Health & Safety Laboratory
Harpur Hill
Buxton
SK17 9JN

Burden of Occupational Cancer
in Great Britain
Summary Report of
Cancer Epidemiology Workshop
Held on 27th and 28th June 2006
Shrigley Hall, Macclesfield
HSL/2007/32

Authors: Mr. Damien McElvenny; Dr. Johannah Wegerdt; Dr. Lesley Rushton
Health & Safety Executive; Health & Safety Laboratory; Imperial College
Prepared for Publication by: Dr. Gareth Evans
Health & Safety Laboratory

© Crown copyright (2007)

i

Contents Page
Acknowledgements
Abbreviations
Executive summary
1.0 Preface
2.0 Aims And Objectives Of The Workshop
3.0 Programme
4.0 Background & Aims of the Workshop
5.0 Overview Of Progress & Issues For Workshop 2
6.0 Methodological Approaches For Estimating The Attributable Fraction
7.0 Identifying Risk Estimates Data – Choosing The ‘Best’ Studies
8.0 Identifying Data On The Proportion Of The Population Exposed
9.0 Presentation Of Results
10.0 Summary Of Day 1
11.0 Approaches To Bias And Uncertainty
12.0 Particular Issues Of Concern Related To Methodology And Data
12.1 Causality
12.2 Molecular Epidemiology
12.3 Lung cancer / Mesothelioma
12.4 Latency and Induction and Exposure Response
13.0 Measures For Predicting And Monitoring Future Burden
14.0 Conclusions & Recommendations
15.0 Summary Of Workshop
15.1 Overview issues
15.2 Which Exposure Scenarios To Include?
15.3 How To Assess Exposures?
15.4 Which Epidemiological Risk Estimates Are Relevant?
15.5 How To Estimate The Numbers Exposed In The Different Exposure Scenarios?
15.6 How To Aggregate The Data From Different Exposure Scenario/Risk Combinations?
16.0 Appendices
16.1 Appendix 1: List of Participants
16.2 Appendix 2: Speaker presentations

ii

iii
iii
1
2
2
3
4
4
5
6
7
8
8
10
10
10
10
11
11
11
11
12
12
12
12
13
13
14
15
15
16-63

Acknowledgements
The authors of this workshop summary would like to express their thanks to Dr. Gareth Evans, Mr.
Daniel Greaves and Mrs. Jane Green for all aspects of the administration of the workshop.
They would like to thank Dr. Lesley Rushton, Mrs. Sally Hutchings and Dr. Terry Brown for setting
out so clearly the scientific and other issues that needed to be discussed.
They would also like to thank: Dr. Ben Armstrong, Dr. Julian Peto, Prof. Alan Boobis, and Dr. Lesley
Rushton for their presentations on some of the methodological and data issues faced by the study
team; Dr. Gareth Evans, Prof. David Kriebel, Dr. Kurf Straif. Dr. John Cherrie, Prof. David Coggon,
Dr. John Osman. Prof. Jack Siemiatycki, Prof. Len Levy and Prof. Tom Sorahan for so ably chairing
the sessions; and Prof. Kyle Steenland, Dr. Tony Fletcher, Dr. Mark Nieuwenhuijsen, and Prof. David
Kriebel for leading the discussions so well.
Finally, they would like to thank Prof. David Coggon for his very eloquent summarising of the
discussions.

Abbreviations
AF
CAREX
DALY
DRP
FIT3
HSC
HSE
HSL
IARC
NEDB
PSA
PMR
REACH
RR

Attributable fraction
(European) Carcinogen Exposure Database
Disability-adjusted life years
HSE Disease Reduction Programme
HSE ‘Fit for work, fit for life, fit for tomorrow’ programme
Health and Safety Commission
Health and Safety Executive
Health and Safety Laboratory
International Agency for Research on Cancer
National Exposure Database
Public sector agreement
Proportionate mortality ratios
Registration, Evaluation and Authorisation of Chemicals
Relative risk

iii

Executive Summary
A workshop was held (Shrigley Hall, Macclesfield, 27th & 28th June 2006) to review progress with the
HSE Occupational Cancer Epidemiology project. From October 2005, the second phase of this project
had started and involved a team of epidemiologists and statisticians (led by Dr Lesley Rushton from
Imperial College) who were evaluating the numbers cancers in GB attributable to occupational causes.
At this workshop national and international experts were asked to review the preliminary results and to
evaluate the methods and sources of data used to derive the number of attributable cancers.
During the first session progress with HSE’s Disease Reduction Programme and the work on
occupational cancer was presented to the participants. The recommendations from the first
Occupational Cancer Epidemiology workshop (held in November 2004) were also summarised. The
remaining sessions covered methods to estimate the attributable fraction; selection of studies to
identify appropriate risk estimates; and how to identify the proportion of workers exposed to
carcinogens. Following these sessions the study team presented their preliminary results for
respiratory cancer and nasal cancer. These results were discussed and recommendations were made to
change aspects of the methodology and the choice of studies containing attributable risk estimates.
The final sessions dealt with the issues of bias and uncertainty in data; causality in relation to the
effects of genotoxic and non-genotoxic carcinogens; the impact of latency on exposure to carcinogens
and the later development of cancer; on the use of mortality versus incidence data; and on the use of
molecular epidemiology to monitor the impact of intervention work. A paper on methodology to
monitor and predict the future burden of cancer was also presented.
The following conclusions and recommendations were made at the end of the workshop. It was
recognised by the expert participants that HSE has two distinct and potentially conflicting objectives
for this project. The first being to determine the total attributable fraction of occupational cancer in
GB, and the second to identify priority cancers (or carcinogens) for which intervention in the
workplace may be justified. Whichever objective, it was essential that the optimal methods to
determine the attributable fraction were used in a transparent way. The best strategy was based upon
consideration of cancer sites (and their associated carcinogens), rather than on specific carcinogens.
The methodology had to be robust and withstand criticism from stakeholders and academic experts.
Any estimate of an attributable number should be ‘fit-for-purpose’ and based on the most appropriate
evidence, not necessarily the totality of evidence. The recommendation for this exercise was to include
IARC category 1 and 2A carcinogens and any carcinogens outside of these lists that were by
Siemiatycki J et al (2004). The focus should be the agents that account for significant numbers of
attributable cases, recognising that some ‘carcinogenic agents’ are not chemicals but entities e.g.
sunlight, shift work, physical inactivity, biological agents (e.g., hepatitis B). If only known and
probable carcinogens are included (with some exceptions) the final estimate of the number of cancers
caused by occupation may represent a lower boundary estimate of the true burden.
The importance of assessing historical exposure to carcinogens was discussed and how this is carried
out will vary with the substance and occupation. Ideally non-overlapping exposure scenarios should be
chosen and where possible exposed populations should be split into high and low exposure categories.
Regarding the use of published studies containing relevant risk estimates, the panel advised that rather
than using a single ‘best study’ a range of relevant studies should be used. These studies would
provide a more ‘representative’ risk estimate and data to set confidence/credibility intervals around
this estimate. The assumed relationship between exposure and risk should be based on a linear model
unless there is evidence to the contrary e.g., with non-genotoxic carcinogens. For some exposure
scenarios the lack of published evidence will require input from expert hygienists. Their advice will be
necessary to ensure that historical changes to the numbers of exposed workers, and to changes in
patterns of exposure, are accounted for appropriately.
The views expressed in this document are an attempt to summarise the discussions held at the
workshop. The views expressed are not necessarily the consensus view of all who were present at
the workshop, nor are they necessarily the views of the Health and Safety Executive.
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1.0 Preface
The reader should note that the summary presented in this report do not necessarily represent a
consensus view of all workshop participants. The authors of this report have therefore had to arbitrate
on some issues in order to produce a summary of the meeting. Note also that the summary does not
fully define the future work that may be required to complete this project. It will be used to inform
discussions between the Health and Safety Executive and the study team (led by Dr. Rushton)
regarding completion of this work

2.0 Aims And Objectives Of The Workshop
HSE’s current best estimate of the proportion of cancer deaths in Great Britain due to occupational
causes is 4% (uncertainty range 2% to 8%). This equates to approximately 6,000 deaths per annum
(3,000 to 12,000) or 12,000 cancer registrations (6,000 to 24,000). It is acknowledged that this
estimate is now out-of-date and is insufficient as a sole means of prioritising workplace interventions
in relation to carcinogens. The main overall aims of this project are:
1. to produce an updated current burden of occupational cancer in Great Britain
2. to produce a future estimate of occupational cancer burden in Great Britain based on recent
and current exposures, together with the method for updating this in future
3. to the extent that the data will allow, to break any headline estimates down into exposurecancer combinations
These will feed into HSE’s ongoing Disease Reduction Programme, specifically the cancer disease
component that is examining priorities for intervention on occupational carcinogens. The DRP is part
of HSE's FIT3 strategic programme that aims to deliver a reduction in the incidence of work-related
ill-health by the end of 2007/8. At a workshop held in Manchester in November 2004 (see
http://www.hse.gov.uk/research/hsl_pdf/2005/hsl0554.pdf), the methodological approaches and data
that might be used to update this estimated burden were discussed and a number of priority areas
(exposure-cancer combinations) were proposed. The research team, led by Dr. Lesley Rushton
(Imperial College London), has taken the advice and recommendations from the first workshop, and
has reviewed the available scientific literature to derive optimum methodology to update the number
of cancers attributable to occupational exposures. The aim of the second epidemiology workshop was
as follows:
1. to present and invite discussion on the methodology adopted by the research team
2. to discuss detailed results presented by the team on their updated estimates of the attributable
burden for some of the major cancers
3. to recommend, if appropriate, changes to the methodology and acquisition of data
4. to comment on the suitability of this strategy to provide HSE with robust estimates of the
burden of cancer in Great Britain and to discuss future priorities for the project, including
timescales and resources (which may be limited)
The following sections of this document broadly follow the workshop programme and give an
overview of some of the issues that were discussed. These were:
•
•
•
•

the methodological approaches for estimating the attributable fraction (AF)
the choice of studies from which to extract information about cancer risks
identifying suitable data to estimate the proportion of the population exposed
the methods to estimating bias and uncertainty

At the workshop more detailed presentations on these topics were made and were illustrated with
worked examples.
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3.0 Programme
Tuesday 27 June 2006
1.1 Welcome and introductions – background and aims [Chair: Gareth Evans]
Speakers: Damien McElvenny, Dave Dillon
1.2 Project overview and issues for particular focus in Workshop 2 [Chair: Gareth Evans]
Speaker: Lesley Rushton
1.3 Methodological approaches for estimating the attributable fraction [Chair: David Kriebel]
Speaker: Sally Hutchings
Lead discussant: Kyle Steenland
1.4 Identifying risk estimates data – choosing the ‘best’ studies [Chair: Kurt Straif]
Speakers: Lesley Rushton
Lead discussant: Tony Fletcher
1.5 Identifying data for the proportion of the population exposed [Chair: John Cherrie]
Speaker: Terry Brown
Lead discussant: Mark Nieuwenhuijsen
1.6 Presentation of results [Chair: David Coggon]
Speaker: Andy Darnton (Mesothelioma)
Speaker: Sally Hutchings (Lung cancer)

Wednesday 28 June 2006
2.1 Summary of day 1 [Chair: John Osman]
Speaker: David Coggon
2.2 Approaches to bias and uncertainty [Chair: Jack Siemiatycki]
Speaker: Sally Hutchings.
Lead discussant: David Kriebel
2.3 Particular methodological and data issues of concern [Chair: Len Levy]
Speaker: Alan Boobis Causality
Speaker: Lesley Rushton Exposure-response/latency
Speaker: Julian Peto Mortality versus incidence
Speaker: Paolo Vineis Molecular epidemiology
2.4 Measures for predicting and monitoring future burden [Chair: Tom Sorahan]
Speaker: Ben Armstrong
2.5 Conclusions and recommendations from the workshop [Chair: David Coggon]
Lead discussant: Lesley Rushton
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4.0 Background & Aims of the Workshop
Chair: Gareth Evans
Speakers: Damien McElvenny & Dave Dillon
Damien McElvenny (HSE Statistics Branch): Damien summarised the background to the project,
highlighting the fact that the HSE’s current preferred estimate for the total burden of occupational
cancers in GB is based on an interpretation of the figures contained in the study by Doll and Peto
(1981) for the US government, (based on 1978 US mortality data). This is an outdated estimate and at
the first workshop it had been agreed that a reworking of this estimate for GB was justified and timely.
Damien also reviewed the cancer-exposure combinations arising from the first workshop that might be
priorities for the study team.
The aim of the ongoing project is to develop and apply appropriate statistical and epidemiological
methods to estimate the current burden of occupational cancer in GB based on previous exposures, and
in addition to this to determine methods to estimate the future burden of occupational cancer based
upon current and recent exposures. In addition, to the extent that the data will allow, to identify
possible cancer-exposure combinations that might be priorities for possible workplace interventions.
Dave Dillon: (Manager of HSE’s Disease Reduction Programme (DRP) Cancer Project): Dave
explained how the epidemiology project fits with the other current strands of the DRP Carcinogens
programme. These other strands of the programme of work include profiling the manufacture,
distribution and use in the workplace of particular carcinogens (the Hygiene Profiling strand) and a
review of interventions to reduce workplace exposure to carcinogens. The Epidemiology and Hygiene
profiling projects were to be completed by the end of 2006. The results of this work combined with
HSE’s other intelligence are to be presented to various stakeholder groups prior to and at a
Stakeholder workshop, which will be held in late spring 2007.
Discussion and questions following the session: In response to a question about the possible impact
of REACH on HSE’s interventions on chemical carcinogens, it was suggested that it is too early to say
what the interventions on carcinogens might be, so the possible influence of the European Union
REACH proposal cannot be determined. The means by which the different strands of intelligence for
the DRP Carcinogens work will be brought together has yet to be decided, but will be done early in
2007.

5.0 Overview Of Progress & Issues For Workshop 2
Chair: Gareth Evans
Speaker: Lesley Rushton
Lesley Rushton (Project leader): Lesley reiterated the overall aims of the project, and summarised
the conclusions and recommendations from the 1st workshop regarding the priority cancer and
carcinogen pairings, and the proposed methodology for determining the attributable burden of
occupational cancer in GB.
She gave a summary of the progress since last workshop, and introduced the controversy surrounding
criticism of HSE’s management of the occupational cancer burden in GB which had been published in
the Hazards Magazine Article: “Burying the Evidence” (November 2005). It was stressed that the
results of this project will be subjected to public scrutiny. Therefore, the work needs to stand up to
examination by regulators, employers, trade unionists and others, in addition to academic experts.

4

She reviewed the progress to date including the data gaps that need to be filled, and stressed the need
for a transparent systematic approach to extracting information, and applying the methods to calculate
the attributable fractions.
The objectives for the current workshop were:
• To obtain comments on the robustness of the methodology that the team had prepared
• To recommend changes to the methodology and general strategy
• To discuss priorities for the future and remaining work
• To consider how to address the needs of the stakeholders in carrying out this work
Discussion and questions following the session: In response to a question about the current
objectives for the project, it was suggested that there are two objectives for the project and that HSE
needs to be better define which of these outcomes it regards as most important, these two objectives
being:
•
To focus on a prioritised set of cancer / carcinogen pairings to help inform the
development of practical and effective interventions (i.e., consistent with the aims of
HSE’s DRP);
To update the estimate of the total burden of occupational cancers for GB to help HSE
determine the resources allocated for occupational cancer compared to other health and
safety outcomes.
The latter is a complicated and political issue that will not help to identify priorities for intervention
work, but may help to inform economic impact assessments of occupational cancers as well as inform
priorities for future research. It was stressed that in the process of achieving the practical outcomes, we
should not lose sight of unknown or uncharacterised factors that contribute to the total burden of
occupational cancers and these are important needs for the future. In response to a question about
whether the current project would be attempting to predict future burden of occupational cancer based
upon current (and future) exposures, it was explained that this was not part of the current work by the
project team. However, it will be considered and Ben Armstrong will cover aspects of this question in
his presentation to the workshop.

6.0 Methodological Approaches For Estimating The Attributable Fraction
Chair: David Kriebel
Speaker: Sally Hutchings
Lead discussant: Kyle Steenland
Sally Hutchings: Sally discussed how the different methods to determine the attributable fractions
(AF) had been determined using nasal cancer as a case study to illustrate the approach that the team
was using. The process by which the AF was to be determined had been defined in terms of specific
options and steps (see presentation for more detail).
Discussion and questions following the session: Issues raised were mainly about the use and
interpretation of exposure data. One participant commented that it is not appropriate to select a single
‘source’ study, and whilst studies may differ in their quality they also represent a range of estimates
that need to be considered. A single study may not represent adequately all exposure scenarios and
therefore significant bias may be introduced. It was also suggested that exposure levels need to be
considered carefully as the CAREX data gives estimates of the total population exposed in broad
industrial categories and not at different levels of exposure. Others considered it difficult to
disentangle ‘exposure’ from other potential confounding factors. An issue was raised about whether
there was equivalence between the categorisation of exposure in the published studies versus the
actual profile of exposure for different working populations. It was suggested that the data should be
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broken down into categories of exposure (high versus low) for the different relevant job categories.
Then these different estimates should be used to build up the overall AF for the particular cancercarcinogen pairing. It was suggested that under some circumstances, it may be necessary to employ
the variance of the estimate for the AF. The study team were asked about how they had pooled
estimates of the AF taking into account heterogeneity between the different studies that they had used.
For some cancers, the use of population versus industry based studies was suggested. Exposure data in
the CAREX database needs to be broken down into ‘high’ and ‘low’ exposure groupings. Which
studies and data to use to estimate the overall AF for each cancer is a difficult question and the reasons
for these choices need to be defined. Overall it was concluded that the process that had been adopted
was appropriate. Some attendees argued against the use of job titles to categorise exposures.

7.0 Identifying Risk Estimates Data – Choosing The ‘Best’ Studies
Chair: Kurt Straif
Speakers: Lesley Rushton
Lead discussant: Tony Fletcher
Lesley Rushton: Lesley posed the question “How do we decide whether a specific workplace
carcinogen is suitable for inclusion in the estimate of the AF?” She suggested that the following is
needed:
•
•
•
•
•

Clear guidelines for inclusion/ exclusion
Risk assessments
Decide which occupations need to be included
Agree the ideal attributes of a ‘best study’
The estimates need to be representative and portable and of good quality.

In her presentation she discussed causation, exposures and appropriate design. Lesley stressed that the
exposure should be appropriate for GB. In terms of design, care needs to be taken when using pooled
studies or meta-analyses, since in meta-analysis studies heterogeneity in data is commonly reported. In
addition, the estimates of risk included in these studies may not be appropriate for GB (and hence nonportable).
Lesley put forward the following questions for the group to discuss:
•
The chosen strategy for causality uses the IARC classifications with the magnitude of the
estimated exposure risk coming from studies based in a specific industry; is this an acceptable
choice?
•
On what basis should ‘population’ versus ‘industry’ based studies be chosen to determine the
choice of ‘best’ risk estimate?
•
What quality criteria should be applied to the published studies? Are there other important
criteria that have been missed? Are there formal guidelines that should be adopted?
•
How ‘portable’ do we need the data to be and what factors limit the portability of data e.g.
comparability between countries and relevant time periods?
•
How important is it to account for concomitant and multiple exposures when selecting
studies?
Tony Fletcher: Tony made the following points:
•
It was suggested that the project should be of good quality, so that it can be a reference point
with longevity and able to cope with complexity, as it is aiming to replace the Doll and Peto
study.
•
He recommended to the project team to make use of several studies and not a single ‘best’
study.
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•

The scope of evidence should include human evidence and animal data, but there ought to be a
discussion about the uncertainties introduced when using a wider source of data on exposure
and biological effect (genotoxicity/carcinogenicity).
• One of the main underlying issues is whether the project should mainly use population or
industry-based studies.
• Choosing the best studies involves some of the following issues
o
Exposures should be comparable to GB
o
There needs to be evidence of ability to intervene.
o
Addressing problems associated with meta analysis as some of the published studies are
of poor quality
o
Use of ‘weighted’ estimates may be more reliable taking into account the heterogeneity in
the published estimates, which may include studies of good and poor quality.

Discussion and questions following the session: Defining clear exposure groups was not always
easy, e.g., amongst agricultural workers. Furthermore, what exposures are most relevant to a particular
cancer amongst agricultural workers may not be easy to define because of multiple exposures.
Thinking about these issues would help to identify those sectors of work where intervention is possible
and sectors where intervention may be difficult. Some delegates considered that the IARC
classifications were inappropriate to summarise the relevant exposures as they simplified the evidence
(e.g., to define the hazard grouping for talc, a specific study of talc workers in the New York state
industry had been selected, but these workers had been exposed to a form of talc which was known to
be more carcinogenic that talc mined at other sites). Others felt it was good to use the IARC groupings
and definitions but to be aware that the study team may have to go beyond IARC and explain gaps in
the knowledge. The team were warned not to combine exposures from IARC group 1 with group 2A.
On a practical level, it was advised that HSE had a list of list priority chemicals based on toxicological
and hygiene profiling data, that could receive the greatest attention (and resource) when looking at the
literature. There followed some discussion from which it was concluded that focusing on the definite,
or probable carcinogens, would not produce a definitive figure for the cancer burden but an estimate of
the burden.

8.0 Identifying Data On The Proportion Of The Population Exposed
Chair: John Cherrie:
Speaker: Terry Brown
Lead discussant: Mark Nieuwenhuijsen
Terry Brown: Terry gave an overview of the potential sources of employment data and sources of
exposure data.
Mark Nieuwenhuijsen: Mark summarised with the following comments:
•
•
•

There is a lack of information on the risk of exposure that restricts the detail in which risk
estimates can be made.
There is more data on the number of people exposed, as opposed to their level of exposure.
Therefore, it might be worthwhile to set up a group to look at how to categorise exposures.
What is a significant level of exposure? For example it is possible to exclude part of the
population, if their exposure is too low?

Discussion and questions following the session
•
There was some discussion about whether to use the estimates from CAREX (which are
categorised according to occupation) or to use industry classifications.
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•
•
•
•
•
•
•

The team were advised to try and avoid using data from the NEDB for reasons that included the
fact that the data was not necessarily collected on a systematic basis.
It was made clear that the current study was not predicting the future burden of cancer, but the
current burden based upon past exposures.
Case-control studies from other countries might enable a reasonable estimate of exposure in GB
(e.g. studies from Australia)
Do not start with a risk estimate to derive the proportion exposed. Do it the other way around
using exposure scenarios in the population and then assess the impact on health.
It was agreed that use of estimates from other countries was appropriate and certainly preferable
to having no data at all.
For practical interventions, it was suggested that ‘exposure’ rather than ‘occupation’ categories,
should be used because in the outcome of an intervention it was not reasonable to ban an
occupation.
The team were advised to use a range of values for AF to obtain the best estimate and not to
worry about the way in which exposure levels were estimated; it is more important to get an
overall estimate for a given risk.

9.0 Presentation Of Results
Chair: David Coggon
Lung cancer: Speaker: Sally Hutchings
Mesothelioma: Speaker: Andy Darnton
Discussion and questions following the session: Technical, sometimes detailed, discussions covered
the following topics:
•
•
•
•

Calculations should include lifetime turnover rates.
Current exposures versus past exposures need to be taken into account
Which sources of exposure are important? For example exposure to asbestos at home versus at
work, which is higher?
Need to include the male/female ratio for the exposed population

There were long discussions about the use of the CAREX data and its adequacy. As the current
estimates derived by the study team are largely based on CAREX data to determine the size of the
exposed population, it was agreed that other sources of data should be used and the AF calculations
rerun.
•

It was suggested that the team should use the term ‘credibility’ confidence intervals.

10.0 Summary Of Day 1
Chair: John Osman
Speaker: David Coggon
David Coggon: David gave the following summary of the strategy that was agreed following the first
days discussions;
1. To derive the estimate of the total burden of occupational cancer for GB on a ‘cancer by
cancer’ basis
2. To identify the relevant exposures for each cancer and if needed divide them into two tiers of
exposure (high versus low)
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3. That the calculation of each AF will vary by combination of cancer and exposure
4. To select first those cancers and carcinogen pairings for which evidence of a high relative risk
is well established
5. For other scenarios:
• Start with major exposure scenarios in the national population (type and intensity)
• Estimate the numbers with past exposure for each scenario (and the range of uncertainty)
but ignore very rare scenarios
• Identify relevant epidemiological scenarios for each scenario and select best risk estimates
with a range of uncertainty
6. Ignore overlap of exposures where one agent carries a much higher risk than the other agent.
Otherwise classify as a separate exposure scenario
Discussion and questions following the session: Lesley pointed out that there was not the time or
money to do a full and extensive examination of all exposure-cancer combinations, however, if the
expert panel identify different carcinogens or occupations as important, the research team will seek to
address them.
One delegate suggested having a core of estimates based on a limited set of IARC 1 and 2A
carcinogens labelling these as the “priorities for intervention”. It would not be right to label this as the
‘total’ occupational cancer burden in GB, but it could be used to estimate of the burden for those
carcinogens selected by HSE for its interventions strategy. It was stressed that ‘unknown exposures’
should be recognised, to show the limits of current scientific knowledge. A ‘best’ estimate is useful
but not enough. A good approach would be to identify certain carcinogens as a ‘problem’, but with the
caveat that this label comes with a measure of uncertainty.
There was a brief discussion about using data which demonstrated an excess risk for particular
occupations which could help to set priorities for intervention work. One delegate viewed the main
problem as HSE having set two ‘apparent’ aims for this work, the first aim being to calculate an
overall burden of occupational cancer in GB and the second aim being to identify areas to prioritise
research for future intervention work. These two aims are not necessarily compatible and the same
methodology cannot be applied. It was suggested that HSE should state where its priorities lie.
HSE has many priorities and some may conflict with each other. The public sector agreement (PSA)
targets are important, and there is also a need to identify priorities for intervention. This project should
point HSE in a certain direction, as there are some carcinogens that have not been identified due to
lack of epidemiological data. However, epidemiological studies will not tell us everything, and this is
not the only strand to HSE’s carcinogen work. It is reasonable to derive ‘sensible’ estimates of today’s
burden in GB of occupational cancer based upon past exposures to known carcinogens. This needs to
be done, but it needs to be clear that it is for only known carcinogens. Beyond that, HSE will probably
want to know about the factors underlying other burdens. This is likely to be a task for another project.
It was suggested that for some exposure scenarios a ‘high’ versus ‘low’ categorisation was too simple
and that a more sophisticated categorisation was required (for example this might be applicable to
exposure to nickel). This may require five or six main exposure categories, with known high level
exposure for a small number of workers and at the other end, low level exposure for large numbers of
workers. Then a risk estimate will need to be made for each exposure grouping and the overall risk
estimate based upon an aggregate value. A range of estimates of uncertainty for each scenario will
have to be derived. At this stage, it will be necessary to ignore the very rare exposure scenarios, and to
remove them from the calculations (for example those which account for a few cancers). The relevant
literature for each scenario should be identified and the best estimate selected. This represents a
qualitative strategy rather than a formal meta-analysis.
There was discussion about whether exposure levels should be classified as low, medium or high.
Some delegates said this was too much detail and that there will be major uncertainty surrounding
such categorisation. It was suggested that it would be better to use risk estimates, and that the team
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should pick out small groups that have been exposed to high levels and then large groups that have
been exposed to low levels. This may lose some of the transparency in the process but may be
necessary to practically derive estimates in a cost effective way. The following approach was
suggested:
•
•
•

To start the calculations based upon major exposure scenarios in the national population (type
and intensity).
To estimate numbers for past exposure and for each scenario (with a range of uncertainty) but
ignoring very rare scenarios.
To identify relevant epidemiological scenarios for each cancer and to select best risk estimates
with a range of uncertainty.

11.0 Approaches To Bias And Uncertainty
Chair: Jack Siemiatycki.
Speaker: Sally Hutchings.
Lead discussant: David Kriebel
Discussion and questions following the session: Researchers should be careful about how they
express ‘boundaries of credibility’ for data, and they need to admit that there are uncertainties
surrounding these boundaries. It is better to use all estimates rather than use one estimate to define the
boundary of uncertainty. Monte Carlo simulation should to be used to derive estimates and not ‘point’
estimates. It was suggested that a better term would be “credibility of the confidence interval”, or
“uncertainty interval” or “credibility level”.

12.0 Particular Issues Of Concern Related To Methodology And Data
Chair of session: Len Levy

12.1 Causality:
Speaker: Alan Boobis
Discussion and questions following the session: It is important to understand temporal events so that
researchers can assume causality. The key to this whole project is to find those key events that result
in a particular cancer. If we have a key event with a dose-response relationship, then we can assess
causality. HSE clarified that risk assessment documents are available from the HSE Toxicology unit
and the study team should use these as much as possible to derive validated estimates for their
calculations. Information is less readily available for IARC 2B agents; however looking at these would
be too much work for this current project.

12.2 Molecular epidemiology:
Speaker: Paolo Vineis
Discussion and questions following the session: The Doll and Peto method did not take into account
the issue of ethnicity, yet Britain has changed in its population mix. This has not been taken into
account by the study team. Some occupations have clusters of different ethnicities. Ethnicity does not
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mean mainly, or only, genetic differences, but also behavioural differences that affect exposure and
risk.

12.3 Lung cancer / mesothelioma:
Speaker: Julian Peto
Discussion and questions following the session: Delegates discussed the dose-response relationship
and also the mesothelioma / lung cancer ratio (1:1). Questions were raised about how best to factor in
the linear dose-response relationship and how to estimate lung cancers attributable to asbestos in
relation to the risk of mesothelioma.

12.4 Latency And Induction And Exposure Response:
Speaker: Lesley Rushton:
Discussion and questions following the session: The following questions were raised: Have
researchers sufficiently considered issues of latency and induction? Have researchers obtained the
right data? What should the researchers be using as a way of obtaining data on latency? Should
researchers be using risk estimates from ‘lagged’ analyses? Are ‘duration’ or ‘cut-off’ points of
exposure to be considered? One delegate felt an unresolved issue was which methods were going to
be used: a single ‘best study’, ‘meta-analysis’, or use of all relevant studies? If risk or exposure
estimates are not available, do the researchers use the ‘never / ever’ approach or the arbitrary
approach? It was advisable to keep things simple. The latency period and the target populations are
more important factors not the ‘lag’ period, and the influence of population turnover should be
considered for inclusion in the calculation. Expert hygienist opinion should be sought to derive better
estimates of exposure (and turnover). Exposure scenarios should be developed and it may be necessary
to ignore situations where there are low numbers exposed with low risk factors.

13.0 Measures For Predicting And Monitoring Future Burden
Chair: Tom Sorahan.
Speaker: Ben Armstrong
Discussion and questions following the session: The monitoring of cases is of little use, as they will
not tell you if there is a remaining risk because the information on the exposure will be retrospective.
It is necessary to ignore ‘effect modifiers’, and because the influences of diet and lifestyle will change
Levin’s formula should be used. It is necessary to assume that the models are multiplicative.

14.0 Conclusions & Recommendations
Chair: David Coggon.
Lead discussant: Lesley Rushton
Discussion and questions following the session: There was criticism of the exposure map, that it was
over-simplified. There were discussions regarding the use of CAREX and whether to go through the
calculations based upon carcinogens or to go through by occupations. A question was asked as to
whether the model could deal with duplication of an agent or occupation?
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15.0 Summary Of Workshop
15.1 Overview Issues
•
•
•
•
•
•

There remain two distinct potentially conflicting objectives for this project: to determine the
global attributable fraction or to identify possible priority cancers / carcinogens for workplace
interventions.
Whichever way these objectives are obtained, the use of ‘transparent’ methodology is
preferable.
The optimal methodology for determining the attributable fraction should be based upon
consideration of cancer sites (and their associated carcinogens), rather than on carcinogens.
The optimal method for determining the attributable fraction for each cancer will vary
depending on the nature of the evidence available. Expert judgement will need to be exercised
in the absence of suitable data.
The methodology needs to be robust and withstand criticisms from stakeholders as well as
academic experts.
Any estimate of an attributable number needs to be ‘fit-for-purpose’, i.e. based on the most
appropriate evidence and not necessarily the totality of the evidence.

15.2 Which Exposure Scenarios To Include?
•

•

•
•
•
•

Candidate carcinogens are those identified as priorities at the first HSE Cancer Epidemiology
workshop i.e. IARC category 1 and 2A carcinogens including any carcinogens identified by
Siemiatycki J et al (Siemiatycki J, et al: (2004) Listing Occupational Carcinogens:
Environmental Health Perspectives 112: 1447-1459) which lists occupational carcinogens.
Consideration will need to be given to the priority list prepared for the HSE Carcinogen
Hygiene Profiling exercise, the EU category 1 and 2 lists, and potentially some IARC category
2B carcinogens. The overall use by GB industry of each carcinogen should be broken down
into ‘exposure scenario’ subcategories. The focus should be on those agents that may account
for significant numbers of attributable cases. The cancer burden arising from widespread but
low exposures may be more important than the burden resulting from high exposure to a small
group (e.g. construction workers exposed to asbestos).
There may be some ‘carcinogens’ which are not chemical agents but entities e.g. sunlight,
shiftwork, physical inactivity, Hepatatis B virus (World Health Organization International
Agency For Research On Cancer: IARC Monograph 59 ‘Evaluation of Carcinogenic Risks to
Humans: Hepatitis Viruses: 1997) that we also want to consider. For these entities published
reviews may be helpful (e.g. Swerdlow A (2003) Shift work and breast cancer: a critical
review of the epidemiological evidence’: Health & Safety Executive Research Report 132 http://www.hse.gov.uk/press/2003/e03132.htm) at least to identify gaps in current knowledge
that need to be addressed.
The criteria for ‘exposure scenarios’ that need to be examined in detail need to be made
explicit.
Scenarios can be excluded if they are not relevant to Great Britain, or if it becomes clear that
the attributable number of cancers nationally is less than two cases annually.
It was acknowledged that if only known and probable carcinogens are included (with one or
two exceptions) the attributable burden number may represent a lower boundary estimate of
the true burden.
Having identified relevant exposure scenarios amongst the GB target population, the source
epidemiological studies that provide risk estimates relevant to each scenario should be
identified.

15.3 How To Assess Exposures?
•
•

This will depend on the individual substance or occupation.
Non-overlapping exposure scenarios (for the same cancer sites) should be chosen if possible.
For overlaps where one carcinogen dominates, e.g. foundry workers, the contribution of the
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•

lesser carcinogens should be ignored. Otherwise these agents should be classified as separate
exposure scenarios.
Ever-never exposures might be sufficient, but where possible exposures should be split into
high and low exposed categories. The numbers of people at different levels of exposure should
be identified.

15.4 Which Epidemiological Risk Estimates Are Relevant?
•

•

•
•
•

•

•

For each of the important exposure scenarios for a particular cancer, the relevant
epidemiological literature should be identified. Some of the experts present at the workshop
volunteered to provide advice to the study team about how they should determine which are
the important exposure scenarios.
Rather than identifying a ‘best study’ a range of relevant studies should be assessed to
determine a more ‘representative’ risk estimate, with a confidence/credibility interval around
this estimate. However, the use of these estimates depends on the general value (i.e.,
portability) of the data. Ideally the estimated burden should be derived from studies of an
industry in which a comparable ‘exposure scenario’ exists (e.g., in terms of period of
exposure, the technical processes and hygiene controls). The use of such exposure scenarios
will reduce ‘non-differential’ errors, which tend to underestimate the true risk. Reasons for
heterogeneity in the data derived from these studies needs to be understood. If this
heterogeneity were not a result of different levels of exposure, many other potential reasons
for the heterogeneity (length of follow-up, quality of exposure assessment etc.) will tend to
underestimate the true risk.
The concept of a ‘relevant exposure period’ is appropriate, and depends on the assumed
latency period. It was suggested that this could range from 5 to 50 years depending on the type
of cancer type and the carcinogen of concern.
When a relative risk cannot be identified that is portable and from the relevant time period,
expert judgement of hygienists and epidemiologists should be used to adjust the representative
risk estimate to take account of differences in the mean level of exposure.
Studies should not be discarded when no adjusted estimates have been provided because this
adjustment does not make much difference to the calculated risk estimate. Confounding
factors are unlikely to be a significant problem at the level of uncertainty associated with the
data used in this project.
Temporal trends e.g., reduction of exposure over several years, suggest that it may be
inappropriate to use a single study relative risk (RR) measurement for the whole period. It
may be necessary to split the estimate using studies carried out at different periods for which
relative risk estimates related to these time periods have been derived.
For some low exposure groups it may be necessary to extrapolate risks from high exposure
groups. It was agreed that linear extrapolation should be used as the default option but this
might not be appropriate for non-genotoxic carcinogens. For such compounds, there may be
evidence for a threshold exposure based upon consideration of the mode of action of these
agents. A linear model should be used, unless there is evidence to the contrary for nongenotoxic carcinogens.

15.5 How To Estimate The Numbers Exposed In The Different Exposure Scenarios?
•

The number of individuals in the age range at which most cases of the cancers occur and who
were exposed at a time during their working life where the exposure scenario under
consideration was relevant should be determined. For some exposures, useful information may
be available from cross-sectional surveys of representative populations or from control data in
case-control studies. Alternatively, hygiene expertise or census data should be used; or the
numbers exposed in the mid 1990s should be estimated (using appropriate multipliers for
turnover and, taking into account changes in total workforce over the years) to determine the
total number contributing to the current burden (i.e. for the relevant exposure period).
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15.6 How To Aggregate The Data From Different Exposure Scenario/Risk
Combinations?
•
•

•

•
•
•

•

This assumes that the risks are independent (and therefore additive).
The numbers exposed for the ‘key scenarios’ for a given substance should be estimated (e.g.,
from the CAREX database) along with those not at risk to the substance. This exercise will
require expert hygiene input and the overall strategy will depend on whether the agent is
regarded as genotoxic.
When risk data is missing for groups exposed to low levels of a carcinogen, this can be
derived by extrapolation from the risk (per unit dose) at higher exposure levels but requires an
assumption of a linear dose-response relationship (unless there is evidence to the contrary e.g.
chromium VI).
In order to track a change in the burden over time, expert hygiene advice will be required to
assess changes to the numbers exposed as well as the levels of exposure over time.
The use of proportionate mortality ratios (PMRs) applied to the occupational mortality data in
GB for the relevant window of exposure may provide a useful check, on the veracity of these
estimates.
Monte Carlo simulation is a suitable method to derive estimates of the variation associated
with each component of the model but the use of this method will depend upon the availability
of the study teams resources. The work already carried by the study team using Monte Carlo
simulation should be published.
The use of Disability Adjusted Life Years (DALYs) could be dealt with later, but not as part
of the current project.
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