=1 =

H S E Health and Safety

Executive

The burden of occupational cancer

in Great Britain
Methodology

Prepared by the Imperial College London
for the Health and Safety Executive 2007

RR595

Methodology



Health and Safety
Executive

The burden of occupational cancer

in Great Britain
Methodology

Sally Hutchings

Imperial College London

Department of Epidemiology and Public Health
Faculty of Medicine

St Mary’s Campus

Norfolk Place

London W2 1PG

The aim of this project was to produce an updated estimate of the current burden of occupational cancer specifically for
Great Britain. The primary measure of the burden of cancer used was the attributable fraction (AF), ie the proportion of
cases that would not have occurred in the absence of exposure. Data on the risk of the disease due to the exposures of
interest, taking into account confounding factors and overlapping exposures, were combined with data on the proportion
of the target population exposed over the period in which relevant exposure occurred. Estimation was carried out for
carcinogenic agents or exposure circumstances that were classified by the International Agency for Research on Cancer
(IARC) as Group 1 or 2A carcinogens with strong or suggestive human evidence. Estimation was carried out for 2004 for
mortality and 2003 for cancer incidence for cancer of the bladder, leukaemia, cancer of the lung, mesothelioma, non-
melanoma skin cancer (NMSC), and sinonasal cancer.

The proportion of cancer deaths in 2004 attributable to occupation was estimated to be 8.0% in men and 1.5% in
women with an overall estimate of 4.9% for men plus women. Estimated numbers of deaths attributable to occupation
were 6,259 for men and 1,058 for women giving a total of 7,317. The total number of cancer registrations in 2003
attributable to occupational causes was 13,338 for men plus women. Asbestos contributed the largest numbers of
deaths and registrations (mesothelioma and lung cancer), followed by mineral oils (mainly NMSC), solar radiation
(NMSCQ), silica (lung cancer) and diesel engine exhaust (lung and bladder cancer). Large numbers of workers were
potentially exposed to several carcinogenic agents over the risk exposure periods, particularly in the construction
industry, as farmers or as other agricultural workers, and as workers in manufacture of machinery and other equipment,
manufacture of wood products, land transport, metal working, painting, welding and textiles. There are several sources
of uncertainty in the estimates, including exclusion of other potential carcinogenic agents, potentially inaccurate or
approximate data and methodological issues. On balance, the estimates are likely to be a conservative estimate of the
true risk. Future work will address estimation for the remaining cancers that have yet to be examined, together with
development of methodology for predicting future estimates of the occupational cancers due to more recent exposures.

This report and the work it describes were funded by the Health and Safety Executive (HSE). Its contents, including any
opinions and/or conclusions expressed, are those of the authors alone and do not necessarily reflect HSE policy.
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1. INTRODUCTION

The aim of this project was to estimate an attributable fraction (AF) of cancer due to occupation in Great
Britain. The AF is the proportion of cases that would not have occurred in the absence of occupational
exposure. There are several methods of estimating the AF but all depend on knowledge of the risk of the
disease due to the exposure of interest and of the proportion of the population exposed.

The purpose of estimating the attributable fraction was:

(1) To estimate a current overall attributable fraction and attributable number of cancers due to
occupation.

(2) To indicate the relative contributions of the occupational carcinogens to the current total burden of
occupational cancer in Great Britain, thereby providing evidence on which to prioritise
intervention.

(3) To estimate future burden resulting from current exposures, in order to indicate where to prioritise
future intervention.

(4) To suggest areas for future data collection, to improve the quality of the estimates.

The current best estimate of the proportion of cancer deaths in Great Britain due to occupational causes
was 4%, with an uncertainty range of from 2% to 8%, based on the study of Doll and Peto (1981). This
equates to approximately 6,000 deaths per annum (with a range of 3,000 to 12,000).



2. ALTERNATIVE APPROACHES TO CALCULATING THE
OCCUPATIONAL ATTRIBUTABLE BURDEN

There are a number of basic approaches that have been used to calculate the occupation attributable cancer
burden. These are:

1. For each cancer/exposure pairing, a relative risk estimate is obtained from epidemiological studies, and
an estimate of the proportion of the population exposed is obtained from census or national employment
data or from a job-exposure matrix (JEM), or from the CARcinogen EXposure (CAREX) database.

Examples of this approach are:

a) Dreyer etal., (1997), who calculated the AF for cancers due to occupation in the Nordic countries,
using a common relevant exposure period of 1970-84 for a target year of 2000 and a common of
employment turnover (15% for those employed for over one year.

b) World Health Organisation (WHO) Global Burden of Disease (GBD) Study;

c) Steenland et al (2003), for the USA,;

d) Nurminen & Karjalainen (2001), for Finland,;

e) Mathers et al., (2000), for Australia, using GBD methodology;

f) Driscoll et al., (2004), for New Zealand, who used the AFs calculated by Nurminen &
Karjalianen plus Steenland’s estimates for lung cancer;

g) Morabia et al., (1992), for the US, for lung cancer only, using RRs from one large hospital-based
case-control study;

h) Steenland, Loomis et al., (1996), for the USA, for lung cancer only, who combined RR estimates
by exposure agent from a review of cohort studies, and matched these to National Institute for
Occupational Safety and Health (NIOSH) numbers of workers exposed.

2. The results of a pooled analysis of (usually population-based) case control studies are used for an
estimate of relative risk, with internal estimates of Pr(E) or Pr(E|D) obtained from the distribution of
exposures amongst the controls, or cases.

Examples of this approach are:

a) Vineis etal., (1988), for the US, for lung cancer, using a pool of population-based case-control
studies;

b) Gustavsson et al., (2000), for Sweden, lung cancer only, using a single population-based case-
control study;

c) Kogevinas et al., (1998) for Europe, who also quoted method 5 below in a review of methodology
suitable to produce an AF for Europe.

2a. Similar to the above, estimates of relative risk are obtained from a search of the literature for the
‘best studies’ (population-based case-control studies) for an occupational cancer, and an AF is calculated
from each of these studies using internal estimates of Pr(E) (the proportion of the population exposed) or
Pr(E|D) (the proportion of cases exposed (E = exposed, D = case)), to give a range of possible AF
estimates. Additional lower and upper estimates are also provided that are based on inclusion of only well-
established exposures for the lower estimates, and these plus ‘possible” and ‘uncertain’ exposures for the
upper estimates.

An example of this approach is:
d) Vineis and Simonato (1991), for the USA and Europe



Normally, exposure assessments will not be good enough from population or hospital based case-control
studies to estimate a dose-response relationship. To estimate AF, ever/never exposed categories are
needed, but it is necessary to have a defined ever/never boundary level. This will normally be less precise
from population or hospital based case-control studies, with exposure data generally collected by postal
questionnaire or interview rather than expert hygiene assessment where the exposures occurred.

3. Absolute risk measures rather than relative risks are appropriate for a few cancer/exposure pairings for
which the AF for a cancer associated with an occupational exposure is thought to be 100%, for example
mesothelioma, uniquely caused by exposure to asbestos.

Examples of this approach are:
a) WHO GBD study (Nelson
b) Hodgson & Darnton (2000)

In these cases an age period cohort method is also used to predict future numbers.

4. Proportional Mortality Ratios (PMRs), which can substitute for RRs in the calculation of AF, are
available for most cancers by occupation from the Occupational Health Decennial Supplement (1995).
The proportion of the population exposed (Pr(E)) in a relevant exposure period would come from national
employment data (LFS for occupations), although the reliability of occupation as recorded on the death
certificate is known to be problematic, as is matching with other sources of routinely collected data on
occupation (Carpenter and Roman, 1999). This method could be used as a ‘reality check’ on methods (1)
and (2) above, where UK studies are not available, and to contribute to confidence intervals. Again an age
period cohort method is used to predict future numbers.

4a. Similar to the above, Bouchardy et al., (2002) used cancer registry data alone to estimate occupational
odds ratios for Switzerland, using a case-referent method, with the cancer of interest as cases and all other
cancers as controls, and job history as recorded by the registry. To extend this approach to obtain an AF,
an external source of employment data would be required.

5. Linkage analysis of census and cancer registry data can be used if national databases permit. For
example a population based (often a national census-based) cohort can be established with cancer
registration or death certificate follow-up.

Examples of this approach are:
a) Andersen et al., (1999), in Norway, Sweden, Finland and Denmark, linked cancer registry and
census data to produce SIRs by occupation, but not AF;
b) vanLoon et al., (1997) in the Netherlands, for lung cancer only, used a population-based cohort
study.

6. The ‘Delphic principle’ (Morrell et al, 1998) of Doll and Peto, which uses panels of experts to estimate
AF.

An example of this approach is that of Landrigan et al., (2002), who examined environmental attributable
burden of disease in US children, using panels of experts to arrive at an estimate of AF by a consensus
process of meetings and ballots.

7. A proportionate attributable risk approach, which is an extension of the Delphic principle of Doll and
Peto, can be used.

Examples of this approach are:



a) Morrell et al (1998), for Australia, used estimates of attributable percents for all hazardous
substances from countries considered to have similar exposure conditions. Estimates from the
United States (Markowitz et al., 1989) and Israel (Blanc et al., 1992), plus the Doll and Peto
estimates, were applied to numbers of deaths in Australia, using age at death to calculate person-
years of life lost (PYLL).

b) Leigh, Markowitz and Fahs, (1997) also used this method to estimate occupation attributable
numbers for the USA, reviewing US-based studies for the established occupational cancers to
arrive at an AF range for each cancer, then applying this to cancer mortality for one year, 1992.

8. Another approach is the descriptive study of incident cases. Deschamps et al., (2006) examined all
newly diagnosed first cancers occurring over three years (1995-98) in a single county in France, in those
over 16 excluding housewives or permanently unemployed, collecting job histories. They considered 13
well-established cancer/exposure pairings only as occupational candidate cancers, and assigned cases as
occupational if the individual was exposed for at least 5 weeks per year for a minimum three (not
necessarily consecutive) years to the specific occupational exposure. They then calculated the proportion
that were occupational by taking these as a percentage of all the cancer cases in the study. The authors
also give highest and lowest AF estimates taking the highest and lowest percentages published
internationally. This is a straightforward approach, but a problem with this study is that the authors had to
consider the distribution of occupations in their cancer patients (in the single French county) to be the
same as in the general population (which was supported by a comparison with census data). Excluding
non-working cases would also bias the results.

The first two of these approaches have been adapted for this study. Elements of the ‘Delphic Principle’
also appear, in the choice of ‘best study’ by a panel of experts from which a relative risk (RR) estimate is
extracted for each cancer/exposure pairing. The first approach, and Levin’s equation for the AF (see
section 3.6), is used where the RR is obtained from an industry based cohort study, or a review or meta-
analysis, in which case national estimates of numbers exposed are used. In practice most estimates to date
have been obtained using this first approach. The second approach, and Miettinen’s equation for the AF, is
used where a population-based study is the source of the RR, from a population comparable in the type
and distribution of exposures and confounding factors to that in Great Britain (so that the risk estimates
are ‘portable’, see Appendix 2). Where there has been a good population-based study covering a
cancer/exposure pairing for which an AF has been calculated using method 1, this second approach based
on entirely separate data has been used to support the findings of the first. It will be used also in the
estimation of ‘credibility limits’ which will cover bias as well as random error in the forthcoming
sensitivity analysis of our results. The third approach above was used for the nearly unique position of
mesothelioma caused by exposure to asbestos.



3. KEY FEATURES OF THE APPROACH ADOPTED

The overall attributable fraction is calculated on a ‘cancer by cancer’ basis. Relative risks are obtained
from epidemiological studies considered the most appropriate currently available. The choice of these
‘best studies’ then determines the way in which AF is calculated.

A diagram of the calculation process for the attributable fraction is shown in Figure 1. The numbers in
blue in Figure 1 refer to sub-sections in the text, which follows. Detailed methodology and the derivations
of factors used in the calculations are in the appendices. A glossary of terms used in this report and
accompanying papers is in Annex 2.



Figure 1: Calculation process for the attributable fraction
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3.1 Listing the occupational exposures

For each cancer, major sources were reviewed to identify the relevant occupational exposures, plus
confounders, and any information on latency and trends in mortality, incidence and survival (see Section
3.3). In practice the paper of Siemiatycki et al., (2004) was used as the primary source for identifying the
exposures. Exposures needed to pass three tests for inclusion in the analysis, the most important of which
is whether the exposure was judged to be causal. Substances or occupations in IARC groups 1 and 2A,
and, rarely, group 2B, with ‘strong’ evidence for carcinogenicity in humans as judged by Siemiatycki et
al., (2004) for the cancer site being examined were allocated to an ‘Established” group of exposures, and
those with ‘suggestive’ evidence for carcinogenicity were allocated to an ‘Uncertain’ group. See
Appendix 3 for precise details.

For each exposure, a list of industry and occupation settings (the ‘exposure scenarios’) is also drawn up. In
practice this was taken from Siemiatycki et al., (2004).

Due to resource limitations, only the well-established cancer/exposure pairings were tackled initially, that
is mainly those in IARC groups 1 and 2A. Relative risks and proportions exposed for the ‘established’
group were easier to obtain and more reliable. However, it was acknowledged that where the “established’
group consisted of high risks for rare cancers, or for rare exposures, they may have contributed less to
overall occupational morbidity than exposures that were widespread and as yet less well controlled, or
which were associated with common cancers, even though the relative risks for this ‘uncertain’ group may
have been low.

3.2 Handling the exposures

An ‘exposure map’ was drawn up. This is a diagram of how the exposures overlap in the working
population, and could interact with one another in causing disease. An example of such a map, for lung
cancer, is given in Figure 2. It illustrates the potential for double counting of the exposed population to
occur when an overall AF is calculated, and facilitates strategies to avoid this. For a given cancer, the map
entries consist of either an agent (or group of agents such as PAHS), or an exposure scenario (i.e. an
industry or occupation in which such exposure occurs). Agents are in plain type, exposure scenarios in
italics. Lines joining boxes then indicate where overlap would occur were all the entries in the map simply
considered separately — for example, if Painters and Asbestos were considered separately overlap would
occur in construction (these exposure scenarios are indicated in the smaller print). For substances and
occupations shown in grey a separate AF was not estimated, as these exposure scenarios were included
with another exposure. More explanation of the content of this map is given in Appendix 7.



Figure 2: Example of an exposure map, for lung cancer
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The contribution towards attributable fraction of these overlapping exposures could not (correctly) be
estimated separately. These exposures should ideally be treated as a set, and a ‘best epidemiological study’
sought that has relative risk estimates for the set as a whole, or at least that takes account of the
confounding effects and interactions within the set. In practice, however, such a study is rarely available.
An alternative approach, for more closely defined industry-based exposures, was to partition the
proportion of the population exposed between the overlapping exposures, assigning exposed numbers to
the *highest risk’ or dominant exposure and excluding these workers from “lower risk’ estimates. Then the
‘best study’ for the RR estimate was sought for the single exposure. The choice between these two
approaches depended on what studies were available.

Single exposures that did not overlap were treated separately when seeking a ‘best study’ for the RR
estimate. Single exposures that overlapped but were known to act independently from one another were
also treated separately.

The retained exposures were allocated to two groups as described above, the ‘established’ occupational
carcinogens and an ‘uncertain’ exposure group. Two attributable fractions and suitable confidence limits
(see Appendix 8) were calculated for each cancer/exposure pairing, for the ‘established’ exposures for
each cancer and also for exposures in the “‘established’ plus ‘uncertain’ groups combined. The estimate for
the “established plus uncertain’ groups were regarded as an upper limit for the attributable fraction.



For each cancer/exposure pairing, the approach in general was to partition the exposed population between
‘higher exposed’ and ‘lower’ and/or “background exposure’ groups, and apply an appropriate relative risk
from the source study or studies to each group separately. ldeally an exposure level threshold was
identified that separated the ‘higher’ and ‘lower’ exposure groups, but in practice the groups usually were
defined by exposure scenarios.

Where no risk estimate data was available from the epidemiological literature, PMRs were available by
occupation for most cancers from the Occupational Health Decennial Supplement (OPCS, 1995). These
were used to identify additional exposures for the ‘uncertain’ group and provided estimates of relative risk
for the ‘upper limit” AF calculation for these groups.

3.3 Background Information on each cancer

For each cancer the major non-occupational confounders were listed, and information sought on latency
and survival. This information came from the initial review of major sources and from the search of the
literature for ‘best studies’ for each cancer and exposure (see Section 3.4). When relative risks (Section
3.4 below) were chosen preference was given to estimates adjusted for the effects of known confounding
factors, and for the effects of interaction between the exposures of interest and these adjustment factors.
This was particularly the case for ‘ever/never’ exposure estimates. For the ‘good survival’ cancers, RR
estimates for incidence rather than mortality had precedence, and the results for registrations as well as
deaths were presented, and used in combined calculations.

34 Review of the literature and selecting the best sources for relative risks, and matching the RRs
to the appropriate exposures

The literature was searched for candidate papers for the choice of the best sources, using standard search
criteria (see Appendix 1). Information on which to base the choice of best source was entered into a
spreadsheet. During the review process all occupational carcinogens were listed, with their associated
industry or occupation settings, to support and confirm the initial list (Section 3.1).

The project team then held a review meeting to select the ‘best studies’. Papers and other evidence were
examined ‘exposure by exposure’ and standard selection criteria applied, which took into account whether
a study represented conditions in GB, and were portable and of good quality (see Appendix 2). Broad-
based combined studies (pooled studies and meta-analyses) were usually the first choice, with UK studies
brought in if they were appropriate (but had otherwise been excluded). Generally a best source was
identified for each exposure scenario (industrial setting or occupation), but studies covering multiple
exposures, especially those known to overlap in the working population were also favoured. At this stage
exposures that did not contribute significantly to the study were excluded by applying a standard decision-
making procedure (outlined in Appendix 3), and the reasons for exclusion were recorded. Apart from the
requirement that causality was established, for an attributable fraction to be calculated for a
cancer/exposure pairing, the exposure scenario needed to be present in GB during the relevant exposure
period for the specific cancer. There also had to be sufficient numbers exposed to produce more than two
cases per year.

The relative risks (RRs) that were used in the calculation of AF were identified from the chosen studies,
following the criteria set out in Appendix 4. Usually the RR was the study author’s preferred ‘headline
figure’. Occasionally it was necessary to calculate a combined estimate where one was not offered in the
chosen review study. An inverse variance weighted average was then calculated if the results passed a



standard test for homogeneity, otherwise a suitable estimate for a random effects model was used (see
Appendix A4.1). Separate estimates were needed for the ‘higher’ and “lower’ level exposed groups. An
estimate for the ‘higher’ exposed group was usually derived from an industry based study or meta-analysis
covering the explicit exposure scenario(s). An estimate for the ‘lower’ exposed came from the same
source (if different exposure levels were covered), or from another source such as a broader based
population based study. Where no data were available a ‘lower exposed’ rate was estimated using a linear
extrapolation from the ‘higher’ estimate. This required knowledge of exposure levels at the high and a
lower level of exposure, which in practice was rarely available. In a single case where an extrapolation
had been used, the higher rate was simply ‘halved’ (as 1+ (RRnigh — 1)/2 ). For some exposures, a
‘background’ exposure level was allocated RR=1 (resulting in an AF of zero), so that the exposed
numbers remained in the analysis but with a zero AF.

For industry-based studies, data for estimating the proportion of the population exposed was obtained
from an external source (see section 3.6 below). In this case the exposure scenarios (the industrial settings
or occupations) for which the RRs were calculated were recorded. These were matched by job or industry
codes to the external source (see Appendix 4). For population-based studies, data for estimating the
proportion of cases exposed (i.e. the numbers of exposed cases contributing to the relative risk estimate,
and the total number of cases) was recorded from the RR source study.

3.5 The relevant exposure period

The relevant exposure period (REP) is the window of time during which exposure to an occupational
carcinogen can result in a cancer being diagnosed or appearing in national mortality or cancer registration
records. It is based on cancer latency and is defined in detail in Appendix 5. Distinction should be drawn
between the source REP and target REP. The source REP is the period for a source study during which
cases contributing to the results of that study (in particular the estimates of relative risk) could have been
initiated. It is relevant to the calculation of AF only in determining the portability of the estimate of
relative risk between the source and target populations (see Appendix 2). The target REP is the period
during which cancers appearing in the national mortality and registration statistics for the target year may
have been initiated. It is defined on the estimated maximum and minimum latency for each cancer, and is
used in the estimation of the numbers and therefore the proportion of the population that has ever been
exposed to the occupational carcinogen being considered.

As there were very little data available on cancer latency, two ‘standard” REPs were used for this study, to
cover the solid tumours, for which a latency of between 10 and 50 years was assumed, and for the
haematopoietic neoplasms such as leukaemia, for which a latency of between 0 and 20 years was
assumed. Data specific to these standard REPs used to calculate the attributable fraction are given in Table
1 below.
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Table 1: Values of variables used in the calculation of AF specific to the standard relevant exposure

periods

Standard REP: Solid tumours Haematopoietic neoplasms
Variable Men Women Men Women
Latency 10-50 years | 10-50 years | 0-20 years 0-20 years
Relevant Exposure Period (REP) 1955-1994 | 1955-1994 | 1985-2004 1985-2004
‘Peak’ latency * 35 years 35 years 15 years 15 years
Number of years in REP 40 40 20 20

Total number of those ever of working age during the REP | 19.2 million | 20.9 million | 20.9 million 19.8 million

* ‘peak’ latency is the latency thought to relate to the highest number of cancer cases leading to current
deaths or registrations. However, a uniform distribution of cancer latencies has been assumed across the
REP.

3.6 Calculating the attributable fraction

As already noted the method for calculating AF depended on the data source. Data were required for
estimates of relative risk and of the proportion of the GB population exposed (or of cases exposed) for
each cancer. Three basic approaches were used for the ‘established’ exposures and any of the ‘uncertain’
for which data was available. For the first two the ‘best epidemiological source’ provided an estimate of
relative risk, and the type of study determined the equation used to calculate the AF and the way in which
overlapping occupational exposures were handled.

If the best study was population-based the estimate of the proportion of cases exposed came directly from
the study. A multi-national pool of population-based case-control studies was often in practice a best
source. In this case Miettinen’s equation (Miettinen, 1974) for calculating the attributable fraction was
used:

AF =Pr(ED) * (RR-1)/RR
where Pr(E|D) = proportion of cases exposed  (E = exposed, D = case)

If multiple exposures were covered it was sometimes possible to treat overlapping exposures as a ‘set’
(see Appendix 7). An example of this approach is given for nasal cancer in Section 4.1.

If the best study was industry-based, national data sources combined with the best available estimates of
the proportions in the workplace exposed (at relevant levels) provided the estimate of the exposed
population. CAREX was often the best and only source for the proportion of the population exposed.
Exposed numbers from CAREX, or national employment sources, were allocated to a ‘higher’ exposure
group (based on the industries and occupations covered in the studies), and the others to a ‘lower’
exposure group. CAREX exposed numbers were split between men and women according to an estimate
of relative proportions based on numbers in the appropriate occupation by industry codes from the 1991
Census (details are in Appendix 6 Section A6.5.2).

Adjustment factors were applied to the CAREX data to take account of the change in numbers employed
in the primary and manufacturing industry and service sectors in GB between the late 1970s and early
1990s. The factors were estimated from LFS employment data, and were grouped by main industry sector,
and for men and women separately (see Appendix 6 Section A6.3). Employment turnover (TO) factors
were applied to the point estimates of numbers exposed, which were specific to the same grouped main
industry sectors as the CAREX adjustment factors. The turnover factors were estimated using LFS data
for the length of time with current employer, which was available by length of employment category (see
Appendix 6 section A6.4). The estimates used were for those employed for at least one year. The numbers
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‘ever exposed’ therefore depended on the timing and length of the ‘relevant exposure period’ described
above. A ‘turnover equation’ was used to calculate numbers ‘ever exposed’ during the REP:

Newer) = No + {no * TO * t}
where ny = numbers employed in middle year of the REP
TO = staff turnover per year
t  =number of years in the REP

Adapted to include survivors to the target year only, the equation (in a simplified form, allowing for
entry into the cohort at age 15 only) becomes:

100 64
Newery= O {li * No/(R - 15)} + D {lj«no * TO}
i65 25

where I; = proportion of 15-year-olds surviving to age i, summations for REP of 1955 to 1994
R = retirement age

Life table estimates of the proportions of the general population surviving to the target year (2004) were
used to adjust the estimates of numbers ever exposed obtained using the turnover factors, so that only the
ever exposed cohort members surviving to the target year would be counted. This part of the estimation
process assumed that there was an even distribution of ages across the exposed cohort in its first year
(1955 for the “solid tumour’ example REP), and that recruitment to the cohort was across the age range of
15 to 24 only.

More detail on how numbers ‘ever exposed’ were calculated in the case of the industry-based studies is
outlined in Appendix 6, including the full form of the turnover equation allowing entry into the cohort at
multiple ages. The CAREX adjustment factors and turnover factors (TO) used are listed in Table 2. In the
last column of Table 2 turnover factors (OT) similar to those used in the Global Burden of Disease
methodology (Nelson et al., 2005), are listed and were based on our estimates of length of REP,
employment turnover factors and GB life expectancy. The formula used to estimate these factors is given
in Appendix 6 (Section 6.4),

Table 2: CAREX adjustment and employment turnover factors used in the calculation of AF

Main Industry Sector CAREX TO | OT equivalent in Global Burden
adjustment methodology, based on a 40 year REP
factor and GB life expectancy tables

Men AB Agriculture, hunting and 1 0.09 | 3
forestry; fishing

C,D,E | Mining and quarrying, 1.4 0.09 | 4

electricity, gas and water;
manufacturing industry

F Construction 1 013 |5

G-Q Service industries 0.9 011 | 4

Total 1 0.10 | 4

Women | AB Agriculture, hunting and 0.75 0.10 | 4
forestry; fishing

C,D,E | Mining and quarrying, 15 014 | 6

electricity, gas and water;
manufacturing industry

F Construction 0.67 0.16 | 6
G-Q Service industries 0.8 015 | 6
Total 0.9 0.15 | 6
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Where no CAREX data were available, as is generally the case where an exposure was defined by
occupation rather than substance, the LFS was the source most commonly used. Data for 1979 (the earliest
year available and closest to the ‘peak’ exposure period in the early to mid 1970s) was used for the solid
tumours, and for 1993 was chosen for the shorter latency cancers. As tight as possible a definition of
‘occupation’ was used to minimise overestimation that would result where there was no estimate available
of the proportion of workers actually exposed within the target occupation.

To get the proportion of the population exposed, the estimated numbers ‘ever exposed’ during the relevant
exposure period were then divided by the total population ever of working age during the same period
(given in Table 1 above for the standard REPs). This is based on population estimates by age cohort in the
target year.

For some cancer/exposure pairings it was necessary to partition the relevant exposure period between
‘high” and ‘low’ exposed groups, if an industrial process was known to have changed during the period or
controls had been put in place but the exposure has not disappeared. The “old’ industry-based relative risks
were then applied to the earlier-exposed group, and a lower RR estimate to the more recently exposed
group. The method for partitioning the proportion of the population exposed between two periods is
detailed in Appendix 6 (Section 6.5.3.).

Levin’s equation was used to calculate the AF in the case of industry-based studies (Levin M,1953):

AF=Pr(E) *(RR-1)/{1 +Pr(E) * (RR-1)}
where Pr(E) = proportion of the population exposed

Levin’s and Miettinen’s equations are equivalent, and can be derived from one another using the
definition of RR and Bayes Theorem (Benichou, 2001).

Separate AFs were calculated for the ‘higher’ and ‘lower’ exposed groups, and then summed (see
Appendix 7).

An example of the use of Levin’s formula and this industry-based approach for a lung cancer exposure is
outlined in Section 4 below.

Full details of the methods for calculating AF are outlined in Appendix 6.

For a few cancer/exposure pairings, in particular mesothelioma, which is uniquely associated with
asbestos exposure, absolute risk measures rather than relative risks were appropriate. The occupational AF
depended only on the degree to which exposures to asbestos were considered to be non-occupational. The
method used to calculate AF and attributable numbers for mesothelioma is covered in the Mesothelioma
Technical Report.

In the case of lung cancer associated with asbestos exposure, the estimate of attributable numbers and
hence of AF was derived directly from the ratio of lung cancer to mesothelioma cases estimated amongst
asbestos exposed workers (see Appendix 9). Specialised methods were also used to calculate the AF for
lung cancer due to radon exposure, based on estimates of numbers developing lung cancer from exposure
to radon in domestic buildings (see Lung Cancer Technical Report, Annex 1).
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3.7 Combining the attributable fractions across exposures

Attributable fractions cannot in general be summed directly, due to the possibility that workers will have
been exposed to more than one occupational carcinogen during their working lifetimes in the REP. There
are various strategies to handle overlapping exposures, which are described in Appendix 7, using
examples from the analysis for lung cancer based on the exposure map illustrated in Figure 2. The aim of
the strategies is to restrict the estimate of the exposed population to eliminate overlaps, in order to be able
to sum the AFs directly. However, if it was known that the exposures were independent, and their joint
effect on the cancer was multiplicative, the AFs were combined by taking the complement of the product
of complements (Appendix 7):

AFoeran = 1 — TT(1-AF,) for the k exposures in the set.

AFs for the established, and for the established plus uncertain, groups of exposures were estimated
separately.

3.8 Confidence interval for the overall attributable fraction

A 95% random error only confidence interval was calculated for each AF that was based on a single
estimate of RR (see Section 3.6 and Appendix 8). No attempt was made to calculate ‘random error only’
confidence intervals for AFs that were summed across exposure levels where more than one estimate of
RR had been used, or when the AFs had been combined across exposures.

In future work, Monte Carlo methods (Greenland, 2004) will be used to calculate a ‘credibility interval’ (a
confidence interval covering bias as well as random error) for the combined AFs. These limits are able to
take into account errors due to bias at all stages of the estimation process, as well as random error in the
estimate of relative risk. The details of this work will follow in a subsequent report. An indication of the
sources of bias identified in the calculation of AF that need to be accounted for in the ‘credibility interval’
for the AF are given in Figure 3. The sources of greatest bias are in bold (Numbers 1,2,5,7 and 8) in
Figure 3.
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Figure 3: Sources of bias in the calculation of an overall attributable fraction

Process of calculating AF from Bias errors introduced
the source data population

Observed data in
source population Inadequate models for RR:
risk reversibility (12)
ever/never exposed RRs (13)
Usual bias error introduced in epi studies (14), plus
publication bias (3)
unexpected confounding (15)

Observed RR and
Pr(E) for source

population Non-portability: unmatched confounders (4)
unmatched exposures (5)

historic RRs (6)
Inadequate data: unknown proportion exposed in workplace (7)
unknown cancer latency (8)
definition of exposed (9)
exposure misclassification (11)

True RR and Pr(E) for
target population

Wrong estimator (16)

Incidence not mortality RRs (10)

True cancer AF in 1
target population

Attributable
numbers in
target population

Choice of exposures (1)
Missing unknown exposures (2)

True overall AF in
target population

3.9 Estimating attributable numbers

Attributable numbers were estimated by multiplying the attributable fraction either by deaths from the
cause with the matching ICD code (from DH2 series mortality statistics (ONS, 2005)), or by cancer
registrations (from the MB1 series (ONS, 2006)) for the target year. This was the most recent year for
which mortality or registration data were available, 2004 for deaths, and 2003 for cancer registrations. For
cancers with good or improving survival times, the AFs were applied to registration data as the use of
mortality data would have underestimated the burden.

Mortality and registration data were not available for separate histology types; and this was taken into
account in seeking ‘source’ study RRs for the AF calculations. Data was also not available for some
cancer sub categories (for example some leukaemia sub-types in the Welsh and Scottish data). In this case
sub-type estimates were taken from proportions in English data or other sources.

For the purposes of these estimates, it was acceptable to apply attributable fractions calculated from
relative risks which were derived from either incident or mortality data, or both as in the case of pooled
studies and meta-analyses. In doing this, the assumption was made that survival as a result of occupational
exposures was similar to survival as a result of non-occupational exposures. If, for example, survival times
were reduced amongst the (perhaps more heavily) occupationally exposed, than amongst the non-
occupationally exposed cases, AN would have been underestimated if an incidence AF was applied to
mortality data.

3.10 Combining the attributable fractions across cancer sites

To obtain the overall occupation attributable fraction attributable numbers for each cancer were summed,
and divided by total cancer numbers. This was acceptable on the assumption that all the cancers being
considered as caused by occupational exposure were rare in the GB population. Were they common and a
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single exposure was known to produce cancer at more than one site, double-counting an individual’s risk
would have been an issue, as normally only one primary cancer is recorded in the mortality figures as the
underlying cause of death or registration.

Overall attributable numbers and therefore AF can be estimated separately by exposure, or by exposure
level, in the same way. Note that attributable numbers (and fractions) summed across cancers by exposure
will not normally summed to the overall attributable numbers (and fractions) because of overlapping
exposures.

Different results were obtained for the combined AF based on mortality and on incidence data. The
difference depended on the ratios of deaths to registrations in the cancers that were included (i.e. on
survival rates). An AF based on attributable deaths would have under weighted the contribution of ‘good’
survival cancers, such as non-melanoma skin cancer (NMSC), which is rarely fatal but occurs in relatively
large numbers. On the other hand an AF based on incidence would have given all the cancers equal
weighting so that the large numbers of NMSCs would have made a proportionately large contribution.
This indicates the value of using such estimates as Disability Adjusted Life Years (DALYS) in conjunction
with attributable numbers to estimate an overall AF weighted according to the relative severity of the
cancer outcome (especially as survival improves). The role of these estimates will be investigated in the
second phase of this study.

It is important to note that if targets are to be set to reduce the incidence of occupational cancer, they must
be based on reduced numbers (registrations or deaths) and not on the AF. If cancers due to non-
occupational factors are also reduced during the time frame for these targets, the AF will remain static or
may well increase even as absolute numbers of cases fall.
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Table 4.2.2: Results for Nasal Cancer and Formaldehyde Exposure

Occupational exposure Formaldehyde
'Best study' for RR estimate | Reference Mannetje Mannetje Coggan et al (2003) Mannetje Mannetje et al (1999)
et al (1999) | etal (1999) et al (1999)
Type of study Pooled Pooled UK industry cohort Pooled Pooled population-based case-control studies
population- | population- population-
based based based
case- case- case-
control control control
studies studies studies
Sex Male Female
Exposure level Higher Lower + Background Higher | Lower + Background
TOTAL TOTAL
Independent data: Industry Sectors | TOTAL G-Q CE F G-Q | Total TOTAL GQ |cE F G-Q | Total
CAREX numbers
exposed 1,337 65,248 | 4,466 212 | 69,926 | 71,263 1,635 20,604 | 45 260 20,909 | 22,544
CAREX
adjustment factor 0.9 1.4 1.0 0.9 0.8 15 0.7 0.8
Annual
employment
turnover 0.11 0.09 0.13 0.11 0.15 0.14 0.16 0.15
Numbers exposed
in the REP (1955 5,029 315,606 | 21,886 | 799 | 338,291 | 343,319 7,827 | 171,228 192 1,243 | 174,774 | 176,209
- 1994)
Study data Exposed cases 229 15
Total cases 451 104
Proportion of
controls exposed 0.34 0.17
Proportion of the population exposed 0.0003 0.001 0.018 0.018 0.000 0.000 0.008 0.008
Proportion of cases exposed 0.51 0.14
Relative risks 1.66 1.66 1 1 0.83 1 1 1
Attributable fraction Levin's 0.00017 0 0 0.0002 0 0 0
‘Random [-
error’ 95% 0.001 [- [0.0001 [0.000 [0.000 [- [-0.005
confidence [0.0001 - - 0.016 - | - - - 0.005- | -
interval 0.0003] 0.002] 0.036] | 0.0003] 0.000] 0.000] 0.006] | 0.006]
Attributable deaths 0 0 0 0 0 0 0 0
Attributable registrations 0 0 0 0 0 0 0 0
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Attributable fraction Miettinen's | 0.20 0
‘Random
error’ 95%
confidence | [0.10 - [-0.15 -
interval 0.29] 0.08]
Attributable deaths 14 0
Attributable registrations 44 0
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Annex 1

Table Al: Calculation of CAREX adjustment factors

CoE Employee counts (excludes

LFS Employees +

self-employed) self-employed **
Broad Industrial For SIC68 | CAREX CAREX CAREX LFS main
Group to SIC80 adjustment | adjustment adjustment | industry
conversion | factor 1991 | factor 1991 factor 1991 | group
(on 1981 to 1973 to 1978 (for to 1979
overlap comparison
data) with LFS
SIC68 SIC80 adjustment)
Male 1973 1978 1991 1979 1991
1: 305,062 281,059 211,398 0.92 1.57 1.45 437,013 457,595 0.96 A-
Agriculture,forestry,fishing B:Agriculture
hunting &
forestry,
fishing
2-3 : Manufacturing, 5,984,066 | 5,633,601 | 3,554,973 0.99 171 1.61 6,096,181 | 4,468,216 1.36 C-E:Mining
mining and quarrying, and quarrying,
energy and water # electricity, gas
and water,
manufacturing
industry
4 : Construction 1,243,966 | 1,114,207 833,213 1.03 1.45 1.30 1,705,582 | 1,725,143 0.99 F:Construction
5-8 : Grouped 'service' 5,942,661 | 6,046,512 | 6,570,033 0.99 0.92 0.93 6,690,244 | 7,600,644 0.88 G-Q: Grouped
industries * 'service'
industries
Total 13,476,203 | 13,076,046 | 11,169,618 0.99 1.22 1.18 15,165,159 | 14,565,591 1.04 Total
Female
1: 113,889 91,355 78,678 0.93 1.55 1.25 93,080 124,162 0.75 A-
Agriculture,forestry,fishing B:Agriculture
hunting &
forestry,
fishing
2-3 : Manufacturing, 2,375,996 2,169,121 1,443,922 0.98 1.68 1.53 2,392,842 1,625,075 147 C-E:Mining
mining and quarrying, and quarrying,
energy and water # electricity, gas
and water,
manufacturing
industry
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4 : Construction 93,901 106,703 137,377 1.03 0.67 0.76 129,657 193,275 0.67 F:Construction
5-8 : Grouped 'service' 6,119,483 | 6,782,548 | 8,739,414 0.99 0.71 0.78 6,943,567 | 8,549,368 0.81 G-Q: Grouped
industries * 'service'
industries
Total 8,703,718 | 9,150,297 | 10,399,390 0.99 0.85 0.89 9,747,605 | 11,453,404 0.85 Total

# SIC68: 02. Mining and quarrying, 2.Gas, electricity and water, 3.Manufacturing industries.

SIC80: 2.Energy and water supply, 3.Manufacturing industries
* SIC68: 5.Distributive trades, 6. Transport/communication, banking, finance, 7.Public administration and defence, 8.Miscellaneous

services
SIC80: 5.Distribution, hotels/catering, repairs, 6. Transport/communication, banking, finance, 7.Public administration and

defence, 8.0ther service industries

** includes government schemes and family workers
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Table A2: Numbers and percent of men and women in employment by industry and occupation

Residents aged 16 and over - employees and self-employed, 1991 Census 10% sample

Male % is given for single SOC major group only if it represents >20% of any one industry class in broad industry group

SIC Main Industry Sectors:

Agriculture, hunting and
forestry; fishing

Mining and quarrying,

electricity, gas and water;

manufacturing industry

Construction

Service industries

A-B C-E F G-Q
Male Female | Male Male Female | Male Male Female | Male Male Female | Male
% % % %

Standard Occupational Classification Major
Groups:
1 Managers and administrators 17,628 | 2,962 86% 55,941 | 14,129 | 80% 14,711 | 2,396 163,799 | 99,599 | 62%
2 Professional occupations 163 44 24,721 | 2,099 4,618 164 94,340 | 76,298 | 55%
3 Associate professional and technical 77 65 22,497 | 7,154 4,558 398 75,062 | 93,838 | 44%
occupations
4 Clerical and secretarial occupations 125 1,195 20,182 | 42,506 | 32% 1,801 9,818 65,259 | 235,196 | 22%
5 Craft and related occupations 5,793 1,114 124,302 | 28,768 | 81% 96,292 | 745 99% 75,548 | 5,907 93%
6 Personal and protective service occupations 78 170 2,576 1,785 314 90 75,410 | 131,163 | 37%
7 Sales occupations 107 176 10,979 | 5,759 1,262 730 46,927 | 101,490 | 32%
8 Plant and machine operatives 708 515 95,967 | 41,146 | 70% 15,649 | 284 75,067 | 10,680 | 88%
9 Other occupations 11,052 | 3,243 T7% 17,681 | 7,172 71% 17,331 | 873 52,174 | 90,917 | 36%
Occupation not stated or inadequately described 205 220 1,635 574 944 82 3,801 2,684
TOTAL PERSONS 35,936 | 9,704 79% 376,481 | 151,092 | 71% 157,480 | 15,580 | 91% 727,387 | 847,772 | 46%
"White collar" Managerial, professional, 17,916 | 4,201 81% 100,844 | 58,734 63% 21,130 12,378 | 63% 323,398 | 411,093 | 44%
administrative, secretarial: SOC groups 1,2,4
Associate professional, technical, personal and 262 411 39% 36,052 | 14,698 | 71% 6,134 1,218 83% 197,399 | 326,491 | 38%
customer service occupations: SOC groups 3,6,7
"Blue collar" Skilled trades, shop floor and 17,553 | 4,872 78% 237,950 | 77,086 76% 129,272 | 1,902 99% 202,789 | 107,504 | 65%
transport operatives: SOC groups 5,8,9
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Health and Safety
Executive

The burden of occupational cancer

in Great Britain
Methodology

The aim of this project was to produce an updated estimate of the
current burden of occupational cancer specifically for Great Britain.
The primary measure of the burden of cancer used was the
attributable fraction (AF), ie the proportion of cases that would not
have occurred in the absence of exposure. Data on the risk of the
disease due to the exposures of interest, taking into account
confounding factors and overlapping exposures, were combined with
data on the proportion of the target population exposed over the
period in which relevant exposure occurred. Estimation was carried
out for carcinogenic agents or exposure circumstances that were
classified by the International Agency for Research on Cancer (IARC)
as Group 1 or 2A carcinogens with strong or suggestive human
evidence. Estimation was carried out for 2004 for mortality and 2003
for cancer incidence for cancer of the bladder, leukaemia, cancer of
the lung, mesoth elioma, non-melanoma skin cancer (NMSC), and
sinonasal cancer.

The proportion of cancer deaths in 2004 attributable to occupation
was estimated to be 8.0% in men and 1.5% in women with an overall
estimate of 4.9% for men plus women. Estimated numbers of deaths
attributable to occupation were 6,259 for men and 1,058 for women
giving a total of 7,317. The total number of cancer registrations in
2003 attributable to occupational causes was 13,338 for men plus
women. Asbestos contributed the largest numbers of deaths and
registrations (mesothelioma and lung cancer), followed by mineral oils
(mainly NMSC), solar radiation (NMSC), silica (lung cancer) and diesel
engine exhaust (lung and bladder cancer). Large numbers of workers
were potentially exposed to several carcinogenic agents over the risk
exposure periods, particularly in the construction industry, as farmers
or as other agricultural workers, and as workers in manufacture of
machinery and other equipment, manufacture of wood products, land
transport, metal working, painting, welding and textiles. There are
several sources of uncertainty in the estimates, including exclusion of
other potential carcinogenic agents, potentially inaccurate or
approximate data and methodological issues. On balance, the
estimates are likely to be a conservative estimate of the true risk.
Future work will address estimation for the remaining cancers that
have yet to be examined, together with development of methodology
for predicting future estimates of the occupational cancers due to
more recent exposures.
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