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Abstract

Background. Previous studies have inconsistently reported associations between Refractory
Ceramic Fibers (RCF) or Mineral Wool Fibers (MWF) and the presence of pleural plaques
(PP). Moreover, all these studies were based on Chest X-Ray, known to be associated with a
poor sensitivity for the diagnosis of PP.

Research question. Does the risk of pleural plagues increase with cumulative exposure to RCF,
MWF and silica ? and if yes, do these dose-response relationships depend on the co-exposure
to asbestos or conversely, are the dose-response relationships for asbestos modified by co-
exposure to RCF, MWF and silica ?

Study design and Methods. Volunteer workers were invited to participate in a CT-scan

screening program for asbestos-related diseases in France. Asbestos exposure was assessed by
industrial hygienists and exposure to RCF, MWF and silica was determined by using Job-
Exposure Matrices. A Cumulative Exposure Index (CEI) was then calculated for each subject
and separately for each of the 4 mineral particle exposures. All available CT-scans were
submitted to randomized, double reading by a panel of radiologists.

Results. In this cohort of 5,457 subjects, we found a significant dose-response relationships,
after adjustment for asbestos exposure between CEI to RCF or MWF and the risk of PP (OR=
1.29[1.00-1.67] and OR=1.84 [1.49-2.27] for the highest CEI quartile respectively). Moreover,
significant interactions were found between asbestos on one side and respectively MWF or RCF
on the other side.

Interpretation. This study suggests the existence of a significant association between exposure
to RCF and MWF and the presence of PP in a large population previously exposed to asbestos

and screened by CT-scan.



38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

Although the relationship between exposure to asbestos and the prevalence of pleural plaques
is well known 1?2, the scientific evidence is weaker concerning the role of exposure to other
fibers, including Mineral Wool Fibers (MWF) and Refractory Ceramic Fibers (RCF). Previous
studies have inconsistently reported associations between RCF or MWF and the presence of
pleural plagues *°. In 1995, De Vuyst et al. concluded that there was no evidence that pleural
plaques were associated with glass-, rock- or slag-wool exposures on the basis of the
epidemiological literature ©. Recently, more convincingly results were published by Le Masters
et al. 7 reporting an association between pleural plaques and RCF, with significant dose-
response curves, even in a sub-sample of subjects with no known asbestos exposure. However,
all these studies were based on Chest X-Ray, which is well known to have poor sensitivity for
the diagnosis of pleural plaques. Finally, in a previous study, Lacourt et al & also reported a
possible modifier effect of exposure to RCF on the dose-response relationships between
mesothelioma and asbestos CEI. To our knowledge, no such possible effect has been studied
between asbestos exposure and other fibers for pleural plaques. The aim of the present study
was to study the association between RCF and MWF exposures and pleural plaques in a large
cohort of subjects all previously exposed to asbestos and screened by CT-scan, and, if exists,
the existence of a possible interaction with asbestos exposure, or conversely, a possible modifier
effect of these exposures on the dose-response relationships between pleural plaques and

asbestos exposure.

Study Design & Methods
Study population
A more complete description of the study design has been previously published ®1°. Briefly, an

asbestos-related diseases screening program was organized between October 2003 and
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December 2005 in four regions of France (Lower and Upper Normandy, Aquitaine and Rhone-
Alpes) in order to assess the usefulness and validity of CT-Scan in former asbestos-exposed
populations. The volunteer subjects recruited in this program worked in various industrial
sectors such as iron and steel manufacture, construction sector, cargo handling, metalworking,
ship repair. All subjects had to have been exposed to asbestos to be included in the cohort. They
received, according to a detailed design, a free medical check-up including chest CT-scan and
pulmonary function tests. Subjects for whom a CT-scan was available for analysis at baseline
constituted the Asbestos Post-Exposure Survey (APExS) population. The present study
included all male and female subjects of the APEXS with confirmed asbestos exposure.
Occupational exposures and tobacco consumption

All subjects completed their full work history by means of a “cursus laboris” and a standardised
self-questionnaire. Asbestos exposure has been assessed by industrial hygienists !, as MWF,
RCF and silica exposures have been estimated by Job-Exposure Matrices (JEM). Cumulative
exposure index were computed for each mineral particle by the mean of the product of
probability (of exposure) x duration x intensity level. All non-null probability of exposure were
considered as exposed. Additional details on the method for making these measurements is
provided in an online data supplement.

Smoking status was recorded at baseline (never smoker, former smoker for more than one-year,

current smoker including former smoker having stopped smoking for less than one year).

CT scanning

The detailed protocol for CT-scan acquisition at inclusion and interpretation of CT-Scan has
been previously described °. Interstitial or pleural abnormalities were registered on a
standardized form according to the Fleischner Society glossary of terms 2. Pleural plaques were

defined as circumscribed, quadrangular, pleural elevations, with clearly demarcated borders
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and tissue density, sometimes calcified, presenting a typical topography, at least on some of the

images 3 (supplementary figure 1).

Statistical analysis

Subject characteristics (age, smoking status at inclusion, asbestos, MWF, RCF and silica
exposure parameters) were compared between subjects with and without pleural plaques, by
means of Chi2 or two-sided Fisher—Freeman—Halton test depending on the sample size for each
of these mineral particles. Exposures to asbestos, MWF, RCF and silica were characterized by
duration of exposure and CEIl, expressed as quartiles or continuous variables. Statistical
associations between pleural plagues and the various exposures were tested by using
unconditional logistic regressions. Several models were fitted separately depending on the type
of definition of exposure to the 4 mineral particles i.e. asbestos: CEIl expressed as log (CEI +
1) or by quartiles; MWF, RCF and silica: absence / presence, CEI expressed as log (CEI + 1)
or by quartiles.

As all subjects were exposed to asbestos, we introduced interaction terms by dichotomising
exposure variables: i) for studying the interaction of asbestos exposure on dose-response
relationships between CEI of the 3 particles and pleural plagues, we first created an asbestos
0/1 variable (< median value of CEI, >median value) and then computed the interaction term
as log (CElparticles +1) * asbestos 0/1 variable. If this interaction was significant, we computed
Log (CElparicles +1) for each category of the asbestos 0/1 variable; ii) for the last research
question, we computed the asbestos CEI respectively within non-exposed and exposed subjects
to each of the other particles. Interaction terms were assessed in three separate models
introducing asbestos CEI of subjects exposed to each of the 3 particles in a model including

asbestos CEI for all subjects.
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All multiple analyses were adjusted for age and smoking status, and depending on the analysis,
cumulative exposure to asbestos.

Statistical analysis was carried out using SAS software version 9.4 (SAS Institute, Inc, Cary,
NC). All statistical tests were two-sided, and the limit of statistical significance was defined as

p<0.05.

Results

The study-population flow-chart is shown in Figure 1. Subject characteristics according to the
presence of pleural plaques are presented in Table 1. Overall, the prevalence of pleural plaques
in the 5,457 subjects (including 5,225 males) involved in the present study was 20.2% (n=1,102,
of whom 1,078 males). Comparison of subjects with or without pleural plagues demonstrated
that patients with pleural plaques were older (65.2 years vs 62.5 years, p<0.0001), and less often
non-smokers (19.2% vs 27.7%, p<0.0001). The percentage of subjects exposed to MWF, RCF
and silica were 70.1%, 27.7% and 57.4%, respectively considering a non-null probability of
exposure by the JEM (Supplementary Table 1). Subjects with pleural plaques had significantly
higher CEI to asbestos, MWF, RCF and silica than subjects without pleural plagques regardless
of the exposure considered. In univariate analysis, dose-response effects were significant for
the 4 types of mineral particles.

Adjusting for smoking status and age confirmed these dose-response relationships for MWF,
RCF and silica (Table 2). However, also adjusting for CEI to asbestos resulted in significant
dose-response effects only for MWF and a close significant one for RCF. Moreover,
considering the CEI to these 4 agents (Table 3), only asbestos (OR = 1.37 [1.31-1.44]) and
MWF (OR =1.41 [1.30-1.54]) demonstrated a significant dose-response relationships after
adjustment for age, smoking status and all other co-exposures. Dose-response relationships

with MWF CEI was more pronounced when exposure to asbestos was greater than the CEI
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median) with a significant interaction term. Significant dose-response relationships with CEI
to asbestos were also observed for the 6 groups of subjects exposed or not exposed to the other
3 mineral particles (Table 4). However, these results suggested a differential slope in subjects
exposed to MWF, with an asbestos-related OR for the highest quartile relative to the lowest
quartile of 3.68 [2.73-4.97] in subjects not exposed to MWF vs an asbestos-related OR of 5.28
[4.24-6.59] in subjects exposed to MWF. A similar pattern, albeit less pronounced, was also
observed for RCF, with an asbestos-related OR of 4.30 [3.43-5.39] and 6.28 [4.80-8.23], in
subjects not exposed and exposed to RCF, respectively. These two interactions were significant

but no such significant interaction was observed for silica (Table 5).

Discussion

Based on a large cohort of more than 5,000 subjects with CT-scan data, our study reported
coherent positive effects of co-exposures to asbestos and MWF, and to a lesser extent, for RCF,
but not with silica. A significant dose-response relationship was observed between the CEI to
MWEF and the presence of pleural plagues on CT-scan, after adjustment for age, smoking status,
asbestos exposure and exposure to other mineral particles. Moreover a significant modifier
effect was observed for co-exposure to asbestos and MWF or RCF compared to exposure to
asbestos alone.

The major bias related to these types of analyses is the possibility of a residual effect of asbestos
associated with other exposures despite adjustment, rather than an effect of co-exposures
themselves. Simultaneous co-exposures to asbestos, MWF or RCF often occurred in industrial
settings using these fibers, depending on several criteria such as historical evolution of
processes, economic conditions, technical requirements, etc. The statistical consequences of
analyses of such highly correlated variables have been extensively discussed by Lacourt et al.

14 Briefly, using JEM for the assessment of exposure to MWF, RCF and silica is thought to
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include non-differential misclassification and bias toward the null for OR estimates °.
However, these three JEMs may also be correlated by construction, resulting in correlated
misclassifications. In this case, distortion of estimates may be unstable, toward as well as away
from the null °. It can then be hypothesized that significant associations observed in this study
may simply reflect the effect of asbestos and not the effect to other fibers. However, two
elements strongly argue against such an hypothesis. Firstly, asbestos exposure was estimated
for each subject by an independent assessment based on recorded job tasks by industrial
hygienists, while assessment of exposure to other agents, namely MWF, RCF and silica, was
based on JEMs. We can therefore hypothesize that misclassifications of exposure between the
hygienist’s assessment of asbestos exposure and the JEM were limited and poorly correlated,
which would contribute to avoiding bias in our results. Secondly, dose-response relationships
between pleural plaques and exposures to RCF, MWF and silica were clearly different, as we
observed no association for silica, and a significant association for the other two agents. Co-
exposures to asbestos and silica are also a frequent event in industrial settings such as in
foundries, mining or construction, and 57% of our subjects were exposed to both asbestos and
silica (data not shown). In our data set, correlation coefficients between asbestos and the 3 CEI
to mineral particles were all significant and relatively similar (supplementary Table 2) except
for silica. In univariate analyses, we found a significant dose-response relationship between
CEl to silica and the presence of pleural plaques but this association was not significant after
adjustment for CEI to asbestos. Moreover, we found significant interactions between RCF and
MWF exposure and asbestos-related slopes for the presence of pleural plaques, but not for silica
exposure. These differential results between pleural plaques and co-exposures to asbestos,
MWEF, RCF and silica as well as statistical adjustments performed in our study support the

hypothesis that the possible role of a confounding residual effect of asbestos exposure on our
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results was low. However, such a hypothesis cannot be totally ruled out due to our
epidemiological design and we cannot achieve definite conclusions.

The results of epidemiological studies on the role of Man-Made Mineral Fibers (MMMF) on
pleural plaques are inconsistent and sparse. Pleural plaques have been clearly associated with
the presence of ashestos fibers in the lungs, mainly due to occupational exposures *°. In an
autopsy study of 288 men 3, Karjalainen et al. reported a significant association between the
presence of pleural plaques and age, smoking, pulmonary concentration of asbestos but not with
other inorganic fibers. However, the possible modifier effect of other inorganic fibers on the
association between pleural plagues and pulmonary concentration of asbestos was not assessed
in this study. The first study from the MMMF industry, including 1,028 subjects, with
interpretable chest X-rays for 941 subjects, reported only a few pleural abnormalities (15
subjects with pleural thickening, 1 with pleural calcification, 1 with pleural plaques), and did
not provide more detailed analyses regarding the small number of abnormalities . In the
mineral wool industry, Jarvolm et al. reported a non-significant prevalence of pleural plaques
among 933 workers and 865 referents (12 vs 3)°. In a study in the fiberglass industry, Kilburn
et al. reported pleural abnormalities in 20/284 subjects, only 2 of whom had been previously
exposed to asbestos 7. The authors concluded that these pleural abnormalities could be
explained by fiberglass exposure alone. New findings have emerged from the US-RCF industry
studies. In a retrospective cohort and a nested case-control study, Lockey et al. reported a
prevalence of pleural plaques in 20 cases among 652 workers 8. Moreover, significant dose-
response relationships were observed with duration, time since first exposure and cumulative
exposure (fiber-month/mL) to RCF. Taking into account previous asbestos exposure in the
nested case-control study did not modify these associations. A recent up-date confirmed these
results with a significant dose-response association with cumulative exposure to RCF in the

whole cohort (n=1341, OR = 6.9 [3.6-13.4] for Cumulative Exposure (CE) >135 relative to <15
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fiber-month/mL) or in subjects without asbestos exposure (n=647, OR = 9.1 [2.5-33.6] for
CE>135 relative to <15 fiber-month/mL)’. The results of the only other cohort from the
European RCF industry were in accordance with these findings °. In 355 workers not exposed
to asbestos (among 774 RCF exposed workers), the authors found a significant exposure-
response for the prevalence of pleural plagues with time since first exposure to RCF (OR =4.01
[1.54-10.44]) in a non-age adjusted model. Our results, based on CT features, provide new
findings compared to previous published series exclusively based on radiological data as we
found a significant association between pleural plaques and RCF exposure, after adjustment for
age, smoking and asbestos exposure (Table 3, OR = 1.29 [1. 0-1.67] in the group with the
highest quartile of CEI to RCF). However, this association was less pronounced than that
observed for MWF exposure (Table 2, OR = 1.84 [1.49-2.27]). Moreover, in the full model,
with adjustment for the various mineral particles (namely asbestos, RCF, MWF and silica),
only the association with MWF persisted (Table 3, OR = 1.41 [1.30-1.54]). These discrepancies
are difficult to explain. This last result (Table 3) could be explained by the correlation between
RCF and MWF exposures assessed by JEM, as described above, or by over-adjustment.
However, both the lower intensity level of exposure and the smaller number of subjects exposed
to RCF (when compared to MWF exposed subjects) may also explain our absence of
significative association of exposure to RCF with pleural plaques in this cohort.

To our knowledge, no association between pleural plagues and MWF exposure has been
previously reported in the literature. However, as already mentioned, only a limited number of
studies have been published and we did not identify any studies published after 1995. The
available studies present a number of weaknesses (absence of control group, small number of
subjects, use of chest X-rays) and these publications therefore cannot be used to reliably

demonstrate the absence of such an association. Consequently, we consider that our findings,
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based on a large cohort and using HRCT for the diagnosis of pleural plaques, support an
association between RCF and MWF and the presence of pleural plagues.

Another interesting result is the effect of co-exposures to asbestos and RCF or MWF. The
association between pleural plaques and asbestos CEI appeared to be significantly stronger in
subjects both exposed to asbestos and one of these fibers than in subjects only exposed to
asbestos. To our knowledge, this is the first time that this type of result has been published.
Interestingly, in a case-control study conducted on other French regions, Lacourt et al. reported
a possible modifier effect of RCF, MWF and to a lesser extent silica exposures on the
association between asbestos exposure and pleural mesothelioma 814,

Many studies have evaluated the toxicological characteristics of various fibers 2°. However,
only rare studies have demonstrated the pleural effects of fibers other than asbestos, and most
of them concerned RCF. In a subchronic inhalation study, Gelzleither demonstrated that RCF-
1 caused pleural fibrosis in hamsters but not in rats 2. Conversely, in a comparative study
between rats and hamsters, Everitt showed that RCF induced pleural inflammation in both
species %, In a chronic multidose RCF inhalation study in rats and hamsters, Mast also reported
pleural fibrosis in both hamsters and rats 2. Only one study reporting the effects of two different
MWFs was found. This study reported pleural inflammation and fibrosis in hamsters only with
one of the two fibers studied 2*. We also showed a modifier effect of co-exposure with asbestos
and MWEF or RCF. In an experimental model, Davis previously demonstrated that co-exposure
to chrysotile or amosite and quartz may enhance the pulmonary fibrosis effect as well as the
pleural inflammation induced by either of the two types of asbestos alone. In the same study,
another compound, titanium oxide, mixed with amosite only enhanced pleural inflammation
relative to the inflammation induced by amosite alone ?°. Bellmann et al. reported that the
addition of non-fibrous particulates to a RCF sample, significantly enhanced lung inflammatory

adverse effects of RCF alone %. Davis concluded that co-exposure to both non-fibrous and

11
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fibrous particles may affect the biological effect of the fibers alone ?’. Several mechanisms
have been proposed to explain these results: overload and direct inflammation, synergistic
effects between inorganic substances and decreased clearance of fibers 8.

Finally, biopersistence has been described as one of the major determinants of the toxicology
of fibers. In particular, biopersistence of fibers correlates with collagen deposition in the lung
(as a surrogate for early fibrotic response). Biopersistence has also been described as a
determinant of translocation of fibers from the lungs to the pleura ?°, although the mechanisms
of translocation have not been elucidated. It has also been reported that long fibers translocate
from interstitial spaces to pleural spaces via lymphatic stomata, resulting in black spots and
possibly leading to benign and malignant local pleural changes modifications 23!, All short-
term inhalation measurements on long fibers indicate that RCF is significantly less biopersistent
than amphibole asbestos but more biopersistent than other (but not all) MWFs 2. Some chronic
inhalation studies have also reported longer biopersistence for RCF compared to most MWF,
associated with the length of the fibers, although discordant results have been reported by
various studies *3. Finally, Lockey et al. also reported that RCF can persist in human lung tissue
for up to 20 years in 7 formerly exposed subjects 34 Despite the lack of studies, these
experimental findings do not invalidate the possibility of either a specific association between
RCF and MWF with pleural plaques or a possible modifier effect of asbestos alone, even if the

evidence is weaker for MWEF.

Interpretation

Our study reported dose-response relationships between exposure to RCF, MWF and the
presence of pleural plaques, after controlling for asbestos exposure, in a large cohort of asbestos
exposed workers assessed by CT-Scan. Moreover, we also suggest the existence of a modifier

effect of these two mineral particles on the relationships between asbestos exposure and the risk

12
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of pleural plaques. No such results were observed with silica. A review of the sparse literature
also supports these two findings, from both the epidemiological or experimental points of view.
However, co-exposure to asbestos among these subjects, did not allow us to have definite
conclusions, despite advanced statistical analyses. If confirmed, our findings encourage
clinicians to assess previous exposure to asbestos but also MWF or RCF, and consider diagnosis
of pleural plaques, beside an asbestos exposure but also for the two others fibers, alone or in

combination. Moreover, compensation for these patients have to be discussed.
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Take-home Points:

Study question: Does the risk of pleural plaques increase with cumulative exposure to RCF,
MWF and silica ? and if yes, do these dose-response relationships depend on the co-exposure
to asbestos or conversely, do the dose-response relationships for asbestos were modified by co-
exposure to RCF, MWF and silica ?

Results: Exposure to RCF and MWF were associated with the prevalence of pleural plaques,
after adjustment for asbestos exposure. A significant interaction was observed between
exposure to RCF and MWF and exposure to asbestos, as well as a modifier effect of dose-
response relationships between pleural plaques and asbestos in presence of an exposure to RCF
and MWF.

Interpretation: If confirmed, our findings encourage clinicians to assess previous exposure to
asbestos but also MWF or RCF, and consider diagnosis of pleural plagues, beside an asbestos

exposure but also for the two others fibers, alone or in combination
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423  Table 1. General characteristics of subjects according to the presence of pleural plaques on CT-

424  scan (APEXS, n=5,457)

No pleural plaques

Pleural plaques P value

(4355) (1102)
n (%) n (%)
Age (years) ! 62.5 (5.6) 65.2 (6.1) <0.0001
Gender
Male 4147 (79.4) 1078 (20.6)  <0.0001
Female 208 (89.7) 24 (10.3)
Smoking status
Non smokers 1208 (85.1) 211 (14.9) <0.0001
Former smokers 2495 (77.0) 747 (23.0)
Smokers 306 (78.9) 82 (21.1)
Unknown smoking status 346 (84.8) 62 (15.2)

425 1:mean (SD)
426
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Table 2. Risk of pleural plaques with absence/presence of Mineral Wool Fibers (MWF),
Refractory Ceramic Fibers (RCF) and silica exposures, adjusted for smoking status and age
(model a) and cumulative exposure to asbestos (model b) (APEXS, n=5,457, 1,102 with

pleural plagues)

Model a ! Model b 2
OR [95% CI] P value OR [95% CI] P value
Asbestos
CEl (eq. f/mL.years) 34
Q1 reference
Q2  1.38[1.09-1.74]
Q3 2.32[1.87-2.88]
Q4 4.75[3.87-5.83] <0.0001
MWF (f/mL.years) 4°
Non-exposed reference reference
Exposed (yes)  1.67[1.42-1.96] <0.0001 1.44[1.22-1.70] <0.0001
Q1 1.11[0.89-1.39] 1.17[0.93-1.48]
Q2 1.40[1.12-1.73] 1.25 [1.00-1.55]
Q3 1.78[1.45-2.19] 1.51[1.22-1.86]
Q4 259[2.11-3.17] <0.0001 1.84[1.49-2.27] <0.0001
RCF (f/mL.years) 4°
Non-exposed reference reference
Exposed (yes) 1.34[1.15-01.55] <0.0001 1.11[0.96-1.30] 0.170
Q1 0.80[0.60-1.07] 0.80 [0.59-1.08]
Q2  1.52[1.20-1.94] 1.15[0.90-1.47]
Q3 1.40[1.08-1.83] 1.22 [0.93-1.60]
Q4 1.73[1.35-2.22] <0.0001 1.29[1.00-1.67] 0.054
Silica (mg/m?.years) 4°
Non-exposed reference reference
Exposed (yes)  1.13[0.98-1.29] 0.091 1.16 [1.01-1.34] 0.037
Q1  1.06[0.86-1.31] 1.06 [0.85-1.31]
Q2 1.08[0.88-1.34] 1.12 [0.90-1.39]
Q3 1.26[1.03-1.54] 1.32[1.08-1.62]
Q4 1.10[0.90-1.35] 0.269 1.16 [0.94-1.44] 0.104

L. logistic regression models for each exposure to asbestos, RCF, MWF and silica, adjusted

for age and smoking status. Category (yes/no or quartiles CEl) were analyzed separately

2: logistic regression models for each exposure to RCF, MWF and silica, adjusted for age,
smoking status and asbestos exposure. Categories (yes/no or quartiles CEl) were analyzed

separately

3: exposure assessed by industrial hygienists
4: Expressed as quartiles, for asbestos: Q1=]0-3.70], Q2=]3.70-26.73],Q3= ]26.73-
48.08],Q04=]>48.08]; for MWF:Q1=]0-0.032], Q2=]0.032-0.231],Q03=]0.231-1.270],

Q4=]>1.270]; for RCF:Q1=]0-0.006], Q2=]0.006-0.035], Q3=]0.035-0.342],

Q4=]>0.342];for silica:Q1=]0-0.081], Q2=]0.081-0.369], Q3=0.369-1.435], Q4=]>1.435].
5: exposure assessed by Job-Exposure Matrices; all non-null probability of exposure were

considered as exposed
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Table 3. Risk of pleural plaques according to cumulative exposure to asbestos, Mineral Wool
Fibers (MWF), Refractory Ceramic Fibers (RCF) and silica (APEXS, n=5,457, 1,102 with
pleural plaques)

Model a ! Model b 2
OR [95%CI] ! P value OR [95%ClI] P value
Asbestos 3
Log (CEl +1) 1.37[1.31-1.44]  <0.0001 1.39[1.33-1.45]  <0.0001
MWEF 4

Log (CEl +1) 1.41[1.30-1.54] <0.0001
Log (CEI +1)a-5 - - 0.98[0.76-1.27]  0.893

Log (CEI +1)a+® ; - 1.44[1.32-1.57] <0.0001
RCF 4
Log (CEl +1) 0.83[0.65-1.06] 0.131 0.97[0.77-1.23]  0.796
Silica *
Log (CEI +1) 1.11[1.00-1.23] 0.054 1.10[0.99-1.22]  0.069

L logistic regression model, adjusted for age and smoking status and cumulative exposures to
asbestos, MWF, RCF and silica

2: logistic regression models, adjusted for age, smoking status and cumulative exposures to
asbestos, RCF, silica and MWF CEI according to asbestos CEI dichotomized on the median
value; Interaction term P value = 0.002

3: exposure assessed by industrial hygienists

4: exposure assessed by Job-Exposure Matrices; all non-null probability of exposure were
considered as exposed

5Log (CEI +1)a-: MWF CElI in subjects with an asbestos CEIl < median value, Log (CEI
+1)a+: MWF CEI in subjects with an asbestos CEI > median value,
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Table 4. Risk of pleural plaques according to cumulative exposure to asbestos, by category of
exposure (no/yes) to Mineral Wool Fibers (MWEF), Refractory Ceramic Fibers (RCF) and
silica (APEXS, n=5,457, 1,102 with pleural plaques)

Non-exposed to MWF !

Exposed to MWF !

OR [95%CI] ? P value OR [95%CI] ? P value
Asbestos CEI (eq. f/mL.years) >4
Q1 reference reference
Q2 1.08 [0.74-1.59] 1.48 [1.15-3.84]
Q3 1.21[0.81-1.79] 2.48 [1.95-3.07]
Q4 3.68[2.73-4.97] <0.0001 5.28 [4.24-6.59] <0.0001

Non-exposed to RCF !

Exposed to RCF !

OR [95%CI] ? P value OR [95%CI] ? P value
Asbestos CEI (eq. f/mL.years) 4
Q1 reference reference
Q2 1.38[1.07-1.77] 1.38 [0.96-1.98]
Q3  2.11[1.64-2.70] 2.26 [1.72-2.95]
Q4 4.30[3.43-5.39] <0.0001 6.28 [4.80-8.23] <0.0001

Non-exposed to Silica !

Exposed to Silica !

OR [95%CI] 2 P value OR [95%CI] 2 P value
Asbestos CEI (eq. f/mL.years) *
Q1 reference reference
Q2 1.19[0.86-1.65] 1.47 [1.15-1.93]
Q3  1.90 [1.42-2.56] 2.31 [1.82-2.93]
Q4 4.57 [3.58-5.83] <0.0001 5.10 [4.02-6.47] <0.0001

1. exposure assessed by Job-Exposure Matrices; all non-null probability of exposure were

considered as exposed
2 logistic regression models, adjusted for age and smoking status
3. exposure assessed by industrial hygienists
4: Expressed as quartiles, for asbestos: Q1=]0-3.70], Q2=]3.70-26.73],Q3= ]26.73-
48.08],Q4=]>48.08];

21



Table 5. Risk of pleural plaques according to cumulative exposure to asbestos in the whole

cohort and cumulative exposure to asbestos in subjects exposed to MWF, RCF or silica used

as an interaction term (APEXS, n=5,457, 1,102 with pleural plaques)

Model *
OR [95%ClI] P value
MWF
Log (CEla+1) 2 1.34 [1.26-1.41] <0.0001
Log [(CEIJMWF+) +1]1°  1.11[1.06-1.15] <0.0001
RCF
Log (CEla+1) 2  1.41[1.35-1.49] <0.0001
Log [(CEla/ RCF+) +1]°3 1.05 [1.01-1.09] 0.018
Silica
Log (CEla+1) 2 1.42 [1.36-1.49] <0.0001
Log [(CEla) / Silica+) +1] 1.03 [0.99-1.07] 0.132

CEla: asbestos cumulative exposure index in the whole cohort; CEla / MWF+: asbestos

cumulative exposure index in subjects exposed to MWF; CEla/ RCF+: asbestos cumulative

exposure index in subjects exposed to RCF; CEla/ Silica+: ashbestos cumulative exposure
index in subjects exposed to silica;

L Logistic regression models, adjusted for age and smoking status
2: exposure assessed by industrial hygienists

3: exposure assessed by Job-Exposure Matrices (JEM), probability of exposure > 1%
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Figure 1. Flow-chart of the study

16,167 eligible subjects

81 subjects with missing gender data

1,461 subjects without asbestos exposure

14,625 subjects with asbestos exposure

8,869 subjects without CT-Scan
115 subjects with uninterpretable CT-Scan

5,641 subjects with asbestos exposure and available CT-Scan

184 subjects with missing mineral particle exposure data

5,457 subjects with complete data

5,225 males subjects, including 1,078 with pleural plaques
232 female subjects, including 24 with pleural plagues




Conflict of interest

Christophe Paris has nothing to disclose
Isabelle Thaon has nothing to disclose
Francois Laurent has nothing to disclose
Anastasia Saade has nothing to disclose
Pascal Andujar has nothing to disclose
Patrick Brochard has nothing to disclose
Julia Benoist has nothing to disclose
Benedicte Clin has nothing to disclose
Gilbert Ferretti has nothing to disclose
Antoine Gislard has nothing to disclose
Celine Gramond has nothing to disclose
Pascal Wild has nothing to disclose
Aude Lacourt has nothing to disclose
Fleur Delva has nothing to disclose
Jean-Claude Pairon has nothing to disclose



Supplementary Methods.

Using full work history, industrial hygienists coded the dates and duration (years) of exposure
for each job associated with asbestos exposure. Intensity of asbestos exposure, expressed as
equivalent fibers/mL, was then coded as low or passive exposure: 0.01; intermediate: 0.1; high
intermediate: 1; high: 10). An individual cumulative exposure index (CEI) was then calculated
as the sum of each duration x intensity product for each exposed job throughout each subject’s
working life. Owing to the absence of atmospheric measurements and the lack of detailed
information on exposure frequency (percentage of working time), the asbestos CEIl is expressed
in equivalent f/ml x years (eq. f/ml.y).

Exposures to MWF and RCF as well as silica were assessed by using job-exposure matrices in
the “MATGENE” program [35], after coding each occupation / activity pair by means of
International Standard Classification of Occupations (ISCO) 1968 and “Nomenclature des
Activités Frangaises” (NAF) 2000 codes. A non-null probability of exposure was retained to
define the presence of exposure to these three agents. Similarly to asbestos, a CEl was then
calculated for each subject, based on the period, probability, estimated level and duration of
exposure. These CEI were expressed as fibers/mL.years for MWF and RCF and as mg/m?3.years

for silica.



Supplementary Figure 1. Example of pleural plaque

Pleural plaques (arrow) were defined as circumscribed, quadrangular, pleural elevations, with
clearly demarcated borders and tissue density, sometimes calcified, presenting a
typical topography, at least on some of the images (see Beigelman-Aubry C, Ferretti
G, Mompoint D, et al. Computed tomographic atlas of benign asbestos related
pathology. J Radiol. 2007;88(6):845-862.



Supplementary Table E1. Characteristics of exposure to Asbestos, Mineral Wool Fibers
(MWEF), Refractory Ceramic Fibers (RCF) and silica according to the presence of pleural
plaques on CT-scan (APEXS, n=5,457)

Overall No pleural Pleural plaques P value
(5457) plaques (1102)
(4355) n (%)
n (%)
Asbestos
Duration (years) * 34.8 (8.3) 36.2 (7.5) <0.0001
CEl (eq. f/mL.years) 55.8 (92.5) 111.0 (125.7) <0.0001
2,3
Q1 1235 (89.6) 143 (10.4)
Q2 1165 (86.2) 186 (13.8)
Q3 1075 (78.8) 289 (21.2)
Q4 880 (64.5) 484 (35.5) <0.0001
MWF
Exposure (yes) 3827 (70.1) 2958 (77.3) 869 (22.7) <0.0001
Duration (years) * 24.1 (13.9) 26.8 (14.2) <0.0001
CEI (f/mL.years) * 2.2 (11.4) 7.7 (25.5) <0.0001
Non-Exposed 1397 (85.7) 233 (14.3)
Q1 795 (83.3) 160 (16.7)
Q2 770 (80.3) 189 (19.7)
Q3 710 (74.2) 247 (25.8)
Q4 683 (71.4) 273 (28.6) <0.0001
RCF
Exposure (yes) 1512 (27.7) 1166 (77.1) 346 (22.9) 0.002
Duration (years) ! 13.4 (7.3) 11.8 (6.8) 0.0006
CEI (f/mL.years) 4 0.51 (1.61) 0.82 (2.5) 0.006
Non-Exposed 3189 (80.8) 756 (19.2)
Q1 319 (84.4) 59 (15.6)
Q2 309 (74.5) 106 (25.5)
Q3 258 (75.7) 83 (24.3)
Q4 280 (74.1) 98 (25.9) <0.0001
Silica
Exposure (yes) 3130 (57.4) 2468 (78.9) 662 (21.1) 0.041
Duration (years) ! 22.8 (14.3) 23.8 (14.6) 0.143
CEI (mg/m3.years) 3* 1.77 (4.6) 2.9(9.2) <0.0001
Non-Exposed 1887 (81.1) 440 (18.9)
Q1 642 (81.5) 157 (19.5)
Q2 615 (80.3) 151 (19.7)
Q3 596 (76.1) 187 (23.9)
Q4 615 (78.6) 167 (21.4) 0.040

! mean (SD)

2 exposure assessed by industrial hygienists
3: Expressed as quartiles, for ashestos: Q1=]0-3.70], Q2=]3.70-26.73],Q3=]26.73-
48.08],Q4=]>48.08]; for MWF:Q1=]0-0.032], Q2=]0.032-0.231],Q3=]0.231-1.270],

Q4=]>1.270]; for RCF:Q1=]0-0.006], Q2=]0.006-0.035], Q3=]0.035-0.342],
Q4=]>0.342];for silica:Q1=]0-0.081], Q2=]0.081-0.369], Q3=0.369-1.435], Q4=]>1.435].



4: exposure assessed by Job-Exposure Matrices; all non-null probability of exposure were
considered as exposed

Supplementary Table 2. Correlation coefficients between CEI to asbestos, MWF, RCF and
silica

Asbestos MWF RCF Silica
Asbestos 1.00
MWEF 0.60 1.00
RCF 0.58 0.58 1.00
Silica 0.07 -0.02 0.88 1.00




