interest was the
cumulative index of exposure to asbestos. To avoid imposing any functional form of dose-response
relationship between cumulative index of exposure to asbestos, age and birth year variables and the logit of
pleural mesothelioma, we used restricted cubic spline functions [23]. For each adjustment variable (age and
birth year), we defined a priori three interior knots located at the 5th, 50th and 95th percentiles to ensure
enough flexibility without producing a possible over fitting [23]. For the cumulative index of exposure to
asbestos, the number of knots was defined by minimising the Akaike’s information criterion from the model
including all subjects occupationally exposed to asbestos. The model, including a four-knot restricted cubic
spline located at the 25th, 50th, 75th and 95th percentiles, was retained.

To study the quantitative effect of asbestos exposure in the presence of RCF co-exposure on the risk of
pleural mesothelioma, we did not include an interaction term between asbestos exposure and RCF exposure
as there were no cases exposed to RCF that were not exposed to asbestos. Instead, we defined two groups of
subjects: 1) those exposed to asbestos only, and 2) those exposed to both asbestos and RCF. Then, we
estimated the dose—response relationship between occupational asbestos exposure and pleural mesothelioma
in these two groups and compared them in terms of odds ratio and form of the dose-response relationship.
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As we used a cut-off of probability of exposure for both asbestos and RCF to define an exposed job, we
performed several sensitivity analyses to assess the impact of this choice on our main results. Three
additional scenarios were used to define a job exposed to asbestos or RCF: 1) any job with a probability of
exposure >0% for both asbestos and RCF; 2) any job with a probability of exposure >30% for asbestos and
>1% for RCF; and 3) any job with a probability of exposure >70% for asbestos and >1% for RCF. All
analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).

Results
The study sample included 988 male cases and 1125 male controls occupationally exposed to asbestos. As
expected, most cases and controls were blue collar workers (69.9% of cases and 65.2% of controls) (table 2).

Table 3 reports occupational asbestos exposure parameters according to occupational exposure to RCF
(group 1 not exposed versus group 2 exposed). Among cases occupationally exposed to asbestos, 127 cases
(12.8%) were also exposed to RCF whereas 92 (8.2%) controls were occupationally exposed to both asbestos
and RCF. In group 2, 54.3% of cases had definite occupational asbestos exposure versus 37.4% of cases in
group 1. Cases exposed to both asbestos and RCF also had a greater cumulative index of exposure and a
longer duration of exposure compared to cases not exposed to RCF.

Subjects exposed to both asbestos and RCF had a significantly higher risk of pleural mesothelioma
compared to subjects only exposed to asbestos (OR 1.6, 95% CI 1.2-2.2). However, while nonstatistically
significant, the mean+sp average cumulative index of exposure for asbestos was higher in group 2
(23.9439.6 fibres-mL"-year') compared to group 1 (19.5433.1 fibres-mL ' year™).

TABLE 2 Characteristics of subjects occupationally exposed to asbestos

Cases Controls
Subjects n 988 1125
Age years
<35 2(0.2) 0 (0.0)
35-44 21 (2.1) 1(0.1)
45-54 84 (8.5) 36 (3.2)
55-64 273 (27.6) 538 (47.8)
65-74 380 (38.5) 467 (41.5)
75-84 196 (19.9) 82 (7.3)
>85 32 (3.2) 1(0.1)
Mean + sb (range) 66.9+10.1 (25-93) 65.6+6.2 (41-86)
Year of birth
<1915 56 (5.6) 51 (4.5
1915-1919 42 (4.2) 33(2.9)
1920-1924 123 (12.5) 137 (12.2)
1925-1929 213 (21.6) 259 (23.0)
1930-1934 208 (21.1) 304 (27.0)
1935-1939 164 (16.6) 184 (16.4)
1940-1944 87 (8.8) 76 (6.8)
1945-1949 54 (5.5) 42 (3.7)
1950-1954 31 (3.1) 28 (2.5)
>1955 10 (1.0) 11 (1.0)
Last occupation held®
0/1 Professional, technical and related worker 81 (8.2) 121 (10.8)
2 Administrative and managerial workers 33 (3.3) 45 (4.0)
3 Clerical and related workers 60 (6.1) 85 (7.6)
4 Sales workers 48 (4.9) 54 (4.8)
5 Service workers 46 (4.7) 70 (6.2)
6 Agricultural, animal husbandry, and forestry workers, 29 (2.9) 16 (1.4)
fishermen and hunters
7/8/9 Production and related workers, transport, equipment 691 (69.9) 734 (65.2)

operators and labourers

Data are presented as n (%), unless otherwise stated. #: defined according to the seven major groups of the
1968 International Standard Classification of Occupations [21].
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TABLE 3 Description of occupational asbestos parameters in subjects exposed to asbestos
only and subjects exposed to both asbestos and refractory ceramic fibres (RCF)

Asbestos exposure parameters Exposed to asbestos only Exposed to ashestos and RCF
Cases Controls Cases Controls
Subjects n 861 1033 127 92
Highest probability of exposure
Probable 151 (17.5) 320 (31.0) 0 (0.0) 6 (6.5)
Likely 388 (45.1) 543 (52.5) 58 (45.7) 60 (65.2)
Definite 322 (37.4) 170 (16.5) 69 (54.3) 26 (28.3)
Total duration of exposure years
0-10 129 (15.0) 222 (21.5) 1(0.8) 2(2.2)
10-20 93 (10.8) 156 (15.1) 7 (5.5) 1(1.1)
>20 639 (74.2) 655 (63.4) 119 (93.7) 89 (96.7)

Cumulative index of exposure
fibres-mL™"-year™'

0-0.1 107 (12.4) 204 (19.7) 0 (0.0) 2(2.2)
0.1-1 162 (18.8) 252 (24.4) 10 (7.9) 21 (22.8)
1-10 203 (23.6) 274 (26.5) 55 (43.3) 53 (57.6)
10-20 91 (10.6) 77 (7.5) 11 (8.7) 4 (4.4)
>20 298 (34.6) 226 (21.9) 51 (40.1) 12 (13.0)

Data are presented as n (%), unless otherwise stated.

Figure 1 represents the nonlinear effect of cumulative index of exposure to asbestos on the logit of pleural
mesothelioma in subjects only exposed to asbestos (fig. 1a) and in subjects exposed to both asbestos and
RCF (fig. 1b). The curve of both relationships was different, as was the magnitude of the effect. In group 1,
the risk of pleural mesothelioma increased sharply up to ~16 fibressmL™"-year™ and then increased with a
weaker slope thereafter. In group 2, the risk of pleural mesothelioma increased sharply to ~22 fibres-mL™-year™
and was stable thereafter.

Table 4 reports some specific odds ratios for the association between pleural mesothelioma and asbestos
cumulative index of exposure in group 1 and group 2 derived from the same model as in figure 1. A dose—
response relationship was observed in both groups but it seemed to be stronger in group 2 where subjects
were exposed to both asbestos and RCF. Indeed, in group 1, the OR was 1.1 (95% CI 1.0-1.1) for subjects
exposed to 1 fibre-mL™"year™ compared to those exposed to the minimal cumulative index of exposure,
and increased to 2.6 (95% CI 1.9-3.4) for subjects exposed to 75 fibres-mL-year . In group 2, the OR was
1.2 (95% CI 1.1-1.4) for subjects exposed to 1 fibre-mL'-year” compared to those exposed at the minimal
cumulative index of exposure, and increased to 12.4 (95% CI 4.6-33.7) for those exposed to 75
fibres-mL " -year™.

Sensitivity analyses presented similar results. Whatever the scenario considered, the curves of the dose—
response relationships in both group 1 and 2 were similar to those presented in figure 1. Only the
magnitude of the effect tended to be lower as the exposure assessment tended to be more specific but with
the same difference between both groups (data not shown).

Discussion

Our results suggest that for the same cumulative index of exposure to asbestos, subjects exposed to both
asbestos and RCF had a greater risk of pleural mesothelioma compared to subjects only exposed to asbestos.
Indeed, in subjects who were only exposed to asbestos (group 1), the risk of pleural mesothelioma increased
sharply up to 16 fibressmL™"-year" and the magnitude of the effect was equivalent to an exposure of
~4 fibressmL'-year™ in the group of subjects exposed to both asbestos and RCF (group 2). In group 1, the
estimated effect of asbestos exposure increased with a weaker slope. The magnitude of the effect for subjects
exposed to 100 fibres:mL ' year" in group 1 was equivalent to the magnitude of the effect for subjects
exposed to 7 fibresmL'-year™ in group 2. However, the slope after the fourth knot (corresponding to
106.2 fibres'mL'year') is hardly interpretable since restricted cubic spline functions impose two
constraints of linearity before the first knot and after the last knot [24]. Thus, the increasing effect observed
after the fourth knot should be carefully interpreted. In the group of subjects exposed to both asbestos and
RCEF (group 2), the estimated effect of asbestos exposure increased sharply up to ~22 fibres-mL*-year™ and
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FIGURE 1 Nonlinear effect of cumulative index of exposure to asbestos on the logit of pleural mesothelioma in subjects a) exposed only to asbestos or b) exposed
to both asbestos and refractory ceramic fibres relative to the minimum cumulative index of exposure. The solid line represents logistic estimates using a four-knot
restricted cubic spline function located at the 25th, 50th, 75th and 95th percentiles of cumulative index of exposure to asbestos, adjusted for age and birth cohort
using a three-knot restricted cubic spline functions located at the 5th, 50th and 95th percentiles. The odds ratio between two ever-exposed males with different
cumulative index of exposure to asbestos values can be derived from the exponential of the difference between the y-axis values corresponding to the two specific
values of cumulative index of exposure. Dashed lines are approximate 95% point-wise confidence intervals of the estimates compared with the reference value of
cumulative index of exposure set at the minimum value of 0.0000875.

was stable thereafter. However, confidence intervals were large and estimations were based on few subjects.
Thus, the last part of the curve in group 2 should also be interpreted carefully.

As only two cases and three controls were not exposed to both asbestos and RCF simultaneously, we were
unable to assess the effect of the sequence of exposure to asbestos and RCF in group 2.

There are two major hypotheses to explain the greater effect of asbestos exposure in subjects co-exposed to
RCF: 1) an additional exposure to RCF may modify the carcinogenic response of asbestos by modifying
intrapleural retention of asbestos fibres [25]; or 2) the effect of occupational exposure to RCF may be added
to the effect of occupational asbestos exposure, implying that occupational RCF exposure has its own effect
on pleural mesothelioma risk. Considering the first hypothesis, recently, a similar analysis performed on the
same population study concluded that co-exposure to mineral wool and asbestos or co-exposure to
crystalline silica and asbestos seemed to increase the risk of pleural mesothelioma [15]. To date, neither
mineral wool nor crystalline silica are implicated in the aetiology of pleural mesothelioma, reinforcing the
hypothesis that additional dust exposure (fibres or not) may interact with asbestos and modify the pleural
carcinogenic response. Considering the second hypothesis, while animal studies are in favour of a
carcinogenic effect of RCF [2], no epidemiological data are currently available on the carcinogenic potency
of RCF [4-6, 26]. However, RCF are recognised to induce pleural plaques [7-9, 11], which are considered to

TABLE 4 Effect of the cumulative index of exposure to asbestos on pleural mesothelioma risk
in subjects exposed to asbestos only and subjects exposed to both asbestos and refractory
ceramic fibres (RCF)

Cumulative index of exposure Exposed to ashestos only Exposed to asbestos and RCF
fibers-mL™"-year™'

0.0000875 1.0 1.0

0.1 1.0 (1.0-1.0) 1.0 (1.0-1.0)

1 1.1 (1.0-1.1) 1.2 (1.1-1.4)

10 1.9 (1.4-2.5) 5.9 (2.1-16.4)
25 1.9 (1.5-2.4) 13.7 (4.0-46.7)
50 1.9 (1.4-2.5) 12.8 (4.7-35.1)
75 2.6 (1.9-3.4) 12.4 (4.6-33.7)

Data are presented as OR (95% Cl). The odds ratio was derived from a logistic regression model with
cumulative index of exposure to asbestos (four-knot restricted cubic spline), age at diagnosis for cases and
interview for controls (three-knot restricted cubic spline] and birth year (three-knot restricted cubic spline).
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be a marker of asbestos exposure [27]. Moreover, while controversial [2], there is some evidence that pleural
plaques may be implicated in the development of pleural mesothelioma. Recently, results from a French
cohort study of retired or unemployed workers previously occupationally exposed to asbestos showed a
statistically significant association between pleural mesothelioma and pleural plaques while taking asbestos
exposure into account (HR 6.8, 95% CI 2.2-21.4) [14]. Finally, a recent review of animal studies raised the
hypothesis that accumulation of asbestos fibres or carbon nanotubes in pleural spaces may led to pleural
fibrosis and then mesothelioma [12]. Thus, the effect of RCF exposure on the risk of pleural mesothelioma
seems biologically plausible and should be further investigated in humans.

It should be acknowledged that we did not have any information about the type of RCF used. Since the term
RCF comprises different types of molecules, we may hypothesise that some RCF subgroups might have
different oncogenic potential. Thus, the mixture of RCF types may have attenuated the dose-response relationship
estimated in group 2. However, we do not believe that such mixtures have changed our general conclusion.

The main strength of this study is the sample size, which allowed us to reach a satisfactory statistical power
for hypothesis testing. However, in any case, this sample size allowed us to reduce the asbestos exposure
estimation uncertainty. Since both cases and controls came from different sources (a previous case—control
study conducted in 1987-1993 [17] and the PNSM in 1998-2006 [18] for cases, and two samples recording
complete job histories for controls) some potential biases could have been induced. Nevertheless, it has
previously been shown that cases selected in the previous case—control study were representative of all
French cases [17], and cases recorded in the PNSM were all incident cases identified in some specific, but
representative, districts of France [18]. Thus, we believe that our pool of cases should be representative of all
French cases of pleural mesothelioma during these two time periods. To identify any differences between
cases included from the previous case—control study in 1987-1993 (cases 1) and cases from the PNSM in
1998-2006 (cases 2), we re-analysed the dataset by splitting the two sets of cases. For group 1 (subjects only
exposed to asbestos), results between cases 1 and 2 were similar to those presented, while there were a slight
difference in group 2. Whatever the set of cases, we still observed an increased risk of pleural mesothelioma
in subjects exposed to both asbestos and RCF (group 2) compared to subjects only exposed to asbestos
(group 1) and the form of the dose-response relationship was similar to that presented. However, the
magnitude of the effect was higher when analysing data with cases 2 compared to cases 1. Indeed, in group
2, cases 2 seemed to be exposed to asbestos at a higher level than cases 1. However, due to the small number
of cases 1 in group 2 (n=36), and the large 95% confidence intervals, the numeric difference is hardly
interpretable and we should only retain that whatever the set of cases, the difference between group 1 and
group 2 still persist (data not shown).

Controls were randomly selected from a sample that included the complete job history of 10010 subjects
representative of the French population aged 25-74 years in 2007, and from a second sample made of 8344
controls from 15 population-based case—control studies. The representativeness of the first sample has been
previously investigated and it has been shown that asbestos exposure was similar in subjects from this
sample compared to the general French population [15]. The representativeness of the second sample has
been published previously and no major distortion occurred with respect to the overall French male
population in terms of occupational asbestos exposure for various time periods [19]. Overall, we believe
that our subject selection did not induce major bias in the estimates of the effect of occupational asbestos
exposure in the presence of occupational RCF exposure [28].

Occupational asbestos and RCF exposures were estimated with JEMs, which are recognised to be a good
alternative to retrospective exposure assessment made by experts [29]. Indeed, JEMs were built by industrial
hygienists and their assessments were based on available occupational measurement and job descriptions
from epidemiological studies performed in France, as well as economic and statistical data. For a given
homogeneous occupational group, the cells of the job exposure matrices carried an estimate of the
probability, frequency and intensity of exposure. However, JEMs are known to produce misclassification
that is likely to be non-differential in the context of case—control studies. Indeed, JEMs produce a
standardised occupational exposure assessment for a given job without taking into account any
intravariability or subject characteristics. Thus, some odds ratios might have been underestimated [29, 30].
Moreover, occupational exposure assessment made by a JEM relies on the reliability of job histories obtained
from interviews and on the quality of coding. In all our data sources, trained interviewers obtained work
history from the subjects, and previous studies found good validity and reliability of job histories obtained
from interviews [31-36]. Moreover, there is no evidence that the recall of occupations is influenced by disease
status [31, 32]. A French study evaluated the quality of coding of job episodes collected by self-questionnaires
among retired French males and found that the coding was satisfactory [37]. Finally, since results from
sensitivity analysis were similar whatever the “ever exposure” definition, we are confident in our results and
no major information bias should have occurred in these analyses.
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Since asbestos exposure was assessed by a JEM, we did not have any information on the types of asbestos
used. However, in France, almost all the asbestos used was imported, and chrysotile seems to have been the
most common type used. Sources of asbestos exposure mainly came from the construction industry,
shipbuilding and the repairing industry, manufacture of asbestos cement products, metal working and
motor vehicle manufacture or repair [17]. Thus, we did not expect subjects in group 1 to be exposed to a
different type of asbestos compared with subjects in group 2.

It is well known that arbitrary categorisation of a quantitative variable, such the asbestos cumulative index
of exposure, avoids imposing any specific functional form of the covariate—outcome relationship but also
induces a loss of information and reduction in power [38, 39]. More importantly, imposing some arbitrary
categories may not help identify the true dose-response relationship or differences between two dose—
response relationships. However, it is not better to introduce a continuous variable in regression models
that assume a specific mathematical relationship between exposure and disease when this assumption is
violated. In the case of logistic regression, the relationship between the continuous variable and the log odds
of the disease has to be linear which is not accurate in the case of occupational asbestos exposure and pleural
mesothelioma [40]. One alternative is to use restricted cubic spline functions, which allow the estimation of
smooth and plausible dose-response curves [23, 38]. One disadvantage of restricted cubic spline functions is
that the form of the dose-response relationship may depend on the location and the number of knots. Thus,
we used the recommendation of DESQUILBET and MARIOTTI [23] for both adjustment variables and exposure
variables in order to obtain a more accurate dose-response curve.

In conclusion, according to our results in this large case—control study, the dose—response relationship
between occupational asbestos exposure and pleural mesothelioma is stronger in the presence of
occupational co-exposure to RCF. Along with previously published experimental and epidemiological data,
these results should be regarded as a new element of the discussion concerning potential pleural effect of
RCF with or without asbestos co-exposure. Further investigations are needed to confirm and understand
the mechanisms of the effect modification of asbestos exposure in the presence of co-exposure to RCF.
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