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Executive Summary

1. Aims of the study

It is estimated that there are approximately 1.3 million cancer deaths in the European Union (EU)
every year, and past research suggests thd2% of cancer deathsiay relate tooccupational
exposure to carcinogens. In order to establish an effective edfidient strategy for tackling this
problem, a better understanding is required of the burden of occupational cancer and theaisdoci

key carcinogenic agentdReliable quantification of the occupational cancer burden in the2&ls
required for thesepurposes.

The aim of this study was &stimate the economic burden ofancer incidence resulting frorpast
occupationalexposure to selected carcinogenic ageritsthe EU28, so as to assist the trade unions
in refining their strategy and actions todidle occupational cancer. The work involved estimating
the currentincidence of occupational cancer for the -28 andeachMember State, and assessing
the associated economic costs to workers, employers and governmérkgyelement of thestudy
was a omprehensive consideration of gendeglevant aspects of occupational cancer.

2.  Study approach

The approach to the study was separated into two different tasks, with the first involving
quantification of the occupational burden of cancer. This work invallredollowing steps:

1 Step 1. Selection of priority carcinogens/occupations for assessment;

Step 2: Estimation of occupationally exposed populations;

Step 3:Identification of the relativeisks for the relevant carcinogens/occupations;
Step 4: Derivation of the attributable fractions (AFs);

Step 5: Estimation of the attributable numbers (ANs); and

1 Step 6: Comparison with published AFs (ANS).

= —a —a -

Placing an economic value on the costs to workers, employers and governments comprised the
second taskio the study. This involved the development of a cost framework describing the
different cost components (direct, indirect and intangible) ancdbwiould bear each of the costs.

In order to address the uncertainty surrounding some of the data requiredherassessment
(numbers of workers exposed, relative risk, etc.) six scenarios were assessed for each carcinogen
(three central scenarios and three further scenarios). The central estimeflecti KS  a G dzR& G S
judgement of the most reliable numbers of exposed workers and the most appropriate risk
estimates for the exposure patterns experienced. Tmntralcore scenario is complemented with
two further estimates (Centrdtigh and Centralow) which provide a rangethat incorporates
uncertainty regarding the relative risks in published literature. Thetral-core estimate (and the
accompanyindow-high range) thus represents the most realistic estimate of the current cancer
incidence due to pst occupational exposure to the 25 agents considered in this study.

The central scenarios are complemented w@how scenario (lowest assumptions on incidence,
exposal population and relative risk), lsigh scenario(highest assumptions on incidence, espd
population and relative risks), anal midpoint estimate (midpoints between the input data used for
the high and the low scenarias)

3. Priority carcinogenic agents

It was not possible to look at all carcinogenic agents within the scope of this sfglg.result, the
agents to be considered had to be prioritised. In particular, the aim was to identify the top
carcinogens in terms of their contribution to the overall incidence of occupational cancer, and their
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gender relevance (in particular their doibbution to the occupational cancer incidence for women,
although agents specifically relevant to men were also identified) to ensure that the study is not
skewed towards one of the two genders.

The starting point for this prioritisation was a review afisting studies that have assessed
occupational exposure across a number of carcinogens and occupations. The results of the key
meta-analyses were reviewed and their findings scored for prioritisation purposes based on the
following attributes: relative risk and number of workers exposedge of the underlying data;
specificity; geographic scopegender aspects; angcope in terms of the breadth of the carcinogenic
agents examined.

The outcome of this prioritisation process was the identificatiothef25 carcinogenic agents to be
examined in more detail in this study, as listed in Tabl@Heseincluded chemical agentprocess
generated substancesuch as wood dust and diesel exhaust, and occupational agents such as shift
work ard work in the rubberrndustry.

Table 1: Final selection dhie 25 carcinogenicagents

Diesel exhaust Solar radiation

Silica Environmental tobacco smoke (ETS)
Asbestos Epichlorohydrine

Formaldehyde Tetrachloroethylene

Benzene Shift work

Mineral oils Dioxins

Cd and Cdompounds Inorganic acid mists containing sulphuric acid
Wood dust Rubber manufacturing industry
Arsenic lonising radiation

Vinyl chloride Cr(VI) compounds

Ethylene oxide Aromatic amines

PAHSs (from coal tars and pitches) Cytostatic drugs

Occupationas a welder

Although it is possible that the 25 agents account for the majority of occupational cancer incidence,
this is by no means certain, and it is highly likely that the inclusion of additional agents in the
assessment woulchave increas@ the estimated attributable fractiongAFs)and attributable
numbers(ANs) For example, although organic solvents were not included in the core assessment
due to significant uncertainties associated with the input data, an additional assessment isedrovid
to show that their inclusion would increase thstimated AFs.

4, Occupationally exposed populations

The proportion of workers exposed to the relevant carcinogenic agentstheaeference period for

the analysis (1968005 for cancers with 280 yearlatency and 199&€015 for cancers with-Q0

year latency)was estimated Developingestimates for the E28 required extrapolating from
existing data sources (e.g. CAREX, SUMER, ASA, etc.) and combining these extrapolations with
estimated longterm trendsand staff turnover ratios These estimates were derived for the low,

high, midpoint and centrdiestimate scenarios, with a summary of the results preseieidw.

Table 2 Exposed population (adjusted for natural mortalityas % of the current workingopulation

Carcinogen Reference period\ Low i Midpoint Central
01 DEE 19662005 4.9% 8.9% 6.4% 6.7%
02 Silica 19662005 2.1% 6.3% 4.6% 4.1%

! Please note that the exposed populations under the Certinad, Centralow, and Centrahigh scenarios are
identical.
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Table 2 Exposed population (adjusted for natural mortalityas % of the current workingopulation

Carcinogen Reference period\ Low High Midpoint Central
03 Asbestos 1966-2005 0.2% 2.0% 1.2% 1.7%
04 Formaldehyde 1966-2005 1.1% 4.1% 1.9% 1.6%
19962015 0.8% 2.3% 1.4% 1.1%
05 Benzene 19962015 0.1% 2.2% 0.7% 0.3%
06 Mineral oils 1966-2005 4.4% 11.4% 7.8% 11.1%
07 Cd and Cd compounds 1966-2005 0.1% 0.4% 0.3% 0.4%
08 Wood dust 1966-2005 3.1% 5.6% 4.0% 4.5%
09 Arsenic 1966-2005 0.3% 0.3% 0.3% 0.3%
10 Vinylchloride 19662005 0.01% 0.1% 0.1% 0.1%
11 Ethylene oxide 19962005 0.002% 0.04% 0.02% 0.04%
12 PAHs 19662005 0.003% 1.3% 0.7% 0.9%
19962015 0.00%% 1.1% 0.6% 1.1%
13 Occupation as a welder 19662005 0.4% 6.7% 3.2% 4.3%
14 Solar radiation 19662005 9.7% 12.8% 11.3% 12.8%
15 ETS 19662005 2.3% 14.5% 10% 14.5%
16 Epichlorohydrine 19662005 0.1% 0.1% 0.1% 0.1%
17 Tetrachloroethylene 1966-2005 0.1% 0.6% 0.4% 0.4%
19962015 0.1% 0.4% 0.4% 0.2%
18 Shift work 19662005 6.6% 20% 13.2% 20%
19 Dioxins 19662005 0.1% 4.6% 2.3% 2.3%
20 Inorganic acid mists 1966-2005 0.4% 0.8% 0.6% 0.6%
21 Rubber manufacturing 1966-2005 0.1% 0.5% 0.3% 0.3%
19962015 0.1% 0.3% 0.2% 0.2%
19662005 0.01% 0.1% 0.05% 0.04%
Women
19662005 0.1% 1.0% 0.5% 0.5%
Men
22lonising radiation 19662005 0.2% 2.0% 0.8% 0.5%
19962015 0.1% 1.1% 0.6% 0.3%
19662005 0.1% 0.5% 0.2% 0.1%
Women
19662005 0.3% 3.4% 1.5% 0.9%
Men
23 Cr(VI) compounds 19662005 0.5% 1.7% 0.9% 0.8%
24 Aromatic amines 19662005 0.3% 0.9% 0.6% 0.5%
25 Cytostatic drugs 19662005 0.7% 3.1% 1.5% 0.8%
Women
19962015 0.3% 1.1% 0.6% 0.3%

5. Relativerisk

Information was then taken from the published literature on the relative cancer risk for workers
exposed to the various carcinogenic agents. Thesative risk estimates were taken from both
meta-analyses and individual cohort studies. To the extent possible, the cancer sites for which risk
estimates have been identifiedvere based on those listed in IARC (2616For some of the
carcinogenic ages, it was not possible to source occupational risk estimates for all of the cancer
sites, leading to a gap in our analysis. In other cases, additional sites to those listed in IARC were
taken into account, in particular where these sites were identifesl being relevant when

2 IARC (2016): List of classifications by cancer sites with sufficient or limited evidence in humans, available at

https://monographs.iarc.fr/ENG/Classification/Table4.pdf
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establishing harmonised classifications for the substances under Regu{&fen 1272/200&n
classification, labelling and packaging of substances and mixtures (as the relevant EU legislation).

In total, estimates have been develapéor 23 cancer sites across the 25 carcinogenic agents (see
Table 29 in the main report).

6.  Attributable fractions (AFs) and attributable numbers (ANSs)

The Attributable Fraction (AF) is the proportion of cancer cases that would not have occurred in the
absnce of occupational exposure, and it has been esthdor each of the 2%arcinogenic agents

and sites based on relative risks and the estimates of the exposed populatimn's equation has
been used for the calculation of the AFs:

AF = Pr(E)(RR - 1)/ {1 + Pr(E)(RR — 1)}

where RRrelative risk and Pr(Eproportion of theW | (i pdpiiladidn @ith a history of occupational
exposure to the carcinogen.

The detailed results are summarised in Section 2.5 of the report, with Table 3 below setting out the
overall AFs calculated for thbree central scenarios.

Table 3: Incidence AFs for all cancer sites across the 25 carcinogenic agents (reference year: 2015)

Scenario Centratow Centralcore Centrathigh
Overall AF, Both genders 6% 8% 12%
Overall AFE Women 3% 5% 7%
Overall AF Men 6% 10% 15%

The AF derived under the CENTRAL scena8ih isWhen the 95% Cl in the relative risk estimates is
taken as a basis for the estimation, the central estimate is a range between 6% andTh2%e
estimates are positioned closer to the highestimates in the published literature and provide
further support for studies that have estimated the overall AF for occupational cancer atr 8%
above Itshould be noted that the AFs estimated in this study are for cancer incidence rather than
mortality and they relate to the 25 specific carcinogenic agents and do not capture cancer incidence
resulting from all occupational carcinogens

An important finding of this study is that, by including a specific gender focus on carcinogenic agents
for women, this study has found a higher AF for occupational exposure of female workers than
previous studies. This is, in particular, due to the shiftk, ionising radiation and cytostatic drugs
within the scope of this studyThecentral estimates found by this study are compared with other
published studiesn Figure 1
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Figurel: Gntral scenarios overall AFs compared with published estimates

The calculated AFs were applied to national cancer incidence fdatatwo Europewide cancer
incidence registries (EUREG and EUCAN) and other sources to generate the numbers of occupational
cancers in EU Meber States. This provides estimates of the Attributable Numbers (ANs) of cancer
registrations stemming from occupational exposuréssing data from EUCAN and other sources, it

is estimated that each year around 190,000 cancer registrations are atblatto past
occupational exposure to the 25 agents considered in this study (CentraCkeowal High: 125,000

275,000).Abreakdown by cancer site jigovidedin Figure 2

N
'
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m Colon & rectum
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Figure 2: Centratore scenariog contribution of cancer sites to the overall AN

3

In addifon, lung cancer incidence attributable to asbestos exposure was estimated using mesothelioma

incidence as a proxy.
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7.  The economic burden of occupational cancer

The first step in estimating the annual economic burden of occupational cancer in the EU28 was the
development of a cost framework describing the differecost components (direct, indirect and
intangible/human) and who would bear the costs. It is important to note that for the purposes of
this study, this framework is constrained to the assessment of those costs that comprise true
a S O2 2 Y2ANOcEst, @rid lexcludeiancial impacts that essentially reflect transfers between
different groups in society.

From this perspective, the economic costs of cancer can be divided into:

1 Direct costs: These are the medical costs associated with the treatnoérdancer and the
non-medical costs that arise directly as a result of cancer. Direct medical costs are those
associated with the treatment and services patients receive, including the cost of
hospitalisation, surgery, physician visits, radiation theramnd chemotherapy/
immunotherapy.

T Indirect costs: These are the monetary losses associated with the time spent receiving
medical care, including productivity losses due to time spent away from work or other usual
activities and lost productivity due ta@mature death.

f Intangible or human costsThese include thenem A Yy I Y OA £  WKdzYl yQ f2aas$s
cancer, e.g. reduced quality of life, pain, suffering, anxiety and grief.

The total costs for the different scenarios are summarised below, atidge that the total cost of

cancer registrations recorded in a given year and caused by past occupational exposure to

OF NOAYy 23Sy A0 | ISy (lay Rhilbanossiubts S fullecasts of mortality and

morbidity (as defined for this study) ateken into account. If the human costs associated with
morbidity effects are removed from the asse¥ Sy & 6 A ®Sod (i KI§000, then thd | £ dzS 2
LINSaSyd @It dzS O2580f & BFabilidn. These rangds seffebtythe three central

scenarie Centralcore, Centralhigh, Centralow) and whether cancer incidence data are built

around the EUCAN or EUREG registry.

Both of these sets of estimatemre primarily driven byaluation of the human costsExcluding the
+{[ ben YAf tsimae dedredfsR & K& O2ada (2 bHidadd®&y en |
primarily by healthcare costs (both formal and informal).

Table 4 Summary of the total present value costs of annual occupational cancer registrations
Total present value costs Total present value costs

Scenario Source _of data for _of 20_15 cancer _of 2915 cancer
calcuhbtion of AN registrations (VSL and  registrations (VSL only)
VCM)E O N T ) e _oANEtAZ
Centratcore EUREG+GCO+UK 348 327
EUCAN+UK 436 409
Centratiow EUREG+GCO+UK 267 253
EUCAN+UK 295 279
Centrathigh EUREG+GCO+UK 493 458
EUCAN+UK 613 572
Note: These present value estimates represent the costs associated with cancer registrations recorded
single year, with the associated costs possibly spread over a nurhigears.

These cost figures are significaahd equate to between roughly 1.8% a#d% of EU GDP (based
on 2015 Eurostat data) for the estimates including both the VSL and VCM valuations of the human
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costs of cancer. Removing the figure for VCM from the estimatescesdihis slightly to between
1.7% and.9% of EU GDP.

The costs in the table above are also of a similar order of magnitude to those estimated recently in

RIVM (20165. RIVM (2016) comaded that the total societal cost of wotlelated cancer is at least in

0KS 2NRSNJ 2F YI 3y Al dzR S4402oifliony, thelargesi domdonest yf whidilisy 3 S Y
GKS 6StEFINB t2aa |aa20A1FGSR 6AGK OFyOSNI Y2NDBARAI

These figures compare to those produced by Luefigonandez et al (2013) on the per annum total
O02aia 2F OFyOSNIAYy (KS 9'3> gKAOK (KSe SaidAayYldSR
epmdn OAfEAR2ZY OnmE:0D Lré covess ockupdtiithal Jintl pentcugaional 2 4GS G F
cancers. In addition, it reflects the costs associated with cancer in a given year, rather than the
present value costs of the cancer registrations predicted for 2015, as developed by this study.
Furthermore, he costsestimated by LuengeFernandez et al do not include any allowance for
intangible costs.Assuming that around 8% of the costs in LueRgonandez et al (2013) are caused

by occupational cancer suggests that the costs of occupational cancer ing28085 | NB dzy R € »
OAfEA2Y D ¢tKAE& O2YLI NBa (2 | NRas/sRenarioin thi9skutlyf A 2y (
when all intangible costs are excluded from the analysis

It should, however, be noted that a different methodology was used in RIVM ) 201b Luengo
Fernandez et al (2013), with this study estimating the costs of annual cancer registrations incurred
over several years rather than the costs incurred in a single year due to new registrations and the
ongoing treatment of past registrations.

8. Distribution of the @sts

In addition to the magnitude of the costs, also of interest is the distribution of these to different
groups within society. Table 5 provides this for the Cemtna¢ scenario and EUCAN estimates.

Table 5: Distribution of costs across different types 06 A),{Céniraédcgre/ EUCAN+UK

VeIl ErEsEmt Share of total costs

Type of cost Group bearing the cost

value costs
Healthcare Government/taxpayers 6 1.3%
Lost working days Worker/ family 0.4 0.1%
Informal care Worker/ family 1 0.3%
VSL Worker/ family 394 90.3%
VCM Worker/ family 35 8%
TOTAL 436

HSE (2016), because it was examining costs for a single country, was able to develop estimates of the
costs borne by employersFor the UK, they estimated that around 3% of total costs to society were
02NYyS o0& SYLX28SNRX gAGK GKAA SldzrGAy3a G2 I O
itacrossthe EWy @2 NJ SNJ L2 L)z | GA2y o 3SR 3milion in2osteta 0 3
employers associated with the costs of production disturbance, sickness payments due to worker
FoaSyoOoS FyR tS3ltf 206tA3rdA2ya ¢6A0GK NBIFNR (2 S

2ai
A DS

4 RIVM  (2016): Work related cancer in the European Union, available at

http://rivm.nl/en/Documents_and_publications/Scientific/Reports/2016/mei/Worklaed _cancer_in_the E

uropean_Union_Size impact and options_for further prevention

® UK HSE (2016): Costs to Britain of Work Related Cancer, Research Report 1074, available at:
http://www.hse.gov.uk/research/rrhtm/rr1074.htm
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course reflect requirements in the UK whimay be more or less onerous than those that apply in
other Member States. However, it provides an indication of significance of these costs.

They are only a small percentage of the total costs with this type of finding being attributed to the
nature of cancer as an occupational disease. Many of the cancers considered here have latency
periods of between 10 and 50 years. As a result, most individuals diagnosed with occupational
exposurerelated cancer (estimated at over 70%) will have left work bytithe they are diagnosed,

or may have changed jobs. The relevant employer during the period of exposure will not therefore
bear the costs of disruption from sickness absence, paying sick pay, etc. As noted by the UK HSE, this
estimate is also an undarstimate as it fails to capture some costs to employers that may be
significant, such as those associated with the loss of expertise, and reductions in productivity of
those returning to work after successful cancer treatmeReputational damage (which campact

on sales and recruitment) is also not included.

9. Snsitivity analysis

Sensitivity anafsis was undertaken to test kayncertain assumptions. This focused on testing
assumptions regarding the intangible costs of cancer within the economic analysis.

As noted above, the total cost of cancer registrations recorded in a given year and caused by past
occupational exposure to carcinogenic agents has been estimated to be between 1 I YR € ¢ M~
billion, with this figure being driven by the assumed value sfadistical life. TheVSFo en YA f f A2Y
higher than theVSL which would applyto anéh Yy OSNJ FI GFf AGe& o C2NJ SEI YL
SEALINE A RS&a | OSYy(dN)t @I tf dzSdadrto 20NBritzsR Adepting) this Y A £ f
figure significatly reduces the estimated total present value costs of cancer regishsitias can be

seen from Table .6

Table 6: Summary of economic costsensitivity analysis on the VSL

Total cost of annual Total cost of annual
Scenario Source gf data for cancerregistrations cancer registrations
calculation of AN 0e OAfTEA 0e OAfTA
* Y en Y z{[ Y em®Pog
Centratcore EUREG+GCO+UK 348 134
EUCAN 436 167

10. Limitations of the analysis

Calculated attributable fractions (AFs), attributable cancer cases (ANs), associated costs and country
specific breakdown derived in this project are inevitably subject to considerable uncertainties, as are
estimates of the costs associated with a canaggistration. The study has attempted to provide

rangesfor the estimates (High, LgwCentralcore, Centrahigh, Centrallow, Mid-point). However,

GKSaS NIy3aSa NBFESOG 2yfte LINIa 2F GKS @GFNARFOAT .
over an even larger range. As a result, the central estimate should only be regarded as a qualified

order of magnituddigure instead ofin exact number.

More generally, it is important that the limitations of the analysis presented here are recognised.
Importantly, gender differences in cancer attributable to occupation could only partly be addressed.
This analysis focused on the gendpecific exposure profiles, whereas the intrinsic different
biological potency of the carcinogenic agents, leadingyéader discrepancies, was not (or only
marginally) addressed.

® Based on environmental pollution willingness to pay values.
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There are some parameters which magreasethe overall estimated AF:

9 If selection were not restricted to 25 carcinogenic agents;

T LT aStSO00iAz2y 6SNB y20 tAYAGSR G2 2yfteée I ¥Sg
NAa]lé0X 6KAOK HSNB NBaAaGNAROGSR G2 GKS Yzald |
additional- not necessarily representativeinformation sources;

T LF YIye &dza LIS (osSits oaddindgens, yagdIcargindgens Yund to only be
carcinogenic in animal studies, were examined, including those with high production
tonnages;

1 Moreover, no extended andystematic supplemental assessment could be performed from
different starting poinh I LJ NI FNBY GKS WOl NDAya@&S8yAO0 | 3
FOGNROdzi SR (2 oczupddiosiand safciyicpedic aggritribtited to cancer
a A G dld Bave(ovided a more complete coverage of some carcinogenic impacts

There are some parameters which ndscreasdhe overall estimated AF:

1 Relative risks may often be quantified at elevated exposure levels and risks at lower
exposures may be associated with ignsficantly lower cancer risk. Because a realistic
exposue concentration was not modelled ariie exposure level associated with the RR
was not explicitly taken into account and because some-gemotoxic carcinogens (but
even genotoxic carcinogens) miag associated with a sublinear exposure risk relationship or
even a threshold type of carcinogenicity, these elements may contribute o a
overesitmation of the final overall AF; and

I Because some suspected carcinogens were included as if they were @whfiarcinogens
(e.g., tetrachloroethylene or shift work), new data may disprove suspicion and lead to lower
estimatedcarcinogenic impact.

There are some parameters leading to significant uncertainties, even though the direction (higher or
lower estimate)could not be clearly dermined:

1 Not all of the carcinogenic agents are wadifined, which leads to significant uncertainties
on all subsequent input figures (cancer sites, RIR,exposure, AN, and costs), notably for
mineral oif;

f Only epidemiologicaR I G ¢gSNB dzaSR F2NJ NR&A| ljdzr yGAFAOL
NA&1E¢ REFEGE FNRY SELSNAYSYGlLIt yAYlLfa YIeé KIQ
and may lead to quantitative changes; and

1 A more exhaustive search for epidemiological data irolydnetaanalyses would have
improved the reliability of the finally adopted RRs, but was not feasible within the

framework of this project.

The overall result of cancer incidence attributed to occupation is not far away from other similar
assessments.Ths provides some confidence in the overall resalthough the abovenentioned
uncertainties are acknowledged.

11. Conclusion
In conclusion, occupational cancer is associated with a significant economic burden. It is therefore

essential that these costs areduced and additional efforts in terms of prevention policies should
be viewed through the prism of the substantial costs that could be avoided.
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1 Introduction

1.1 Backgroundand aims of the study

It is estimated that thereare approximatelyl.3 million cancer deaths in the European Union (EU)

every year Even more people are diagnosed with cancer resulting in reduced quality of life
healthcare costand economic costs du@ tabsence from work.nl2008, 2.45 million people were

diagnosed with cancer in the then 27 countries of the EU. oleeallcost of cancer in the EU was
SAGAYIFIGSR G2 0SS e WBd f AXKE O NS A KO @ayah PrpdiiktiF @ NJ € p m
losses because of early dedihve been estimated t® 2 4G enH®dc O0AfftA2Y | yR f 2
billion. LY F2NXI f OFNB 61 & SaGAYIGSR (2 02a0 e€HO®H OAf

Past research suggests that betweetZ2 of cancer deaths are related to occupational expe to
carcinogens; for some types of cancer, such as lung or bladder cancer, this figure is thought to be in
excess of 10% (Vogel, 261 This proportion iseven higher for asbestosnduced mesothelioma

with the attributable fractionin excess 090%(Rushon et al, 2011Steenland, 201°).

A full and accurate understanding of the burdehoccupational cancer is a prerequisite for an
effective and comprehensive strategy to tackle the prohlenReliable quantification of the
occupational cancer burdem the EU28 is thus required for policy makers to ensure that the
problem is addressedffectively and efficiently The objectiveof this studyis thus to estimate the
current economic burden of past occupational exposure to selected carcinogenic agerie EU

28, with the aim being taassist thetrade unionsin refining their strategy and actionso tackle
occupational cancer

The specific objectivesf the studyinvolve:

1 estimatingthe currentincidenceof occupational canceor the EU28 and each EU Member
State(Work Package 1xand

1 assessinghe associatedeconomic costsin the EU28, and their distributionbetween
workers employers and governmen{8Vork Package 2)

A key element of the study was a comprehensive consideratbigenderrelevant aspects of
occupational cancer.

1.2 Structure ofthisreport

Thereport has been organised as follows:

9 Section2 sets outthe results foroccupational cancer incidence in the E®&and in each
Member StatgWork Packagé); and

! LuengeFernandez et al (2013): Economic burden of cancer across the European Union: a population
based cost analysis, availablehdttp://dx.doi.org/10.1016/S147€2045(13)70442X

8 Vogel (2011): Occupational cancer, available at
https://www.etui.org/content/download/7515/71981/file/Occupational+cancer++the+main+challenge+for
+the+new+Community+Strategy.pdf

® Steenland  (2011): Attributable fraction, available atttp://www.occupationalcancer.ca/wp
content/uploads/2011/03/Steenland.pdf

The cost of occupational cancer in the-EZ&)
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9 Section3 provides the results of the economic analysis, setting out the economic costs of
occupational cancer

This report is complemented witihe followingannexes:

1 Annex 1provides a detailed overview of the analysis carried out for each of2he
carcinogeni@gens considered in this study;

1 Annex 2sets out the Attributable Fractions (AFEdttributable Numbers (ANs), and the costs
estimatedin this study for each Member State;

1 Annex 3provides a summary of the cancer incidendata extracted fromEUCAN and

EUREG

Annex 4provides the estimated\Fsfor each cancesite, disaggregated by gender; and

Annex 5provides additional information for the pridisation of the key carcinogengender

shares in the exposed workforca more detailed assessment of theniliations of the study

and additional data for Task 2 (costs)

= =
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2 WP1: Occupational cancer incidenae the EU28

2.1 Overview ofthe approach

The approach to WP D¢cupational cancer incidence in the EJ28volved the following steps:

Step 1: Selectioaf priority carcinogens/occupations for assessment;

Step 2: Estimation of occupationally exposed populations;

Step 3: ldentification of the Relative Risks for the relevant carcinogens/occupations;
Step 4: Derivation of the attributable fractions (AFs);

Step 5: Estimation of the attributable numbers (ANs);

Step 6: Comparison with published AFs (ANs); and

Step 7:Limitations of the analysis

= =4 —a & 8 8 9

The approach to WP1 is based on the Attributable Fraction (AF) approach. The Attributable Fraction
(AF) is the mportion of cancer cases that would not have occurred in the absence of occupational
exposure, and it has been estimated for each of the 25 carcinogenic agents and sites b#éised on
relative risksin published literatureand the estimates of the workfoecexposed to these agents

over the relevant reference period preceding the year for which the costs associated with
occupational cancer incidence are calculated (20I3)e to the long latency periods for some of the
relevant carcinogens (up to 50 years¥timates of occupationally exposed populations dating back

to 1966 were required for most of the 25 carcinogenic agents considered in this study.

The uncertainty regarding some of the data inputs (numbers of workers exposed, relative risk, etc.)
has beerdealtwith by means of constructing sicenarios for each carcinogen:

1 Low: this scenario modelthe lowest cancer incidendbat can be estimated on the basis of
the various input datarelying onthe lowest estimate of the exposed populatiaver the
reference periodwhich is estimated by combinirey point estimate for a specific year with
an estimated rate of growth/declirt® and the lowest identified relative risk (set at 1 where
this was below 1);

1 High: the highscenario moded the highest cancencidence that can be estimated on the
basis of the identified input data, i.e. the highest estimate of éx@osed population over
the relevant reference periothe highest relative risk

1 Mid-point: this scenario is based on midpoints between the input data used for the high
and the low scenarigs

1 Centralcore G KAa &aOSylINAR2 NBFfSOGA G KSredisfiodzip@@ (S| YQ
data. As a result, some of the assumptions used to modelsitenario are taken from the
high scenario, whilst others are identical to the low scenaride relative risk used to
estimate the central scenario have been chosen based on the criteria set out in Section 2.4.

% please note that the exposed population over the whole reference period can be higher for a declining

population thanconstant population, i.e. in some instances a high rate of decline extrapolated over a
historical period produces a higher estimate of the exposed population than the assumption of no annual
change.

The cost of occupational cancer in the-EZ&)
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1 Centrathigh and Centralow: The Centratore scenario is complemented with two further
estimates (Centrahigh and Centralow) which provide a range that incorporates
uncertainty regarding the relative risks in published literature. The Celnigaland Central
low scenarios arehtus based orthe 95% (or 90%) CI for the relative risks used for the
Centralcore scenario.

Themethodology used for the different steps and the results of the assessment are set out below.
2.2 WP1Step 1 Prioritisation of key carcinogens

2.2.1 Introduction

The vey large number of potential occupational carcinogens means that a detailecbypoae
examination of all potentially relevant carcinogens is not possible within the scope of the study.
However, the relatively large contribution of a limited number ofcdamgens and occupations to the
overall occupational cancer incidence (as estimated in Rushton et al, 2Gl@)gests that a focus

on a limited number of key occupational carcinogens may provide a good balance between
comprehensiveness and analytical détaThe assessment in Rushton et al (2010) suggests that the
top 15 occupational carcinogens may have accounted for around 96% of occupationally relevant
cancer registrations in the UK in 2004.

The aim of WPBtep 1 is thus to select the carcinogenic dgefor which occupational cancer
incidence is estimated in this study.

The selection of the top carcinogens is carried out using the following criteria:

1 their contribution to the overall incidence numbers for occupational carcinogens and/or the
size of theexposed workforce, drawing on data in existing literature;

1 their gender relevance: this study has sought to ensure that sufficient attention is given to
gender specific exposures, in particular carcinogenic agents that predominantly affect
women. For tfs reason, the carcinogenic agents selected for the assessment in this study
comprise those that are relevant to both genders and those predominantly relevant to
women or men only; and

1 expert judgement based on discussions with ETUI and broader expédrttse study team.

The prioritisation exercisprimarily focuses on IARC Group 1 and 2A carcinogens (factors that are
carcinogenic and probably carcinogenic to humans). Due to the fact that Group 2B (factors that are
possibly carcinogenic to humang)mprises a very large number of entries, it was not been possible
to considerthe vast majority othem within the prioritisation exercise. In addition, limited human
data are available for Group 2B carcinogens.

2.2.2 Priority carcinogens identified from existg literature

The starting point for the prioritisation exercise was a review of recent studies that have compared
and ranked occupational exposure across a large number of carcinogens and occupations, which was
complemented by around 80 recent (peaD05 papers focussing on specific carcinogens. The
purpose of this review as to identify the most important occupational carcinogens in terms of the
number of workers exposed and/or their contribution to overall occupational cancer incidence, and

to determire which carcinogens have a specific gender significance.

" Rushton et al (2010): Occupation and cancer in  Britai available at:

http://www.ncbi.nlm.nih.gov/pubmed/20424618

The cost of occupational cancer in the-EZ&)
RPA& FoBiG 4


http://www.ncbi.nlm.nih.gov/pubmed/20424618

Since theunderlying methodologies ral geographical focuses diffethe different studies often
provide varying rankings for the same carcinogen. For example, considering the exposed workforce,
benzne was ranked the No. 1 carcinogen in RIVM (2015) but thent®t important carcinogen in
France in SUMER (2010). The diversity of approaches and data sources that underpin the existing
research presents a significant complication for attempts to di@wclusions on the basis of
combining the results of the different studies.

The results of the following studies are summarised in the table below: CAREX3{2Ra6hton et

al (2010%°, RIVM (2013§, SUMER (2010) and Wriedt (2015).

Table2-1: The most significant occupational carcinogens (IARC Groups 1 and 2A)

Carcinogenic agent Rushton etal - \pew 20100 RIVM(2015)*  SUMER (2010 (\2’\(’)1‘;‘;':*
Asbestos Rank 1 Rank 9 Top 70 Rank 36 Relevant
Shiftwork Rank 2

Mineral oils Rank 3 Rank 76 Rank 7

Solar radiation Rank 4 Rank 1

Silica Rank 5 Rank 3 Top 70 Rank 11 Relevant
Diesel exhaust emissions Rank 6 Rank 4 Top 70 Rank 1 Relevant
P.A Hs (from coal tars and Rank 7 Rank 12*** Relevant
pitches)

Occupation as a painter Rank 8 Rank 14 and 38

Dioxins Rank 9

Enﬂ‘gi‘;”(gﬁ'gf" tobacco Rank 10 Rank 2

Radon Rank 11 Rank 5

Welding fumes Rank 12 Top 70 Rank 4
Tetrachloroethylene Rank 13 Rank 14

Arsenic Rank 14 Rank 23 Top 70 Rank 27 Relevant
Inorganic acid mists Rank 15 Rank 16

containing sulphuric acid

Benzene Rank 31 Rank 8 Top 10 Rank 48 Relevant
Formaldehyde Rank 26 Rank 11 Top 10 Rank 19 Relevant
1,3-butadiene Rank 33 Rank 35 Top 10 Relevant
Vinylchloride Rank 32 Rank 33 Top 10 Relevant
Ethylene oxide Rank 35 Rank 31 Top 10 Relevant
Epichlorohydrine Rank 30 Top 10 Relevant
Cd and Cd compounds Rank 29 Rank 22 Top 10 Rank 47 Relevant
Acrylamide Rank 34 Rank 36 Top 10 Relevant
Isopropylalcohol Rank 2

manufacture

Rubber manufacturing Top 70 Rank 3 and 9

Wood dust Rank 6 Top 70 Rank 8 Relevant
Petroleum refining Top 70 Rank 10

Notes:*for the purposes of this table classed as either Top 70 or Top 10. Top 70 includes Tgp/1d. I 4 & SR
F2NJ I . h9[+ dzyRSNJ 1KS /a5Q [yR WLRISYyGAlLffe NBf SOl

12

CAREX (2010):

Carcinogenic exposure

information for

the European Union,

http://www.ttl.fi/en/chemical _safety/carex/countries/pages/default.aspx

available at:

13

Rushton et al (2010): Occupation and cancer in Britain, available  at:
http://www.ncbi.nIm.nih.gov/pubmed/20424618
“ RIVM (2015): Identifying prevalent carcinogens at the workplace in Europe, available at

http://www.rivm.nl/bibliotheek/rapporten/2015-0107.pdf
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The studies summarised in the table above had different aims and relied on diverse datasets and
methodologies. Whilst Rustn et al (2010) considered all IARC occupational carcinogens classified
(by the end of 2008) as Group 1 and 2A in terms of their contribution to cancer incidence, RIVM
(2015), SUMER (2010) and Wriedt (2016) focussed on chemical agents and the numhekeis w
exposed to them. Combining the results of these studies am®&ngle analytical framework is
therefore difficult. For example, is a chemical substance identified as belonging to the Top 70
carcinogens in Europe by RIVM (2015) largely based onuhers of workers exposed, and for
which it is not possible to determine whether it is the™dr 70" most important carcinogen, more

or less important than welding fumes identified as thé"Ifost important cause of occupational
cancer in the UK byughton et al (2010)?

Each of these studies is characterised by a different set of advantages and disadvantages. Examples
of advantages and disadvantages of RIVM (2015) are discussed below.

RIVM (2015) prioritised 70 substances on the basis of the nunfbeorixers exposed as recorded in

nine national exposure databases. Differentiation within the list of the top 70 substances was not
possible due to data limitations, with the study only differentiating between the top 70 and the rest.
The key advantagef ®IVM (2015) is that it draws on a number of national databases thus offering a
wider geographical coverage than Rushton et al (2010) or SUMER (2010). Unlike Rushton et al
(2010), RIVM (2015) and SUMER (2010) only take into account the number of vexesed and

not the relative risk. Furthermore, the results of RIVM (2015) are primarily driven by data
availability rather than holistic hazard considerations. In addition, some of the substances in the
national exposure databases may have been sulifeotgulatory action or are currently considered

for regulatory action.

This study combines the results of the above studies using a simple scoring system that attaches a
certain weight to each source based on its key attributes and relevance, inclutigthew it is risk

based, age of the underlying data, specificity, and its scope in terms of the countries and agents
covered. Admittedly, combining such incongruent sources into a single analytical framework entails
a certain degree of arbitrariness. Timepact of this is minimised by means of clearly setting out the
methodology for combining the results of these studigthe details of the scoring system are given

in Annex 5.

2.2.3 Gender aspects and expert judgement

The review of the relevant studies (seeoab) has been complemented by consideration of gender
aspects and study team judgement based on discussions within the study team and/or with ETUI
which sought to include/exclude carcinogens that have been highlighted in policy discussions or that
have be@ subject to regulatory action.

A comprehensive coverage of gendgrecific carcinogens is crucial since research into the gender
dimension of cancer risk is sparse and it is believed that this may have led to an underestimation of
female occupational caec incidence. For example, breast cancer, the leading cause of cancer
mortality among women, has not been studied as much in terms of occupational hazards as lung or
bladder cancer among men (Vogel, 2011), although some epidemiological research eXistador
cancer, e.g. in relation to shift/night work.

A number of studies that provide information on the gender relevance of the carcinogens identified
in the table above are summarised in Annex 5. Some of these studies provide data on the numbers

> Some information on worker protection is available in one of the national databases, i.e. the SUMER study

in France.
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of mak and female workers exposed (e.g. SUMER 2010), others provide information in relation to
cancer incidence (Rushton et al 2010) whilst other have highlighted specific issues, e.g. shift/night
work and breast cancer. These studies have been taken intaatcoothe final selection of the 25
carcinogenic agents to be examined in more detail in this study by means of study team discussions.
The conclusions in terms of gender relevance were typically guided by the proportion of
occupationally exposed populahs that are women (>20% typically triggered the conclusion that
the carcinogen is relevant to women).

2.2.4 Selection of the 25 carcinogenic agents for further examination

The table below sets out the final selection of the top 25 carcinogenic agents to banexhin

more detail in this study.The starting point wathe 25 carcinogens that have received the highest
scores from the review of the five studies (see above). These were complemented by four additional
carcinogens tht were either requested by ET{@rVI) or are suspected to be particularly relevant to
female workers (ionising radiation, aromatic amines and cytostatic drugs). This necessitated the
removal of four carcinogens from the list of the top 25 scorers from the five studlies.to past or
potential future regulatory action radon, X:futadiene and acrylamide have been removed from the
list. Occupation as a painter has not been taken forward due to the potential for overlap with other
carcinogens (e.g. CrVI).

Table2-2: Final selection of top 25 carcinogenic agents

Gender relevance Study team Selected?

Carcinogenic agent Score (5 studies) (el et 7 .judge_m ElY .

female) discussions with

ETUI

Diesel exhaust 44 Includec Men Yes 1
Silica 41 Includec Men Yes 2
Asbestos 37 Includec Men Yes 3
Formaldehyde 36 Include¢ Women Yes 4
Benzene 35 Includec Men Yes 5
Mineral oils 31 Include - Men Yes 6
Cd and Cd 30 Include¢ Men & Yes 7
compounds women
Wood dust 28 Includec Men Yes 8
Arsenic 27 LEEIES LS 62 Yes 9

women
1,3-Butadiene 27 Exclude No 1
Vinyl chloride 27 ImENEIEE e & Include Yes 10

women
Ethylene oxide 27 Include¢ Women Include Yes 11
Acrylamide 27 Exclude No 2
PAHs_ (from coal tars 26 Includeg Men & Yes 12
and pitches) women
Occupation as a 26 Includeg Men Include Yes 13
welder
Solar radiation 24 IENTEEE e ¢ Yes 14

women
Environmental
tobacco smoke (ETS 24 Include¢ Women Yes 15
Ogcupatlon asa 23 Include Exclude No 3
painter
Epichlorohydrine 22 Include¢ Women Yes 16
Radon 19 Include Exclude No 4
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Table2-2: Final selection of top 25 carcinogenic agents

Carcinogenic agent

Score (5 studies)

Gender relevance

(male and/or
female)

Study team
judgement/
discussions with

Selected?

ETUI

Tetrachloroethylene 19 Include¢ Women Yes 17

Shift work 16 Include¢ Women Yes 18

Dioxins 16 Include¢c Women Yes 19

Inorganic acid mists

containing sulphuric 16 Include¢ Women Yes 20

acid

Rubber

manufacturing 15 Includec Men Yes 21

industry

lonising radiation EBIEE e & Include Yes 22
women

Cr(VI) compounds (EEISEE (e & Include Yes 23
women

Aromatic amines I[Pees, iz Yes 24
women

Cytostatic drugs Include¢ Women Yes 25

Organic solvents Include- Women No 5

2.3

WP1-Step 2 Occupationally exposed populations

2.3.1 Introduction

Thereare a number ofources that provide data oaccupational exposure to carcinogens, including
national registers, exposure measurement datalsssed exposure information systemsiowever,
these sources as they stand do not provide aisigffit basis for the analysis in this rep@nthich, as
explained below, requires data for 192605 and/or 19962015) with the key reasons being that

1

much of theexistingdata areoutdated, e.g. CAREX dateeaavailable for 19993 and 1997
although moe recent data are available for some Member States (e.g. SUMERfor
France);

the data often represent &napshot in timeand are only available for one or a few years;
however, most cancers have very long latency periods thequire extensive data on
historical populations

the data collected at the national level are frequentigt publicly available For example,
national databases of workers exposed to specific carcinogenic agents silch 8$REP
(Italy) and EDPB (Belgiurahd the CM register(Poland) are either confidential amot
available free of charge;

the existing datasetsypically do not cover EU28 and the data are more detailed and
reliable for only a few countries; and

the different data sourcesare characterised bylifferent methodologies, coverage, and
scope

The cost of occupational cancer in the-E8)
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2.3.2 Summary othe approach toWP21Step 2
Overview

The exposed populationdhave been estimated bgxtrapolating fromexistingdata sources(e.g.
CAREX, SUMER, ASA, etc.) and combining these extrapoldtiotize estimatedlongterm trends
to derive theoccupationally exposed populatiorisr the time periods appropriate for theelevant
cancer sit¢s).

The reference year

Thereference year for the cost calculations is 2015. The reasons for selecting2®ié reference
yearinclude

1 the need to capturethe currentburden of past occupational exposuasd 2015 was the
most recent full year that could be feasibly assesskd key part of this study was carried
outin 2016)

1 the possibility to take into ecount the most recent economievaluations and
epidemiological studiegnd

9 although cancer incidence rates are not available for 2@iEsa are not available across all
Member States for a single year, with the implication being that it is not podsildelecta
single reference year for cancer incidence. The most recent cancer incidence data have
therefore been takes as the basis for calculations, although theséoamifferent years in
different Member &ates typicallyfor a yearbetween 2006 an@012).

Latency/reference periods (RPs)

By way of simplification, the approach taken in Rushton et al (2012) has been adopted for the
purposes of this study and all solid tumours are expected to have a latency-50 ¥6ars and
haematopoietic neoplasms arexpected to have a latency ofdD years. These translate into
reference periodgRPspf 19662005 and 199€015.

Longterm trends

Thelongterm trends in terms of annual change to the exposed populati@ve been established
for each carcingenic agentsing the following methodology

1 where data were available from a single source for multiple years, these have been used to
estimate the longerm trend expressed as the annual rate of change in the exposed
population this included, for examplesomparirg the number of workers exposed in Finland
in 2005 and 2012 (Finnish register of occupational exposure ASA) &ndnce in 2003 and
2010 (SUMER), as well as similar data in other studies;

1 the annual rate of growth or decline estimatddm the numbers of workers exposed to
specific carcinogengver timein France(SUMER) andf Finland(ASAhas been applied to
the remaining Menber States

1 where a more abrupt change expectedto have occurrede.g. as a result of a restriction on
the use ¢ asbestosor a smoking banthe year that themeasurewas introducedin each
Member Statewas taken into account and theate of declinein that Member Statewvas
adjusted accordinglyand
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1 where no trend datawere available from SUMERSA or another souecbut a declineis
expected to have occurred gaeric rate of decline 08% has been appliét

The annual estimates of th@xposed populations and the rates of change used for the different
scenarios are summarised belowheestimates of the exposed jpalations in the table below are
extrapolations from published sources, i.e. annual estimatedHeryear assessed in the relevant
study, and, as a result, do not represent the lowest or highest annual estsiater the whole
reference period, since these also depend on the annual rate of change appbe@ more detailed
overview of the assumptions underpinning thestimationsfor each carcinogenplease refer to

Annex 1.

Table2-3: Summary of the scenarios (exposed populateamd annual rate of change)

Carcinogen Parameter Low High Midpoint Central
ﬁg;ﬂﬂtgﬁpﬁégd 4.4 million in 8.1 million in 6.3millionin | 6.1 million in
01 DEE 28) 199093 or 1997 2010 2010 2010
Rate of change 1% 0% 0.5% 0%
(per annum)
Annual exposed 2.2 million 6.6 million 4.4 million 3.85 million
population (EY (assumed in (assumed in (assumed in (assumed in
02 Silica 28) 2007) 2006) 2007) 2002)
Rate ofchange 1.3% 0.5% 0.4% 0.4%
(per annum)
Annual exposed - -
. 1.76 million 1.76 million
populggn (EYU | 180,000 (2005) (1994) 970,000 (2000) (1994)
- 0
03 Asbestos R(ateercg‘n%rsjﬁ)ge -0.8% 3.7% 220 2‘21(;)
P -1.6% following a -7.4% following & -4.4% following a 7
s - - following a
restriction restriction restriction -~
restriction
Annual exposed - - -
. 2.2 million 1.6 million 1.4 million
04 population (EY | 990,000 (2006)
Formaldehy 28) (2012) (assumed 2009)| (1993/1997)
de Rate of change 0% 3% 1.5% 0%
(per annum)
Annual exposed - 900,000
population (EY | 140,000 (2006) 1£ rr::gggéggrly (assumed in (zgg%g(?fo)
05 Benzene 28) 2005)
Rate of change -3.5% +3.5% 0% 0%
(per annum)
Annual exposed 1994: 9.7
population (EU million
28) 4 million(early - 7 million 2003: 8.4
06 Mineral 199057 10 million (1994) (assumed 1994) million
oils 2010: 5.5
million
Rate of change 0% +2.8% +1.4% 3.5%
(per annum)
®“eKAA O fdzS KlFa NBOSyidfte o68Sy dzaSR Ay wt! Q& LYL} O

assumption is based on expgudgement and is supported by recent trends in the chemicals sector. The
number of Ekbased companies in NACE C20 has been declining by 3% per annum and employment in
NACE C20 has been declining at a rate2¥alper annum.

" For the purposes of thissaessment, the reference year is 1994.
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Table2-3: Summary of the scenarios (exposed populatsand annual rate of change)

Carcinogen

High

Midpoint

Central

Parameter ‘
Annual exposed

310,000

07 Cd and population (EY 90,000 (2005) | 440,000 (2010) | 270,000 (2007)
(1990s)
Cd 28)
compounds | Rate of change +2 5% 0.6% +1.2% 0%
(per annum)
Annual exposed - - 4.1 million
. 2.8 million - 4.4 million
08 Wood populztéc))n (EU (2010) 6 million (2006) (assumed 2008) (a;ggged
dust
Rate of change 0% 0.4% 0.2% 0%
(per annum)
Sggl‘ﬁt;’;p?ssd 250,000 in 1990 | 250,000 in 1990 | 250,000 in 1990 fg’gg:;;?
09 Arsenic 28) 93 or 1997 93 or 1997 93 or 1997 1997
Rate of change +6% 4% 1204 0%
(per annum)
Annual exposed 50,00060,000 in
population(EU | 6,500 (2010) early 1990s 27’%?102(0a()szs)umec " stou’?noe% o
10 Vinyl 28) (NHL 4,300) (NHL 30,000 (NHL 18,000) 2006)
chloride 40,000) ’
Rate of change 0% 10% 5% 5%
(per annum)
Agnﬂﬂt%’;pé’égd 2,500 (2014) | 5%:000 (early to| 26,250 (assumeq 50,000 (early
11 Ethylene | PP 28) ’ mid-1990s) in 2004) to mid-19909
oxide Rate of change
g 0% 0% 7.75% 0%
(per annum)
Annual _exposed 5,000 (2005) 1.2 m|II|on' 600,000. 700,000 '
population (EY 8,000 (2014) (assumed in (assumed in (assumed in
12 PAHs 28) ' 1994) 1996) 1994)
Rate of change 4.8% 0% 2.4% 4.8%
(per annum)
Annual _exposed 430,000 (2005 6.1 m|II|on_ 3.36 mllllop 4.2 m|II|on_
13 population (EU and 2014) (assumed in (assumed in (assumed in
Occupation 28) 2002) 2003) 2003)
as awelder | Rateof change 3.20% 0% 1.6% 0.9%
(per annum)
Agnb‘ﬂt;’;pz’éljd 8.8 million | 14 million (early|  11.4 million (e%':rll mt'g:r‘r’]? L
14 Solar pop 28) (assumed 2004)| to mid-19909 (assumed 2000) 12;90 3
radiation Rate of change
g 0% 2% 1% 2%
(per annum)
Annual exposed I 10.2 million - 10.2 million
population (EY 1.1 million in (early to mid 5-7million (early to mid
28) 2005 1990s) (assumed 2000) 1990s)
15 . Rate of change Presmoking ban:| Presmoking ban: Presmoking ban: Pres.moklng
Environmen (per annum) ban: -3%
-3% -3% -3% .
tal tobacco . . . Postsmoking
smoke Postsmoking Postsmoking Postsmoking ban: -22%
ban: -22% ban: -22% ban: -22% -
) . : i . . Partial
Partial smoking | Partial smoking | Partial smoking smoking ban:
ban:-12.5% ban:-12.5% ban:-12.5% 9 '
-12.5%
16 Annual exposed| 54,000 in 1990 | 54,000 in 1990 | 54,000 in 1990 54,000 in
Epichlore population (EY 93 or 1997 93 or 1997 93 or 1997 199093 or
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Table2-3: Summary of the scenarios (exposed populatsand annual rate of change)

Carcinogen Parameter ‘ Low High Midpoint Central
hydrine 28) 1997
Rate of change 2% 3.5% 2.75% 2%
(per annum)
Annual exposed 1.1 million 660,000 690,000
17 population (EU | 220,000 (2010) (assumed in (assumed in (assumed in
Tetrachloro 28) 1994) 2002) 1994)
ethylene Rate of change 0% 6% 3% 6%
(per annum)
Annual exposed - 9 million
: - 9 million (annual -
population (EY 3 million average over 6 million (annual
28) (assumed 2004) 1966%005) (assumed 2004)| average over
18 Shift 1966:2005)
work Rate of change -5% p.a.to +6 -5% p.a.to +6
(per annum) 0 p.a., depending 0 p.a.,
0% on the Member 0% depending on
State the MS
Annual _exposed 6,000 (2005) 4.2 m|II|on' 2.1 m|II|on. 2.1 m|II|on'
population(EU 1,500 (2014) (assumed in (assumed in (assumed in
19 Dioxins 28) ' 1994) 2002) 2002)
Rate of change 14% 0% 0% 0%
(per annum)
Annual exposed 615,000 615,000
20 Inorganic population (EU | 390,000 (2004) 84?6%?%33;?0 (assumed in (assumed in
norg 28) 2000) 2000)
acid mists Rate of change
g 0% 3% -1.5% -1.5%
(per annum)
Annual exposed 408,000 267,000 260,000
21 Rubber population (EY | 125,000 (2010) (assumed in (assumed in (assumed in
manufacturi 28) 2003) 2007) 1999)
ng industry Rate of change 4.7% 2. 7% 1% 0%
(per annum)
Annual exposed 1.3 million 720,000 460,000
22 lonisin population (EY | 170,000 (2006) -(2006) (assumed in (assumed in
onising 28) 2006) 1994)
radiation Rate of change
g 0% 3% -1.5% 3%
(per annum)
Annual exposed 1.22 million 820,000 750,000
23 Cr (V) population (EY | 420,000 (1994) (assumed in (assumed in (assumed in
28) 2003) 1999) 2010)
compounds Rate of change
9 +2.5% -0.9% +0.8% 0%
(per annum)
Annual exposed 820,000 560,000 562,500
.| population(EU 300,000 (1994) (assumed in (assumed in (assumed in
zﬁqﬁ’ssmat'c 28) 2003) 1999) 2004)
Rate of change 0% 3.7% 1.85% 3.7%
(per annum)
Agn:jg tii);lp?ESEJd Women and Womenand Women and mWecr)]rlnj;Oaggo
- pop 28) men: 375,000 | men: 1.1 million | men: 740,000 | MU <Y
. Women: 337,000 Women: 820,0000 Women: 580,000 .
Cytostatic (2010) (assumed 2012)| (assumed 2011) 380,000
drugs (2010)
Rate of change 0% 3% 1.5% 0%

(per annum)
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Staff turnover ratio

A genericstaff turnover ratioof 10%was applied tahe annual data in order to estimate the total
exposed populatiogover thewhole reference period. This appears to be broadly in line with the
turnover ratios extracted from the Eurostat @dase and takes into account the possibility that
some of the turnover is between companies within the same sector rather than between sectors

Agriculture hunting and forestry; fishing9% male and 10% female

Mining and quarrying; manufacting; electricity, gas and wate9% male and 14% female
Caostructiont 13% male and 16% femabnd

Service industries11% male and 15% female

= =4 =4 =4

Calculation of thePrE

The proportion of the population at risk of being diagnosed with cancer in the target year that has
ever been occupationally exposed to each gargen (hereinafter referred to as PrH)as been
estimated as follows:

PrE= NN,
where

PrE: the proportion of population at risk of being diagnosed with occupational cancer in 2015
that had been exposed to the relevant carcinogen (i.e. ever employatdine RP, exposed
to the relevant carcinogen, and surviving to 2015);

Ne: number of people occupationally exposed to the carcinogen during the RP and surviving
to 2015; and

Np: number of people at risk of being diagnosed with cancer and employed doeifiRF, i.e.
ever employed during the RP and in a high risk age cohort.

The number of people occupationally exposed to the carcinogen during the RP and surviving to 2015
Ne has been calculated by estimating the proportion of the occupationally exposed population in
each year surviving to 2015 by applying Eurostat age distribution data for the relevant year and the
average life expectanty data for the relevant decade, alsobtined from Eurostat. These
estimates have been derived for each carcinogen and scenario individually since they also depend on
the specific values of the rate of change of the occupationally exposed cohort.

In any given year, only a certain proportiohpmpulation is at risk of developing cancer due to past
occupational exposure. The population at risk) thus excludes those that have not worked during
the RP (for RP 196805 anyone younger than 25 and, for RP 12065, anyone under the age of

15, as well as those that were of working age-@%6 during the RP but never worked). In addition,
those aged 84 and over are expected not to have worked during RR20A%6 The longerm
unemployment rate (over 12 months) as well as general unemploymeas nary widely between
countries® and 10% is taken as a proxy for the proportion of people that have been inactive during
the RP. Although this is higher thamnemployment rates in many countries|epse note that

18 Exposed workforce has eliminated over 80 year olds (average life expectancy), although these are present

in the incidence data and population that has ever worked during the RP. This is due to the use of an
averag life expectancy value and is expected to be compensated by the inclusion the cohort whose
statistical life expectancy is below 80.

19 gSeehttps://data.oecdorg/unemp/longterm-unemploymentrate.htm#indicatorchart
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published unemployment rates may not inde inactivity due to longerm sicknes®. Using
Eurostat data for population by age group (2015) and the 10% proxy for inactivity suggests that 28%
(RP 199€015) or 37% (RP 19@805) should be excluded from, Method A)

As an alternative to thepproach set out ative, agespecific cancer incidence rates have been
examined(Method B) Lk is clear that the age cohort with a significantly increased risk of developing
cancer is that aged 40 and over. Age specific incidence rates for all cansee)xsiteding NMSC
(C0097 excl. C44) provided by Cancer Research UK forZmI#" show that on average 96% of
cancers occur in people aged 40 and over (95.7% overall, 96.6% men, 94.7% women) and 50% occur
in age groups over 70. At the same time, the agrigs over 40 accounted for only 53% of-E8)
population in 2015.

The relevant rates that could be used to adjust the 20152BWopulation to derive the Nare
summarised belowlt is, however, recognised that the use of a single estimate does notiattmr
differences between the different cancer sites. For example, the age of diagnosis of breast cancer
andleukaemid’is below the average for all cancer sftes

The core assessment in the study relies on Method A. Method B is only used for sgmsitilyisis.

Table2-4: Estimation of Np population adjustment factor

Population Population
Method  Cancer site Age cutoff Basis adjustment factor adjustment factor
19662005 19962015
66-05: <25 Eurostat &
A All 96-15: <15 & inactivity 0.63 0.72
>85 estimate
96% in Cancer
B All except NMSC 40 Research UK 0.53
Sources: Population data from Eurostat, Age -affa for specific cancer sites fro
http://www.cancerresearchuk.org/healtprofessional/cancestatistics/incidence/age#headingero

2.3.3 Exposed populatios ¢ the results

Theexposed populations (over the relevant exposure period) estimated using the methodology set
out above are summarised below for the 28. The first table provides the estimates without
adjusting for natural mortality whilst the second table provides thipased ppulations surviving

until 2015.

20
21
22

Seehttps://www.theguardian.com/uk/2001/sep/05/socialsciences.research
Seehttp://www.cancerresearchuk.org/healtiprofessional/cancestatistics/incidence/age#headingero

See http://www.cancerresearchuk.org/healtiprofessional/cancestatistics/statisticdy-cancer
type/leukaemia/inégdence#headingDne
3 gee http://www.cancerresearchuk.org/healtiprofessional/cancestatistics/statisticsby-cancer

type/breastcancer/incidencenvasive#heading®ne
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Table2-5: Numbers ever exposed over the relevant reference period (million workers) by carcinogen

Carcinogen Reference period Midpoint Central
01 DEE 19662005 21 40 28 30
02 Silica 19662005 8.7 36.5 20.1 18.1
03 Asbestos 19662005 1.1 43* 22* 11.4
19662005 4.9 28.1 12 6.9
04 Formaldehyde 19962015 2.9 8.6 5.1 4.1
05 Benzene 19962015 0.5 8.2 2.6 1.1
06 Mineral oils 1966-2005 19.6 45.3 32.5 79.4
07 Cd and Cd compounds 19662005 0.3 2.6 1.1 1.6
08 Wood dust 1966-2005 13.7 32.4 22.7 20.1
09 Arsenic 1966-2005 1.1 2.2 1.1 1.2
10 Vinyl chloride 1966-2005 0.03 1.08 0.43 0.4
11 Ethylene oxide 1996-2005 0.007 0.15 0.08 0.15
1966-2005 0.013 5.88 2.60 3.19
12 PAHS 19962015 0.018 3.4 2.36 4.18
13 Occupation as a welder 1966-2005 1.4 29.9 13.4 18.3
14 Solar radiation 19662005 43.1 82.1 67.4 82.1
15 ETS 19662005 11.8 74.0 51.1 74.0
16 Epichlorohydrine 19662005 0.3 0.4 0.4 0.3
19662005 1.1 13.0 6.3 8.8
17 Tetrachloroethylene 19962015 02 08 07 05
18 Shift work 19662005 14.7 44.5 29.4 44.5
19 Dioxins 19662005 1.7 20.6 10.3 10.3
20 Inorganic acid mists 1966-2005 1.9 5.9 4.0 4.0
19662005 0.3 3.7 1.3 1.3
19962015 0.35 1.2 0.8 0.75
21 Rubber manufacturing 19662005 0.02 0.3 0.1 0.1
Women
19662005 0.25 3.4 1.2 1.2
Men
19662005 0.8 13.5 5.1 3.5
19962015 0.5 4.1 1.1 1.0
22 lonising radiation 19662005 0.1 1.9 0.7 0.4
Women
19662005 0.7 11.6 4.4 3.0
Men
23 Cr(VI) compounds 19662005 1.9 7.3 3.7 3.7
24 Aromatic amines 1966-2005 1.36 4.02 2.34 1.75
19662005
25 Cytostatic drugs Women L7 10.5 4.6 1.9
19962015 1.1 4.3 2.4 1.2
*Estimates refer to the number of people alive in 2007 with a history of occupational exposure to ask
Source: Santé Publique France (2016): Estimation de parts de cancers attribuables a certaines ex|
professionnelles en France, availablehétp://invs.santepubliquefrance.fr/Publidéons-et-outils/Rapportset-
syntheses/Travait-sante/2016/Estimatiorde-partsde-cancersattribuablesa-certainesexpositions
professionnellesen-France

The MIDPOINT and CENTRAL estimates of the exposed workforce over the relevant reference
period arecompared below with the estimated derived by the IOM in 281When theannualdata

** Seehttp://ec.europa.eu/social/BlobServlet?docld=10150&langld=€The figure for silica was takeroiin

the IOM report for silicahttp://ec.europa.eu/social/BlobServiet?docld=10161&langld=en
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in IOM (2011)are converted to the whole reference period by applying a factor of five, most
estimates are of the same order of magnitude asekémates derived in thistudy.

Table2-6: Comparison of numbers ever exposed with results from IOM 2011 (million workers, not taking
into account life expectancy

Carcinogen Midpoint Central IOM annual 1OM
annual*s

01 DEE 28 30 3.6 18
02 Silica 20.1 18.1 5.3 26.5
06 Mineral oils & 12 PAHs 35.1 82.6 8 40
08 Wood dust 22.7 20.1 3 15
10 Vinyl chloride 0.43 0.4 0.019 0.095
11 Ethylene oxide 0.08 0.15 0.016 0.08
21 Rubber manufacturing 1.3 1.3 0.23 1.15
23 Cr(VI) compounds 3.7 3.7 0.92 4.6
Notes:

The estimates presented in this table for the Midint and Central scenarios do not take into account natu
mortality and thus represent the number of ever exposed workers over the relevant reference period, ng
number of eveexposed workers surviving in 2015.

Due to difficulties of classification of mineral oils and PAHs, mineral oils and PAHs have been grouped i
table, resulting in a significantly greater degree of consistency between this study and the IOM reports t
would be the case if they were presented separately.

The table below provides the occupationally exposed populations surviving until 2015. Please see
Annex 1 for a split by Member State

Table2-7: Workers exposed over the relevant reference period and surviving until 2015 (million workers

Carcinogen Reference period i Midpoint Central
01 DEE 19662005 15.6 28.6 20.5 21.5
02 Silica 19662005 6.6 20.2 14.7 13.3
03 Asbestos 19662005 0.6 43* 22* 5.6
19662005 3.5 13 6.2 5
04 Formaldehyde 19962015 2.8 8.2 4.9 4.1
05 Benzene 19962015 0.4 8.1 2.6 1.1
06 Mineral oils 19662005 14.1 36.6 24.9 35.5
07 Cd and Cd compounds 19662005 0.2 1.4 0.8 1.1
08 Wood dust 19662005 9.8 18.1 12.8 14.5
09 Arsenic 19662005 0.9 1 0.9 0.9
10 Vinyl chloride 19662005 0.02 0.3 0.2 0.2
11 Ethylene oxide 19962005 0.007 0.2 0.08 0.2
19662005 0.01 4.2 2.1 2.7
12 PAHS 19962015 0.02 4.2 2.4 4.2
13 Occupation as a welder 19662005 1.1 21.5 10.4 13.7
14 Solaradiation 19662005 31.1 40.9 36 40.9
15 ETS 19662005 11.8 74 51.1 74
16 Epichlorohydrine 19662005 0.2 0.2 0.2 0.2
17 Tetrachloroethylene 19662005 0.8 4.9 2.9 3.3
18 Shift work 1966-2005 10.6 32.1 21.2 32.1
19 Dioxins 1966-2005 0.4 14.8 7.4 7.4
20 Inorganic acid mists 19662005 1.4 2.5 2.1 2.1
1966-2005 0.2 1.8 0.9 0.9
. 19962015 0.4 1.2 0.8 0.8
21 Rubber manufacturing 19662005 W 0.02 0.2 0.07 0.07
19662005 M 0.2 1.6 0.9 0.9
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Table2-7: Workers exposed over the relevant reference period and surviving until 2015 (million workers

Carcinogen Reference period Low High Midpoint Central

19662005 0.6 6.3 2.7 1.6
22 lonising radiation 19962015 0.5 4 2.1 1

19662005 W 0.1 0.9 0.4 0.2
19662005 M 0.5 5.4 2.3 1.4
23 Cr(VI) compounds 19662005 1.5 5.5 2.8 2.7
24 Aromatic amines 19662005 1 2.9 1.8 1.5
. 19662005 W 1.2 49 2.4 1.3
25 Cytostatic drugs 19962015 11 41 2.4 1.2

*Estimates refer to the number of people alive in 2007 with a history of occupational exposure to ask
Source: Santé Publique France (2016): Estimation de parts de cancers attribuables a certaines ex|
professionnelles en France, availablehétp://invs.santepubliquefrance.fr/Publicationst-outils/Rapportset-
syntheses/Travait-sante/2016/Estimatiorde-partsde-cancersattribuablesa-certainesexpositions
professionnellesn-France

2.3.4 PrEc the results

The number of workers exposed to eachrcinogenic agenbver the relevantreference period
expressed ashare ofthe targetpopulationis summarised below.

Table2-8: Exposed population (adjusted for natural mortalityas % of theat risk population

Carcinogen Reference period\ i Midpoint Central
01 DEE 19662005 4.9% 8.9% 6.4% 6.7%
02 Silica 19662005 2.1% 6.3% 4.6% 4.1%
03 Asbestos 19662005 0.2% 13.4% 6.9% 1.7%
04 Formaldehyde 19662005 1.1% 4.1% 1.9% 1.6%
19962015 0.8% 2.3% 1.4% 1.1%
05 Benzene 19962015 0.1% 2.2% 0.7% 0.3%
06 Mineral oils 19662005 4.4% 11.4% 7.8% 11.1%
07 Cd and Cd compounds 19662005 0.1% 0.4% 0.3% 0.4%
08 Wood dust 19662005 3.1% 5.6% 4.0% 4.5%
09 Arsenic 19662005 0.3% 0.3% 0.3% 0.3%
10 Vinylchloride 19662005 0% 0.1% 0.1% 0.1%
11 Ethylene oxide 19962005 0% 0% 0% 0%
19662005 0% 1.3% 0.7% 0.9%
12 PAHS 19962015 0% 1.1% 0.6% 1.1%
13 Occupation as a welder 19662005 0.4% 6.7% 3.2% 4.3%
14 Solar radiation 19662005 9.7% 12.8% 11.3% 12.8%
15 ETS 19662005 2.3% 14.5% 10% 14.5%
16 Epichlorohydrine 19662005 0.1% 0.1% 0.1% 0.1%
17 Tetrachloroethylene 19662005 0.1% 0.6% 0.4% 0.4%
19962015 0.1% 0.4% 0.4% 0.2%
18 Shifwork 1\9/6362005 6.6% 20% 13.2% 20%
omen
19 Dioxins 1966-2005 0.1% 4.6% 2.3% 2.3%
20 Inorganic acid mists 19662005 0.4% 0.8% 0.6% 0.6%
1966-2005 0.1% 0.5% 0.3% 0.3%
19962015 0.1% 0.3% 0.2% 0.2%
21 Rubber manufacturing 13\?35225 0% 0.1% 0% 0%
19662005 0.1% 1.0% 0.5% 0.5%
Men
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Table2-8: Exposed population (adjusted for natural mortalityas % of theat risk population

Carcinogen Reference period i Midpoint Central
19662005 0.2% 2.0% 0.8% 0.5%
19962015 0.1% 1.1% 0.6% 0.3%
- - 19662005 0.1% 0.5% 0.2% 0.1%
22 lonising radiation
Women
19662005 0.3% 3.4% 1.5% 0.9%
Men
23 Cr(VI) compounds 1966-2005 0.5% 1.7% 0.9% 0.8%
24 Aromatic amines 1966-2005 0.3% 0.9% 0.6% 0.5%
19662005 0.7% 3.1% 1.5% 0.8%
25 Cytostatic drugs Women
19962015 0.3% 1.1% 0.6% 0.3%

2.4 WP1Step 3 Relative isk

The aim oflWP1Step 3wasto collectestimates ofrelative cancer risk for workemsxposed toeach

of the 25 carcinogenic agest It should be noted that itwas not possible to carry out a
comprehensive literature review within the time and budget available for this study and it is likely
that additional efforts would identify more relative risk estimatgthe significance of this limitation

is assessed und&vPLStep 7.

This exercise was not restricted to cancer sites identified as relevant by IARG&tantave been
collected for all cancer sites for which relativekrisstimates could be identifietom published
literature within the timeand budgetavailale for this study.This approach means that this study is

not constrained by IARC classifications. The IARC inclusion of carcinogens, whether confirmed or
probable, is based on an administrative procedure with decisions being considered only when a
reaonable number of studies become available and budgetary and time limitations allow the
decision procedure to take place. It may take a number of years following the publication of new
findings before a classification decision is taken. Unlike in IARKB)(200 weight of evidence
criteria have been established in this study and the sole criterion for the inclusion of a cancer site in
this study is the availability of a relative risk estimate for occupational exposure.

For example, the IARC monograph $ilic#® concludes that the evidence for cancers other than
lung cancer is too sparse for evaluation but notes that Elci et al (2002) have reported an OR of 1.8
(95% CI: 1:2.3) for Turkish workers exposed to crystalline silica dust. The Elci et a) @QR(zas,
however, been used to estimate the AF for silica and laryngeal cancer in this study.

Conversely, where a cancer site identified in IARC (2016) as relevant to a carcinogen is not assessed
in this study, this is because a relative risk estimate docupational exposure could not be
identified. For example, the IARC Monograph for ar$émias identified several cancer sites as
relevant due to contaminated drinking water rather than occupational exposure.

The cancer sites for which risk estimatesvénabeen identifiedare summarised below and are
compaed with the cancer sites listed in IARC (2616)

5 Seehttps://monographs.iarc.frfENG/Monographs/vol100C/mono1004& pdf

% Seehttp://monographs.iarc.fr/fENG/Monographs/vol100C/mono106Qodf
2" |ARC (2016): List of clagsifions by cancer sites with sufficient or limited evidence in humans, available at
https://monographs.iarc.frfENG/Classification/Table4.pdf
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Table2-9: Comparison of the cancer sites considered in this study and in IARC (2016)

Cancer sites for which Al

Additional sites from

(el is estimated in this study VARG () other studies
01 DEE Bladder Bladder
Lung Lung
02 silica Larynx
Lung Lung
Pharynx Pharynx
Stomach Stomach
Colon And Rectum Colon And Rectum
03 Asbestos Larynx Larynx
Lung Lung
Mesothelium (Pleura ang Mesothelium (Pleura ang
Peritoneum) Peritoneum)
Ovary Ovary
Leuleemia Leukaemia and/or
lymphoma
NFC Nasopharynx
04 Formaldehyde SNC Nasal cavity and
paranasal sinus
Lung Lung
Brain Brain
Leukaemia Leukaemia
05 Benzene NHL
Multiple myeloma
Bladder Bladder
. . Lung Lung
06 Mineral oils NMSC Skin cancer (other
malignant neoplasms)
Lung Lung
07 Cd and Cd compounc Kidney Kidney
Prostate
NFC NFC
08 Wood dust SNC SNC
Lung Lung
Skin (malignant
neoplasms other than
. melanoma)
09 Arsenic Bladder
Kidney
Liver and bile duct
Prostate
. . Liver Liver
10 Vinyl chloride NHL NHL
Lymphoma
11 Ethylene oxide Lymphoma Leukaemia
Leukaemia
Breast
Bladder Bladder
Lung Lung
NMSC NMSC
Stomach Stomach
12 PAHSs Kidney Kidney
Mesothelioma Mesothelioma
Pancreas Pancreas
Lymphoma and Lymphoma and
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Table2-9: Comparison of the cancer sites considered in this study and in IARC (2016)

Cancer sites for which Al

Additional sites from

(el is estimated in this study VARG () other studies
Leukaemia Leukaemia
13 Occupation as a Lung Lung
welder Ocular melanoma Ocular melanoma
Eye Eye
Lip Lip

14 Solar radiation

Skin (melanoma)

Skin (melanoma)

NMSC Skin (othemalignant
neoplasms)
15 Environmental Larynx
Pharynx
tobacco smoke
Lung Lung
. . CNS CNS
16 Epichlorohydrine Lung Lung
Bladder Bladder
Cervix Cervix
17 Tetrachloroethylene NHL NHL
Oesophagus Oesophagus
Pancreas Pancreas
18 Shift work Breast Breast
Lung Lung
Soft tissue
Leukaemia and/or
L lymphoma
19 Dioxins Multiple of unspecified
sitesc all cancer sites
(combines)
. . . Larynx Larynx
20 Inorganic acid mists
Lung Lung
Bladder Bladder
Leukaemia Leukaemia
21 Rubber manufacturing Lymphoma Lymphoma
industry Larynx Larynx
Stomach Stomach
Lung Lung
Bone Bone
Bladder Bladder
Breast Breast
Brain Brain
Malignant melanoma Malignant melanoma
Leukaemia Leukaemia
Liver Liver
Lung Lung
22 lonising radiation Thyroid Thyroid
Salivary gland
Oesophagus
Stomach
Pancreas
Bone
Ovary
Prostate
Kidney
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Table2-9: Comparison of the cancer sites considered in this study and in IARC (2016)

. Cancer sites for which Al Additional sites from
(el is estimated in this study VARG () other studies
Multiple sites
(unspecified)
Digestive tract
(unspecified)
Soft tissue
Lung Lung
23 Cr (VI) compounds Nasal cavity and
paranasal sinus
24 Aromatic amines Bladder Bladder
25 Cytostatic drugs Leukaemia Leukaemia
Breast cancer

Relative risk estimates have been taken from both meatalyses and individual cohort studies. A
detailed overview of the studies used to estimate the relative risks for each carcinogevided in
Annex 1.

Similar to the approach taken in the Occupational Cancer in the UK study, different types of Relative
Risks (RRs, ORs, PMRs, SIRs, SMRs, HRs) have been used interchangeably. In the approach to the
Occupational Cancer in the UK stubytchings (2007§ notes that

Odds ratios (ORs) from casentrol studies, standardised mortality ratios (SMRs) from cohort

studies or proportional mortality ratios (PMRs), were all used as RR estimates in the calculation

of AF. Inthe case of ORshowd®e (i KS WNJI NB RAASI&aSQ laadzyLliazy
was very small) needed to be satisfied.

As a result, the available risk estimates have been used for the purposes of this subtask regardless of
the fact that they express different measurdgst NA a | @ ¢KS WNINB RA&SI&asSQq
examined for ORs.

Therelative iisks set outbelow havebeen used to calculate th&Fsfor the 25 carcinogenic agest
under the different scenarios.The LOW scenario is based on the lowest identified relative risks
whilst the HIGH scenario reflects the highest identified relative risks. The criteria used for the
selection of the relative risks for the CENTRAL sceswméosé out in the table thatfollows.

It should be noted that the relative risks under the LOW and HIGH scenarios may not be realistic
representations of the real risks and these scenarios have been modelled purely for the reason of
providing a lower and the upped bound for the ass@ent, i.e. to provide a further check on the
central AFs. In particular, some of the relative risks used under the LOW and HIGH scenarios are
based on studies of specific industries or worker groups and may not be representative of the whole
exposed poplations. For example, the lung cancer OR used for DEE under the HIGH scenario is
based on a study of miners who have a high diesel exposure but it is applied théte workforce
exposed to DEESimilar issues are evident in the HIGH relative risksilica and benzene.

A further limitation of the study is that a single relative risk estimate is applied to the whole exposed
population under each scenario and a distribution of the population over different exposure levels is
not estimated.

2 Hutchings (2007): The burden of ocatipnal cancer in Great Britain, available at

http://www.hse.gov.uk/research/rrpdf/rr595meth.pdf

The cost of occupational cancer in the-EZ&)
RPA& FoBiG 21


http://www.hse.gov.uk/research/rrpdf/rr595meth.pdf

Table2-10: Summary of the scenarios (relative risk)

Carcinogen Midpoint Centralcore
01 DEE Lung RR=1.15 Lung OR=3.2 Lung 2.7 Lung RR=1.47
Bladder RR=1.24| Bladder RR=1.24| Bladder RR=1.24| Bladder RR=1.24
Lung: RR=1 Lung: RR=2.38 Lung: RR=1.9 Lung:RR=1.41
02 Silica Laryngeal cancer:| Laryngeal cancer:| Laryngeal cancer:| Laryngeal cancer:
OR=1.39 OR=1.5 OR=1.445 OR=1.5
Pharynx: OR=1.41 Pharynx: HR=2.2 Pharynx: 1.8 Phasril;;;:ﬁ:zz
Stomach: RR=1.11 Stomach: HR=4.59  Stomach: 2.85 L
) ) ) RR/SMR=1.16
Colon and rectum:| Colon and rectum:| Colon and rectum: Colon andrectum:
03 Asbestos RR=1.15 SMR=2.00 1.58 _ ’
) o ) RR=1.15
Larynx: 1 Larynx: RR=2.02 Larynx: 1.51 Larvnx: RR=1.37
Ovary: =1 Ovary: RR=2.61 Ovary: 1.8 yme RiR=-

Lung: Meso*2

Lung: Meso*10

Lung: Meso*6

Ovary: SMR=1.77
Lung: Meso*2

Leukeemia: RR=1

Leulkeemia: RR=1.4

Leulkeemia: RR=1.2

Leulkeemia: RR=1.4

NFC: RR=1 NFC: RR=2.1 NFC: RR=1.55 NFC: RR=2.1
04 Formaldehyde SNC: OR=1 SNC: OR=2.8 SNC: OR=1.9 SNC: OR=2.8
Lung: RR=1 Lung: RR=1.18 Lung:RR=1.09 Lung: RR=1.18
Brain: RR=1 Brain: RR=1.56 Brain: RR=1.28 Brain: RR=1.56
05 Benzene Leukaemia: Leukaemia: Leukaemia: Leukaemia:
OR=1.004 OR=3.6 OR=2.3 *=2.13
Bladder: OR=1 Bladder:OR=2.6 Bladder: OR=1.8 Bladder: OR1.7
06 Mineral oils Lung: RR=1 Lung: RR=2.3 Lung: RR=1.7 Lung: RR=1.9
NMSC: RR=1 NMSC: RR=1.21 NMSC: RR=1.1 NMSC: RR=1.21
07 Cd and Cd Lung: OR=1.19 Lung: OR=1.54 Lung: OR=1.37 Lung: OR=19
compounds Kidney: 1.77 Kidney: OR=2.5 Kidney: 2.14 Kidney: OR=1.4
08 Wood dust NFC: RR=1.7 NFC: 2.4 NFC: 1.74 NFC: 2.4
SNC: OR=1.4 SNC: RR=5.91 SNC: 3.93 SNC: RR=61
09 Arsenic Lung: SMR=1.2 Lung: OR=4.4 Lung: 2.8 Lung: OR=1.65
10 Vinyl chloride Liver: RR=1.89 Liver: RR=9.57 Liver:-RR=5.73 Liver: SMR=2.4
NHL: SIR=4.06 NHL: SIR=4.06 NHL: SIR=4.06 NHL: SIR=4.06

11 Ethylene oxide

Lymphoma: OR=1.
Leukaemia: 1.08

Lymphoma: OR=1.
Leukaemia: 2.29

Lymphoma: OR=1.
Leukaemia: 1.685

Lymphoma: OR=1.
Leukaemia: 2.29

Bladder: SMR=1
Lung: SMR=1
NMSC: RR=1.74
Stomach: SIR=1.91
Kidney: SIR=1.99
Mesothelioma:

Bladder: SMR=2.0¢
Lung: SIR=1.99
NMSC: RR=1.74

Stomach: SIR=1.91
Kidney: SIR=1.99
Mesothelioma:

Bladder: SMR=1.54
Lung: SIR=1.5
NMSC: RR=1.74
Stomach: SIR=1.91
Kidney: SIR=1.99
Mesothelioma:

Bladder: RR=1%
Lung: RR=1.12
NMSC: RR=1.74

Stomach: SIR=1.91
Kidney: RR=1.23
Mesothelioma:

12 PAHs SIR=2.41 SIR=2.41 SIR=2.41 SIR=2.41
Pancreas: SMR= Pancreas: SMR= Pancreas: SMR= Pancreas: SMR=
2.41 2.41 2.41 2.41
Lymphoma and Lymphoma and Lymphoma and Lymphoma and
Leukaemia: Leukaenm: Leukaemia: Leukaemia:
SMR=2.03 SMR=2.03 SMR=2.03 SMR=2.03
13 Occupation as a Lung: RR=1.1 Lung: RR=1.36 Lung: RR=1.23 Lung: RR=1.36
welder Melanoma of the Melanoma of the Melanoma of the Melanoma ofthe
eye: RR=2.05 eye: RR=2.05 eye: RR=2.05 eye: RR=2.05
14 Solar radiation NMSC RR=1.15 NMSC OR=1.77 NMSC 1.46 NMSC OR=1.77
15 Environmental LungRR=1.15 LungRR=2.01 LungRR=1.63 Lung R=1.24
tobacco smoke
16 Epichlorohydrine CNS OR=1 CNS OR=4.2 CNS OR=2.6 CNS OR=4.2
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Table2-10: Summary of the scenarios (relative risk)

Carcinogen i Midpoint Centralcore
Lung OR=1 Lung OR=1.7 Lung OR=1.4 Lung OR=1.7

Bladder: RR=1.44| Bladder: RR=1.44| Bladder: RR=1.44| Bladder: RR=1.44
Cervical: RR=1.09] Cervical: RR=1.95 Cervical: RR=1.52] Cervical: RR=.

17 NHL: RR=1.29 NHL: RR=1.29 NHL: RR=1.29 NHL: SMR=19
Tetrachloroethylene Oesophagus: Oesophagus: Oesophagus: Oesophagus:
RR=2.47 RR=2.47 RR=2.47 RR=2.47
Pancreas: RR=1.2] Pancreas: RR=1.2] Pancreas: RR=1.2] Pancreas: RR=1.2
18 Shift work Breast RR=1 Breast RR=4.3 Breast RR=2.62 Breast RRE51
19 Dioxins Lung: RR=1.1 Lung: RR=1.5 Lung:RR=1.25 Lung: RR=1.5
20 Inorganic acid Larynx: RR=4.28 | Larynx: RR=4.28 | Larynx: RR=4.28| Larynx: RR=4.28
mists Lung: RR=1.36 Lung: RR=1.36 Lung: RR=1.36 Lung: RR=1.36

Bladder: SMR=1.15 Bladder: SIR=2.87

Leukaemia: 1.03 Bladder: RR=8.25| Bladder: RR=4.7 Leukaemia:
o Leukaemia: 1.70 Leukaemia: 1.37 SMR=1.5
Lymphoma: i i )
SMR=1.02 Lymphoma: Lymphoma: Lymphoma:
21 Rubber Lar nx;?é—l 19 SMR=1.02 SMR=1.02 SMR=1.02
manufacturing Stor>1/1ac.h' SI\_/IF-Z—l Larynx: RR=1.19 LarynxRR=1.19 Larynx: RR=1.19
industry Lun m.aIeS' - Stomach: RR=3.5| Stomach: RR=2.25 Stomach:
g_ ' Lungmales: RR=2.3 Lungmales: RR=1.§ SMR=1.83
RR=1.29 y
) Lungfemales: Lungfemales: Lungmales: RR=2.1
Lungfemales: - - .
RR=1 15 RR=2.9 RR=1.9 Lungfemales:
e RR=2.9
Bone: RR=1.03 Bone: RR=7.6 Bone: RR=4.3 ggﬁ;ﬁgﬁl
Bladder: SIR=1 Bladder: SIR=1 Bladder: SIR=1 Breast: 'SIR_1_4
Breast:SIR=1.4 Breast: SIR=1.4 Breast: SIR=1.4 Brain: SIR—I 68
Brain: SIR=1.68 Brain: SIR=1.68 Brain: SIR=1.68 LT
. . . Malignant
Malignant Malignant Malignant )
i - ) ) ) melanoma:
22 lonising radiation melanoma: melanoma: melanoma: SIR=2.15
SMR=1.78 SMR=1.78 SMR=1.78 Leukaen;a: =111
Leukaemia: SIR=1 Leukaemia: RR=2.4 Leukaemia: RR=1. Liver: RR.-l_Oll
Liver: SIR =1 Liver: RR=1.8 Liver: RR=1.4 Luna: Men R_R'_l 0"
Lung: SIR=1 Lung: RR=2.77 Lung: RR=1.88 g I

Women RR=1.021

Thyroid: SIR=1.39| Thyroid: OR=2.1 | Thyroid: OR=1.75 Thyroid: RR=1.09

Lung: RR=1 Lung: SMR=1.44 Lung: RR=1.22 Lung: OR=1.25
23 Cr(Vl) compounds| g\ ~"pR-334 | SNC:PMR=518|  SNC: *=4.26 SNC: RR=3.34
. . o ) _ Cem Bladder:
24 Aromatic amines Bladder: RR=1 Bladder: OR=3.3 | Bladder: RR=2.15 RRISRR=B
Breast: OR=1.65 Breast: OR=1.65 Breast: OR=1.65 Breast: OR=1.65
25 Cytostatic drugs Leukaemia: Leukaemia: Leukaemia: Leukaemia:
RR=10.65 RR=10.65 RR=10.65 RR=10.65

Note: Wherea measure of the relative risk (RR, SMR, etc.) is not specified, this means that it was eitl
given in the relevant studywo different measures of relative risk (e.g. and OR and an RR) were combined
mid-point valug or it was estimated from ather measure (e.g. ERR per dos&tudies cited in Rushton et
(2012) assumed to be RR, unless established otherwise.

The criteria for the selection of the risk estimates the CENTRAL scenariCentratore and 95%
Cl for Centralow and Centrahigh) have been as follows in terms of priority given to different
studies:

1. Meta-analyses|ARC monographs also given some precedence
2. Most recent studies
3. Studies adopted by other burden of disease studies and/or IARC
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4. Studies with the largest population/baglest cohorts and/or cohorts in the EU or
comparable countries

o o

mortality

Table2-11: The CENTRAL scenaipRelative isks

Carcinogen

Centralcore:
relative risk

Centratlow and centrat
high 95% C(unless
specified otherwise)

Studies used for one anore other carcinogenic agents
ORs or RR were chosen in preference to a SMR given our approach is not focused only on

Source

Reasons for
selection

Lipsett &Campleman
_ (1999), cited in IOM
Lung RR=1.47 1.291.67 (2011) & Rushton et al 1,3,5
(2012)
01 DEE Boffetta & Silverman
_ i (2001), cited in IOM
Bladder RR=1.24 1.01:-1.41 (2011) and Rushton et a 1,35
(2012)
Peluchi (2006), cited in
Lung: RR=1.41 1.181.67 Sante Publique France 1,2,6
- (2016)
02 Silica o cancen Elci et al (2002), cited in
yC?Rzl 5 ' 1.2-1.9 Sante Publique France 4
' (2016)
Pharynx: HR=2.2 1.084.49 Offermans et al (2014) 2,4
Stomach: SMR=1.1§  SMR: 1.03.27 For“”?tzoofz';”Shton 1,2
RR=1.17 RR: 1.041.28 IOM (2006) 5,6
Colon and rectum:
03 Asbestos RR=1.15 1.01-1.31 IOM (2006) 1,6
Forunato & Rushton
Larynx: R&z1.37 1.17-1.6 (2012), cited in Rushton| 1, 3,5, 6
et al (2012)
Ovary: SMR=1.77 1.37-2.28 Camargo et al (2011) 1,2
Rushton & Hutchings
LeukaemiaRR=1.4 n/a (2007) and Rushton & 5
04 Hutchings (2007a)
. _ Hauptmann et al (2004),
Zormaldehyd NFC: SMR=2.1 1.054.21 cited in Slack (2012) 3
SNC: OR=2.8 1.84.3 Hansen & Lassen (2011 2
Lung: RR=1.18 1.121.2 Siew et al (2012) 2,4
Brain: RR=1.56 n/a Bosetti et al (2008) 1
Leukaemia: *=2.13
(average of 1.64 for )
05 Benzene low exposure and L.OW exposure.. 1.12.39 Khalade et al (2010) 1,2,4
. High exposure: 1.54.39
2.62 for high
exposure)
Bladder: OR=1.7 1.1-2.5 Colt et al (2014) 4
. Lung: RR=1.9 1.1-3.3 Ronneberg et al (1988) 4>
gﬁ’sM'”era' IOM (2011), from
NMSC: OR=1.21 0.483.06 Mitropoulos & Norman 1
(2005)
iQalyySaes
O7Cdand Cd| | |0 orp=1.19 0.09-1.29 14,5
compounds
Verougstraete et al
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Table2-11: The CENTRAL scenaipRelative isks

Centratlow and centrat
high 95% C(unless
specified otherwise)

Reasons for
selection

Centralcore:

. . Source
relative risk

Carcinogen

(2003), cited in Rushton
et al(2012)
Kidney: OR=1.4 0.69-2.85 Boffetta et al (2011) 2
) _ Demers et al (1995), cite
08 Wood dust NFC: SMR=2.4 1.104.50 in Rushton et al (2012) 3,45
SNC: RR=1.61 1.102.37 Binazzi et al (2015) 12,5
09 Arsenic Lung: OR=1.65 1.052.58 GQalyySies 4,6
10 Vinyl Liver: SMR=2.40 1.803.14 Ward et al (2001) 2
chloride NHL: SIR=4.06 1.6410.0 Budroni et al (2010) *rx
Lymphoma: OR=1.3 0.7-2.1 Kiran et al (2012) b
11 Ethylene . Coggon et a(2004), cited
oxide LSE’,\L/’I“Rafzmz'Z 0.646.02 in IOM (2011) and 2,3
) Rushton et al (2012)
Bladder: RR=1.49 n/a Bosetti et al (2006) 1
Lung: RR=1.12 n/a Bosetti et al (2006) 1
B Partanen & Boffetta .
NMSC: RR=1.74 1.07-2.65 (1994)
Stomach: SIR=1.95 1.163.29 Sim et a(2009) il
12 PAHS Kidney: R.Rzl..23 n/a Bosetti et al (2006) 1
Meg?;h:ez"_jrfa' 1.005.78 Sim et al (2009) ik
Pancreas: SMR= 2.4 1.11-5.23 Carta et al (2004) i
Lymphoma and
Leukaemia: 1.034.00 Carta et al (2004) rxx
SMR=2.03
13 Lung: OR=1.36 1.00-1.86 GQalyySiaes 4
Occupation asi Melanoma of the 120351 Shah et al (2005), cited i -
awelder eye: RR=2.05 ' ) Rushton et al (2012)
14 Solar NMSC OR=1.77 1.402.22 Fartasch et al (2012) 1,2
radiation
15 Lung: RR=1.24
Environmenta 1.181.29 Stayner et al (2007) 2
| tobacco
smoke
16 CNS: OR=4.2 0.7-26.0 Barbone et al (1994) skl
Epichlorohydr ) _ Barbone et al (1994), -
ine Lung: OR=1.7 0.72.6 cited in IOM (2011)
Bladder: RR=1.44 1.07-1.93 Lynge et al (2006) rrx
Cervical: RR=1.2 0.6-2.2 Lunge et al (2006) 2,4
17 ) _ Ruder et al (2001), cited -
Tetrachloroet NHL: SMR=1.39 0.562.86 in Rushton et al (2012)
hylene Oesophagus: 135414 Ruder et al (2001), cited -
SMR=2.47 ' ) in Rushton et al (2012)
Pancreas: RR=1.27 0.7-2.0 Lynge etal (2006) i
18 Shift work Breast RR=1.51 1.36-1.68 Megdal et al (2005) 1,3
19 Dioxins Lung: RR=1.5 n/a IARC (2012) 1
Steenland & Beaumont
20 Inorganic Larynx: RR4.28 2.138.58 (1989), cited in Rushton b
acid mists et al (2012)
Lung: RR-1.36 0.97-1.94 Steenland & Beaumont rrx
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Table2-11: The CENTRAL scenaipRelative isks

Centralcore: EEIET T S Reasons for

Source

Carcinogen

relative risk

high 95% C(unless
specified otherwise)

(1989), cited in Rushton

selection

et al (2012)
Bladder: SIR=2.87 2.02-3.96 Carreon et al (2014) 6
Leukaemia: SMR=1. 1.02.1 IARC (2012) 1
Lymphoma: *xk
SMR=1.02 0.861.21 Alder et al (2006)
21 Rubber Sorahan et al (1989),
manufacturin Larynx: SMR=1.19 0.821.62 cited in Rushton et al ok
g industry (2012)
Stomach: SMR=1.8 1.232.72 Boniol et al (2016) 2
Lung: .
Men RR=2.3 W“gfn”e'nl_'g‘rgg X IARC (2012) 1
Women RR=2.9 T
. PP— a UNSCEAR (2006), cited
Bone: RR=1.03 n/a Rushton et al (2012) 2,3
Bladder: SIR=1 (0.3€ 0.12-0.82 Band et al (2006) ok
Breast: SIR=1.4 1.191.65 Buja et al (2006) i
Brain: SIR=1.68 0.66-3.62 Zeeb et al (2002) ok
Malignant :
22 lonising melanoma: SIR=2.11 1.562.88 Buja etal (2007) 1,6
. . UNSCEAR (2006), cited
- ke 0, .
radiation Leukaemia: *=1.11 90%CI: 1.04.18 Rushton et al (2012) 2,3
L a UNSCEAR (2006), cited
Liver: RE:1.01 n/a Rushton et al (2012) 2,3
Lung: Men RR1.05 n/a® UNSCEAR (2006), cited 23
Women RR=1.021 Rushton et a(2012) ’
- n/a® UNSCEAR (2006), cited
Thyroid: RR:1.09 Rushton et al (2012)
23 Cr(VI) Lung: OR=1.25 0.951.65 GQalyySies 2,4
compounds SNC: RR=3.34 0.410.5 IOM (2011) 3,5
24 Aromatic Bladder: 11514 Harling etal (2010) 19
amines RR/SRR=1.30 ) ' Takkouche et al (2009) '
. Breast: OR=1.65 0.535.17 Gunnarsdottir et al (1997 rrx
25 Cytostatic Leukaemia:
drugs RR=10.65 1.2938.5 Skov et al (1992)

Notes:

*not specified whether RR, OR, SMR, SIR
** hroadly consistent with Friesen et (2012) and Acquavella et al (1993)
*** only a single study available
k<], setatl

****Estimated from ERR per dose

@Confidence Intervals not estimated for cancers attributed to ionizing radiation in UNSCEAR (2008)
® Studies cited in Rushton et al (2012) assumed to be RR, unless established otherwise.
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2.5 WP1LStep 4 Attributable fractions (AFSs)

An Attributable Fraction (AF) is the proportion of cancer cases that can be attribusxttgpational
exposures to a cambgen; in other words, it is the proportion that would not have occurred in the
absence of occupational exposure. These AFs have been estimated for eacB®Et#reinogens

2.5.1 Summary of the methodology
[ SOAYyQa Slidd Grazy

Levin's equation has been used fibre calculation of the AFs. Thegjuation is summarised in
Rushton et al (2018)as follows:

AF = Pr(E)(RR—1)/ {1+ Pr(E)(RR - 1)}
where RRrelative risk and Pr(Eproportion of the population exposed.

The total AF for each cancer site has beealculatedusing the formula provided itdutchings
(2007¥° for combiningAFsin cases where exposed populations overlap but are independent and
risks are assumed to be multiplicative:

AFyerat =1 = (1 — AF) x (1 = AF) % ... x (1 — AF,)

The AF for each cancer site has been applied to cancer incidence data \WeeStep 5and the
sum of the resuting Attributable Numbers (ANs) was combined with total cancer incidence to
calculate the Overall Attributabler&ction (OvAF) across the 2Barcinogenic agestand allthe
relevant cancer sites

AFs for women and men

Three different AFs have beealculated for each carcinogen, one for each gender and another one
for the whole exposed workforce. This necessitated the estimation of the shares of women and men
within the exposed workforce. The key sources for this were the SUMER and ASA datalizeyes.
different data were given for different countries and years, an average has been used.

The shares for each gender are summarised below for each carcinogen.

Table2-12: % of MEN and WOMEIh occupationally exposed populations

Carcinogen % of exposed workers (MEN) % of exposed workers (WOMEN)

01 DEE 95% 5%

02 Silica 93% 7%

03 Asbestos 96% 4%

04 Formaldehyde 45% 55%

05 Benzene 90% 10%

06 Mineral oils 96% 4%

07 Cd and Cd compounds 84% 16%

08 Wood dust 92% 8%

09 Arsenic 88% 12%

* Rushton et al (2012): Occupational  cancer burden in GB, available at

http://www.nature.com/bjc/journal/v102/n9/full/6605637a.html
%0 Hutchings (2007): The burden of occupational cancer in Great Britain, available at

http://www.hse.gov.uk/research/rrpdf/rr595meth.pdf

The cost of occupational cancer in the-EZ&)
RPA& FoBiG 27


http://www.nature.com/bjc/journal/v102/n9/full/6605637a.html
http://www.hse.gov.uk/research/rrpdf/rr595meth.pdf

Table2-12: % ofMEN and WOMETIh occupationally exposed populations

Carcinogen % of exposed workers (MEN) % of exposed workers (WOMEN)
10 Vinyl chloride 85% 15%
11 Ethylene oxide 45% 55%
12 PAHs 86% 14%
13 Occupation as a welder 97% 3%
14 Solar radiation 82% 18%
15 ETS 36% 64%
16 Epichlorohydrine 77% 23%
17 Tetrachloroethylene 63% 37%
18 Shift work 0% 100%
19 Dioxins 56% 44%
20 Inorganic acid mists 50% 50%
21 Rubber manufacturing 95% 5%
22 lonising radiation 50% 50%
23 Cr(VI) compounds 89% 11%
24 Aromatic amines 52% 48%
25 Cytostatic drugs 15% 85%

2.5.2 The results (AF®r cancer incidencg

The AFs per cancer site are giverolefor each of the scenariosThe AFs for each carcinogen and
cancer site are given overlefdr the three central scenarid€entrallow, Centraicore, and Central
high).

Table2-13: AFs per cancer site across the 25 carcinogenic agents (reference year: 2OCHNEUREL

No. of Centrat Centrat Centrat

Cancer site Low . i Midpoint
Bladder 7 1.2% 2.0% 9.8% 18.1% 23.3% 9.3%
Bone 1 0.004% 0.01% 0.01% 0.01% 6.1% 1.9%
Brain 2 0.1% 0.9% 1.2% 2.1% 3.5% 1.1%
Breast 3 0.5% 6.7% 9.8% 15% 41.1% 18.5%
Cervix 1 0.01% 0% 0.05% 0.3% 0.4% 0.2%
CNS 1 0.0% 0% 0.2% 1.2% 0.2% 0.1%
f;‘(’:'tzrr‘n& 1 0.03% 0.02% 0.3% 0.5% 11.8% 3.8%
Eye 1 0.4% 0.8% 4.3% 9.7% 6.6% 3.3%
Kidney 2 0.06% 0.2% 0.7% 0.8% 1.9% 0.9%
Larynx 4 2.2% 1.8% 4.7% 9.2% 17% 7.3%
Leukaemia 6 2.8% 0.7% 4.0% 12.5% 17% 7.4%
'&ﬂ’gr & bile 2 0.01% 0.05% 0.1% 0.1% 2.4% 0.6%
T " 7.9% 27.1% 36.8% 47.6% 65% 39.6%
9 (14.2%) | (46.3%) | (53.5%) | (61.5%) | (8L7%) | (54.1%)
Lymphoma 2 0.002% 0% 0.02% 0.09% 0.02% 0.01%
;{;ﬁg‘;ﬂ; 1 0.01% 0.03% 1.2% 3.3% 1.0% 0.7%
Malignant 1 0.1% 0.3% 0.6% 0.9% 1.5% 0.6%
melanoma
mes"the"“ 2 95.0% 95.0% 95.1% 95.2% 95.1% 95.0%
NHL 2 0.04% 0.02% 0.3% 1.1% 0.4% 0.2%
NMSC 3 1.4% 2.9% 11.6% 30.5% 11.9% 6.1%
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Table2-13: AFs per cancer site across the 25 carcinogenic agents (reference year:2OCANEURE

Cancer site No. of* Low Central Centralt Ceptrat High Midpoint
agents low core high
Oesophagus 1 0.1% 0.1% 0.6% 1.3% 0.9% 0.5%
Ovary 1 0% 0.05% 0.1% 0.2% 1.8% 0.5%
Pancreas 2 0.03% 0.1% 1.3% 3.9% 2% 1%
Pharynx 3 2.2% 0.7% 9.4% 22.5% 23.6% 8.9%
incl. NFC
SNC 3 2.3% 1.7% 7.1% 17% 31.9% 14.5%
Stomach 3 0.02% 0.3% 1.3% 2.9% 34.3% 12.1%
Thyroid 1 0.1% 0.04% 0.04% 0.04% 2.1% 0.6%
Note: *Number of carcinogenic agents included in the; AfSince lung cancer AF is estimated frg
mesothelioma incidence, the AF aldepends on the total number of cancer registrations. As a result, the
differ depending on whether EUCAN or EUREG (see Section 2.6) is used as the basis for the estimat
AFs. The first value presented is based on EUCAN and the number ithpaesris based on EUREG.
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Table2-14: AFs per cancer site (Centilalv)
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Table2-14: AFs per cancer site (Centilalv)
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Table2-15: AFs per cancer site (Centebre)
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Table2-15: AFs per cancer site (Centibre)
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Table2-15: AFs per cancer site (Centibre)
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Table2-16: AFs per cancer site (Centiailgh)

c
(3]
[=2]
o
£
o
S
©
o

Diesel
exhaust

2.7%

Colon & rectum

Leukaemia

Liver & bile duct

4.3%

Lymphoma

Lymphoma and
leukaemia

Malignant

melanoma

Mesothelium

Oesophagus

Pancreas

Pharynx incl. NF(

Sinonasal (SNC]

Stomach

Silica

3.6%

2.7%

Asbestos

0.5%

1%

21.6
%

95%

0.2%

5.8%

0.5%

Formalde
hyde

0.9%

0.4%

0.3%

4.8%

4.9%

Benzene

0.7%

Mineral
oils

14.3
%

20.3
%

18.6
%

Cd and Cd
compoun
ds

0.6%

0.1%

Wood
dust

13.6
%

5.8%

Arsenic

0.4%

Vinyl
chloride

0.1%

0.3%

Ethylene
oxide

0.2%

0.04
%

PAHs

0.4%

0.2%

0.1%

3.3%

3.9%

1.4%

3.5%

1.9%

The cost of occupational cancer in the-Z8J
RPA& FoBiG 33




Table2-16: AFs per cancer site (Centiailgh)
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The OverallAFS(OVAFs) for the 25 carcinogedsrivedfor the different scenarios are summarised
below. A more detailedpresentationof the AFs and OvAFs (including a breakdown by gensder)
providedin Annex 4.

Table2-17: IncidenceOVAFsfor all cancer sitsacross the 25 carcinogenic ager{teference year: 2015)

Scenario ‘ Centratlow Centralcore Centrathigh
Core assessment

Overall ABoth genders 6% 8% 12%
Overall AF (OVAF) dmen 3% 5% 7%
Overall AF (OVAF) Men 6% 10% 15%
Sensitivity analysigexcl. shiftwork

Overall AF Both genders 5% 7% 10%
Overall AF (OvAF) Women 1% 2% 4%

As shown in the table aboy¢he estimates derived under the Central scenarios range from 6% to
12% with the core estimate being 8%. It should be noted that theegtitaated in this study are for
cancer incidence rather than mortality and they relate to the 25 specific carcinogenic agents and do
not capture cancer incidence resulting from all occupational carcinogens.

The OvAFs estimated under the Low and High s@@haange from 2% to 20%, with the rpdint
estimate being 10%. However, the Low and High scenarios may not be realistic representations of
the real extent of occupational canéérand they have been modelled purely for the reason of
providing a lower andhe upped bound for the assessment. However, they provide a further check
on the central AFs estimated in this study. In particular, it is noted that thepbiitt scenario
(OVAF: 10%) is positioned very close to the Centrad estimate.

Due to the inportance of shiftwork to the OvAF for women, the OVAFs are also presented above for
a scenario whereby shiftiork is excluded from the analysis. This confirms that approximately one
half of the female occupational cancer incidence estimated in this stulitfked to shifwork.

2.6 WPZLStep 5 Attributable numbers(ANS)

Under WP1Step 5,the calculated AFswere appliedto cancer incidence dat&o generate the
numbers of occupational cancers BU Member Stateshe soecalled attributable numbergANSs)

Thisinvolved collating data from EUREGmMplemented by GCQGancer Todapnd UK datapnd

EUCAN registries and applying cancer site specific AFs to these data. Both EUREG and EUCAN have
been usedfor this step Although EUCAN provides more recent (and nioternally consistent)

data, EURE® more detailed in terms of the cancer sitesvered In addition, mesothelioma
incidence has been estimated on the basis of the most recent data on the number of registrations in

the UK and incorporated into the EUR&aEaset.

% n particular, some of the relative risks used under the LOW and HIGH scenarios are based on studies of

specific industries or worker groups and may not be represargaf the whole exposed populations. For
example, the lung cancer OR used for DEE under the HIGH scenario is based on a study of miners who have
a high diesel exposure but it is applied to the whole workforce exposed to DEE.
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2.6.1 EUREG GCOsummary of cancer incidence data

Data on cancer incidence broken down dite are available for the majority &U Member Gtes
from the EUREG databade For Member States where data are missing or partial, additional data
have beerderived from the Global Cancer Observatory (GCO) Cancer Today dataset.

Mesothelioma incidence across the EU has been estimayesktrapolatinghe UK dataover the EU
because the UK appears to have the most compreherdat@set onmesotheliomainciden@. The

UK data suggest that there are currently around 40 cases of mesothelioma per year per million
inhabitants whilsidata for other countrie¥ suggest a similar or lower order of magnitudé review

of mesothelioma incidence data carried out Bjanchi & Bianchi (2014) shows that the highest
incidence rates are reported for United Kingdoine tNetherlands, Maltaand Belgium whilst lower
incidence/mortality rates are reported for Central Europe. It is, howexgrected that this may
reflect a lack ofeliable data collection rather than lower incidence of mesotheliggaase For this
reason, the use of UK data for extrapolation to theZ8Us seen as appropriatelhe UK data have
been extrapolated to the other EU Member States using per capitdeince rates provided in
Bianchi & Bianchi (2014). Where not data on national incidence was available, the average of all
available national rates was applied.

The EU28totals per cancer site are presented in the following table.

Table2-18: Cancer incidence data and estimates (£8) ¢ EUREG, Cancer Today, UK registrations

Cancer site ‘ Data available? Annual registrations
Bladder Yes 52,499
Bone Yes 2,920
Brain No

Breast Yes 196,119
Cervix Yes 17,474
CNS Yes 21,578
Colon & rectum Colon + rectum 190,398
Eye Yes 2,512
Kidney Yes 45,428
Larynx Yes 13,522
Leukaemia Yes 32,047
Liver & bile duct Liver 22,998
Lung Yes 159,732
Lymphoma HL+NHL+MM 68,454
Malignant melanoma Yes 45,551
Mesothelium Derived 10,955

32
33

See EUREG, accessedHtp://eco.iarc.frfEUREG/AnalysisT.asmx 6" September 2016.

See Cancer Today (IARC), accessed at: http://gco.iarc.fr/today/online-analysismulti-
bars?mode=cancer&mode_population=continents&population=40&sex=0&cancer=29&type=0&statistic=0
&prevalence=0&color gette=defaulton 6" September 2016.

For example, see
http://www.google.co.uk/url?sa=t&rct=j&g=&esrc=s&source=web&cd=9&cad=rja&uact=8&sqi=2&ved=0a
hUKEwjYzYw6p7SAhULBCAKHZ7uD3wQFghSMAQg&url=http%3A%2F%2Fec.e2ifgpaiald®z FBlobSer
vlet%3Fdocld%3D11280%26langld%3Den&usg=AFQjCNGeTbkYFSLDPsSFML|2Pt0zXRiDj3Q&bvm=bv.147448
319,d.d24

Bianchi & Bianchi (2014): Global mesothelioma epidemic: Trend and features, Indian J Occup Environ Med
2014;18:828, available ahttp://www.ijoem.com/text.asp?2014/18/2/82/146897

34
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http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=9&cad=rja&uact=8&sqi=2&ved=0ahUKEwjYzYvv6p7SAhULBcAKHZ7uD3wQFghSMAg&url=http%3A%2F%2Fec.europa.eu%2Fsocial%2FBlobServlet%3FdocId%3D11280%26langId%3Den&usg=AFQjCNGeTbkYFSLDPsFMLj2Pt0zXRiDj3Q&bvm=bv.147448319,d.d24
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=9&cad=rja&uact=8&sqi=2&ved=0ahUKEwjYzYvv6p7SAhULBcAKHZ7uD3wQFghSMAg&url=http%3A%2F%2Fec.europa.eu%2Fsocial%2FBlobServlet%3FdocId%3D11280%26langId%3Den&usg=AFQjCNGeTbkYFSLDPsFMLj2Pt0zXRiDj3Q&bvm=bv.147448319,d.d24
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=9&cad=rja&uact=8&sqi=2&ved=0ahUKEwjYzYvv6p7SAhULBcAKHZ7uD3wQFghSMAg&url=http%3A%2F%2Fec.europa.eu%2Fsocial%2FBlobServlet%3FdocId%3D11280%26langId%3Den&usg=AFQjCNGeTbkYFSLDPsFMLj2Pt0zXRiDj3Q&bvm=bv.147448319,d.d24
http://www.ijoem.com/text.asp?2014/18/2/82/146897

Table2-18: Cancer incidence data and estimates (£8) ¢ EUREG, Cancer Today, UK registrations

Cancer site Data available? Annual registrations
NMSC Other skin 212,273
Oesophagus Yes 21,032

Ovary Yes 24,726

Pancreas Yes 40,323

Pharynx (incl. NFC) Yes 13,825

Sinonasal (SNC) Nose & sinuses 2,239

Stomach Yes 47,879

Thyroid Yes 18,906

All exc. NMSC/other skin Yes 1,380,439

Allincl. NMSC/other skin Yes 1,595,612

Sources: EUREG, Cancer Today, UK mesothelioma registratiotes Annual registrations are totals
national data for the most recent year available in the relevant Member State (ty2€816/t02012).

2.6.2 EUCANsummary of methodology and cancer incidence data

The key advantage &EUCAN is thdt provides a consistent source of data across the EU Member
States for key cancer sites, broken down by gender, as well as data not only on incidence but also on

mortality and prevalence. The data asso more recent than those in EUREG w12 data
generally being availahleThe key disadvantagef EUCANSs the fact that specific data are not
available for some relevant cancer sites (bone, eye, other skin, nose gesjnu

The ELRS8 totalsfor incidenceper cancer site are presented in the following tablore detailed

results by Member State are presented in Annex 3.

Table2-19: Cancer incidence data and estimatésU28)- EUCAN

Cancer site Data available? Total cases
Bladder Yes 124,188
Bone No

Brain Brain & CNS 21,568*
Breast Yes 361,608
Cervix Yes 33,679
CNS Brain & CNS 21,568*
Colon & rectum Large bowel 345,346
Eye No

Kidney Kidney, mgtzlt:(rjért\egr rengdelvis 85215
Larynx Yes 28,336
Leukaemia Yes 62,678
Liver & bile duct Liver & intraheptic bile ducts 51,785
Lung Lung incltrachea & 312,645

bronchus

Lymphoma NL+NHL+Multiple myelomg 125,385
Malignant melanoma Yes 82,749
Mesothelium Derived 10,955
NHL Yes 79,312
NMSC No
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Table2-19: Cancer incidence data and estimaté@su28) - EUCAN

Cancer site Data available? Total cases
Oesophagus Yes 34,777
Ovary Yes 44 577
Pancreas Yes 79,331
Pharynx incl. NFC Lip, oral cavity, pharynx 73,699
Sinonasal (SNC) No

Stomach Yes 81,592
Thyroid Yes 37,440
All exc. NMSC/ other skin Yes 2,635,222

Sources: EUCAWbte: * Only total available, brain & CNS assumed-50% Note: Annual registrations ar
totals of national data for the most recent year available in the relevant Member State (typically 2012).

The EUCAMcidencedata broken dowrbetween men and women are given below.

Table2-20: Cancer incidence data and estimates (28) ¢ EUCAN, MEN and WOMEN

. . Total cases
Cancer site Data available? e ————
Bladder Yes 97,193 26,995
Brain Brain & CNS 11,715 9,854
Breast Yes 0 361,608
Cervix Yes 0 33,679
CNS Brain & CNS 11,715 9,854
Colon & rectum Large bowel 193,426 151,920
Kidney Kidney, including renal 54,281 30,934
pelvis & ureter
Larynx Yes 25,195 3,141
Leukaemia Yes 36,201 26,477
Liver & bile duct Liver & intraheptic bile 35,893 15,892
ducts
Lung Lung incl trachea & 213,663 98,982
bronchus
Lymphoma NL+NHL+Multiple myama 67,280 19,368
Malignant melanoma Yes 39,880 42,869
Mesothelioma Derived 9,202 1,753
NHL Yes 42,499 36,813
Oesophagus Yes 26,189 8,588
Ovary Yes 0 44 577
Pancreas Yes 39,436 39,895
Pharynx incl. NFC Lip, oral cavity, pharynx 53,884 19,815
Stomach Yes 50,521 31,071
Thyroid Yes 9,722 27,718
All exc. NMSC/ other skin 1,429,715 1,205,507

Sources:EUCAN Note: * Only total available, brain & CNS assumedB8%0oNote: Annual registrations ar
totals of national data for the most recent year available in the relevant Member State (typically 212

male/female split for

mesothelioma

incidence estimated on

the basis

http://www.cancerresearchuk.org/healthbrofessional/cancestatistics/statisticsby-cancer

type/mesothelioma/incidence#headirfdero

of UK data,
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2.6.3 The results (ANSs)

The attributable numbers (ANs) calculated dymbining the AFpresentedin Section 2.5with the
cancer incidence data given above are summarisgdw for thethree centralscenarios

Table2-21: Attributable numbers (cancer incidenceboth genders)

Scenario Centratlow Centralcore Centrathigh

Site AN EUCAN AN EUREG AN EUCAN\ AN EUREG AN EUCAN AN EUREG
Bladder 2,430 1,027 12,201 5,158 22,433 9,483
Bone 0 0 0
Brain 187 260 463

Breast 24,403 13,235 35,452 19,228 54,293 29,446
Cervix 0 0 16 8 94 49
CNS 0 0 34 34 266 266
i%'t%?n& 60 33 904 498 1,863 1,027
Eye 21 108 244
Kidney 167 89 615 328 718 383
Larynx 520 248 1,342 640 2,612 1,246
Leukaemia 410 210 2,518 1,288 7,805 3,990
'&n’g & bile 24 10 39 17 59 26
Lung 84,577 74,010 114,920 85,415 148,886 98,182
Lymphoma 0 0 20 11 109 60
Lymphoma

and 0 0 0

leukaemia

mg:fn”:;; 231 127 473 260 770 424
Mesothelium 10,407 10,407 10,414 10,414 10,429 10,429
NHL 17 0 209 0 841 0
NMSC 10,437 24,589 64,834
Oesophagus 50 30 208 126 442 267
Ovary 24 13 50 28 83 46
Pancreas 75 38 1,031 524 3,080 1,566
z:‘j?:ry”x incl. 491 92 6,957 1,305 16,501 3,112
SNC 38 160 380
Stomach 215 126 1,074 630 2,340 1,373
Thyroid 17 8 17 8 17 8
All exd¢.

NMSC/ other 124,305 99,765 188,754 126,189 274,193 162,007
skin

All'incl.

NMSC/ other 110,202 150,778 226,841
skin

A breakdown of the ANs (based on EUCAN) by cancer site is provided in the following figure.
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m Lung

m Breast

m Bladder
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m Pharynx incl. NFC
m Leukaemia

m Larynx

m Stomach

m Pancreas

m Colon & rectum

Figure2-1: Central scenario (corscenario only); contribution of cancer sites to the overall AN

The AN data broken down between men and women are given below.

Table2-22: Attributable numbers (cancer incidence) for women and men, cense¢narios

Scenario Centratow Centralcore Centrathigh

Site

Bladder 100 3,490 393 17,064 739 29,682
Bone n/a n/a n/a n/a n/a n/a
Brain 93 93 126 132 219 243
Breast 24,403 0 35,452 0 54,293 0
Cervix 0 0 16 0 94 0
CNS 0 0 7 29 57 221
Colon & rectum 2 65 33 968 68 1,991
Eye n/a n/a n/a n/a n/a n/a
Kidney 17 182 70 658 83 767
Larynx 27 701 76 1,750 165 3,246
Leukaemia 179 229 1,520 803 4,795 2,116
Liver & bile duct 3 27 4 45 6 68
Lung 14,374 71,982 16,474 103,014 19,065 134,640
Lymphoma 0 0 3 12 10 81
Lymphoma and leukaemia n/a n/a n/a n/a n/a n/a
Malignant melanoma 120 111 245 228 399 371
Mesothelium 1,665 8,742 1,666 8,751 1,666 8,772
NHL 4 23 125 328 560 1,331
NMSC n/a n/a n/a n/a n/a n/a
Oesophagus 23 120 94 495 199 1,035
Ovary 24 0 50 0 83 0
Pancreas 11 63 218 934 704 2,781
Pharynx incl. NFC 33 625 591 8,203 1,580 18,156
SNC n/a n/a n/a n/a n/a n/a
Stomach 16 240 87 1,182 201 2,535
Thyroid 12 4 12 4 12 4
All excl. NMSC/ other skin 41,106 86,697 57,262 144,601 84,998 208,041

The cost of occupational cancer in the-E8)
RPA& FoBiG 40



2.7 WPLStep6: Comparison withpublishedAFs

WPZ1Step 6 involves comparing the AFs calculated in this study with other estimates collected from
published literature. This serves both as a discussion of the results of this atddas a check of
the significance of the remaining data gaps.

The published AFs (both incidence and mortality) identified by the study team are summarised
below.

Table2-23: Occupational cancer estimated selected countries

Reference Country Occupational cancer AF (%)
Incidence: 5 (men 9.1 womer
2.7)
Labreche et al (2018) Canada Deaths: 7.6 (men 11.8 wome
2.8)
. 2-8 (all cancers)
Purdueet al (2015)" United States and 3-14 (men) Literature review
others
1-2(women)
Blot & Tarone (2015upport
Blot & Tarone (2015} USA Doll & Peto (1981), i.e. 4%
Takala (20157 - 5.38.4

N 0 6 (incidence)
Labrécheet al (2014} CanadaQuebec 7.6 (cancer deaths)

W NJIJét al 013" Sweden 2.6 (cancedeaths)

5.3 (cancer deaths)
8.2 (cancer deaths men)
2.3 (cancer deatheomen) Based on IARC Groupl al

Rushtoret al(2012) Great Britain 4 (cancer registrations) Group 2A carcinogens
2.2 (registrations women)
5.7 (registrations men)
. Overall: 5256 (males) (range
wild et al (2012 France 4167 and 3266)
Vogel (2011Y - 812
Boffettaet al (2010514 France 2.7 (incidence, male) Exposure data based on

0.3 (incidence, female) 1994 surveys; relative risk

% Labreche et al (2016) But other than mesothelioma? An estimate of the proportion ofrefatied cancers

in Quebec, In: Current Oncology \a8, No.2, April 2016.

Purdue et al (2015)The proportion of cancer attributable to occupational exposydasn Epidemiol. 2015

March ; 25(3)

B t20 2W YR ¢FNRBYS w9 o6vHnampuY 52ff yR tSG2Qa vdz y
True for 35 Years. JNCI J Natl Cancer Inst, 107(4), djv044.

Takala J et al (2015): Eliminating occupational cancer in Europe and globally. ETUI

Labréche F et al (2014): Estimating the Number of Cases of Occupational Cancer in Quebec. IRSST.

W NI R &tfal(2013): Mortality attributable to occupational exposure in Sweden. Scand J Work Environ
Health, 39(1), pp 16411.

*2 wild P et al (2012): Occupational risk factors have to be considered in the definition efskighng

cancer  populations, Bish  Journal of  Cancer, 106, 134852, available  at:
http://www.nature.com/bjc/journal/v106/n7/full/bjc201275a.html

Vogel L (2011): Occupational cancer: the main challenge for the new Community Strategy, available at:
http:// www.etui.org/content/download/7515/71981/file/Occupational+cancer++the+main+challenge+for+
the+new+Community+Strategy.pdf

Boffetta P et al (2010): An estimate of cancers attributable to occupational exposures in France. J Occup
Environ Med, 52(4), pp 39906.
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Table2-23: Occupational cancer estimated selected countries

Reference Country Occupational cancer AF (%)
4.0 (cancer deaths, men) from metaanalyses and
0.6 (cancer deaths, women) pooled analyses
1.1 (incidence) Only took account of 9 of
Kimet al (2010} South Korea ' the 23Group 1
1.7 (cancer deaths) .
carcinogens
. 13.8 (cancer deathsnales)
ACSS (2006) Australia 2.2 (cancer deaths, females
Pearce et al (2004) in New Zealand 5-9 (cancer deaths, men) Applies to men and
ASCC (2006) 0.52 (cancer deaths, women| women over 30 years old
2.4-4.8 (cancer deaths)
Steenland et al (200435) USA 0.8-1.0 (cancedeaths, Uses cpnservatlve
females) estimates
3.3-7.3 (cancer deaths, maleg
. N 8.4 (cancer deaths) Data limitations;
Nurminen& Karjalainen . . . .
(2001} Finland 13.8 (cancer deaths, males)| disciepancies in underlying
2.2 (cancer deaths, females studies
Dreyeret al (1997)® Nordic countries 3 (cancers, male) Projected to 2000
0.1 (cancers, female)

Doll &Peto (1981) USA 4 (cancer deaths)

The table above shows that the published AFs range from 2% to 12%, possibly reflecting differences
in how, where, and whethese estimates were derived and differences with regard to incidence or
mortality.

An estimate of 8% (314% in men and-2% in women) for occupational cancer has been given by
Purdue (2015). Doll & Peto (1981) estimated 4% of cancer deaths. Althooigh recently
supported by Blot & Tarone (2015), the AF produced by Doll & Peto is considered by many to be an
underestimate due to the increasing number of carcinogens being identified and recognised by IARC
(Takala, 20155 Vogel (2011F notes that recen studies estimate that between 8% and 12% all
cancers can be attributed to exposure to carcinogens at work.

Under the entral assessment,he estimates derived in this study range fr@% to 12% with the

core estimate being 8% These estimates are positied closer to the higher estimates in the
published literature and provide further support for studies that have estimated the overall AF for
occupational cancer at 8% or above. It should be noted that the AFs estimated in this study are for
cancer inciénce rather than mortality.

The OvAFs estimated under the Low and High scenarios range from 2% to 20%, with-gioéninid
estimate being 10%. However, the Low and High scenarios may not be realistic representations of
the real extent of occupational cancend they have been modelled purely for the reason of

** Kim EA et al (2010): Occupational Burden of Cancer in Korea. Safety and Health at Work;68.pp 61

% Steenland K et al (2003): Dying for work: The magnitude of US mortality from selected causes of death

associated with occupation. Am J Ind Md&(5), pp 46482.

Nurminen M and Karjalainen A (2001): Epidemiologic estimate of the proportion of fatalities related to

occupational factors in Finland. Scand J Work Environ Health, 27(3), {41361

8 Dreyer L et al (1997): Avoidable cancershim Wordic Countries. Occupation. APMIS Suppl., 76, p{968

* Takala J et al (2015): Eliminating occupational cancer in Europe and globally

% Vogel L (2011): Occupational cancer: the main challenge for the new Community Strategy, available at:
http://www.etui.org/content/download/7515/71981/file/Occupational+cancer++the+main+challenge+for+
the+new+CommunityStrategy.pdf
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providing a lower and the upped bound for the assessment. However, they provide a further check
on the central AFs estimated in this study. In particular, it is noted that thepbiitt scenario
(OvA=: 10%) is positioned very close to the Centmak estimate.

Since the 25 carcinogens examined in this study do not account for the entire incidence of
occupational cancer, comparisons between the OvAFs derived in this study for the 25 carcinogens
and OWFs derived in other studies should take into account the possibility that those produced here
may be underestimates. In particular, although some carcinogens not considered in this study result
in a small number of cancers when each is considered iatign] when considered together they

may contribute a large number to overall occupational cancer incidence. The focus on selected
carcinogens is therefore one of the limitations of this study.

The OvAF®und by this studyre compared with the puldhedstudies in Figure-2.

20%g, HIGH: 20%
e incidence
mortality
15%.| @ OVAF
® CENTRAL HIGH: 12%
10

Landrigan et al - =——/0gel (2011)=—— MIDPOINT: 10%

CENTRAL: 8%

Labreche (2014)
—Takala (2015)

CENTRAL LOW: 6%

Labreche (2014) —
Purdue (2015)-2%21 — Rushton (2012)
Rushton (2012) — . (DO" & Peto (1981) &
Steenland et al (2003) Blot & Tarone (2015)
Jarvholm (2013)
—8 ——010) LOW: 2%
—Kim (2010)

0%

1
Nurminen (2001) I
9 —

Figure2-2: Comparison of theOvAFderived in this studywith publishedliterature

An important finding of this study is that, by including a specific gender focuaroeimogenic agents

for women, this study has found a higher AF for occupational exposure of female workers than
previous studieg5% versus 0.3%%) This is, in particular, due to the shift work, ionising radiation
and cytostatic drugs ithin the scopeof this study.

The difference betweerthe OVAFs calculated in this study for women and nisr8% \ersus 10%
under theCentratcorescenario(i.e. by a factor of 2)By contrast, he incidence OVAFs in the studies
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in Table 228 are lower for women than @n by a factor of between 2.6nd 30. To a large degree,

this may be a consequence of the fact that this study set out to ensure that occupational
carcinogens relevant to women reige sufficient attention and hawade effors to prioritise them
under WRStep 1. However, in light of the ANs calculated under \&#p 5 and, consequently, the
OVAIs for women, it appears thafemale occupational cancemay have beerunderestimated in

past research

In addition, the ANs estimateth this study can be compared with data for occupational cancer
deaths published by the Global Burden of Disease study. This comparison is provided in the
following table for lung cancer deaths for 25 EU countries, showing that lung cancer fatality
estimaed under the Centratore scenario in this study is approximately 40% higher than that
estimated in the GBD study.

Table2-24: Comparison between lung cancer mortality estimated in this study and in the GBD

Member State Mortality under Ce_ntr._atlcore Mortalit_y due to occupational risks
scenario (80% of incidence) in GBD study (2015)

Austria 1,114 697

Belgium 2,258 2,366

Bulgaria 1,218 246

Croatia 870 514

Cyprus 98 56

Czech Republic 1,930 578

Denmark 1,249 766

Finland 778 539

France 11,452 8,083

Germany 13,406 11,531

Greece 1,898 1,170

Hungary 2,294 559

Ireland 514 290

Italy 10,422 9,825

Luxembourg 85 44

Malta 42 45

Netherlands 4,149 3,987

Poland 5,400 2,326

Portugal 1,479 394

Romania 3,485 568

Slovakia 842 188

Slovenia 387 163

Spain 7,707 3,437

Sweden 1,111 681

United Kingdom 16,805 15,026

Note: GBD data for deaths in 2015 due to tracheal, bronchus, and lung cancer, occupational risks only.

Source: Global Burden of Disease Study 2015. Global Burden of Disease Study 2015 (GBD 2015) Results. Se

United States: Institute for Health Metrics and Evaluation (IHME), 2016. Available from

http://ghdx.healthdata.org/gbdresultstool

2.8 WPLStep 7: Limitations of the analysis
The key limitations relate to the following:
9 Focus onsuspected or confirmed carcinogenagents including issues regarding the

definition of what is covered by speicifagentsand reliance on experimental animal data
rather than epidemiological data;

The cost of occupational cancer in the-EZ&)
RPA& FoBiG 44


http://ghdx.healthdata.org/gbd-results-tool

1 Selection of the relativeisksfor the purposes of the analysis, particularly as it has not been
possible to undertake an exhaustilieerature review andestimates carvary significantly
across studies and over time;

1 Exposure patternsincluding the potential for threshole@ffects and the need for relative
risks to correspond to real exposure levels in the workplace

1 The framework for the analysis, i.e. whether the sStagt point is acarcinogenicagent,

tumour site, or a specific occupation;

Gender differencewith regard tooccupationakcancer

Focussing on the selected 25 carcinogenic agents, with those selected not including many

high tonnage chemicals which haleen registered under REACH, leading to a potentially

significant underestimate of the total occupational burden of cancer (also see Section 2.8.7

which shows how the inclusion of another carcinogenic factor impacts on the overall results,

focussing on thexample of organic solvents);

1 The methodusedfor the estimation of the reference population for the calculation of the
AFs and

1 The relative risks usddr the low and high scenarios.

= =

2.8.1 Focus ongspected or confimed carcinogenic agents

Regulatoy classitation is an important consideration or the designation of substances as
contributors to carcinogenic risk at the workplacéhel ARE! and the CLEEC, 20082 classifications

of the 25 carcinogenic agents selected for detailed assessment in this atadgummarised in
Annex 4. However, theseclassificatios were derived fospecificpurposesand may not fullyand
consistentlycapture thereal cancer potentél of these agents Different egulatory bodies may have
different scientific perspectives andiscussions on classifications may have been carried out at
different points in time(andthus be based on different information In addition, the definitionsf

the specific agents used may have differed.

The prioritisation phase of this study (WP3tep 1) predominantly focusemh IARC Group 1 and 2A
carcinogens (carcinogenic and probably carcinogenic to humans). Due to the fact that Group 2B
(possibly carcimgenic to humans) comprises a very large number of entries, it was not possible to
consider the vast majority of tlse agentswithin the prioritisation exercise. In addition, limited
human dataand other informationare available for Group 2B carcinogenBhere is a number of

high tonnage carcinogenis IARC Group 2 o€LPCarc. 2but theseare often not considered in

A 2.4 A x

published literaturebecause they @ onlyW a dza LI&@ino§eR<by e or the other classification.

The 25 agents considered in this dyuinclude some that N8 Of  aaSR | & Wadza LIS O
rather thanWLINR 6 F 6 f S 2 NJ 1 yTRegiyiplic&iorNy xhys Sdy ys&hat, should the
carcinogenic property of these agents not be confirmed, this would reduce the overall AFs across the

25 agents estimated in this study.

In conclusionclassification is a sidimiant factor of uncertainty.For example, shift work isurrently
not classified as a human carcinogeim addition, onclusions drawn for tetrachloroethylen€(P
Carc. 2), mieral oik, aromatic amines, cytostatic drugs, inorganic mists and organic solsbatdd
be consideredmore uncertain because of thdefintional issues (e.g. mineral oils encompass
heterogeneous group of compounssth varying classifications).

*1 Seehttp://monographs.iarc.frfENG/Classification/latest classif.php

2 EC, European Commission (2008): Regulation (EC) No 1272/2008 of the European Patidnudrihe
Council of 16 December 2008 on classification, labelling and packaging of substances and mixtures,
amending and repealing Directives 67/548/EEC and 1999/45/EC, and amending Regulation (EC) No
1907/2006, Official Journal of the European Unio858, 1355
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2.8.2 Cancer risk estimates from experimental animal data or from
epidemiological data

This report only uses relative risk estimatfrom epidemiological studiesWhilst this is a widely
accepted procedure, it gives rise to further uncertainty in the AFs estimatdusrstudy. Agents
classified as Carc. 1B (ChAye beenmainly evaluated based omxperimental animal datdor
classification purposes If there were adequate epidemiological datagse agentscould have
potentiallybeen assigned Carc. 1A (CLP).

2.8.3 Selection of relative risks

As indicated above, this report useslative risks (e.g., SMR, RBR etc) to calculatethe AFs.
However, theseelative risk estimates may differ in quality and validatidithin the framework of

this report it was not psesible to perform an exhaustive search for all relevant studies with relative
risk quantifications or to perform metanalyses. It is anphasised in this report that incidence
relative risksfrom metaanalyses are preferrebut those are not always avaliee or suffer from
substantial study heterogeneity or sometimes are outdated. There are examples, where this
uncertainty is limited or negligible. There are others, where the selection of the RR contributes
significantly to the overall uncertainty.

Byway of example, for shift workbreast cancer is just one of various cancer sites associated with
respective occupations. Bhatti et @013 found a significantly elevated risk ofarian cancefor

shift workers. Similarlygndometrial cancewas increased according to Viswanthan et(2009.

Rao et al(2015 report a significantly elevated risk jrostate cancer from eight epidemiological
studies on shift work and Wang et @015 performed a metaandysis oncolorectal cancewith
significant odds ratio.

2.8.4 Exposure patterns

Substances with a negenotoxic mode of action (MoA) are often regarded as threshold carcinogens
(and tend to be classified only as suspected carcinogens). The European Sciemiifiitt€2 on

hOOdzLJ GA2Yy Il f 9ELIZ&dZNBE [AYAdGa o6{/ ho[uv 2FGSy RS&aO0I

if factors other than genotoxicity are significantly contributing to the carcinogenic MoA. Overall,
genotoxicity was indicated for only for 38¥=105) of 278 carcinoganchemicals tested within the
National Toxicology Progra(WTP) of the United States (Kardekar et al., 2012Jhis indicates that
many carcinogens irthe workplace should be considered ngenotoxic or with only partial
contributions of genotoxicity to the aainogenic MoA. For these (frequentigcurring) carcinogens
with a sublinear exposure risk relationship or a threshold, there will be significant uncertainties in
calculations of the attributed risk dke robustness of th AFs estimated in this study hinges on the
exposure levels corresponding to the relative risks used.

2855 A FFSNByYy( & cardnnbgencgent? A3/ NJa Wi dBY 2 dzNJ
Wancer profiles for specific occlipl A 2 y & Q

Most of the 25 carcinogenic agents coresigd in this reportare chemical substancdmit someare
occupationsactivities. However, it is important to recognise that:

1 not all relevant cancetisks associated with thiep 25carcinogenic agentsre covered,;

% Kardekar et al (2012): Gender differences, Toxicologic Pathology, available at

http://www.ncbi.nlm.nih.gov/pubmed/22585941
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respective associations; and

 takingWancer profilest 2 NJ 4 LISOA TA O 2 OO dzLJmayAn2rgadeQespedtivel & G | |
associations.

From the 25 agents considered Rre, only shift work, ionising radiation and cytostatic drugs
contribute to occupational breast cancer risk. However, 216 chemicals have been identified from
experimental animal studies as causmgmmary tumours(Brophy et al, 201 This indicates that
occupational conditions with influence on breast cancer incidence arefullyt covered by the
selected 25arcinogenic agents

With additional resources,his analysis could bextended to other cancer siteand lead to
additional numbers of workers witkelevated risk. The implication is th#te true occupational
burden of canceis greater than the overall AFs estimated irsthiudy

2.8.6 Gender differences of occupational cancer

With respect to gender differences in occupational cancer in general but also with respect to this
study:

a) The relevance of sespecific cancer may be underestimated because of insuffigidies
with female cohorts, e.gthere are other studies highlighting ovarian cancer for female
welders(Pukkala et al, 20Q%&nd linking shift work to endometrial canc@fiswanathan and
Schernhammer, 2009 In addition, an increased risk forafe reproductive organe/as not
guantified for any of the 25 carcinogenic agemtisich demonstrates anothasncertainty of
this assessment.

b) Significant disparities also exist for other than reproductive organ sites, with these referred
G2 a4 0SKY®D aAS¥ARYRE LI KRB ASBrietof thieSe fayNSlgtt s@me | =
endocrineinfluences on cancer occurrenadich is an area that has not yet bestudiedin
sufficientdetail (Del Pup et al, 2015

c) Due to resource limitations, it has not been possible to reflect gender differences across all
cancer sites, with a single relative risk figure applied to both males and fematés.is &
simplification andleadsto uncertainty. This simplification should be noted when gender
specific AFs are discussed.

d) This report mainly addresses exposure related differences in cancer attributable to men or
women. Biases igenderlinked reporting on exposure may contribute to uncertainty.

2.8.7 Organic solvents (carcinogenic agent no. 26)

Section 2.2 of the report provides a detailed description of the process by which the 25 carcinogenic
agents, used in this study, were chosen. Hdssible that these 25 agents may cover the majority of
occupational cancer but this is not certain.

Although organic solvents were not included in the core assessment due to significant uncertainties
associated with the input data, an additional assesstig provided herdo show that the inclusion

of additional agents has the potential to impact on the estimated AFs for each cancer site, and the
overall AF for occupational cancer

The assumptions used for estimating the AFs for organic solvents areigid@nex 1.
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The AFs for organic solvents by scenario and cancer site are given below.

Table2-25: AFs per cancer site (High, Low, Central andJstidht scenarios)

Carcinogen Breast Liver & bile duct

26 Organic solvents (HIGH) 30.0% 24.1% 8.4%
26 Organic solvents (LOW) 0.1% 1.8% 0.3%
26 Organic solvents (CENTFRIQRE 0.5% 3.2% 0.6%
26 Organic solvents (MIBOINT) 7.3% 10.2% 2.5%

2.8.8 Use of differentpopulation adjustment factors
OVAF: Population adjustment factor = 0.63 for 198605 and 0.72 for 1992015

As regards the HIGH scenario for both genders, the inclusion of organic solvents among the list of

top carcinogenic agents increases the overall attributable fraction by 7.14%.increase is mainly

caused by large attributable fractions for organic solventkiced breast and liver cancers (29.97%

and 24.05%, respectively). Moreover, breast cancer applies to women only, which coincides with

0KS cddpoz Ay ONS alaFibufalyle fracfiov Snddd the FIGHSsbEnario compared to

GKS caoym: AYONBFrasS Ay YSyQa FGdNROdzil 6t S FNI OGA:
attributable fractions is of lesser magnitude, i.e. between 0.38% and 3.66%.

Table2-26: AFs per cancer site across the 25 and 26 carcinogenic agents

Attributable fractions ‘ High Low Central Mid-point
Across 26 carcinogenic agenitsc{udingorganic solvents)

Overall AF (OVvAF)BOTH 22.18% | 1.68% 7.31% 10.68%
Overall AF (OVAFWOMEN 21.93% | 0.78% 4.91% 9.52%
Overall AF (OVAFMEN 23.33% | 2.66% | 10.27% 12.83%
Across 25 carcinogenic agemigthout organic solvents)

Overall AF (OVAF)BOTH 15.04% | 1.17% 5.53% 7.39%
Overall AKOVAF} WOMEN 15.00% | 0.40% 3.85% 6.78%
Overall AF (OVAFMEN 16.53% | 1.97% 8.20% 9.17%

OVAF: Population adjustment factor = 0.53 for both time periods

The overall attributable fraction under the HIGH scenario for both genders has increased by 2.96%.
22YSyQa FYR YSyQa 2@0SNYff FOGGNROdzilIo6fS FNIOGAZ2Y
and 1.23% respectively. For all other scenarios, the increase fluctuates between 0.04% and 1.79%.
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Table2-27: AFs per cancer site across the 25 and 26 carcinogenic agents

Attributable fractions High Low Central Mid-point

Across 26 carcinogenic agenisc{udingorganic solvents)

Overall AF (OvAF)BOTH 23.89% | 1.77% 8.01% 11.76%
Overall AF (OVAFWOMEN 23.32% | 0.86% 5.56% 10.53%
Overall AF (OVAFMEN 25.15% | 2.79% | 11.13% 14.01%
Across 25 carcinogenic agemigthout organic solvents)

Overall AF (OvAF)BOTH 20.93% | 1.71% 7.87% 10.69%
Overall AF (OVAFWOMEN 18.20% | 0.82% 5.40% 8.74%
Overall AKOVAF)} MEN 23.92% | 2.65% | 10.97% 13.52%

2.8.9 The relative risks under the Low and High scenarios

It should be noted that the relative risks under the LOW and HIGH scenarios may not be realistic
representations of the real risks and these scenarios have bsmutelled purely for the reason of
providing a lower and the upped bound for the assessment, i.e. to provide a further check on the
central AFs. In particular, some of the relative risks used under the LOW and HIGH scenarios are
based on studies of spedcifindustries or worker groups and may not be representative of the whole
exposed populations. For example, the lung cancer OR used for DEE under the HIGH scenario is
based on a study of miners who have a high diesel exposure but it is applied to thewdnkierce

exposed to DEESimilar issues are evident in the HIGH relative risks for silica and benzene.
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3 WP2: Theeconomic burden of occupational cancer

3.1 Overview of the approach

WP2 comprised the following steps:

Step 1: Codtamework;

Step 2: Literature review;

Step 3: Estimates at MS level and EU level; and
Step 4: Sensitivity analysis.

3.2 WP2Step 1. Cost framework

=a =4 —a -8

The first step in estimating the annual economic burden of occupational cancer in the EU28 was the
developmen of a cost framework describing the different cost components (direct, indirect and
intangible/human) and who would bear the costs. It is important to note that for the purposes of

this study, this framework is constrained to the assessment of thoses dbsit comprise true
6§S02y2YA0¢E 2N 420A1f 024804 FyR SEOfdRAY3I FAYI y(
different groups in society.

From this perspective, the economic costs of cancer can be divided into:

1 Direct costs: These arehie medical costs associated with the treatment of cancer and the
non-medical costs that arise directly as a result of cancer. Direct medical costs are those
associated with the treatment and services patients receive, including the cost of
hospitalisation surgery, physician visits, radiation therapy and chemotherapy/
immunotherapy.

1 Indirect costs: These are the monetary losses associated with the time spent receiving
medical care, including productivity losses due to time spent away from work or osued
activities and lost productivity due to premature death.

1 Intangible or human costsThese includethene A y I Y OA L f  WKdzYl yQ f24a8$s
cancer, e.g. reduced quality of life, pain, suffering, anxiety and grief.

Depending on the structe of national health care provision, the direct costs may be borne fully or
partially by the government (tax payers). Direct medical costs associated with cancer vary
significantly by cancer type and also vary over time. Indeed, it has been notedatiwr costs are
highest in the initial period following diagnosis and, among patients who die from their disease, at
the end of life; they are lowest in the period between the initial and end of life periods, following a
GdzK Il LISR¢  OdzNID S 202" mdividiiaE Fhay Riso ircdr dirBct costs which are not
linked to medical services, for example, the costs of transport to attend appointments (which may
be borne by patients or their relatives/friends) and costs such as additional childcareaainge
services.

** Yabroff KR et al. (2012): Economic burden of caincéire US: Estimates, projections and future research,

Cancer Epidemiology Biomarkers & Prevention, 20 (20) pp -2008, available at:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC319183Y/
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Indirect costs may be incurred by the patient but also by their family/friends, for example, through
providing unpaid care. Employers might also bear costs indirectly through: loss of output; payments
related to sick leave; administrgtiS O2ada NBfFGSR G2 F ¢2N] SNRa |
costs; loss of experience/expertise; overtime working; compensation payments (although this may

0S O20SNBR o0& a2YS F2N) 2F SyLf28SNnRa fAlFoAftAde
the national structure of social security provision, the government (tax payers) may also bear the
costs of any disability/social security payments and will also suffer losses through foregone tax
receipts (although there may also be savings in relatiofuture pension and other payments).

An illustrative cost framework describing the different cost components by cost bearer is shown in
the table below, building on the cost framework developed by the UK Health and Safety Executive
for their recent work @ the Costs to Britain of WoiRelated Cancer (2018) This framework is
illustrated here as it has been recommended as a model of good practice by EG°OSHA.

From asocietal perspectivethe total costs of occupational cancer are the sum of the ceplisted
below for the different cost bearers, minus any payments received which are identified in the table
as (+).

Within the resources available for this study, it has not been possible to apply the full cost
framework set out in Table-B. Instead, a me partial analysis has been carried out. However, care
has been taken to ensure that the most significant components of cost have been taken into
account. The costs explicitly considered here include:

Direct medical costs and nanedical costs (i.e., atof pocket expenses);

Indirect costs linked to lost earnings or lost output (but not including the costs of
responding to the loss of output); and

f LydGFry3aAaotsS 2N KdzYly O2aida ftAYy{1SR G2 |y AYRA
disease.

1
1

A review of the literature suggests that these cost components account for over 90% of the
estimated economic costs of cancer. As a result, although the approach adopted here provides only
a partial analysis of the economic costs of occupational cancers, it shiuiie a good indication

of the order of magnitude of such costs.

It is important to note though that the costs that underestimated within this analysis are the costs to
employers associated with workplace cancers, and in particular the costs aSsBciatg A (1 K S Y LJ 2 & ¢
liability insurance and the administrative costs faced by employers. The recent UK HSE study found

that these comprised around 3% of the total costs to society; although this is only a small
percentage, as will become clear the actuagnitude of these costs is significant in money terms if

this 3% figure is assumed to apply across the&U

Exposure to some of the agents considered here may also result in occupational diseases other than
cancer. Such impacts have not been taken iatgount in this analysis, with this leading to an
underestimate of the impacts of exposure to the carcinogenic agents considered here.

®* UK HSE (2016): Costs to Britain of Work Related Cancer, Research Report 1074, available at:
http://www.hse.gov.uk/research/rrhtm/rr1074.htm

See https://osha.europa.eu/en/publications/reports/estimatinthe-costsof-accidentsand-ill-health-at-
work/view

56
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Table3-1: Cost framework describing the different cosomponents by cost bearer

Cost
component

Worker/their family
(-) Out of pocket expensemcluding funeral
expenses (for fatal cancers), prescription
charges, additional travel and living costs,

Cost bearer
Employer

(-) Corporate private health insurance premiums

Government/taxpayer
(-) Medical treatment and rehabilitation costs
includinghospitalizationssurgery, physician
visits, radiation therapy and

DIRECT home modifications chemotherapy/immunotherapy
(-) Premiums for private medical insurance (+) Treatment and rehabilitation covered by
private health insurance
(-) Loss of earnings due to absence from wor (-) Loss of output due to workplace absence
(both short term absence whilst undergoing | together with costs fromoss of
treatment but also absence in the future, e.g| experience/expertise rad costs of overtime
due to reduced working hours or permanent working, etc.
withdrawal from work.
(-) Recruitment and induction costsThe employer
may recruit temporary or permanent replacemen
staff and supply them with suitable induction
support.
(-) Loss of state pension income (+)Savings in stat@ensions not paid
State pension income that is no longer paid to
INDIRECT individuals represents a saving to the public
purse.
(-) Informal care costsreflecting the
opportunity cost of unpaid care
(+) Receipt of payments related to sick legve| (-) Payments related to sick leave (-) State paymentswhere applicable.
whereapplicable
(+) State benefit receiptswhere applicable. (-) State benefit paymentswhere applicable.
(+) Income tax and national insurance (NI) | (-) Work reorganisation.Employers may (-) Loss oféx and national insurance (NI)
savings The loss of grosscome results in NE2NEBFYyA&S 62N] G2 O2(d receipts
AYRA@GARIZ £ & Wal @Ay 3 Q| duties; this reorganisation incurs
national insurance payments. managerial/supervisory time.
Intangible (-) A monetary value of the impact on quality

(human) costs

of life of affected workers

Administration

(-) Administration of insurance, compensatiol

(-) Administration of sick pay, insurance and

(-) Administration of benefits claims
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Table3-1: Cost framework describing the different cosomponents by cost bearer

Cost
component

and legal costs

Worker/their family
and benefit claims

Cost bearer
Employer
compensation claims

Government/taxpayer

() Insurance company profit margin
Individuals can have life insurance products |
protect their income in the event of death.
The cost of insurance to the individual is the
net difference between premiums paid and
payments received.

(-) Investigation / prosecutiory, internal costs +
legal costs. Cost to employers of management
time for dealing with investigations/prosecutions
and the arising legal costs.

(-) Government investigation / prosecutioq
internal costs, in terms of theénternal costs
borne by the government for investigatimgprk-
related cancers.

(+) Compensation from¥ LJ 2 @ SNA Q
insurance

O9YLX 28 SNRERQ f Al 0 butdnly e
the element of this related to

(-) Fines paid The cost of any fines paid by
employers due to breach of health and safety
regulations

(+) Fines received, where these aifee cost of
any fines received by government due to breag
of health and safety regulations (equal and
opposite to that paid by employers)

Key

@)

(*)

Cells shaded grey indicate money outflows
Cells shaded green indicate money inflows

Adapted from HSE (2015)
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3.3 WP2Step 2: Relevant cost estimates / economic values

3.3.1 Introduction

A brief discussion is provided below on the key findings of the literature review carried out to
identify relevant estimates of the costs per registration case for the different cost components. As
the intangible or human cost component is the most sigaift driver of the economic costs, this is
discussed first, followed by estimates for the direct and indirect costs of a cancer registration.

3.3.2 Intangible or human costs
Mortality

In terms of the intangible impacts of a case of cancer on an individeatasts of a cancer mortality
are generally measured in one of the following two ways:

1 through the value of statistical life (VOSL); or
1 the value of a life year lost (VOLY).

A recent study led by the Charles University in Prague (Alberini & S284dy; and undertaken for

9/ 1! F2dzyR I @Ftdz2S 2F | adrdidAadAort tAFS FT2NI i
OHnmn LINAOS&L @ CKA& FAIdz2NE A& KAIKSNI GKIy GK
Better Regulation Toolbox (To#27), which refers to values developed by the OECD (with a range
0SG6SSY emdr YAfTftA2Yy | YR elp{davb OYZA { £ MiRK |0 O@ly S NID
million.

¢KS38S FTAIANBAE NB 020K KAIKSNI GKIy (KM éarfinalj dz2 § SR
guidance on Socie O2y2YA O !yl feara 6{9!0 AIGKAY (KS 02yl
guidance on SEA provides two figures for the value of statisticitlifel OSy G NJ f @I f dzS 2
6HnNno LINAOSAO |y R258008Q0AMGES.OA (8 Ol fdzS 2F ens

The figure found by Alberini & Scasny (2014) is also higher than those recommended in the
9dzNRB LISIHY /2YYAaaArzyQa . SGGSNI wS3dzZ | GA2y ¢22f0
h9/5 YR ¢gKAOK NI y3aS o Milbrs(Eoyiveriedufom 2008ASD$), mthya | y R
0FrasS @rtdzS 2F e€eodn YAfftA2y o

2 E
€

The UK HSE applies a figure of £1.2 million as the value of preventing a fatality (i.e. VOSL) in its 2016
study on the Costs to Britain of Workplace Cancers. This figure of £lidghnmtludes a downward
adjustment to reflect only the human costs of a death; this adjustment includes removal of lost
consumption from the willingness to pay value underlying the VPF figure to avoid double counting.

In addition, no adjustments are mado this figure to account fahe fact that people may be willing

to pay more to reduce their risk of dying from cancer than to reduce their risk of a death from other
illnesses or from a road traffic accident, since the death from cancer may be prebgdedong
period of serious illness. The authors argue that there may be a countervailing effect in terms of
people placing a lower valuation on the avoidance of death because of latency effects. The end

" Alberini and Scasn2014): Stategbreference study to examine the economic value of benefits of selected

adverse human health due to exposure to chemicals in the European Union, Part lll: Carcinogens, FD7. Final
report, Service contract No. ECHA/2011/123

% Based on enviramental pollution willingness to pay values.
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impact is therefore uncertain and there is insaiént evidence to make any adjustment. (Note, UIK

HSE also argue against the use of a value of a life year lost instead of a VOLY on ethical grounds,
indicating that it would not be appropriate to assign a lower value to the mortality of a 70 year old
compared to a younger individual.)

CKA& addzRe dzasSa | x{[ 2F en YAttA2y & |y | LILINE
YR GKS KAIKSNI @GFfdzSa 2F | NRdzyR ep YAftA2y TF2d:
assumed that these VOSL esttaminclude a component related to lost output/earnings, with this

having implications for how lost earnings are accounted for in this analysis.

b2dS GKIG y2 FTRRAGAZ2YIE @lFfdad GAz2y 2F |y AYRAGAR
the avddance of ilhealth (morbidity effects) prior to the cancer registration. It is not clear that this
would not lead to double counting with the VSLs being used to value avoidance of a fatal cancer.

Morbidity

Starting with willingness to pay studies, theailable literature offers a broad range of estimates for
willingness to pay to avoidanehl G f O y OS NI 9alGAYIGSa NIy3IS TNE
G2 I KAIK 2F emIcdbpnZnnn omdbddd LINAROSaAa0 RSHSSYyRAyYy 3
I @Ftdz2S 2F ennnnnn oOouHnno LINAOSaA0 F2NJ Gdtaf Odzf | G A
cancers, but the origin of this estimate is not referenced and no details on the figure and what is
included within the estimate are provided.

The mosrecent and relevant willingness to pay study is that carried out by Alberini & Scasny (2014)

YR dzy RSNIIF 1Sy F2NJ 9/ 1! Ay GKS O2yGSEG 2F wo!l/ |
prices). Whilst a recent NeRSAP workshop organised by ECH&gedrifie use of this value due to
methodological concern§ there are methodological issues associated with most of the other values
reported above.

C2NJ GKS LlzN1J2asSa 2F (KAa aiddzRes ¢S HKatalZncel KSNB T 2
registraton to reflect the intangible or human costs. As for mortality, no additional valuation of an
AYVRADGARIzZ t Qa gAffAy3aySaa (G2 LI & A-Bealth priorftadiieS R K S N.
cancer registration. In addition, this figure may induc& component related to lost
output/earnings, with this having implications for how lost earnings are accounted for in this
analysis. However, this is not clear.

Alternative approaches

Others have adopted an alternative approach to placing an econonhie \an morbidity effects.

The UK HSE (2016) uses DALYs for this purpose, and quantifies morbidity for both fatalatal non
cancers in terms of years of life lost and years of life lived with a disability (with only the latter
applied to norfatal caners).

The resulting figures suggest intangible or human costs related to morbidity and a fatal cancer of
around £44,700 and of around £43,700 for a datal cancer registration (present value estimate).

Adding £44,700 to the figure of £1.2 million assuniedthe human costs of a fatality, results in a

much smaller estimate than the £4 million assumed here; similarly the figure of £43,700 is
AAAYATFAOlIylte t26SN)GKIY (GKS FAIAdAdz2NBE 2F ennnnnn

¥ http://echa.europa.eu/support/socieeconomicanalysisin-reach/network-of-reachseaand-analysisof-
alternativespractitioners
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3.3.3 Healthcare costs

A range of studies have been ideigd that provide estimates of the costs of medical treatment for
cancer patients (as shown below). Note that the average medical costs shown in the table below are
annual figures and apply to patients over the period of time that they continue to becmeat

Table3-2: Examples of estimates of medical treatment costs

Average direct costs in Direct costs

AY € H.

Study Year for prices original units
(per annum)

Lung cancer

Leal (2012) 2012 £9,071 €11,141
Gomez et al (2012) 2008 EYZHCM € yXZyo
Braud et al (2003) 2001 EMHZIpPpMY € MpPIM
Dedes et al (2004) 1999 CHF 20,102 € My:=M
Intestinal cancer (colon, colorectal and rectal cancer taken as proxies)

York Health Economics Consortium (2007 2004 £8,808 € MOZXIM
York Health Economics Consortium (2007 2004 £12,037 € MyZXZn

LuengeFernandez et al (2013) also provide average unit costs (in 2009 prices) for the health care
costs associated with GP visits, outpatient visitsEA&sits and inpatient days for 27 of the 28 EU MS
(data are not included for Croatia). These are summarised below by cancer site, with more detailed
data by MS given in Annex 5

Table3-3: Estimates of the annual cost per patient of cancer

Mortality rate after Total cost per case

Cancer Health care Informal care
5 years
22% Prostate € NXZNH € MZO0 (| € pXnwMm
80% Lung € Cc2Xdp € CZXHT € MOZXHC(
24% Breast € nNZorT € HZNny € cXnec
44% Colorectal € pxXno € HXIpC € TXCh
47% All cancers € cXnn € HXITPp € yXyn|

Source LuengeFernandez, R. et al (2013conomic burden of cancer across the European Union: a
populatiortbased cost analysis; Lancet Oncology; 14: ¢185published online October 14:
http://dx.doi.org/10.1016/S1472045(13)70442X

The cost figures presented in the above tables correlate well with the average per case lifetime
treatment cost estimated in the UK HSE study of £8,200, which is considered to reflect the top 90%
of occupational cancers.

Note that these costs arassumed to apply to all cancer registrations in the analysis presented here,
regardless of whether or not the cancer is fatal or fiatal. Where data are not available for a
particular cancer, the all cancers figure is adopted.

The above table also in@as estimates of informal care costs, which are considered further below.
3.3.4 Non-medical direct costs
Nonmedical direct costs for cancer include the costs associated with travel to appointments and

parking; telephone calls; housekeeping and laundry servickiicare; clothing; meals, snacks,
supplements and hotel stays.
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A recent study in the UK (Macmillan, 20%2pund that more than half (54%) of people living with

cancer experienced higher d&y-day living costs, such as heating the home or payingétp with

0KS K2YS 2NJ 3FNRSY |yR GKFGZ 2y @SN 3ISs GKSas
affected. Over a third (37%) of people incurred costs for clothing, specialised equipment and home
modifications, with those affected spending, orfaMl 3S> eyn | Y2y (iK®

No separate cost estimate has been included in this analysis to account for these costs for several
reasons. The first is the inability to link these costs to specific cancer types in order to create an
average cost which reflects tl@arcinogenic agents considered here. In addition, these costs are UK
specific and may or may not also be relevant to other EU member states. There may also be double
counting between these figures and informal care costs (see below), given that acaignifi
LINP L2 NG A2Y NBfIG§Sa (2 aKSfLI I NPdzyR (4KS K2YS 2NJ =

This assumption may result in the analysis provided here underestimating the direct costs of both
fatal and nonrfatal cancers, and across all cancer registrations the costs could be significa

3.3.5 Informal care costs

LYF2NXIf OFNB Oz2aida OFry 6S OIFfOdAFGSR Fa GKS W3
value of the working and/or leisure time that relatives or friends provide to those with cancer).
Estimates of these costs were adoped by Lueng&ernandez et al (2013) in their study on the

costs of cancer in the EU, with these reported in TabBabove. As can be seen from Tabig, 3

these costs can equate to a significant percentage of the direct health care costs assudihted

more formal medical treatment activities.

A decision has been taken to include informal care costs in this analysis even though some element

2F (KSaS O2ada YvYre Iftaz2 KI@S 0SSy AyOfdzZRSR Ay A\
case ofa fatal or nonfatal cancer. It is considered less likely that these are fully captured in the
willingness to pay estimates in terms of the contribution of carers both in and out of employment.

This decision may result in an overestimate of the cost @dncer registration as generated by this

study.

These costs are assumed to apply to all cancer registrations in the analysis presented here,
regardless of whether or not the cancer is fatal or +iatal.

3.3.6 Lost working days

Individuals will incur costassociated with their inability to work in terms of a loss of earnings,
including losses linked to days of for treatment as well as days off due to illness. {Rezngodez

et al (2013) developed estimate of the magnitude of such costs by member istagems of an

average cost per fatal or nefil G f OF y OS NI ¢tKS&aS AyOfdzZRSR 6KI
f2aaSa¢é¢ RdzS (G2 SINIeé& RSIGK yR GKSy ft2ald 62N]AY
Fy F@SNIF IS FTAINBINPRIOGAMSAG AL 2AHB8Y  TRNIE MI MMy
lost working days due to morbidity effects (with these based on lost wages as the measure of lost
output).

There are difficulties in including the type of estimates generated by LuEagmandezt al (2013)
for lost working days within the analysis carried out here due to the potential for double counting.

(0p))

© alOYAfElLY oOHAMHOY [/ FyOSNRa KARRSY LINAROS @3 wsSg
http://www.macmillan.org.uk/Documents/Getlnvolved/Campaigns/Costofcancer/Cark@tdenPrice
Tagreport-England.pdf
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As discussed above, it is not clear whether the figures adopted in this study to reflect the intangible

or human costs of cancer mortalityaR Y2 NBARAGE OAD®PSD® en YAfEtAZ2Yy |
include an element related to the loss of income. If they do, then to include a separate cost item to
reflect lost income would result in a doubt®unting of impacts.

Given the magnitude dhe willingness to pay value adopted here for cancer mortality, the decision
has been taken not to include an additional element for lost income for mortality effects. However,
due to uncertainty as to what may be captured by the value adopted here farecanorbidity, lost
income due to lost working days is considered within this analysis.

This inclusion may result in an overestimation of the economic costs associated with cancer
morbidity. However, the exclusion of lost output for cancer mortalities may also lead to an
underestimation if these are not fully accounted for within the valdietatistical life figure used

here to reflect the intangible or human costs of a cancer.

In estimating lost income associated with cancer morbidity, it is important to recognise that most
occupational cancers will arise after individuals have ended tlorking life due to latency effects.

For example, the UK HSE study estimated that around 70% of cancers will occur in individuals aged
around 70 or over. This age distribution is also relevant for this study and for the carcinogens
considered here.As a result, lost income due to lost working days is only assumed to apply to 30%
of nonfatal cancer cases. Note that a similar pro rata adjustment would have to be made to any
similar losses linked to cancer mortality, reducing the degree to whiclkexiclusion of such costs

here will result in an underestimate.

It is important to note that no account is taken here of the economic impacts to employers in
responding to either the short or longer term absence of an employee (see also TapleTiswill

result in an underestimation of the impacts of lost working days on employers associated with the
need to reorganise work or hire new staff. In addition, costs to employers in relation to for example
sickness benefits and insurance contributions am included within this analysis due to the
difficulties in undertaking such an analysis covering the2&Wvithin the scope of this study.
Similarly, the impacts on government finances are not considered here.

3.4 WP2Step 3: Estimates at MS and EWdé

3.4.1 Estimated costs

The direct estimation of the costs is based on the following equation:

Present value of a cancer case = discount factor x [(probability of death x VSL) +(probability of
survival x cost of illness)]

Where: cost of iliness = health care + informal care + lost earnings + VCM

¢KS NBadzZ GAy3a SadAaylraSa IINB yz2ad GKS alyydat O02a
value (covering a 5 year period) of a cancer registration in 2015 due to paking/ractices
leading to exposures to the 25 carcinogenic agents. The five year period embodied within the
estimates allows for costs associated with treatment prior to mortality or survival to be taken into
account.

The equation above requires the fmiNing data:

1 Occupational cancer incidence;
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1 Data on survivability of the cancer in question, in terms of both the likelihood that an
individual survives and the associated length of time;

1 Data on the on medical costs for a particular type of cancer; and

1 Dda on the value of lost earnings and on the costs of informal care.

The total costs for the different scenarios are summarised below, indicating that the total cost of

cancer registrations recorded in a given year and caused by past occupational exposure

OF NOAYy23aSyAO 3Syida Aa o0Si6SSy entn YR ecmn 07
morbidity (as defined for this study) are taken into account. If the human costs associated with
morbidity effects are removed from the assessment (i.e. th€ t G tdzS 2F enmnInnn
LINBaSyid @FfdzS O02ada FrLit (2 0SG6SSYy ewpn FYyR €p
scenarios (Centradore, Centrahigh, Centralow) and whether cancer incidence data are built

around the EUCAN or EUREGisty.

Both of these sets of estimates are primarily driven by valuation of the human costs. Excluding the
+{[ ben YAtftA2Y0 FYR */a SaidAyYlFriSa RSONBIasSa i
primarily by healthcare costs (both formal and infofina

Table3-4: Summary of the total present value costs of annual occupational cancer registrations
Total present value costs Total present value costs

Scenario Source gf data for pf 20_15 cancer _of 2915 cancer
calculation of AN registrations (VSkand registrations (VSL only)
VCM)E O NE ) e _oNffAZ
Centraicore EUREG+GCO+UK 348 327
EUCAN+UK 436 409
Centratiow EUREG+GCO+UK 267 253
EUCAN+UK 295 279
Centrathigh EUREG+GCO+UK 493 458
EUCAN+UK 613 572
Note: These present value estimates represent the costs associated with cancer registrations recorded
single year, with the associated costs possibly spread over a number of years.

These cost figures are significant, and equate to between roughly 1.8% and 4.1% of EU GDP (based
on 2015 Eurostat data) for the estimates including both the VSL and VCM valuations of the human
costs of cancer. Removing the figure for VCM from the estispagzluces this slightly to between

1.7% and 3.9% of EU GDPhe vast majority of these costs relate to mortality. MNatal cancer

cases account for 6% of the overall costs under the three central scenarios.

The costs in the table above are also ofrailsir order of magnitude to those estimated recently in
RIVM (2016§* RIVM (2016) concluded that the total societal cost of weilated cancer is at least
Ay GKS 2NRSNI 2F Y| 3y A G-dR Silliod)Fthedamesticondpdnent of @hjsh 6 NI y 3 €
GKS ¢StFINB t2aa | aa20AF0GSR gAGK OF YyOSNI Y2NDBARA

These figures compare to those produced by LueRgmandez et al (2013) on the per annum total
O02ata 2F OFYOSNIAY (GKS 9] 3 gKA OdalthicaeSagcoudtingifarY I i SR
epmdn OAtfEtAZ2Y OnmE:0D LG A& AYLRNII ydecupatonay 2 G S G F
cancers. In addition, it reflects the costs associated with cancer in a given year, rather than the
present value costs ofhe cancer registrations predicted for 2015, as developed by this study.

61 RIVM  (2016): Work related cancer in the European Union, available at
http://rivm.nl/en/Documents_and_publications/Scientific/Reports/2016/mei/Work_related cancer_in_the E
uropean_Union_Size_impact_and_options_for_further_prevention
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Furthermore, the costs developed by Luergernandez et al do not include any allowance for
intangible costs.

Assuming that around 8% of the costs in LueRgmandez et al (2013) acaused by occupational

OF yOSNJ adAaA3sSada dGdKFd GKS O2ada 27F 200dzZLJ A2yl f
O2YLI NBa (G2 I NRdzyR e mn 0 Acbré dcéngrio i lthis Gtddy wiieS BRI F 2 NJ
intangible costs are excluded from the arsdy

The costs also smoNB | a2yl 6t S O2y@SNHSYyOS gA0GK GKS 'Y 1{9:
some significant differences in the underlying assumptions on the value of avoiding a fatal and non

fatal case of cancer as discussed above. The UK siudg fotal costs of £12.3 billion for cancer
registrations in 2010. Just over 93% of these, or £11.4 billion, are attributed to the human costs of
cancer. Given that the UK accounts for aroundl®% of EU GDP, these figures show reasonable
convergence \th the EUwide estimates developed here.

3.4.2 Distribution of the costs

In addition to the magnitude of the costs, also of interest is the distribution of these to different
groups within society. Table-8 provides this for theCentralcore scenarip and for estimates
incorporating both the VSL and VCM.

Table3-5: Distribution of costs across differenttypds 0 Af £ A 2 Y

Scenario/Source

of data for Share of total

Group bearing the Total present

Type of cost

calculation of AN cost value costs costs
Healthcare Government/taxpayers 5 1.4%
Lost working days Worker/ family 0.3 0.1%
Centraicore Informal care Worker/ family 1 0.3%
EUREG+GCO+UK VSL Worker/ family 311 89.3%
VCM Worker/ family 31 8.9%

TOTAL 348
Healthcare Government/taxpayers 6 1.3%
Lost working days Worker/ family 0.4 0.1%
Centralcore/ Informal care Worker/ family 1 0.3%
EUCAN+UK VSL Worker/ family 394 90.3%

VCM Worker/ family 35 8%
TOTAL 436

As can be seen from Tableéb3because the analysis undertaken here has not been able to capture
the costs incurred by employers, there is no component within the estimates to reflect the
magnitude of the costs that they incur due to the occupational bardecancer.

The UK HSE study, because it was examining costs for a single country, was able to develop
estimates of the costs borne by employers. For the UK, they estimated that around 3% of total costs

to society were borne by employers, with the tbeguating to around £61 million per annum. This

in turn equates to a cost of roughly £14.40 per worker per annum. Converting this figure tG°Euros

and multiplying it across the BJy ¢ 2 NJ SNJ LR LJz | §A2y o6F3ISR mp G2 c
billion in costs to employers associated with the costs of production disturbance, sickness payments

RdzS G2 62NJ SN I o0oaSyO0S +tyR t€S3lt 20tA3FGA2ya 6A0F

21y SEOKIY3IS Nry3aS 2F MM ' emM®H KIa 088y dzaSR T2NJ (K
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does of course reflect requirements in the UK which rbaymore or less onerous than those that
apply in other member states. However, it provides an indication of significance of these costs.

They are only a small percentage of the total costs with this type of finding being attributed to the
nature of canceras an occupational diseaseMany of thecancers considered here have latency
periods of between 10 and 50 years. As a result, most individuals diagnosed with occupational
exposurerelated cancer (estimated at over 70%) will have left work by the tireg #ire diagnosed,

or may have changed jobs. The relevant employer during the period of exposure will not therefore
bear the costs of disruption from sickness absence, paying sick pay, etc. As noted by the UK HSE, the
figure of £461 million is also an umdestimate as it fails to capture some costs to employers that

may be significant, such as those associated with the loss of expertise, and reductions in productivity
of those returning to work after successful cancer treatmemeputational damage (whiccan

impact on sales and recruitment) is also not included.

3.5 WP2Step 4: Sensitivity analysis

The key parameters that are subject to uncertainty include:
1 The AF for occupational cancer; and
1 The treatment of intangible costs in the economic analysis.

Uncetainty regarding the AFs estimated in this study is dealt with by means of the different
scenarios constructed under WP1, which show the spread of the costs, depending on the
assumptions used for the analysis. This section therefore focuses on the negnaimirce of
uncertainty, i.e. the treatment of intangible costs.

It should also be noted that the analysis in this study focuses exclusively on cancer atehnen
health endpoints associated with occupational exposure to some of the 25 carcinogensidtave
been monetised in this study.

As noted above, the total cost of cancer registrations recorded in a given year and caused by past
occupational exposure to carcinogenic agents has been estimated to be between 1 I YR € ¢ M~
billion, with this figure beid RNA @Sy o6& (GKS | aadzYySR @ tdzS 2F | &
+{[ 2F en YAftA2y Aa olFlaSR 2y adtdzRASa GKIG KI@S
that cancer is a particularly severe iliness, as well as cancer specifitoraluark. It is much higher

though than the valuations that have been recommended in other guidance, as well as that applied

Ay GKS NBOSyd 'Y 1{9 &addzReo P'd 0 K& pdvidestaS@St =
OSy G NI f Gt dzS 2RAR@METMPHIHhAAY HHINAGKARBIINSE dzLJRF (SR
adopting this as part of our assessment, illustrates the importance of this assumption to the costs
estimated above; see Table &.

% Based on environmental pollution willingness to pay values.
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Table3-6: Summary of economic costssensitivity analysis on the VSL

Total cost of annual Total cost of annual
Scenario Source Qf data for cancer registrations cancer registrations
calculation of AN 0e OAfCEA 0e OAfTA
x Y en Y +{[ Y emPog
Centratcore EUREG+GCO+UK 348 134
EUCAN 436 167

As can be seen from Table63the costs (excluding valuation also of the human costs of morbidity
dzaAy3a (GKS £/ a0 TFohfy &3\ ie cotugsir SEeaaridd Yetween
€ Mo n € ynilion.

However, it must be stressed that adopting this lower value would result in the failure to account for

cost components explicitly left out of the main assessment due to concerns over double counting. In
particular, it would fail to accounfor lost output associated with cancer fatalities as well as-non

medical costs incurred by individuals. Both of these have been assumed to be incorporated into the
gAftftAy3dySaa G2 LIe& JGFtdzS 2F en YAt ABstoulpi® NI LINB G
(i.e. productivity losses) in particular would result in a significant underestimation of costs being

borne by workers.
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4 Annex 1: Methodology and AHsr the 26 carcinogens

4.1 DEE

4.1.1 Methodology/assumptions
Summary of the relevant cance&ndpoints and exposure period(s)
The relevant cancer endpoints inclulieg andbladder cancer (IARC, 20%6Rushton et al 2073.

All (100%) cancer sites for which DEE was identified in IARC (2016) as a carcinogenic for humans with
sufficient or limited &idence are therefore considered in this study.

Hu et al (1994 have estimated the latency of lung cancer at over 50 years, although the minimum
latency periods for different types of lung cancer have been estimated to be significantly less
(Howard, 201%). Nadler & Zurbenko (20f4have estimated the typical latency period at 25 years

for gallbladder and 14 years for lung and bronchus cancer. Should the estimated latency be shorter
than the 40 year period taken as a basis for calculations for this sty runs the risk of
overestimating the attributable fractions for lung and bladder cancer.

The typical latency for both cancer endpoints is modelled to be between 10 and 50 years. The
relevant exposure period is thus defined as 1:260)5.

Exposed ppulation
The starting point for estimating the occupationally exposed population is the CAREX database, with

further estimates being available from national databases for Finland and France. These estimates
are summarised below.

Table4-1: Published data; workforce exposed to Diesel engine exhaust fumes

No. of exposed % of exposed

Study Country Year/period - workforce
EULS 19901993 2 968,999
(mean)
France 19901993 410,499
Carex (mean)
Finland 19901993 38,490
(mean)
UK 19901993 473,062
(mean)

® JARC (2016): List of classifications by cancer sites withienf or limited evidence in humans, available at

https://monographs.iarc.fr/ENG/Classification/Table4.pdf

Rushton et al (2012): Occupational cancer in the IgKoverview report available at

http://www.hse.gov.uk/research/rrpdf/rr931.pdf

® Hu et al (1994): Estimation of latency period of lung cancer, available at

http://www.ncbi.nlm.nih.gov/pubmed/8033741

Howard (2013): Minimum Latency & Types or Categories of Cancer, available at

https://www.cdc.gov/wtc/pdfs/iwtchpminlatcancer@13-05-01.pdf

% Nadler & Zurbenko (2014): Estimating Cancer Latency Times Using a Weibull Model, available at
https://www.hindawi.com/archive/2014/746769/tab2/

65

67
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Table4-1: Published data; workforce exposed to Diesel engine exhaust fumes

No. of exposed % of exposed

Study Country Year/period workers workforce
727,500 4.2% (7% men
2003 (699,300 men |1 4'0.40¢
and 28,200 7
women) women)
SUMER France
798,000
3.7% (6.4%
2010 (754,300 men men and 0.4%
and 43,600 0
women)
women)
Use of diesel
FinJem Finland 2006 45,000 engines,
transportation,
mines.
Published 2004 2,063,271
2005 (1,632,804
Rushton UK men; 452,017 Based on Carex
Estimate for a | women) over a
50 year period | 50 year period

The national estimates for France suggest a higher exposed population in 2@ tBan the CAREX
estimates (the CAREX data suggest an exposed population of around 4.4 million in the early 1990s).
The Findem estimate for Finland is of a similar ordemafnitude as the CAREX estimat&he
relevant extrapolations are summarised in the table below.

Table4-2: Occupationally exposed population in the E28 extrapolated from national data

Estimate and methof extrapolation Exposed population in the E@8 and year
A: France 2010 total exposed population,
extrapolated based on population

6.1 million in 2010

B: France 2010 % of workforce, extrapolated baseq
workforce dat&’

C: Finlan®006 total exposed population,
extrapolated based on population

8.1 million in 2010

4.2 million in 2006

The CAREX estimate (4.4 million in the early 1990s) is therefore taken as the basis for the LOW
scenario while the extrapolation of the French estimate that relies on fecck data (see B in the

table above) is used for the HIGH scenario. The CENTRAL scenario is based on the pogsgation
extrapolation of the French data (A in the table above).

Rate of change

Comparing the number of workers exposed in France in 2002840 (SUMER) suggests an annual
rate of increase of around 1%. However, applying this rate of change ove20966uns the risk of
underestimating the risks to workers at the beginning of the assessment period. For this reason, two
scenarios for thannual rate of change have been modelled:

1 no change; and
9 an annual increase of 1% throughout the EU.

69 According to Eurostathe total number of people in employment or s&lmployment in the Et28 was

220 million in 2015.
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A generic staff turnover factor of 10% per annum has been used.
Relative risk

The relative risk estimates identified through literature review are sumradrxlow.

Table4-3: Literature review of relative risk

Study & summary of
data/methodology

Cancer site Relative risk

IOM (2011).. Literature review ant Bladder RR=1.24 (95% Cl: 1:1011)

meta-analysis

Lipsett & Campleman (1999), cite

in IOM (2011) & Rushton et al Lung RR=1.47 (95% CI: 1.29, 1.67)

(2012)

Menvielle et al 2016. Lung OR=1.34 (95% CI: 1.17, 1.53)

Olssen et al (2011). Pooled case

control study in Europe and Lung OR=1.31 (95% :19-1.43)

Canada

gg;zg’; ; Se|tl \f‘e'r(rigﬁz()zf(;grf) Bladder RR=1.24 (95% Cl: 1.01, 1.41)

Silverman et al (2012). Case Lung OR=3.20 (95% CI: 1.33,7.69) fo

control study of miners highest exposure

Tsoi and Tse 2012. Review and Lung RR=1.22 (95% CI: 1-:0986) for all

meta-analysis of professional professional drivers

drivers

Villeneuve et al (2011). Lung OR=1.68 (95% CI: .1.—374) for
largecell carcinoma

Sources:

Attfield MD et al (2012): The Diesel Exhaustlimers Study: A Cohort Mortality Study with Emphal
on Lung Cancer. J Natl Cancer Inst 104:8830

Canadian men. Environ Res 111:-73b.

Cancer and Diesel Exhaust. J Natl Cancer Inst 108685

IOM (2011): Diesel Engine Exhaust EmissiArailable at
ec.europa.eu/social/BlobServlet?docld=10166&langld=en

Menvielle G, et al (2016): Quantifying the mediating effects of smoking and occupational exposures in tl
Olsson A et al (2011): Exposure to Diesel Motor Exhaust and Lung Riskice a Pooled Analysis
from CaseControl Studies in Europe and Canada. Am J Respir Crit Care Med; 1838941

relation between education and lung cancer: the ICARE study. Eur J Epidemiology

Rushton L et al (2012): The burden of occupatioaater in Great Britain. Available at
http://www.hse.gov.uk/research/rrpdf/rr931.pdf

Silverman DT et al (2012): The Diesel Exhaust in Miners Study: A Neste@oG@mekStudy D Lung
Villeneuve PJ et al (2011): Occupational exposure to diesel and gasoline emissions and lung ca

The highest and lowest risk estimates are summarised below.

Table4-4: Summaryof relative risk¢ exposure to diesel exhaust

Cancer site \ Lowest Highest
Lung RR=1.15 OR=3.20
Bladder RR=1.24 RR=1.24

Summary of the scenarios

The assumptions underpinning the different estimates are summarised below. Please note that the
estimates of the exposed population are point estimates for a specific year and do not represent the
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lowest and highest annual estimates over the whole assessmeriod since these also depend on
the annual rate of change.

Table4-5: Summary of the scenarios (DEE)

Aspect/scenario

Low

Midpoint

Central

(Eé(ggzge_dp%‘i’rﬁ’t“'at"’” 4.4 ';‘é"(')?”légiggg 8.1 million in 2010| 6.3 million in 2010| 6.1 million in 2010
Relevant cancer Lung, bladder Lung, bladder Lung, bladder Lung, bladder
sites (2 0of 2) (2 of 2) (2 of 2) (2 of 2)
Relative risk Lung RR=1.15 Lung OR=3.2 Lung 2.7 Lung RR=1.47
Bladder RR=1.24 | BladderRR=1.24 Bladder RR=1.24| Bladder RR=1.24
Change (p.a.) 1% 0% 0.5% 0%

4.1.2 The results

Summary of the occupationally exposed population (surviving to 2015)

The total number of workers in the E28 exposed to DEE between 1966 and 2005 amdidng to
2015 has been estimated to be between 15 and 28 million.

Table4-6: Occupationally exposed population surviving to 2015 (DEE)

No. of workers exposed 1966

Scenario 2005 & surviving to 2018million) % ofcurrent & at riskpopulation
Low 15 4.9%
High 28 8.9%
Midpoint 20 6.4%
Central 21 6.7%

The breakdown of these figures by Member State is provided below. The minimum and maximum

values across all scenarios are presented for each MeStade.

Table4-7: Occupationally exposed population surviving to 2015 by Member State (DEE,-2065)

Member State

Number of workers exposedver the

period and surviving to 2015

% ofcurrent & at riskpopulation

Min Max Min Max
Austria 287,885 482,094 5.3% 8.9%
Belgium 243,417 632,865 3.4% 8.9%
Bulgaria 290,854 404,854 6.4% 8.9%
Croatia 170,635 237,516 6.4% 8.9%
Cyprus 22,485 47,612 4.2% 8.9%
Czech Republic 425,578 592,383 6.4% 8.9%
Denmark 228,562 318,147 6.4% 8.9%
Estonia 53,035 73,822 6.4% 8.9%
Finland 139,731 307,581 4.1% 8.9%
France 1,490,244 3,733,366 3.6% 8.9%
Germany 2,691,678 4,564,321 5.3% 8.9%
Greece 285,147 610,357 4.2% 8.9%
Hungary 398,008 554,007 6.4% 8.9%
Ireland 76,509 260,205 2.6% 8.9%
Italy 2,005,736 3,417,477 5.2% 8.9%
Latvia 70,399 111,644 5.6% 8.9%
Lithuania 117,972 164,212 6.4% 8.9%
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Table4-7: Occupationally exposed population surviving to 2015 by Member State (DEE,-2985)

Member State

Number of workers exposedver the

period and surviving to 2015

% ofcurrent & at riskpopulation

Min Max Min Max
Luxembourg 15,952 31,645 4.5% 8.9%
Malta 13,839 24,135 5.1% 8.9%
Netherlands 395,466 950,033 3.7% 8.9%
Poland 1,534,820 2,136,393 6.4% 8.9%
Portugal 265,653 583,195 4.1% 8.9%
Romania 802,457 1,116,980 6.4% 8.9%
Slovakia 218,936 304,748 6.4% 8.9%
Slovenia 83,307 115,959 6.4% 8.9%
Spain 995,874 2,611,049 3.4% 8.9%
Sweden 292,695 547,924 4.8% 8.9%
UK 1,717,368 3,646,799 4.2% 8.9%
Total 15,626,756 28,581,323 4.9% 8.9%

AFs per Member State

Table4-8: Overall attributable fractions across all industries by Member State (DEE)

Cancer site/ Lung | Bladder

scenario GlLow GCore GHigh GlLow GCore GHigh
Austria 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Belgium 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Bulgaria 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Croatia 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Cyprus 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Czech 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Republic

Denmark 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Estonia 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Finland 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
France 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Germany 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Greece 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Hungary 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Ireland 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Italy 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Latvia 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Lithuania 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Luxembourg 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Malta 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Netherlands 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Poland 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Portugal 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Romania 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Slovakia 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Slovenia 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Spain 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
Sweden 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
UK 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
EU28 1.9% 3.1% 4.3% 0.1% 1.6% 2.7%
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4.2 Silica

4.2.1 Methodology/assumptions

Summary of the relevant cancer endpoints and exposure period(s)

The relevant canceendpoints and latency periods are (IARC, 281%anté Publique France 2096
1 Lung cancer, latency 4D years, 1962005;and
71 Laryngeal cancer, 180 years, 196@2005.

Only one cancer site (lung) was identified in IARC (2016) as relevant to silicaresidt,amore
cancer sites are covered in this report than those that were identified as relevant in IARC (2016).

Exposed population
The starting point for estimating the occupationally exposed population is the CAREX database, with
further estimates beingwvailable for France from SUMER (2003 and 2010), for Finland from FinJem

(2006), for the Czech Republic from Regex (ZIH), and for the UK from Rushton et al (2012),
although the data in Ruston are based on CAREX. These estimates are summarised below.

Table4-9: Published data; workforce exposed to silica

No. of exposed % of exposed

Country Year/period workers workforce
EU15 19901393 3,089,054
(mean)
France 19901993 108,164
(mean)
Carex Czech Republig 1997 170,603
Finland 19901993 82,550
(mean)
UK 19901993 589,929
(mean)
269,000 1.5% (2.5%
2003 (254,100 men | ond 0.20¢
and 14,900 e
women) women)
SUMER France
294,900
1.4%(2.4%
2010 (279,200 men men and 0.2%
and 15,600 e
women)
women)
Exposure to
FinJem Finland 2006 70,000 Quartz dust
Construction
work, mining,

° |ARC (2016): List of classifications by cancer sites with sufficient or limited evidence in humans, available at

https://monographs.iarc.fr/ENG/Classification/Table4.pdf

Santé Publique France (2016): Estimation de parts de cancers attribuables a certaines expositions
professionnelles en  France, available athttp://invs.santepubliquefrance.fr/Publicationst-
outils/Rapportset-syntheses/Travait-sante/2016/Estimatiorde-parts-de-cancersattribuablesa-
certainesexpositionsprofessionnellesen-France

71
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Table4-9: Published data; workforce exposed to silica
No. of exposed % of exposed

Study Country Year/period

workers workforce
guarries etc.
Regex Czech Republig 20092016 219
Published in 2.781.429
2004-2005,
(2,525,118
Rushton UK refers to ever i Based on Carex
men; 256,311
exposed women)
workers

Extrapolations to the E@8 are summarised below. No extrapolations have been carried out on the
basis of the Regex data for the Czech Republic; it is assumed that these are outliers.

Table4-10: Occupationally exposed population in the E28 (silica)

Estimate and method of extrapolation Exposed population in the E28
A: CAREX early to ml®90s 4.9 million
B: France 2003 exposed workers extrapolated on t -

. . 2.1 million
basis of population

. 0, 1

C: France 2003 share (1.5%) applied to current EU 3.1 million
workforce
D: France 2010 exposed workers extrapolated on t -

. . 2.3 million
basis of population

. 0, 1

E: France 2010 share (1.4%) applied to current EU 3.0million
workforce
F: Finland 2006 exposed workers extrapolated on t -

; ; 6.6 million
basis of population
H: UK ever exposed workers extrapolated on the b -

. . 4.4 million

of population (converted to an annual estimate)

Estimates B and D in the table above (2.1 mmillio 2003 and 2.3 million in 2010) form the basis for

the LOW scenario while estimate F is used for the HIGH scenario (6.6 million in 2006). The CENTRAL
scenario is based on an extrapolation of the average of the Rushton, Sumer (2003 and 2010) and
CAREXada (estimates A, C, E and H).

Rate of change

Comparing the number of workers exposed in France in 2003 and 2010 (SUMER) suggests an annual
increase of around 1.3% as well as an annual decrease in exposed workforce of around 0.5%. The
following scenariosre modelled:

1 no change; and
9 an annual increase of 1.3%.
9 an annual decrease of 0.5%

A generic staff turnover factor of 10% per annum has been used.
Relative risk

The relative risk estimates identified through literature review are summarised below.

The cost of occupational cancer in the-E8)
RPA& FoBiG 69



Table4-11: Literature review of relative risk

Cancer site

Relative risk

Study & summary of data/methodology

Guida (2013), cited in Santé Publique France (20 Lung OR: 1.35 (95% CI [1.93..77])
I(thzllig;;hl (2006), cited Banté Publique France Lung RR: 1.41 (95% Cl [1-1§70])
Checkoway et al (1997) Lung RR: 1.06 (95% CI [1-0111])
Hnizdo & Slui€remer (1991) Lung RR: 1.02 (95% CI [1:0104])
<5.0 ghr/m* RR1.55 (95% ClI
[0.592.57])
Carta et al (2001) Lung 5.1-10.0: RR: 1.25 (95% CI [0.73
2.15])
>10.0: RR1.35 (95% CI [0.7351])
<0.13 mgyr/m®; RR: 1.0
0.13<0.40: RR: 1.24 (95% CI [0.6
2.34))
Brown & Rushton (2005) Lung 0.40<1.0: RR1.42 (95% CI [0.76
2.67])
>=1.00: RR0.88 (95% CI [0.45
1.73])
Sogl et al (2012) Lung 15 mg/nt: RI?L419]2)4 (95% CI [0:9¢
Pooled SMR: 2.32 (95% CI: 1.91
2.81) for silicotics;
Pooled SMR: 1.78 (95% CI: 1.04
. . 2.96) for nonsilicotics;
Po-lnenRugh.ooputh gt al (2016). Metmalysis of Lung Pooled SIR: 2.49 (95% Cl: 13873)
epidemiological studies T
for silicotics;
Pooled SIR: 1.18 (95% CI: 01862)
for nonsilicotics
Pelucchi et al (2006). Systematic review of Pooled RR'.1'34 for cohort studies
i . C Lung PooledRR: 1.41 for caseontrol
epidemiological literature .
studies
OR: 1.7 (95% CI: 1300) for
Lacourt et al (2015). Two casentrol studies of Lung substantially exposed;
construction workers in Montreal OR: 1.2 (95% CI: 6195) for ever
exposed
OR: 1.67 (95% CI: 1.21,2.24) for >
years exposure
Kachuri et al (2014). Populatioased caseontrol Lung OR: 1.81 (95% CI: 1.34, 2.42) fo
study high cumulative exposure;
OR: 1.20 (95% ClI: 1.00, 1.43) fo
ever exposed
Ore mining
Cumulative total duséxposures:
Carta et al (2001) Lung XXM r-hrihd RR = 1.0,
>10 RR =1.30 (95% CI 627a8),
linear continuous RR = 1.003 (NS
Cumulative total dust exposures:
Unadjusted 1;or silicosis:
<0.1 (mgyr/m~) RR = 1.0,
Chen and Chen (2002) Lung 0.1c14.9 RR = 2.1 (95% Cl 1.1 t¢

3.8)
50¢119.9 RR = 1.7 (95% CI 0.9 t
3.1),
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Table4-11: Literature review of relative risk

Cancer site

Relative risk

Study & summary of data/methodology

XMHAO ww [ H50y

Chen at al (2007)

Lung

Cumulative silica dust exposures
0 (mgyr/m3) RR = 1.0,
0.1¢1.1 RR =1.40 (95% CI (z81
2.43),

1.1¢2.6 RR =1.54 (95% CI @.90
2.63),

2.6¢5.4 RR = 1.3®5% CI 0.¢
2.24),

5.4¢10.1 RR = 1.18 (95% CI @,68
2.06)

Reid and Slui€remer (1996)

Lung

Cumulative dust exposure up to §
years before death of case:
Continuous RR =1.19 (95% CI §.4
1.70)

Hnizdo & Slui€remer (1991)

Lung

Cumulative mixed dustxposure:
Continuous exposure RR = 1.0]
(95% CI 1.041.04)

Ceramics

Ulm et al (1999)

Lung

Cumulative silica dust exposures
Ceramics
X H O yyw/m®p RRE= 1.00
> 2.88 RR = 1.05 (95% CI Q1586)
All
< 1.56 (mgyr/m® RR = 1.00
1.56¢2.88 RR .95 (95% CI 0.48
1.53)
2.8%4.68 RR =0.92 (95% CI 044
1.61)
> 4.68 RR = 1.04 (95% CI @;53
1.89)

Chen et al (2007)

Lung

Cumulative silica dust exposures
0 (mgyr/m® 1.0

0.1¢1.1 RR =1.4 (95% CI 081
2.43)

1.1¢2.6 RR =1.54 (95% CI 090
2.63)

2.6¢5.4 RR =1.30 (95% CI 0575
2.24)

5.4¢10.1 RR =1.18 (95% CI ;68
2.06)

Stone quarries

Ulm et al (1999)

Lung

Cumulative silica dust exposures
< 1.56 (mgyr/m* RR = 1.00
1.56¢2.88 RR =0.95 (95% CI ;4
1.53)
2.8%4.68 RR =0.985% Cl 0.44
1.61)
>4.68 RR =1.04 (95% CI @53

1.89)

Sand and gravel

McDonald et al (2005)

Lung

Cumulative silica dust exposures
X T n Arind) RRE 1.00
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Table4-11: Literature review of relative risk

Study & summary of data/methodology Cancer site Relative risk

>70K M oynna o ww
>180@x n pnan W
>4 500 2.64 (trend P = 0.06)

Other
Cumulative silica dust exposure:
Unlagged
<0.04 (mgyr/m* RR = 1.0
Steenland et al (2001) Lung o.o4qz.o( RgF/{ - 1).0 (0.85.3)

2.0c5.4 RR = 1.3 (X1.7)
5.4c12.8 RR = 1.5 (L2.9)
X MH Py wAad) T

Diatomaceous earth
Checkoway et al (1997)

Continuous silica dust exposure: R
=1.06 (95% CIl 1.61.11)

Elci et al. (2002). From Santé Publique France (2{ Laryngeal cance OR 1.5 (95% CI [1¢21.9])

gcm)eiré)et al. (2012). From Santé Publique France Laryngeal cance OR 1.39 (95% CI [1.42..67])

Sources:

Santé Publique France (2016): Estimation de parts de cancers attribuables a certaines expositions

professionnelles en Fraacavailable athttp://invs.santepubliguefrance.fr/Publicatiws-et-outils/Rapportset-

syntheses/Travait-sante/2016/Estimatiorde-partsde-cancersattribuablesa-certainesexpositions

professionnellesen-France

Checkoway et al (1997MposeResponse Associations of Silica with Nonmalignant Respiratory Diseasggn

Cancer Mortality in the Diatomaceous Earth Industmnerican Journal of Epidemiologwl. 145, No. 8, pp.

680-688

Hnizdo E, Slui€remer GK. (1991) Silica exposure, silicosis, and lung cancer: a mortality study of South

gold miners. Br J Inded; 48: 5860.

Carta et al. (2001): Mortality from lung cancer among silicotic patients in Sardinia: an update study with

more years of follow up, available ditttp://oem.bmj.com/content/58/12/786.full

Brown & Rushton (2005): Mortality in the UK Industrial Silica Sand Industry: 2. A Retrospective Cohort §

available athttps://www.jstor.org/stable/277325547?seq=1#page_scan_tab_contents

Sogl et al (2012): Quantitative relationship between silica exposure and lung cancer mortality in Germar

uranium miners, 19462003, available atittp://www.nature.com/bjc/journal/v107/n7/full/bjc2012374a.html

McCormic ZD et al (2010): Occupational silica exposure as a risk factor for sclerodermaaaahyis,

available athttps://www.ncbi.nlm.nih.gov/pubmed/20047060

Lacourt A et al (2015): Lung cancer risk among workers in the construction industry: results from two c:

control studies in Montreal. BMC Publicdita, 15:941

Kachuri L et al (2014): Occupational exposure to crystalline silica and the risk of lung cancer in Canadiz

International Journal of Cancer, 135, pp 138

Pelucchi C et al (2006): Occupational silica exposure and lung cancereigskwaof epidemiological studies

1996-2005. Annals of Oncology, 17, pp 143%0.

PoinenRughooputh S et al (2016): Occupational exposure to silica dust and risk of lung cancer: an upd

meta-analysis of epidemiological studies. BMC Public Health138.

Chen and Chen (2002): Nested casetrol study of lung cancer in four Chinese tin mines. Occup Environ

2002;59:113118, available at

http://oem.bmj.com/content/59/2/113.full

Chen et alZ007): Effects of work related confounders on the association between silica exposure and lu

cancer: a nested casmntrol study among Chinese miners and pottery workers. Int Arch Occup Environ

Health. 2007;80:32326, available at

https://www.researchgate.net/publication/689028 Effects of work related confounders on_the associ

on_between_silica_exposure_and_lung_cancer_A_nested-case

control_study among_Chinese_miners_and_pottery workers

McDonald et al (2005): Mortality from Lung and Kidney Disease in a Cohort of North Antiedigsimial Sand

Lung
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Table4-11: Literature review of relative risk

Study & summary of data/methodology Cancer site Relative risk

Workers: An Update. Ann Occup Hyg. 2005;49(5)36¥
https://academic.oup.com/annweh/article/49/5/367/194509/Mortali-from-Lungand-KidneyDiseasen-a-

Cohort

Reid and Slui€remer (1996): Mortality of white South African gold miners. Occup Environ Med. 1996;53
16, available at

https://www.ncbi.nim.nih.gov/pmc/articles/PMC1128398/

Steenland et al (2001ooled ExposurResponse Analyses and Risk Assessment for Lung Cancer in 10 (
of SilicaExposed Workers: An IARC Multicentre Study. Cancer Causes & Control 2001; 1Z@®); ali3tract
avaibble at

https://www.jstor.org/stable/3553765?seq=1#page scan_tab_contents

Ulm et al (1999)Silica dust and lung cancer in the German stone, quarrying, and ceramistriest results of
a casecontrol study.Thorax. 1999 Apr; 54(4): 34351, available at
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1745453/

The lowest and highest relative riskientified through literature are summarised below.

Table4-12: Summary of relative risk exposure to silica

Cancer site \ Lowest Highest
Lung RR=1 RR=2.8
Laryngeal cancer OR=1.39 OR=1.5

Summary of thescenarios

The assumptions underpinning the different estimates are summarised below. Please note that the
estimates of the exposed population are point estimates for a specific year and do not represent the
lowest and highest annual estimates over the Whassessment period since these also depend on
the annual rate of change.

Table4-13: Summary of the scenarios (silica)

Aspect/scenario Low High Midpoint
Exposed population 2.2million 6.6 million 4.4 million 3.85 million
(EU28)- point (assumed in 2007)| (assumed in 2006)| (assumed in 2007)| (assumed in 2002)
Relevant cancer Lung and Laryngeg Lung and Laryngeg Lung and.aryngeal| Lung and Laryngea
sites cancer (1 more cancer (1 more cancer (1 more cancer (1 more
than IARC 2016) than IARC 2016) than IARC 2016) | than IARC 2016)
Lung: RR=1 Lung: RR=2.8 Lung: RR=1.9 Lung: RR =141
Relative risk Laryngeal cancer:| Laryngeal cancer:| Laryngeal cancer:| Laryngeal cancer:
OR=1.39 OR=1.5 OR=1.445 OR=1.5
Change (p.a.) 1.3% -0.5% 0.4% 0.4%
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4.2.2 The results

Summary of the occupationally exposed population surviving to 2015

The total number of workers in the E28 exposed to silica between 1966 and 2005 and surviving
until 2015 is summarised below.

Table4-14: Occupationally exposed population surviving to 2015 (silica)

No. of workers exposed 1966

Scenario 2005 & surviving to 2015 (million) % ofcurrent & at riskpopulation
Low 6.6 2.1
High 20.2 6.3
Midpoint 14.7 4.6
Central 13.3 4.1

The breakdown of these figures by Member State is provided below. The minimum and maximum
values across all scenarios are presented for each Member State.

Table4-15: Occupationally exposed population surviving to 2015 by Member State (silica, 298¥5)
Number of workers exposed over the

% ofcurrent & at riskpopulation

Member State period and surviving to 2015

Min Max Min Max
Austria 111,328 341,069 2.1% 6.3%
Belgium 146,145 447,737 2.1% 6.3%
Bulgaria 93,491 286,424 2.1% 6.3%
Croatia 54,848 168,037 2.1% 6.3%
Cyprus 10,995 33,685 2.1% 6.3%
Czech Republic 136,796 419,097 2.1% 6.3%
Denmark 73,468 225,081 2.1% 6.3%
Estonia 17,047 52,227 2.1% 6.3%
Finland 71,028 217,606 2.1% 6.3%
France 862,129 2,641,265 2.1% 6.3%
Germany 1,054,018 3,229,145 2.1% 6.3%
Greece 140,947 431,813 2.1% 6.3%
Hungary 127,934 391,946 2.1% 6.3%
Ireland 60,088 184,089 2.1% 6.3%
Italy 789,183 2,417,781 2.1% 6.3%
Latvia 25,781 78,985 2.1% 6.3%
Lithuania 37,921 116,176 2.1% 6.3%
Luxembourg 7,308 22,388 2.1% 6.3%
Malta 5,573 17,075 2.1% 6.3%
Netherlands 219,387 672,125 2.1% 6.3%
Poland 493,348 1,511,445 2.1% 6.3%
Portugal 134,675 412,596 2.1% 6.3%
Romania 257,939 790,236 2.1% 6.3%
Slovakia 70,374 215,602 2.1% 6.3%
Slovenia 26,778 82,038 2.1% 6.3%
Spain 602,958 1,847,253 2.1% 6.3%
Sweden 126,530 387,643 2.1% 6.3%
UK 842,139 2,580,021 2.1% 6.3%
Total 6,600,157 20,220,584 2.1% 6.3%
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AFs per Member State

Table4-16: Overall attributable fractions across all industries by Member State (silica)

Cancer site/ Lung Laryngeal cancer

scenario GlLow GCore GHigh GlLow GCore GHigh
Austria 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Belgium 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Bulgaria 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Croatia 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Cyprus 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Czech Republic 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Denmark 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Estonia 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Finland 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
France 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Germany 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Greece 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Hungary 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Ireland 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Italy 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Latvia 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Lithuania 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Luxembourg 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Malta 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Netherlands 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Poland 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Portugal 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Romania 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Slovakia 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Slovenia 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Spain 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
Sweden 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
UK 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%
EU28 0.7% 1.7% 2.7% 0.8% 2.0% 3.6%

4.3 Asbestos

4.3.1 Summary of methodology/assumptions
Summary of the relevant cancer endpoints and exposure period(s)

IARC (2016} lists the following cancer sites as relevant to asbestos (either with sufficient or limited
evidence of carcinogenicity in humans):

Pharynx

Stomach

Colon and rectum
Larynx

Lung

=a =4 —a —a -

2 |ARC (2016): List of classifications by cancer sites with sufficient or limited evidence in humans, available at

https://monographs.iarc.frfENG/Classification/Table4.pdf
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1 Mesothelium (pleura and peritoneum)

1 Ovary

The AFs forla(7 of 7) cancer @t indicated as relevant in IARC (2041@) estimatedn this study.

The typical latency is modelled to be between 10 and 50 years. The relevant exposure period is thus

defined as 1962005for all cancer site§®

Exposed population

The estimates othe numbers of exposed workersom CAREX and national databases (France,

Finland, Poland, Romania, and the UK) are summarised beBlgase note that only several
examples of entries from the CAREX database are reproduced in the table below.

Table4-17: Published data; workforce exposed to asbestos

No. of exposed

% of exposed

Study Country Year/period workers workforce
EU15 1,216,318
France 138,111
Carex Finland 19901993 7,400
Belgium (mean) 10,465
Sweden 12,389
UK 95,111
92,000 (91,000, 0.8% (1.3%
1994 men and 1,000| men, no data
women) for women)
(1014026600?mn 0.6% (1% men
SUMER France 2003 ' and <0.1%
and 2,200
women)
women)
81,400 (75,700, 0.4% (0.6%
2010 menand 5,700 | men and 0.1%
women) women)
Asbestos
FinJem Finland 2006 4,000 removal from
old buildings
1,867 (1,805
2005 men and 62
. women)
ASA Finland 1,302 (1,234
2014 men and 68
women)
Central Registe Poland 2013 1,421
Ministerului
{ NyNiGNDOD Romania 2006 7,255
Familiei
Ever exposed 432,638
Rushton UK Wo'rkers,. (350,302men; Based on Carex
published in 82,336women)
20042005 '

73

For ovarian cancer, the source is Slack et al (2012): Female cancers: breast, cervix and ovary, available at
http://www.nature.com/bjc/journal/v107/n1s/full/bjc2012115a.html
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Extrapolations of theata in the table above ovehe EU28 are summarised below.

Table4-18: Occupationally exposed population in the E28 (asbestos)

Exposed population in the E28

Estimate and method of extrapolation

A: France 2010 exposed workers extrapolated on t

. . 620,000
basis of population
B: CAREX early to ri@90s 1.7 million
C: France 1994 share (0.8%) applied to EU workfo 1.76 million
D: France 2010 share (0.4%) applied to EU workfo 880,000
E: Flnla'nd 2005 data extrapolated on the basis of 170,000
population
F: PoladeOl3 data extrapolated on the basis of 19,000
population
G: Rom_anla 2006 data extrapolated on the basis of 190,000
population
H: Rushton et al data extrapolated on the basis of

X i ) 680,000

population, converted into an annual estimate

Estimates E and G in the table above have been used for the LOW scenario while estimates B and C
are used for theCENTRAdcenario. Estimate F is not used since it is assumed that it is an outlier.

In addition to the annual estimates abovense sources &ve estimated the total number of people

with a history of occupational exposure to asbestos. The estimates for France and Germany are
summarised below.

Table4-19: Total population ever occupationallgxposed to asbestos

Everexposed population in the
EU28

Source National estimate

Santé Publique France (201 Everexposed before 1997, alive i 43 million
>0.1f/ml 2007 (France):
16.4% men
0.81% women
8.6% overall

BauA (2014}, Central Registratior,
and Medical Care Agency (GV
compulsory for >10.000 fibres/m3

Exposed between 1972013 and
alive in 2013 and receiving medig
examinations under GV

3.5 million

voluntary below this threshold (Germany):
565,000
Neuman et al 2013 Between 1.5 to 2.%nillion workers| Adjusting for natural mortality
since 1945 current everexposed:
4.5 million to 7.5 million
Sources:
BauA (2013): National Asbestos Profile for Germany, available

https://lwww.baua.de/DE/Angebote/Publikationen/Berichte/Gd80.pdf?  blob=publicationFile&v=8

Neuman et al (2013):

Malignant Pleural Mesothelioma Incidence, Etiology, Diagnosis, Treatme
Occupational Health, availlbat https://www.nchi.nim.nih.gov/pmc/articles/PMC3659962/

Santé Publique France (2016):

syntheses/Travagt-sante/2016/Estimatiorde-parts-de-cancersattribuablesa-certainesexpositions

Estimation de parts de cancers attribuables a certaines exp
professionnelles en Francavailable atttp://invs.santepubliguefrance.fr/Publicationset-outils/Rapportset-

a

professionnellesn-France

The estimates in BauA(2014) and Neuman et al (2013) broadly correspond &véhexposed
workforce surviving to 2015 estimated in this stugiyder the CENTRAL scenagisee the results
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section below. However, the Frenchtiegate is significantly higher andis therefore takeras the
basis for the HIGH scenario.

Rate of change

Companng the number of workers exposed in France in 1994 and 2010 suggests an annual rate of
decline of around 0.8% (although there appears to be an increase between 1994 and 2003). A
similar comparison for Finland (2005 ASA report vs 2014 ASA report) suggestie in number of
works exposed to asbestos (3.5% p’a.).ooking at a similar period in the SUMER data (2003 and
2010 SUMER) suggests an annual decrease of 3.7%.

A gradual decline is consistent with the data presented in the tables in the precsslitign as well
as what can reasonably expectamconstitute a past trend The default rate of decline for asbestos
for the CENTRAL scenario is taken taheeaverage of the two trends 3.5%/7% p.a. and 0.8% p.a.,
i.e. 2.2% per annum.

In addition, themodek estimating the exposed populatisrunder the LOW and CENTRAL scenario
take into account asbestos restrictions/bans in individual EU Member states, since such measures
are expected to have significantly reduced (although not eliminated) exposuhas lteen assumed

that following a ban, the annual reduction in the exposearkforce doubled. It is recognised that

this is a simplification and that, most likely, a sharper drop ensued immediately following the ban
with the reductions subsequently tailj off. However, it is also highly likely that some construction
companies, for example, implementdite necessarghangedefore the effective date of the ban, in
preparation for the new legal regimeAs a result, the rates of decline used are seen EE8sonable
approximation of the longerm trends.

The timing of the general barand other restrictions in individual Member Statese summarised
below.

Table4-20: Limitations and general ban of asbestos

Country

Austria 1990

Belgium 1998

Bulgaria 2005

Croatia 1993 Crocidolite and amosite); 2006 (General)
Cyprus 2005

Czech Republic 1998 (Import); 2005 (General)
Denmark 1980 and 1986 (Asbestos cement)
Estonia 2000

Finland 1992

France 1996

Germany 1990 (Building construction); 1993 (General)
Greece 2005

Hungary 1988 (Amphiboles); 2003 (Asbestos Cement); 2005 (General)
Ireland 2000 (Chrysotile)

Italy 1992

Latvia 2001

Lithuania 2005

™ Finnish ASA has data on the numbers of workers exposed but these have increased over time, probably as

a result of improved niification rather than an increase in the number of workers. See
http://annhyg.oxfordjournals.org/content/51/5/463.full.pdf
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Table4-20: Limitations and general ban of asbestos

Country Date

Luxembourg 2002 (Chrysotile, crocidolite and amosite)
Malta 2005

The Netherlands 1991

Poland 1997

Portugal 2005

Romania 2005

Slovakia 2005

Slovenia 1996 (Asbestos cement)

Spain 2002 (Chrysotile, crocidolite and amosite)
Sweden 1975 (Construction material); 1986 (General)
UK 1986 (Import); 1999Chrysotile)
Source: KazaAllen (2016Y

It is recognised that there are inconsistencies in the datderpinning the assessmelfe.g. an
increase in the population exposed to asbestos in France between 1994 and 2003, i.e. following the
1996 ban).

Relative risk

The published risk ratios are summarised below. These have been used to estimate the risk from
asbestos exposure for all cancer sites with the exception of mesothelnanung cancer (see the

next section for the methodology for the calculatiaf mesothelioma and lung cancer incidence
linked to asbestos exposute)

Pharynx

The relative risk estimates identified through literature review are summarised below.

Table4-21: Literature review of relativaisk* (pharynxg asbestos)

Study & summary of
data/methodology

IOM (2006).* Metaanalysis of
casecontrol studiesdiscussed in Pharynx
IARC monograph

Cancer site Relative risk

RR15095% ClLIM®T O F2NJ al vy
compared to no exposure

Langevin et al (2013). Casentrol
study in Boston of 674 cases and Pharynx OR 1.41 (95% CI 1.01 to 1.97) in men
587 controls

Offermans et al (2014).
Prospective cohort study in
Netherlands using a general
population jobexposure matrix
(DOMJEM) and Rinnish job
exposure matrix (FINJEM)

HR 2.20, 95% confidence interval (95% CI)-1.
Pharynx nondg F2N aSOSNE SELR
exposed using the FINJEM matrix

Purdue et al (2006). Cohort of

0
Swedish construction workers Pharynx RR1.9 (95% CP13.1)
Notes:
*Meta-analysis on studies till 2006, so other studies in table are post 2006
Sources:
" KazarAllen (2016): Chronology of National Asbestos an® available at:

http://ibasecretariat.org/asbestos_ban_list.php
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Table4-21: Literature review of relativeisk* (pharynxc asbestos)

Study & summary of
data/methodology
IOM (2006): Asbestos: Selected Cancers. Institute of Medicine of the National Academy of Science. A
at http://books.nap.edu/catalog/11665.html

Cancer site Relative risk

Langevin et al (2013): Occupational; asbestos exposure is associated with pharyngeal squamous cell
carcinoma in men from the greater Boston area. Occup EnMiexh, 70 (12), pp 85863

Offermans et al (2014): Occupational asbestos exposure and the risk of oral cavity and pharyngeal can
the prospective Netherlands Cohort Study. Scan J Environ Health, 40(4),-pp7420

Purdue et al (2006): Occupationajp@sures and head and neck cancers among Swedish construction
workers. Scand J Environ Health, 32(4), pp2/®

Stomach

The relative risk estimates identified through literature review are summarised below.

Table4-22: Literature review of relative risk (stomacfasbestos)

Study & summary of

data/methodology Cancer site Relative risk
Fortunato and Rushton (2015).
Meta-analysis of 40 mortality Stomach SMR 1.15 (95% CI: 1:027)

cohort studies

RR 1.17 (95% CI: 1-:048) for any versus no

. exposure;
IOM (2006)1 Metaanalysis of 42 Stomach RR 1.31 (95% ClI: 0:266) for high versus no
cohort studies

exposure;

RR 1.33 (95% CI: 0-289) for higher bound
RR 1.11 (95% CI: 0-I664)

IOM (2006). Metanalysis of 5

. Stomach OR 1.42 (95% CI: 0:2220) for when extreme

casecontrol studies . :
exposure is only considered

Peng et al (2015). Memnalysis of Stomach SMR 1.19 (95% Cl: 1-064)
32 studies
Reep et al (2015). Population
based occupationadtudy in Stomach HR 4.59 (95% CI: 1-:83.76)
Germany

Males: RR 1.66 (95% CI: 1.49, 1.86) for high

Rushton et al (2011). Burden of exposure, RR 1.21 (95% CI: 1.06, 1.38) for Ig
. Stomach .

occupational cancer study exposure;

Females: RR 1 for high and lewposure

Sources:

Fortunato L and Rushton L (2015): Stomach cancer and occupational exposure to asbestos: Br J Canc
112(11), pp 1804815

IOM (2006): Asbestos: Selected Cancers. Institute of Medicine of the National Academy of Science. A
at http://books.nap.edu/catalog/11665.html

Peng WJ et al (2015): Stomach cancer mortality among workers exposed to asbestosaaaheta. J
Cancer Res Clin Oncol., 141(7), pp 11#49.

Reep K etlg2015): Occupational exposure to asbestos is associated with increased mortality in men re
for a populationbased study in Germany. Int J Occup Environ Health, 28(5), pp6249

Rushton L et al (2010): The burden of Occupational Cancer inEitan. HSE Books. Available at:
http://www.hse.gov.uk/research/rrpdf/rr800.pdf

Colon and rectum

The relative risk estimates identified through literature review are summarised below.
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Table4-23: Literature review of relative risk* (colorectalasbestos)

Study & summary of Cancer site Relative risk

data/methodology
Barry et al (2000). Cohort of 500(
asbestos insulation board Colon SMR 1.83 (95% Cl: 1.2(56)
producersin London. Reported in
IARC
Ferrante et al (2007). Cohort of
family members employed in an Rectal SMR 2.00 (95% Cl: 0:9659)
asbestos cement factory in Italy.
Reported in IARC
IOM (2006).* Metaanalysis of RR 1.15 (95% CI: 1-:0131); high exposure RR
cohortstudies discussed in IARC Colorectum 1.24 (95% CI: 0.91.69); upper bound RR: 1038
monograph (95% CI: 1.1:4.67)
Cumulative exposure (HR = 1.10; 95% ClI: 1.(

Colon 1.21);
Paris et al (2016). Retired X H-40 years since first exposure (HR = 4.53; 9
volunteers previously exposed to Cl: 7.86, 11.04 vs:-2D years TSFE);
asbestos (part of the French xcn &SI NE rst ExpoSure{TSRE(HR
ARDCo screening program) 0.26; 95% ClI: 0.10, 0.69)

Rectal TSFE 209 years (HR = 1.05; 95% CI: 1.20, 19.

noted small number of cases for this.

Note: *Meta-analysis on studies till 2006, so other studies in table are post 2006

Sources:

IARC (2012): Asbestos IARC Monograph-1a0@\vailable at
http://monographs.iarc.frfENG/Monographs/vol100C/mono10QcC. pdf

IOM (2006): Asbestos: Selected Cancers. Institute of Medicine of the National Academy of Science. A
at http://books.nap.edu/@talog/11665.html

Paris C et al (2016): Occupational Asbestos Exposure and Incidence of Colon and Rectal Cancers in F
Men: The AsbestoRelated Diseases CohortRBCeNut). Environ Health Pgysct., DOL0.1289/EHP153

Larynx and ovary

The relative risk estimates identified through literature review are summarised below.

Table4-24: Literature review of relative risk (Lung, larynx and ovargsbestos)

Study & summary of
data/methodology

Fortunato and Rushton (2012)
A metaanalysis of occupational
cohort studies (in Rushton et al
2012)

Cancer site Relative risk

Larynx RR=1.37 5% Cl1.17, 1.6)

Camargo et al (2011)

Meta-analysis of 18 cohort studies Overall pooled SMR estimate for ovarian cance

of women occupationally exposeq Ovary was 1.77 (95% Cl 1.37.28)

to asbestos.

Reid et al (2009)

Crocidolite asbestos

fﬁgigmog’ne d”ﬂ%“jvg‘iif de?;f tf]fe Women workers SIR= 0.65 (95% C| 3.62)
Ovary All women (residents and workers) SIR = 1.27 (¢

asbestos company (Austratid@lue
Asbestos). Standardized incidenc
ratios compared the Wittenoom
women with the Western

Cl1 0.522.02)
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Table4-24: Literature review of relative risk (Lung, larynx and ovargsbestos)

Study & summary of
data/methodology
Australian population

Cancer site Relative risk

Magnani (2008) Italy aslestos
cement workers.777 women in
cohort of 3,434 (Crocidolite and
chrysaotile)

Pira et al (2005)

Italy ¢ asbestog; textile factory
workers Ovary SMR = 2.61
1077 (mixed fibres including
crocidolite)

Browne and Gee (2000)
Allidentified studies of asbestos
workers providing data on
laryngeal disease were reviewed,

Ovary SMR =2.27

No indication that asbestos exposure incsea the

together with studies of laryngeal Larynx RR of laryngeal cancer.
cancers giving epidemiological or
experimental evidence of
associated exposures.
Berry et al (2000)
Londong insulation board Ovary Ovary RR = 2.5 (95% CI-4.8)
manufacturing plant
700 (crocidolite and chrysotile)
Goodman et al: Metanalysis based on 69
asbestosexposed occupational cohorts
Goodman et al (1999): Meta Meta-SMR = 133 (11455)
analysis based on 69 asbestos
exposed occupationaohorts Larynx IOM: Metaanalysis of 15 cohort studies
IOM (2006): Meteanalysis of 15 Any exposure overall relative risk: 1.4 (95% C
cohort studies 1.1%1.64)
High exposure overall relative risk: 2.02 (95%
1.64¢2.47)

Note: Many studies question link between asbestos and lung cancer.

Sources:

Berry et al (2000): Mortality from all cancers of asbestos factory workers in east Londog809%3ccup
Environ Med2000;57:782785, available at

http://oem.bmj.com/content/57/11/782

Browne and Gee (2000): Asbestos exposure and laryngeal cancer. Ann Occup Hyg. 2000 Jun;3@(4):23
Camargo et al (2011Pccupational Exposure to Asbestos and Ovarian Cancer: Adviatgsis. Environ Healt]
Perspect. 2011 Sep; 119(9): 121217, available at
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3Z899/

Fortunato and Rushton (2012):Stomach cancer and asbhestos: samatgsis of occupational studies.
Epidemiology

Goodman et al (1999): Cancer in asbestgposed occupational cohorts: a medaalysis. Cancer Caus
Control 1999; 10:453165, abstratavailable at

https://www.ncbi.nlm.nih.gov/pubmed/10530617

IOM, Effects. loMUCOASH. Asbestos: Selected Cancers; 2006 available at
https://www.ncbi.nlm.nih.gov/pubmed/20669440

Magnani et al (2008): Cancer risk after cessation of asbestos exposure: a cohort study of Italian g
cement workers. Occup Environ Med. 2008 Mar;65(3):164available at
http://oem.bmj.com/content/65/3/164.long

Pira et al (2005): Cancer mortality in a cohort of asbestos textile workers. British Journal of
2005;92:58Q586
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Table4-24: Literature review of relative risk (Lung, larynx and ovargsbestos)

Study & summary of
data/methodology
http://www.nature.com/bjc/journal/v92/n3/full/6602240a.html

Cancer site Relative risk

Reid et al (2009): Gynecologic and breast cancers in women after exposure to blue asbestos at Wit
Cancer Epidemiol Biomarkers Prev. 2009 Jan;18(1) 140ailable at
http://cebp.aacrjournals.org/content/18/1/140.long

Rushton L et al (2012): The burden of Occupational Cancer in Great Britain. HSE Books.

The highest and lowest identified relative risk is summarised below.

Table4-25: Summary of relative risk exposure to asbestos

Cancer site \ Lowest Highest

Pharynx OR=1.41 HR=2.2

Stomach RR=1.11 HR=4.59

Colon and rectum RR=1.15 SMR=2.00

Larynx 1 RR=2.02

Lung Lung canceincidence estimated from mesothelioma incidence
Mesothelium (pleura and Cancer incidence calculated differently, i.e. drawing on mesothelior
peritoneum) statistics and assuming AF of 95% (see below)

Ovary SIR=1 | RR=2.61

Calculation of mesothelioméinked to occupational exposure to asbestos

Since the vast majority of mesothelioma cases occur as a result of asbestos exposure, the use of the
same approach applied to the other carcinogens considered in this study is not seen as appropriate.
Instead, he AF for asbestos in published literature is appliethtodata on mesothelioma incidence

in individual Member States.

The combined AF for men and women (combined 95%, men 97%, women 83%) given in Rushton et
al (2012) has been applied to mesotheliomaidence in EU Member States. These AFs relate to
occupational and paraccupational® exposure.

Cancer incidence statistics collected for the purposes of this project do not provide data on
mesothelioma incidence specifically. Mesothelioma incidence aciios EU has been estimated

from the UK data because the UK appears to have the most comprehensive source of mesothelioma
statistics. The UK data suggest that there are currently around 40 cases of mesothelioma per year
per million inhabitants whilst othesource$’ and countries suggest a similar or lower order of
magnitude. A review of mesothelioma incidence data carried out by Bianchi & Bianchi’{2014)
suggests that the highest incidence rates are reported from some countries in Europe (United
Kingdom,The Netherlands, Malta, Belgium) whilst lower incidence/mortality rates are reported for

®"58FTAYSR Ay wdzaKizy SG Ftf wHamH Faz F2NI SEI YL S5 aSEL
clothescontamy I 1 SR RdzS (2 200dzlJ GA2Yy L+ f SELJ2&dzNBdé

For example, see
http://www.google.co.uk/url?sa=t&rct=j&g=&esrc=s&source=web&cd=9&cad=rja&uact=8&sqi=2&ved=0a
hUKEwjYzYvww6p7SAhULBCAKHZ7uD3wQFghSMAQ&url=http%3A%2F%2Fec.eurspeiataPBlobSer
vlet%3Fdocld%3D11280%26langld%3Den&usg=AFQjCNGeTbkYFSLDPsSFML|2Pt0zXRiDj3Q&bvm=bv.147448
319,d.d24

Bianchi & Bianchi (2014): Global mesothelioma epidemic: Trend and features, Indian J Occup Environ Med
2014;18:828, available ahttp://www.ijoem.com/text.asp?2014/18/2/82/146897
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Central Europe. This has also been confirmed in Pelclova et al ‘2@0ip) have reported a
mesothelioma incidence rate in the Czech Republic of around 5 cases [i@n anild estimated the
proportion of occupational mesotheliomas at 10%is, however not clear to that extent the lower

per capita incidence of mesothelioma reflects past exposure patterna tack of reliable data
collection. The UK data have beenteapolated to the other EU Member States using per capita
incidence rates provided in Bianchi & Bianchi (2014). Where not data on national incidence was
available, the average of all available national rates was applied.

The estimated mesothelioma incidee is given below.

Table4-26. Estimated mesothelioma incidence

Member State Number of incidences
Austria 104
Belgium 272
Bulgaria 145
Croatia 94
Cyprus 14
Czech Republic 212
Denmark 120
Estonia 26
Finland 99
France 1,339
Germany 1,372
Greece 219
Hungary 199
Ireland 46
Italy 1,226
Latvia 40
Lithuania 59
Luxembourg 11
Malta 11
Netherlands 582
Poland 275
Portugal 209
Romania 401
Slovakia 109
Slovenia 42
Spain 937
Sweden 129
UK 2,663
EU28 10,955

Calculation of lung cancer incidence

Mesothelioma incidence has been used to estimate the number of lung cancer cases linked to
asbestos exposureWhen mesothelioma is used as a proxy for lung cancer caused by asbestos
exposureavailable evidence suggests thmtween 2 and 10 lung cancer cases arise for each case of

™ Ppelclova et al (2007): Asbestos exposure, legislation and diseases in the Czech Republic, available at

http://apps.szu.cz/svi/cejph/archiv/2008-02-full. pdf
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mesothelioma, with the central estimate beitgtween 6 and7, see Takala (2019). These values
have been used to estimate lung cancer incidence linked to occunadtéxposure to asbestos (2 for
the LOW scenario, 10 for HIGH, 6.5 for CENTRAL, and 6 f&OIMT).

Summary of the scenarios

The assumptions underpinning the different estimates are summarised below.

Table4-27: Summary of the scenarios (asbestos)

Aspect/scenario

Low

High

Midpoint

Exposed population

43 million (over

43 million (over

(EQZB)C' 180,000 (2005) 1966:2005) 1966:2005) 1.76 million (1994)
point/period
Pharynxstomach, | Pharynx, stomach,| Pharynxstomach, | Pharynx, stomach,
colon and rectum, | colon and rectum, | colon and rectum, | colon and rectum,
larynx, lung, larynx, lung, larynx, lung, larynx, lung,
Relevant cancer mesothelium mesothelium mesothelium mesothelium
sites (pleura and (pleura and (pleura and (pleura and

peritoneum), ovary
(7 of 7 cancer sites|

peritoneum), ovary
(7 of 7 cancer sites

peritoneum), ovary
(7 of 7 cancer sites

peritoneum), ovary
(7 of 7 cancer sites

in IARC 2016) in IARC 2016) in IARC 2016) in IARC 2016)
Pharynx: OR=1.41 Pharynx: HR=2.2|  Pharynx: 1.8 Phasri’gr);;':ﬁ:zz
Stomach: RR=1.11 Stomach: HR=4.59  Stomach: 2.85 -
) : . RR/SMR=1.16
Colon and rectum:| Colon and rectum:| Colon and rectum: Colon and rectum:
L RR=1.15 SMR=2.00 1.58 '
Relativerisk ; ) _ ) RR=1.15
Larynx: 1 Larynx: RR=2.02 Larynx: 1.51 Larvnx: RR=1.37
Ovary: SIR=1 Ovary: RR=2.61 Ovary: 1.8 ymx L

Lung: Meso*2

Lung: Meso*10

Lung: Meso*6

Ovary: SMR=1.77
Lung: Meso*2

Change (p.a.)

-0.8%

-3.7%

-2.2%

-2.2%

4.3.2 The results

Summary of the occupationally exposed population surviviog?015

The total number of workers in the E28 exposed to asbestos between 1966 and 2005 2005 and
surviving until 2015 is estimated to have been between 0.6 milliond8naiillion.

Table4-28: Occupationally exposed population surviving to 2015 (asbestos)

No. of workers exposed 1966

Scenario 2005 & surviving to 2015 (million) % ofcurrent & at riskpopulation
Low 0.6 0.2%
High 43 13.4%
Midpoint 22 6.9%
Central 5.6 1.7%

The breakdown of these figures by Member State is provided belde minimum and maximum
values across all scenarios are presented for each Member State.

g Takala

(2017):

Cancer

at work

is preventable,

available

https://roadmaponcarcinogens.eu/content/uploads/2017/04/TakdtkelsinkiOccupationakancer

6.3.2017English.pdf
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Table4-29: Occupationally exposed population bylember State 19662005 (asbestos)

Number of workers exposed over the % ofcurrent & at riskpopulation

Member State period and surviving to 2015
Min Max Min Max

Austria 10,732 725,300 0.2% 13.4%
Belgium 13,375 952,133 0.2% 13.4%
Bulgaria 8,182 609,094 0.2% 13.4%
Croatia 4,800 357,338 0.2% 13.4%
Cyprus 962 71,632 0.2% 13.4%
Czech Republic 12,519 891,228 0.2% 13.4%
Denmark 7,283 478,646 0.2% 13.4%
Estonia 1,538 111,064 0.2% 13.4%
Finland 6,764 462,749 0.2% 13.4%
France 79,995 5,616,771 0.2% 13.4%
Germany 99,745 6,866,925 0.2% 13.4%
Greece 12,336 918,269 0.2% 13.4%
Hungary 11,197 833,492 0.2% 13.4%
Ireland 5,421 391,473 0.2% 13.4%
Italy 75,154 5,141,522 0.2% 13.4%
Latvia 2,309 167,965 0.2% 13.4%
Lithuania 3,319 247,053 0.2% 13.4%
Luxembourg 650 47,610 0.2% 13.4%
Malta 488 36,310 0.2% 13.4%
Netherlands 21,021 1,429,305 0.2% 13.4%
Poland 45,465 3,214,158 0.2% 13.4%
Portugal 11,787 877,405 0.2% 13.4%
Romania 22,575 1,680,473 0.2% 13.4%
Slovakia 6,159 458,487 0.2% 13.4%
Slovenia 2,485 174,459 0.2% 13.4%
Spain 53,995 3,928,268 0.2% 13.4%
Sweden 12,543 824,340 0.2% 13.4%
UK 76,523 5,486,532 0.2% 13.4%
Total 609,319 43,000,000 0.2% 13.4%

AFs per Member State

Table4-30: Overallattributable fractions across all industries by Member State (asbestos)

Cancer site/ Pharynx Stomach \ Colon & rectum Larynx
scenario G G G G G G G G G G GC
Core| High Core High Low Core High Low | Core
Austria 0.1% | 1.0% | 2.8% | 0.0% | 0.1% | 0.2% | 0.01%| 0.1% | 0.3% | 0.1% | 0.3% | 0.5%
Belgium 0.0% | 0.5% | 1.5% | 0.0% | 0.1% | 0.1% | 0.00%| 0.1% | 0.1% | 0.1% | 0.2% | 0.3%
Bulgaria 0.2% | 3.5%| 9.5% | 0.1% | 0.5% | 0.8% | 0.03%| 0.4% | 0.9% | 0.5% | 1.1% | 1.8%
Croatia 0.2% | 3.4% | 9.2% | 0.1% | 0.5% | 0.8% | 0.03%| 0.4% | 0.9% | 0.5% | 1.1% | 1.7%
Cyprus 0.1% | 0.8% | 2.4% | 0.0% | 0.1%| 0.2% | 0.01%| 0.1% | 0.2% | 0.1% | 0.3% | 0.4%
(F\:’Zf)ﬁrtl)lic 0.2% | 3.4%| 9.3% | 0.1% | 0.5% | 0.8% | 0.03%| 0.4% | 0.9% | 0.5% | 1.1% | 1.7%
Denmark 0.1% | 1.0% | 2.8% | 0.0% | 0.1% | 0.2% | 0.01%| 0.1% | 0.3% | 0.1% | 0.3% | 0.5%
Estonia 0.1% | 0.9% | 2.5% | 0.0% | 0.1% | 0.2% | 0.01%| 0.1% | 0.2% | 0.1% | 0.3% | 0.4%
Finland 0.1% | 0.8% | 2.2% | 0.0% | 0.1% | 0.2% | 0.01%| 0.1% | 0.2% | 0.1% | 0.2% | 0.4%
France 0.1% | 1.2% | 3.4% | 0.0% | 0.2% | 0.3% | 0.01%| 0.2% | 0.3% | 0.2% | 0.4% | 0.6%
Germany 0.1% | 1.1%| 3.2% | 0.0% | 0.2% | 0.3% | 0.01%| 0.1% | 0.3% | 0.2% | 0.3% | 0.6%
Greece 0.1% | 0.8% | 2.3% | 0.0% | 0.1% | 0.2% | 0.01%| 0.1% | 0.2% | 0.1% | 0.2% | 0.4%

The cost of occupational cancer in the-E8)
RPA& FoBiG 86



Table4-30: Overallattributable fractions across all industries by Member State (asbestos)

Cancer site/ Pharynx Stomach ‘ Colon & rectum Larynx
scenario G G G G G G G G
Core| High Core High Low Core High Low | Core
Hungary 0.2% | 3.3% | 89% | 0.1% | 0.4% | 0.8% | 0.03%| 0.4%| 0.9% | 0.5% | 1.0% | 1.7%
Ireland 0.0% | 0.7% | 2.0% | 0.0% | 0.1% | 0.2% | 0.01%| 0.1% | 0.2% | 0.1% | 0.2% | 0.4%
Ital 0.4% | 6.0% | 15.7% | 0.2% | 0.8% | 1.4% | 0.05%| 0.8% | 1.6% | 0.9% | 1.9% | 3.1%
y
Latvia 0.1% | 0.9% | 2.7% | 0.0% | 0.1% | 0.2% | 0.01%| 0.1% | 0.2% | 0.1% | 0.3% | 0.5%
Lithuania 0.1% | 1.7% | 4.7% | 0.0% | 0.2% | 0.4% | 0.01%| 0.2% | 0.4% | 0.2% | 0.5% | 0.8%
Luxembour 0.1% | 1.0% | 2.8% | 0.0% | 0.1% | 0.2% | 0.01%| 0.1% | 0.3% | 0.1% | 0.3% | 0.5%
g
Malta 0.4% | 6.3% | 16.3% | 0.2% | 0.9% | 1.5% | 0.06%| 0.8% | 1.7% | 0.9% | 2.0% | 3.2%
Netherlands 0.0% | 0.5% | 1.4% | 0.0% | 0.1% | 0.1% | 0.00%| 0.1% | 0.1% | 0.1% | 0.2% | 0.2%
Poland 0.2% | 3.4% | 9.4% | 0.1% | 0.5% | 0.8% | 0.03%| 0.4% | 0.9% | 0.5% | 1.1% | 1.7%
Portugal 0.1% | 0.9% | 2.5% | 0.0% | 0.1% | 0.2% | 0.01%| 0.1% | 0.2% | 0.1% | 0.3% | 0.4%
g

Romania 0.2% | 3.4% | 9.3% | 0.1% | 0.5% | 0.8% | 0.03%| 0.4%| 0.9% | 0.5% | 1.1% | 1.7%
Slovakia 0.2% | 3.3% | 9.0% | 0.1% | 0.5% | 0.8% | 0.03%| 0.4%| 0.9% | 0.5% | 1.0% | 1.7%
Slovenia 0.2% | 3.4% | 9.4% | 0.1% | 0.5% | 0.8% | 0.03%| 0.4%| 0.9% | 0.5% | 1.1% | 1.7%
Spain 0.0% | 0.7% | 2.0% | 0.0% | 0.1%| 0.2% | 0.01%| 0.1% | 0.2% | 0.1% | 0.2% | 0.4%
Sweden 0.1% | 0.9% | 2.6% | 0.0% | 0.1%| 0.2% | 0.01%| 0.1% | 0.2% | 0.1% | 0.3% | 0.5%
UK 0.1% | 0.8% | 2.4% | 0.0% | 0.1%| 0.2% | 0.01%| 0.1% | 0.2% | 0.1% | 0.3% | 0.4%
EU28 0.1% | 2.1% | 5.8% | 0.1% | 0.3% | 0.5% | 0.02%| 0.3% | 0.5% | 0.3% | 0.6% | 1.0%

Table4-31: Overall attributable fractions across all industries by Member State (asbestos)

Cancer site/ scenario $w
CLow CCore CHigh CLow CCore CHigh
Austria 0.1% 0.6% 1.2% 0.0% 0.1% 0.1%
Belgium 0.1% 0.3% 0.7% 0.0% 0.0% 0.0%
Bulgaria 0.4% 2.0% 4.2% 0.1% 0.2% 0.3%
Croatia 0.4% 1.9% 4.1% 0.1% 0.2% 0.3%
Cyprus 0.1% 0.5% 1.0% 0.0% 0.0% 0.1%
Czech Republic 0.4% 1.9% 4.1% 0.1% 0.2% 0.3%
Denmark 0.1% 0.6% 1.2% 0.0% 0.1% 0.1%
Estonia 0.1% 0.5% 1.1% 0.0% 0.0% 0.1%
Finland 0.1% 0.4% 0.9% 0.0% 0.0% 0.1%
France 0.2% 0.7% 1.4% 0.0% 0.1% 0.1%
Germany 0.1% 0.6% 1.4% 0.0% 0.1% 0.1%
Greece 0.1% 0.5% 1.0% 0.0% 0.0% 0.1%
Hungary 0.4% 1.9% 3.9% 0.1% 0.2% 0.3%
Ireland 0.1% 0.4% 0.8% 0.0% 0.0% 0.1%
Italy 0.8% 3.5% 7.2% 0.2% 0.3% 0.6%
Latvia 0.1% 0.5% 1.2% 0.0% 0.1% 0.1%
Lithuania 0.2% 0.9% 2.0% 0.0% 0.1% 0.1%
Luxembourg 0.1% 0.6% 1.2% 0.0% 0.1% 0.1%
Malta 0.8% 3.7% 7.5% 0.2% 0.4% 0.6%
Netherlands 0.1% 0.3% 0.6% 0.0% 0.0% 0.0%
Poland 0.4% 2.0% 4.2% 0.1% 0.2% 0.3%
Portugal 0.1% 0.5% 1.1% 0.0% 0.0% 0.1%
Romania 0.4% 2.0% 4.1% 0.1% 0.2% 0.3%
Slovakia 0.4% 1.9% 4.0% 0.1% 0.2% 0.3%
Slovenia 0.4% 2.0% 4.1% 0.1% 0.2% 0.3%
Spain 0.1% 0.4% 0.9% 0.0% 0.0% 0.1%
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Table4-31: Overall attributable fractions across all industries by Member State (asbestos)

c ite/ . Lung Ovary (women only)
ANCERSIEESCENTNo GLow GCCore GHigh CLow GCore CHigh
Sweden 0.1% 0.5% 1.1% 0.0% 0.0% 0.1%
UK 0.1% 0.5% 1.0% 0.0% 0.0% 0.1%
EU28 0.3% 1.2% 2.5% 0.1% 0.1% 0.2%

4.4 Formaldehyde

4.4.1 Methodology/assumptions
Summary of the relevant cancer endpoints and exposure period(s)

The relevant cancer sites includwsopharyngeal (NFC) and sinonasal cancer (NFC and SNC
respectively) andeukaemia(Binazzi et al 20f5 Hansen & Lassen, 2011; IARC, #0Rushton et

al 2012). All (100%) cancer sites for which formaldehyde was identified in IARC (2016) as a
carcinogenic for humans with sufficient or limited evidence are therefore considered in this study.

Two studies, Siew et al (20¥2and Bosetti et al (2008) have also considered lung cancer. Bosetti et
al (2008) also suggest that there may be a link bermwirmaldehyde and brain cancer.

In line with Hutchings (2007) and Nadler & Zurbenko (2014), it is assumed that the typical latency is
0-20 years fordeukaemiaand 1050 years for NFC, SNC and lung cancer. The relevant exposure
period is thus defined a$9962015 forleukaemiaand 19662005 for NFC, SNC and lung cancer.
Latency for brain cancer is assumed to be the same as for the central nervous systempbe. 10
years.

Exposed population

The starting point for estimating the occupationally exposedyation is the CAREX database, with
further estimates being available from SUMER (France in 2003 and 2010), FinJem (Finland,
reproduced in Santonen, 20¥3 Regex (Czech Republic in 2089, and Siew et al (2012). These
estimates are summarised below.

® Binazzi et al (2015): Occupational exposure and sinonasal cancer: a systematic review aadatysts,

available ahttp://www.ncbi.nlm.nih.gov/pmc/articles/PMC4339645/

IARC (2016}):ist of Classifications by cancer sites with sufficient or limited evidence in humans, Volumes 1
to 117, 24 October 2016 update, availablehetps://monographs.iarc.fr/ENG/Classiditon/Table4.pdf

8 Siew et al (2012):  Occupational exposure to wood dust and formaldehyde and risk of nasal,
nasopharyngeal, and lung cancer among Finnish men, In: Cancer Management and Research August 2012,
available at

https://www.researchgate.net/profile/Penft Kyyroenen/publication/230699498 Occupational_exposure__
to_wood_dust_and_formaldehyde and_risk_of nasal nasopharyngeal and lung_cancer_among_Finnish_
men/links/00b7d5229fale27a67000000.pdf

Santonen (2013): Willeing through work, available at
http://ec.europa.eu/social/BlobServiet?docld=11305&langld=en

82
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http://ec.europa.eu/social/BlobServlet?docId=11305&langId=en

Table4-32: Published data; workforce exposed to formaldehyde

No. of exposed % of exposed

Study Country Year/period workers workforce
EU15 19901993 971,402
(mean)
France 19901993 307,025
(mean)
Carex Finland 19901993 10,530
(mean)
Czech Republig 1997 43,669
UK 19901993 93,807
(mean)
153,600 (66,800 0.9% (0.7%
2003 men and 86,800 men and 1.2%
women) women)
SUMER France 139,400 (66,10  0.6% (0.6%
2010 men and 73,300 men and 0.7%
women) women)
Woodworking &
FinJem Finland 2006 10,700 furniture
industry,
foundries
Siew et al o 0
(2012) Global Not specified 1%
Regex Czech Republiq 20092016 173
793,896
(528,665 men;
Rushton UK 20042005 265,231 Based on Carex
women)

According to Eurostat, the total number of people in employment oramlployment in the Et28

was 220 million in 2015. Applying the estimates of the proportion of the exposed workforce in the
table above suggests an occupationally exposed populatiowdsst 1.3 million and 2.2 million. It is
assumed that this is relevant to the period before the Siew et al (2012) study was published.

The lowest estimate is therefore 990,000 which relies on extrapolation to th28tf the FinJem

data (the Regex dator the Czech Republic are considered to be an outlier). The highest estimate
can be derived on the basis of applying the 1% estimate in Siew et al (2012) to the total EU
workforce which yields an estimate of 2.2 million (which is assumed to relate t8)204ll other
estimates and extrapolations (CAREX, SUMER) fall between these two values. The central estimate
is based on CAREX data for 1993/1997.

Rate of change

Comparing the number of workers exposed in France in 2003 and 2010 (SUMER) suggestalan ann
rate of decline of around 3%; this is fully accounted for by a decline in the number of exposed
women. A similar comparison for Finland (1993 CAREX vs 2006 FinJem) suggests no decline in the
number of workers exposed to formaldehytfeThere is alsomevidence of a similar decline in any

other Member State.

% Finnish ASA has data on the numbers of workers exposed but these have increased over time, probably as

a result of improvd notification rather than an increase in the number of workers. See
http://annhyg.oxfordjournals.org/content/51/5/463.full.pdf
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For this reason, two scenarios for the annual rate of change have been modelled:

9 no decline in the number of workers exposed to formaldehyde;
1 an annual decline of 3% throughout the EU.

A genericstaff turnover factor of 10% per annum has been used.
Relative risk

The relative risk estimates identified through literature review are summarised below.

Table4-33: Literature review of relative risk

Study& summary of . .
data/methodology Cancer site Relative risk

Mannetje et al (19997 (also cited SNC OR=1.66 (95% CI 1:2717) for men and 0.83
in Rushton & Hutchings, 2067) (0.41-1.69) for women

pooled data from eight European
studies (four from lItaly, and one
each from the Netherlands,
France, Germany and Sweden)
Hansen & Lassen (201%) SNC OR=2.8 (95% CI 1483)
Coggon et al (2003) (cited in Not specified SMR=0.87 (95% CI 0-3114)
Rushton & Hutchings, 2007)
Cohort of 14,014 British male
chemical workers exposed to
formaldehyde (1942000)
Luce et al (2012) (cited in Rushtol Not specified Nonsignificantelevated risk
& Hutchings, 2007)

Pooled analysis of 12 casentrol

studies

Rushton & Hutchings (2007) and Leukaemia LeukaemiaRR=1.4 (average of the different
Rushton & Hutchings (20078) SNC occupations)

Literature review SNC: OR=1.33 (average of male 1.66 and fema
Slack et al (2012) original source: NFC NFC: SMR=2.1**

Hauptmann et al (2004)

Siew et al (20175 Nasal, Lung cancer RR=1.18 (95% CI, 1 15)*

8 Mannetje et al (1999): Sinonasal cancer, octigma and tobacco smoking in European women and men,

Am J Ind Med. 1999 Jul;36(1):101 available at
https://www.re searchgate.net/publication/12936573 _Sinonasal_cancer_occupation_and_tobacco_smokin
g_in_European women and men

Rushton &  Hutchings  (2007):  Technidahex2: Sinonasatancer, available at
http://www.hse.gov.uk/research/rrpdf/rr595ann2.pdf

Hansen & Lassen (2011): Occupation and cancer risk by use of Danish registers, available at
http://journals.sagepub.com/di/pdf/10.1177/1403494811399166

87
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Rushton &  Hutchings  (2007):  Technidahex2: Sinonasatancer, available  at
http://www.hse.gov.uk/research/rrpdf/rr595ann2.pdf

® Rushton & Hutchings (2007): The burden of occupational cancer, available at
http://www.hse.gov.uk/research/rrpdf/rr595main.pdf

% Slack et al (2012): Nasopharynx and sinonasal cancers, available at

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3384014/

2 Siew et al (2012):  Occupational exposure to wood dust and formaldehyde and risk of nasal,
nasopharyngeal, and lung cancer amotignish men, In: Cancer Management and Research August 2012,
available at
https://www.researchgate.net/profile/Pentti_Kyyroenen/publication/230699498 Occupational_exposure
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Table4-33: Literature review of relative risk

dséggl);fefﬁgjglzgym Cancer site Relative risk
Cohort of Finnish men born 1906| nasopharyngeal, NFC: no indication of increasedk
1945 and exposed in in 1970, and lung cancer
followed up 19711995
Oral and NFC RR=1.33 (0.49 when excluding six cases g
pharyngeal, brain, US plant)
NFC, SNC, lung

LeukaemidRR=0.9 (industry workers), 1.39
(professionals)

Lung cancer RR=1.06 (industrgrkers), 0.63
Bosetti et al (2008) (professionals)

Pooled results of cohort studies Oral and pharyngeal RR=1.09 (industry worker
0.96 (professionals)

Brain RR=0.92 (industry workers), 1.56
(professionals)

All lymphatic and hematopeietic cancers cance
RR=0.85 (industry workers), 1.31 (professiona

Notes:

*Siew et al (2012) conclude that this may be a result of residual confounding from smoking. In addition,
notethatd CAYyAaK 62N] SNBE 6SNB SELRASR i NBtl GAGSt
were detected with averagexposure at 1 ppm: (1) floor layers and (2) varnishers, lacquerers in the wood
AYRdza G NB ©¢

** also cited in IARC (2016)

Sources:

Bosetti et al (2008): Formaldehyde and cancer risk: a quantitative review of cohort studies through 200
Ann Oncol. 2008 Jan;19(1):29, available ahttps://academic.oup.com/annonc/articte
lookup/doi/10.1093/annonc/mdm202

Hansen & Lassen (2011): Occupation and cancer risk by use of Danish registers, available at
http://journals.sagepubcom/doi/pdf/10.1177/1403494811399166

Mannetje et al (1999): Sinonasal cancer, occupation, and tobacco smoking in European women and m
Ind Med. 1999 Jul;36(1):162, available at

https://www.researchgate.net/publication/12936573 Sinonasal cancer_occupation_and_tobacco smok
n_European_women_and_men

Rushton & Hutchings (2007): Technical Annex 2: Sinonasarcawailable at
http://www.hse.gov.uk/research/rrpdf/rr595ann2.pdf

Siew et al (2012): Occupational exposure to wood dust and formaldehyde and risk of nasal, nasophary
and lung caner among Finnish men, In: Cancer Management and Research August 2012, available at
https://www.researchgate.net/profile/Pentti_Kyyroenen/publication/230699498 Occupational_exposure |
wood_dust_and_formaldehyde and_risk_of nasal_nasopharyngeal _and lung_cancer_&imoigh men/li
nks/00b7d5229fale27a67000000.pdf

to_wood dust and formaldehyde and risk of nasal nasopharyngeal and lung_cancer_among_Finnish_
men/links/00b7d5229fale27a67000000.pdf
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Table4-34: Summary of the relative risk

Cancer site Lowest Highest
Leukaemia RR=1 RR=1.4
NFC RR=1 RR=2.1
SNC OR=1 OR=2.8
Lung RR=1 RR=1.18
Brain RR=1 RR=1.56

Formaldehyde NFC RR in a matmlysis (Collins et al 1997 cited in Bosetti et al 2008): 1.3 but this
meta-analysis concluded that the available studies did not support a causal relationship between
formaldehyde and nasopharyngeal cancer risk.

Summary of the scenarios (formaldehyde)

The assumptions underpinning the different estimates are summarised below. Please note that the
estimates of the exposed population are point estimates for a specific year and do not represent the
lowest and highest amual estimates over the whole assessment period since these also depend on
the annual rate of change. Please note that relative risk below 1 has been rounded to 1. The central
estimates of the relative risks are close to the high estimates to accounthéopotential for high
exposure in the past.

Table4-35: Summary of the scenarios (formaldehyde)

Aspect/scenario i Midpoint Central
Exposed population 1.6 million 1.4 million

990,000 (2006) | 2.2 million(2012)

(EU28)- point (assumed 2009) (1993/1997)

Relevant cancer LeukaemiaNFC, LeukaemiaNFC, LeukaemiaNFC, LeukaemiaNFC,
sites SNC SNC, Lung, Brain| SNC, Lung, Brain| SNC, Lung, Brain
LeukaemiaRR=1 | LeukaemiaRR=1.4| LeukaemiaRR=1.2| LeukaemiaRR=1.4

NFC: RR=1 NFC: SMR=2.1 NFC: RR=1.55 NFC: SMR=2.1

Relative risks SNC: OR=1 SNC: OR=2.8 SNC: OR=1.9 SNC: OR=2.8

Lung RR=1 Lung: RR=1.18 Lung: RR=1.09 Lung: RR=1.18

Brain: RR=1 Brain: RR=1.56 Brain: RR=1.28 Brain: RR=1.56

Rate of change (pe

0% -3% -1.5% 0%
annum)

Please note that the different rates of change have been assigned to the different scenarios on the
basis of which one produces the highest or lowest number work workers exposed over the whole
period. This is because the to&kposed population over the whole assessment period is driven
more by the estimated annual rate of change than the starting estimate for a single year.

4.4.2 The results

Summary of the occupationally exposed population surviving to 2015

The total number of workes in the ELR8 exposed to formaldehyde between 1966 and 2@055
and surviving until 201% estimated to have been between 3.5 and 13 million, and between 1996
and 2015, 2.8.5 million.
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Table4-36: Occupationally exposed population surviving to 2016rfnaldehyde)

No. of workers No. of workers
Scenario expose;o! 19662005 %' ofcurrent & at exposgq 19962015 %_ ofcurrent &at
& surviving to 2015  risk population & surviving to 2015  risk population
(million) (million)
Low 3.5 1.1% 2.8 0.8%
High 13 4.1% 8.2 2.3%
Midpoint 6.2 1.9% 4.9 1.4%
Central 5 1.6% 4.1 1.1%

The breakdown of these figures by Member State is provided below. The minimum and maximum
values across all scenarios are preserf@dach Member State.

Table4-37: Occupationally exposed population surviving to 2015 by Member Stdterialdehyde)

Period 19662005 19962015
Number of workers Number of workers

exposed over the % ofcurrent & at exposed over the % ofcurrent & at

Parameter . o : : : o . :
period andsurviving to risk population period and surviving risk population
to 2015

Min/max
Austria 58,923 219,846 1.1% 4.1% | 48,027 | 139,143 0.8% 2.3%
Belgium 57,872 288,601 0.8% 41% | 47,171 | 182,659 0.6% 2.3%
Bulgaria 49,482 184,623 1.1% 4.1% | 40,332 | 116,850 0.8% 2.3%
Croatia 29,030 108,313 1.1% 4.1% 23,662 68,552 0.8% 2.3%
Cyprus 2,895 21,712 0.5% 4.1% 2,359 13,742 0.4% 2.3%
Czech 72,402 | 270141 | 11% | 4.1% | 59,014 | 170975 | 0.8% | 2.3%
Republic
Denmark 38,885 319,275 1.1% 9.0% | 31,694 | 260,236 0.8% 6.4%
Estonia 9,023 33,665 1.1% 4.1% 7,354 26,003 0.8% 2.7%
Finland 37,156 140,264 1.1% 4.1% | 30,285 88,775 0.8% 2.3%
France 456,300 | 1,702,501 1.1% 4.1% | 371,924 | 1,077,533| 0.8% 2.3%
Germany 452,026 | 2,081,436 0.9% 4.1% | 368,440 | 1,317,366| 0.6% 2.3%
Greece 36,182 278,337 0.5% 4.1% 29,491 | 176,163 0.4% 2.3%
Hungary 67,712 252,640 1.1% 4.1% 55,191 | 159,899 0.8% 2.3%
Ireland 11,831 118,660 0.4% 4.1% 9,643 75,101 0.3% 2.3%
Italy 417,692 | 1,558,448 1.1% 4.1% | 340,455 | 986,361 0.8% 2.3%
Latvia 13,645 50,912 1.1% 4.1% 11,122 32,223 0.8% 2.3%
Lithuania 20,070 74,884 1.1% 4.1% 16,359 47,395 0.8% 2.3%
Luxembourg 2,279 14,431 0.6% 4.1% 1,858 9,134 0.5% 2.3%
Malta 2,950 11,006 1.1% 4.1% 2,404 6,966 0.8% 2.3%
Netherlands 55,850 433,237 0.5% 4.1% | 45523 | 274,201 0.4% 2.3%
Poland 261,115 974,244 1.1% 41% | 212,831 | 616,611 0.8% 2.3%
Portugal 71,279 265,951 1.1% 4.1% | 58,099 | 168,323 0.8% 2.3%
Romania 136,520 | 509,369 1.1% 4.1% | 111,275 | 322,386 0.8% 2.3%
Slovakia 37,247 138,972 1.1% 4.1% 30,360 87,957 0.8% 2.3%
Slovenia 14,173 52,880 1.1% 4.1% 11,552 33,468 0.8% 2.3%
Spain 251,195 | 1,190,699 0.9% 4.1% | 204,745 | 753,607 0.6% 2.3%
Sweden 38,377 249,866 0.6% 4.1% | 31,280 | 158,143 0.4% 2.3%
UK 331,003 | 1,663,025 0.8% 4.1% | 269,797 | 1,052,548| 0.6% 2.3%
Total 3,493,273| 13,033,744| 1.1% 4.1% | 2,847,320| 8,249,213| 0.8% 2.3%
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