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EXECUTIVE SUMMARY 
 


Background 


Schedule B of the BC Workers Compensation Act provides a presumption of work causation in favour of a 


worker who has developed primary cancer of the skin associated with four specific exposures: “where there is 


prolonged contact with coal tar products, arsenic or cutting oils or prolonged exposure to solar ultraviolet 


light.” 


 


Objectives 


The purpose of this report is to describe four separate systematic reviews conducted to determine the 


relationship between the four exposures listed in Schedule B of the BC Workers Compensation Act (solar UV, 


arsenic, coal tar, and cutting oils) and the risk of skin cancer (cutaneous malignant melanoma, basal cell cancer 


and squamous cell cancer of the skin). 


 
Data sources 


Medical Subject Headings and text words related to skin cancer and the four exposures were used to search 


MEDLINE (OVID interface), EMBASE (OVID interface), and Toxline.(1) A separate search was conducted 


for each of the four exposures. The electronic database search was supplemented by searching the reference 


lists of included studies. 


 


Eligibility criteria 


Primary studies (e.g. not reviews or letters) assessing the risk of skin cancer (incident or prevalent skin cancer) 


from exposure to coal tar, arsenic, cutting oils or solar UV were included. Inclusion criteria included: English 


language text, peer review journals, human studies (exclusion of animal or cell or molecular biology studies) 


and epidemiological studies (e.g. exclusion of, case reports and ecological studies without individual 


determined exposure) and route of exposure being inhalation or skin contact (not ingestion, e.g. arsenic in 


drinking water). 


 


Results 


Of the four exposures listed in schedule B of the BC Workers Compensation Act as being etiological agents 


for primary skin cancer, only for solar UV exposure is there some evidence to suggest a causal relationship, 


based on results of 32 studies satisfying our inclusion criteria. However, the study findings were not 


consistent. For example, the definition of occupational solar UV exposure that was used generally affected the 
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direction of the risk estimates. Positive findings for CMM, NMSC and BCC tended to occur when crude 


definitions of “outdoor versus indoor work” were used. 


 


Results showing no effect or an inverse relationship between occupational solar UV and these skin cancer 


outcomes generally had better defined exposure ascertainment. For SCC, there were elevated risk estimates 


found for more precise definitions of occupational solar UV such as duration of summer work and cumulative 


UVB exposure on the face. The strongest evidence of risk was for the relationship of higher levels of 


occupational (chronic) exposure to solar UV with SCC. 


 


For cutting oils there was the suggestion of a higher risk of incidence and mortality from malignant melanoma 


associated with the highest exposure level to mineral-based metalworking fluids, but this was based on only 


two eligible studies. No relationship was found for the more recent synthetic or semi- synthetic fluids.  


On the other hand, there was very little evidence to support an etiological relationship between prolonged 


contact with coal tar or arsenic through inhalation or skin contact pathways. The three studies included in the 


review regarding the risk of skin cancer with contact to coal tar were concerned with its therapeutic use for 


psoriasis and other conditions and the results were negative after adjustment for potential confounders, 


including age, sex and indicators of skin sensitivity to solar UV exposure. Likewise, occupational exposure to 


arsenic, based on case control analyses of two cohort studies was found not to be associated with an elevated 


risk of either SCC or melanoma after adjustment for potential confounders. The exception was a cohort study 


of environmental exposure for Slovakian residents living nearby a coal burning power plant, where the risk of 


non-melanoma skin cancer was elevated for both male and female residents.  


 


Limitations 


Except for solar UV, there were few studies identified in each systematic review which fulfilled the pre-


determined eligibility criteria. This made it difficult to evaluate exposure-response relationships. Also, the 


eligible studies often had limitations in study design which may have introduced confounding and biases. In 


particular, exposure ascertainment was problematic even for the many studies of occupational exposure to 


solar UV, where definitions of the frequency and extent of exposure varied. This affected the ability to conduct 


formal meta-analysis of the data to calculate pooled risk estimates.  


 


Conclusions 


1. There is insufficient evidence that prolonged occupational exposure to coal tar is associated with 


melanoma or non melanoma skin cancer. 
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2. There is insufficient evidence that prolonged occupational exposure to arsenic is associated with 


melanoma or non melanoma skin cancer. 


3. There is insufficient evidence that prolonged occupational exposure to cutting oils is associated with 


non melanoma skin cancer. 


4. There is limited evidence that prolonged occupational exposure to cutting oils is associated with 


cutaneous melanoma. 


5. There is sufficient evidence that prolonged occupational solar UV exposure is associated with 


squamous cell carcinoma of the skin. 


6. There is limited evidence that prolonged occupational solar UV exposure is associated with basal cell 


carcinoma and cutaneous melanoma. 
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ABBREVIATIONS 


ACT  Schedule B of the BC Workers Compensation Act 


BCC  Basal Cell Carcinoma 


CC Case-Control 


CI Confidence Interval 


CMM Cutaneous Malignant Melanoma 


HR Hazard ratio 


IARC  International Agency for Research on Cancer 


LMM Lentigo Malignant Melanoma 


MWF Metalworking fluids 


NM Nodular melanoma 


NMSC  Non-melanoma skin cancers 


NOS Newcastle-Ottawa Scale 


OR  Odds ratio 


PAH Polycyclic Aromatic Hydrocarbons 


PUVA Psoralen and Ultraviolet A therapy 


SIR Standard Incidence Ratio 


SCC Squamous Cell Carcinoma 


UV  Ultraviolet radiation 


UV-A Ultraviolet A  


UV-B Ultraviolet B  


UV-C Ultraviolet C  
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CHAPTER 1- INTRODUCTION 
 


BACKGROUND 


Schedule B of the BC Workers Compensation Act (referred to as the Act in this report) recognizes skin cancer 


as an occupational disease when prolonged contact occurs to specific agents. The purpose of the Act is to 


ensure compensation and overall well-being to injured workers and families, and promoting the prevention of 


workplace injury, illness, and disease. Specifically, Schedule B of the Act provides a presumption of work 


causation in favour of a worker who has developed primary cancer of the skin associated with four specific 


exposures: “where there is prolonged contact with coal tar products, arsenic or cutting oils or prolonged 


exposure to solar ultraviolet light.” 


 


We have undertaken a systematic review to determine if there is scientific evidence for a direct role of these 


specific occupational exposures in the etiology of primary skin cancer. There are two major categories of skin 


cancer: malignant melanoma and non-melanoma skin cancer (NMSC). Malignant melanoma is the less 


common of the two but is more deadly and causes the majority of skin cancer deaths (approximately 90% of 


skin cancer deaths among Caucasians under the age of 50. (2)  


 


The incidence of malignant melanoma has been increasing for the last thirty years in Canada. The age 


standardized incidence rate for melanoma from 1974 to 2003 rose from 4.5 to 12.3/100,000 in males, and from 


5 to 9.9/100,000 in females. (3) In 2011, malignant melanoma was the eighth most newly diagnosed cancer in 


Canada.(4) In BC, it is the 7th


 


 most common cancer (5) and there were 480 new cases in men and 370 in 


women in 2011.(4) Malignant melanoma occurs in an number of sites of the body, but occurs primarily on the 


skin. Malignant melanoma of the skin is often referred to as cutaneous malignant melanoma. 


Non melanoma skin cancers (NMSC) are not reportable in Canada, so the burden of these cancer types is 


unclear. However, statistics in the US show that NMSC is common, constituting one-third of all cancers.(6) In 


Canada, it is estimated that approximately 66,000 Canadians and 13,000 British Columbians are diagnosed 


with NMSC every year.(5) The two most common types of NMSC are basal cell carcinoma (BCC) and 


squamous cell carcinoma (SCC), which account for about 98 percent of NMSC. BCC is the most common 


cancer in white adults over age 40 and incidence rates for BCC have been found to be approximately four 


times higher than for SCC. (7) For the purposes of this report, melanoma and malignant melanoma will refer to 


malignant melanoma of the skin only. NMSC will refer to the combination of BCC and SCC only. 
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The four specific agents of interest, particular UV (for outdoor workers) and arsenic, are often characterized as 


occupational exposures which cause skin cancer, as indicated in textbooks (8) and general reviews.(9) 


 


Coal tar is a by-product of the heating of coal in the absence of air and the subsequent destructive distillation. 


Industrially and commercially, coal tars are used primarily for the production of refined chemicals and in iron 


and steel foundries as well as for building materials and electrodes.(10) Coal tar has also been used for over a 


century as a topical treatment of skin diseases, particularly psoriasis. 


 


Arsenic is one of the most toxic metalloids derived from the natural environment from weathering of rock, 


soil, minerals and ores. Trace amounts are found in food, drinking water, soil and air. Well water in specific 


geographical areas worldwide can be highly contaminated with arsenic.(11). 


 


Arsenic compounds can be 


released to the environment from burning fossil fuels (especially coal) or waste materials. Occupational 


exposures can occur in mines and farms (i.e. pesticides).  


Cutting oils or fluids are a type of lubricant derived from mineral oils which serve as a coolant to reduce the 


intense heat of metal removal processes and as a lubricant to reduce friction for metalworking and machining 


processes. Cutting fluids usually take the form of oils, 


 


oil-water emulsions, pastes, gels or aerosols (mists) and 


are used in a wide variety of occupations such as manufacturing automotive or aircraft components, fabrication 


of precision metal parts and milling and machining processes. Cutting oils are categorized as straight (neat) 


oils, which consist of either animal, plant, or petroleum oils; soluble oils (emulsifiers in water added to refined 


petroleum oils) and synthetic/semisynthetic fluids which are chemical mixtures with water and additives, 


(semisynthetic fluids also include some refined petroleum oils).  


Solar Ultraviolet radiation is a combination of ultraviolet radiation and visible light (sunlight) that can reach 


the surface of the earth. Almost all of solar ultraviolet radiation (approximately 95%) is UV-A (wavelengths of 


315-400 nm), with the remained being UV-B (wavelength of 280-315 nm) and UV-C (100-280 nm). In 


general, wavelengths less than 295 (all of UV-C) are absorbed in the atmosphere and therefore cannot reach 


the earth’s surface.(12) Prolonged exposure to solar radiation is often associated with outdoor occupation and 


recreation. 


 


PURPOSE 


In the last three decades, many new scientific findings about the etiology of skin cancer have been published in 


the scientific literature. It is of the utmost importance that the Act reflects the current and best scientific 


evidence to guide the best quality care in workplace health. Evidence based medicine supports the systematic 
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review as the gold standard in providing the best quality of evidence about a research question.(13) A number 


of systematic reviews evaluating the relationship between sun exposure in general and skin cancer (14-16), 


provide only limited information in the occupational context. Just recently (in 2011), two systematic reviews 


have been published that specifically evaluate the relationship of occupational exposure to UV and cutaneous 


SCC (17) and BCC (18). We are not aware of systematic reviews for the occupational exposures to arsenic, 


cutting oils or coal tar in relation to skin cancer. 


 


The purpose of this report is to describe four separate systematic reviews conducted to determine the 


relationship between the four exposures listed in Schedule B of the Act (solar UV, arsenic, coal tar, and cutting 


oils) and the risk of skin cancer (melanoma and NMSC). 


 


OBJECTIVES 


The primary objectives of the systematic reviews in this report are to determine: 


1. whether prolonged contact with coal tar products, arsenic or cutting oils were related to the risk of primary 


skin cancer 


2. whether prolonged occupational exposure to solar ultraviolet light is related to the risk of primary skin 


cancer 


 


These objectives address the following research questions in relation to Schedule B of the Act: 


1. Is the description noted in Schedule B of the Act current and scientifically supportable? That is, is the 


description of the process or industry accurate, comprehensive and does it reflect current science with 


respect to each of the types of skin cancer known to be work-related?  


2. What is the causal relationship, if any, between work-related contacts or exposures and the 


development of specific skin cancers? In addition, what are the relevant non-work causes of the 


specific types of skin cancer and latency periods for each type of skin cancer? 


3. If a causal relationship with work-related contacts or exposures is found, what are the risk factors? 


 


METHODS 


The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) Statement was used to 


guide the reporting of the systematic reviews.(19) 


 


INFORMATION SOURCES AND SEARCH 


Medical Subject Headings and text words related to skin cancer and the four exposures were used to search 


MEDLINE (OVID interface), EMBASE (OVID interface), and Toxline.(1) A separate search was conducted 
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for each of the four exposures. The databases included and the dates searched or dates of coverage are listed in 


Table 1. The electronic database search was supplemented by searching the reference lists of included studies. 


 


Table 1: Search Dates And Dates Of Coverage For Systematic Reviews Of Skin Cancer And 


Occupational Exposures 


Exposure MEDLINE EMBASE Toxline 


Coal tar 1950 to July 27, 2010 1980 to 2010 Week 


29 


2000 to September 18, 


2010 


Arsenic 1950 to July 22, 2010 1980 to 2010 Week 


28 


2000 to September 17, 


2010 


Cutting oils 1950 to October 14, 


2010 


1980 to 2010 Week 


40 


2000 to September 28, 


2010 


Solar UV 1950 to December 13, 


2010 


1980 to 2010 Week 


49 


2000 to November 20, 


2010 


 


An experienced librarian assisted in the development of all of the database search strategies. The search 


strategy including MeSH terms and subject headings used for the electronic database search of skin cancer is 


presented in Appendix 1. Included are skin cancers that form in melanocytes (i.e., melanoma), in the lower 


part of the epidermis (i.e., BCC), in squamous cells that form the surface of the skin (i.e SCC), and Bowen’s 


disease (also known as “squamous cell carcinoma in situ”), which is considered as an early stage or 


intraepidermal form of squamous cell carcinoma.(8)  


 


Scrotal cancers were excluded from consideration in this report. These cancers are considered as separate 


entities as known etiological links between occupational exposures and scrotal cancers do not hold for other 


skin cancers. In addition, scrotal cancers can be squamous cell carcinomas or sarcomas, and sarcomas do not 


originate in the skin.(20) Also excluded are skin lesions, mucosal cancers, genital cancers (scrotum, vulva, 


penis), ocular melanoma, melanodermia, sarcomas in general (fibrosarcoma, dermatofibrosarcoma, etc.) and 


the relatively rare types of NMSC including Merkel cell carcinoma, Kaposi sarcoma, cutaneous skin 


lymphoma, Bowen’s disease and skin adnexal tumors. (21)  


  


The electronic database searches for the exposures of interest will be reported within the section for each 


exposure. 


 
STUDY SELECTION 
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Two independent reviewers screened the electronic database search results for inclusion using a pre-defined 


relevance criteria form. For each citation in the search result, the criteria were applied to the abstract. Where an 


abstract was not available, the title and keywords were used for screening if appropriate. If information was 


lacking to properly assess the inclusion criteria, the citation was marked and a full-text copy of the citation was 


obtained. Full-text copies of potentially relevant articles were also obtained and all full-text articles were 


screened again with pre-defined criteria to determine inclusion. Screening criteria for the electronic search 


results and full-text articles are described in the following section and specific screening criteria for each of the 


four exposures are described within the methods section for the exposure. Discrepancies were resolved by 


discussion or the involvement of a third reviewer. In order to ensure reliability, a training exercise for the study 


reviewers was conducted prior to commencing the screening process. 


 
ELIGIBILITY CRITERIA 


 


Type of Studies 


Primary studies assessing the risk of skin cancer from prolonged exposure to coal tar, arsenic, cutting oils and 


solar UV were included in the systematic review. Due to time constraints and available resources, the search 


was limited to English language text and only studies published in peer review journals were included. 


Inclusion was not limited by year of dissemination, other than by the earliest year of the electronic databases 


searched (1950 for Medline, 1980 for Embase and 2000 for Toxline), but inclusion was limited to human 


studies (no animal or cell or molecular biology studies), epidemiological studies (i.e., case reports and studies 


without control groups where a measure of risk cannot be calculated were excluded). Studies using aggregate 


measures of exposure levels or cancer rates (e.g., ecologic studies) were excluded as were reviews which did 


not include new research information.  


 


Type of Participants 


The inclusion criteria for the type of participants varied by exposure and details are provided within the section 


of this report for each exposure. Hospital based skin cancer patients and control were typical of many of the 


case-control studies. Industrial-based exposed workers were common to retrospective cohorts. 


 


Type of Exposure 


Only studies where the exposure was specifically measured or estimated for the individual with skin cancer 


were included. The acceptable exposure estimates ranged from categorical (presence or absence) to continuous 


measured values. Studies where the exposure occurred after skin cancer developed (e.g., studies of arsenic 


trioxide used to treat melanoma) were excluded as the objective of the systematic reviews is to study the 
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etiological relationship. For arsenic, coal tar, and cutting oil exposure, only studies indicating the route of 


exposure as inhalation or skin contact were included if stated or could be assumed. Studies where the route of 


exposure was ingestion, such as drinking of arsenic containing medicinal tonic, were excluded because this 


exposure is not relevant in the occupational context. When the route of exposure was not specified and 


ingestion is probable (e.g., studies of skin cancer in psoriasis patients who were treated with Fowler’s 


solution), the study was excluded. Studies with multiple exposures were excluded if the results were not 


reported separately for one of the major exposures of interest (arsenic, coal tar, cutting oils, or solar UV). 


Similarly, studies of certain occupations (e.g., farmers, construction workers) were generally excluded due to 


mixed exposures. An exception is when a job exposure matrix was used to estimate individual exposures. 


These usually involve occupational hygienists’ ratings of probability of exposures based on job title history 


and industrial processes. 


 


Type of Outcomes 


Studies with the outcome of skin cancer (incident or prevalent NMSC or melanoma) were included in this 


review. To be included in the tabulated results, a primary study must have had an effect estimate, such as an 


odds ratio or standardized incidence ratio (SIR), for the relationship of the exposure of interest to skin cancer. 


However, studies were also included if enough data was presented to calculate an effect estimate.  


 


DATA COLLECTION PROCESS AND DATA ITEMS 


A draft data abstraction form in Microsoft Access was developed, piloted, and modified (see Appendix 2). 


Two reviewers independently obtained data on study characteristics and outcomes using the standardized data 


abstraction form. One reviewer was designated to abstract the data, while the second reviewer read the study 


article independently and then checked the data abstracted for completeness and accuracy. Discrepancies were 


resolved by discussion or the involvement of a third reviewer. 


 


The data abstracted included study characteristics, (e.g., study design, period of data collection, sample size, 


country of study), participant characteristics (e.g., population, control group, inclusion and exclusion criteria, 


sampling strategy, response rates), exposure characteristics and method of measurement (e.g., type of measure, 


route of exposure, whether exposure is work related), outcome characteristics (e.g., type of skin cancer, 


number of cases), the number of participants in each study group, the number of participants exposed in each 


study group, comparison statistics and measures of risk (such as odds ratio (OR) SIR and hazard ratio (HR)), 


as well as measures of variability or significance of risk estimates (95% confidence intervals (CI) and or 


probability of statistical significance (p-values, typically <0.05). 
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In some instances, multiple study publications may have reported data from the same population (i.e., 


companion reports). If this occurred, the report published first was included and the other pertinent report(s) 


was used for supplementary data.  


 


RISK OF BIAS 


A commonly used and validated quality tool for observational studies does not exist.(22) A number of 


different tools to assess risk of bias in individual studies are available and have been summarized in 


reviews.(22;23) The Newcastle Ottawa Scale (NOS), has had relatively frequent applications for systematic 


reviews and is currently under evaluation for its validity and reliability.(24) Because of its simplicity, ability to 


assess the quality of case-control and cohort studies separately, and previous use in other systematic reviews 


(25;26), the NOS was applied to assess quality of the studies included in the systematic reviews. The NOS has 


a separate tool for case-control and cohort studies, with both tools divided into three sections of 1) selection, 2) 


comparability, and 3) outcome (See Appendix 3 and 4). A high-quality study is scored with a ‘star’ for each of 


the items under each section; a study can receive a maximum of one ‘star’ for each item under selection and 


outcome, and a maximum of two stars under comparability. The NOS was applied by two reviewers, 


independently, to each study included in a review. Discrepancies were resolved by discussion or the 


involvement of a third reviewer. Additional information on methodological issues in each study, such as the 


type of selection and information biases that may be present, was also noted.  
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CHAPTER 2 - ASSOCIATION OF PROLONGED EXPOSURE TO COAL TAR WITH 


PRIMARY SKIN CANCER 
 


INTRODUCTION 
Coal tar is a by-product of the heating of coal in the absence of air and the subsequent destructive distillation, 


and it has been found to consist of possibly up to 10,000 various compounds, including polycyclic aromatic 


hydrocarbons (PAHs), some of which are classified as probable (group 1) carcinogens by the a International 


Agency for Research on Cancer.(10) The composition of coal tar varies by the distillation conditions, with 


increased content of phenols and tar acids at lower distillation temperatures, and increased content of PAHs at 


higher distillation temperatures.(27)  


 


Industrially and commercially, coal tars are used primarily for the production of refined chemicals and coal-tar 


products used for building materials and electrodes.(10) Occupational exposure to coal tar can occur in 


industries involving coal gasification, aluminum production and in iron and steel foundries as well as when hot 


coal-tar pitch is used for roofing, paving and surface coatings. Exposure can occur through inhalation of 


volatiles, skin contact, or ingestion.(10)  


 


Coal tar has also been used in dermatology for over a century as a topical treatment of scabies, sarcoidosis, 


neurodermatitis, psoriasis, and dermatitis. Preparations of coal tar treatments include names such as pix 


carbonis or liquor picis carbonis. The Goeckerman treatment, which combines ultraviolet (UV) radiation in 


combination with coal tar, has been indicated for psoriasis vulgaris since 1925.(27) 


 


PURPOSE 
The objective of this systematic review was to ascertain whether prolonged exposure to coal tar (through 


inhalation or skin contact) was associated with primary skin cancer, including melanoma and NMSC. 


 


METHODS 
Medical Subject Headings (MeSH) and text words related to coal tar exposure were used to search MEDLINE 


(OVID interface, 1950 to July 27, 2010), EMBASE (OVID interface, 1980 to 2010 Week 29, and Toxline 


(website searched from 2000 to September 18, 2010). MeSH terms for coal tar exposure included “coal tar” 


and keywords such as coal tar related products and names of coal tar treatments. The full search strategy can 


be found in Appendix 9. 
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Two independent reviewers determined the relevancy of citations obtained from the electronic literature 


searches based on the abstract or titles and keywords when abstracts were not available. Full-text articles were 


obtained for citations deemed relevant by both reviewers, and were assessed independently by the two 


reviewers a second time. The pre-defined inclusion criteria are presented in Appendix 5. 


 


Epidemiological studies measuring the risk of skin cancer from coal tar exposure were included, where coal tar 


exposure was measured or estimated for the participants in the study. Thus, ecological studies using aggregate 


rates of skin cancer and coal tar exposure were excluded. There was no exclusion criteria for the type of 


participant included in a study. Studies of the general population, of patient populations, of workers, etc. were 


all considered. 


 


Only coal tar exposure from inhalation or dermal contact was considered relevant as these are the main sources 


of exposure in the occupational context. Coal tar formulations have been applied to treat skin conditions such 


as psoriasis and eczema. Since dermal contact is the route of exposure in this case, studies of coal tar treatment 


in skin conditions were included in the review. However, studies reporting the use of the Goeckerman 


treatment, which consists of coal tar and UV therapy, were excluded because the effect of coal tar cannot be 


isolated. 


 


Occupational exposure to coal tar occurs in various industries including iron and steel industry, roofing, and 


construction. Workers in these industries may also be exposed to a number of other known carcinogens 


including polycyclic aromatic hydrocarbons (28), which is a byproduct of coal tar but can also be found in 


tobacco smoke, and bitumens. These exposures have been associated with skin cancer. (29) Due to the 


inability to separate the effects of coal tar exposure from other exposures, epidemiological studies of cohorts 


of workers in specific industries that may be exposed to a number of carcinogens were not included in the 


review. Only studies that specifically measure the exposure and independent effect of coal tar were included. 


Studies that calculated a measure of risk between coal tar exposure and skin cancer were included in order to 


evaluate the etiological association between the two. Studies that did not report a measure of risk but provide 


enough information for its calculation were also included. 


 


LITERATURE SEARCH 
A total of 230 potentially relevant records were identified from the literature search and reference lists of 


relevant articles (Figure 1 – flow chart). Of these, 13 potentially relevant full-text reports were obtained and 


reviewed, yielding 3 reports of unique studies that passed the eligibility criteria and were therefore included in 


the review. The level of agreement between reviewers screening the literature in the first round of screening 
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was good (к=0.61).(30) Although the kappa statistic was good, it would likely have been higher if not for the 


fact that 52 of the 230 records did not have abstracts. Reviewers still assessed the inclusion criteria with the 


title and keywords where possible, but agreement was more difficult to attain. The kappa statistic for the 52 


studies with no abstracts was 0.35, while the statistic for the 178 studies with abstracts was 0.68. The majority 


of exclusions were of citations that were not primary studies (n=139); 38 citations were articles that did not 


have data on skin cancer in the participants or included other types of cancer in their skin cancer definition 


(e.g., scrotal cancer or sarcomas); 15 citations were for case reports; 17 studies mentioned coal tar but did not 


have data for coal tar exposure or reported mixed exposures and separate data for coal tar could not be 


obtained; 16 citations were not studies of human subjects; and 2 citation were for studies that did not have a 


control group or did not measure risk between coal tar exposure and skin cancer.
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Figure 3: Literature search flow chart for coal tar exposure and skin cancer 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 


 


 


 


 
 
 


 


 
 


 


 


Database searches (n=311): 
Medline (n=99) 
EMBASE (n=179) 
Toxline (n=33) 


Excluded (n=81): 
Non-English (n=37) 
Duplicates (n=44) 


  


 
First round screening (n=230) 


Titles and Abstracts independently screened by 2 reviewers 


Second round Screening (n=13) 
Full-texts independently screened by 2 reviewers 


 


Excluded (n=217): 
Not primary study (n=139) 
Molecular studies (n=9) 
Animal studies (n=7) 
Case reports (n=15) 
No data on skin cancer (n=37) 
No exposure data (n=10) 


Studies included in review (n=3) 


Excluded (n=10): 
No data on skin cancer (n=1) 
No exposure data (n=7) 
No control group (n=1) 
No measure of risk (n=1) 
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STUDY CHARACTERISTICS AND PARTICIPANTS 
Of the 3 studies included in the review (Table 1), one study was a retrospective cohort study (31), one was a 


case-control study nested within a cohort (32), and one was a case-control study (33). The studies were 


published between 1993 (32) and 2010.(31) 


 


Of the cohort studies, initial years of data collection were not reported in one study(32), or from 1960 with at 


least 25 years of follow-up. (31) The cohort size was large (n=13,200) for one study (31), compared to 


approximately 300 for the other two.(34;35) The population sampled included psoriasis patients, with the one 


exception being the study by Maughan et al. (34) which included atopic dermatitis or neurodermatitis patients 


who were treated with coal tar therapy. 


 


Of the case-control studies, data collection started from 1973 (36) to 1992 (33); however, no information was 


given in the study by Lindelof et al. (32) Sample size ranged from 24 cases (32) to 404 cases (33). Two studies 


included participants who were patients with skin conditions. (31;32) The third case-control study (33) was a 


population based study with cases drawn from a registry and controls from the general population. 
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Table 2: Study characteristics of epidemiological studies of coal tar exposure and skin cancer 


Reference Study Design Years of 


Data 


Population Description Sample Size Response 


Rate 


Exposure 


Measurement 


Outcome 


Roelofzen, 


2010 (31) 


Retrospective 


cohort 
1960 to 2003 


Psoriasis or eczema patients in one 


of 3 large hospitals who visited 


dermatologist at least 3x. 


13,200 (163 


cases) 
94.2% Medical files 


SCC, 


melanoma 


Lindelof, 1993 


(32) 


Case-control 


nested within 


cohort 


1974 to 1985 


Patients with skin conditions 


treated with PUVA therapy. Cases 


were patients with SCC from 


Swedish PUVA study. Controls 


were patients matched for sex, age, 


diagnosis, PUVA dose, no. of 


treatments, type of psoralen 


regimen, site of treatment, and skin 


type. 


24 cases/ 96 


controls 
100% 


Self-


administered 


questionnaire 


SCC 


Mitropoulos, 


2005 (33) 
Case-control 1992 to 1996 


Cases with SCC from Southeastern 


Arizona Skin Cancer Registry, 


population controls without SCC 


frequency matched by age and 


gender. 


404 cases/ 


391 controls 


Cases -


45.8%; 


controls- 


11.6% 


Self-


administered 


questionnaire 


SCC 


Notes: PUVA=psoralen and UVA therapy; Goeckerman treatment is the use of UV therapy and coal tar.
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SUMMARY OF STUDIES 
 


COHORT STUDIES 


The retrospective cohort study by Roelofzen et al. (31) assessed the risk of cancer among eczema and psoriasis 


patients treated with coal tar (liquor carbonis detergens or pix lanthracis). All patients (n=13,200) diagnosed 


with psoriasis and eczema in 3 large hospitals in the Netherlands from 1960 to 1990 and who visited the 


hospital at least 3 times were followed. Data was collected through medical records, questionnaires, and 


linkage with the vital statistics registry, the cancer registry, and other databases. The study had a 94.2% 


response rate. Among the 8,062 patients with previous treatment of coal tar, a total of 109 cases of skin cancer 


(melanoma and SCC only) developed over the median follow up period of 21 years. When compared to the 


3,705 patients not treated with coal tar but treated with dermatocorticosteroids, the adjusted hazard ratio was 


not significant, at 1.1 (95% CI 0.8-1.1). This analysis was adjusted for age, gender, severity of skin disease, 


calendar period, use of psoralen plus UVA, use of systemic therapy, and smoking. 


 


Lindelof et al. (32) conducted a secondary analysis of data from a cohort study of patients with skin conditions 


in Sweden who received PUVA (psoralen and UVA) therapy. The study also recorded prior use of other 


therapies such as coal tar and arsenic; these exposures were the focus of this report. There were a total of 24 


cases of SCC and 96 controls included in the nested case-control analysis. Prior use of coal tar therapy was not 


found to be significantly associated with risk of SCC, with an odds ratio of 1.3 (95% CI 0.5-3.5).  


 


CASE-CONTROL STUDY 


The case-control study by Mitropoulos et al. (33) investigated potential associations between history of 


specific environmental exposures at work and risk of SCC. The Southeastern Arizona Health Study-2 


(SEAHS-2) identified cases of SCC from the Southeast Arizona Skin Cancer Registry and population controls 


matched by age and gender by random digit dialing. A total of 404 cases (response rate 45.8%) and 391 


controls (response rate 11.6%) were included. Interviews were used to collect information on history of sun 


exposure, occupational history and exposure to other agents including coal tar/dandruff shampoo, arsenic, and 


cutting oils. To be exposed, the subject had to have a duration of exposure of at least 4 hours on an average of 


once a week for a month or longer, or a duration of at least 4 hours daily for at least a week. Coal tar/dandruff 


shampoo use was not associated with an increased risk of SCC (odds ratio 1.3; 95% CI 0.9-1.9).  


 


RISK OF SKIN CANCER FROM EXPOSURE TO COAL TAR 
Tables 3 and 4 summarizes the results for the 3 studies included in the systematic review. Note that because of 


the small number of relevant studies available and the diverse study design characteristics, it was not possible 
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to combine these results to obtain a summary measure (i.e., meta-analysis). None of the effect estimates in the 


3 studies showed a significant association between coal tar exposure and risk of skin cancer.
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Table 3: Results of cohort studies of coal tar exposure and skin cancer 


Reference Exposure Definition Outcome # Exposed  


(# cases/ # not 


cases) 


# Not exposed 


(# cases/ # not 


cases) 


Effect Estimate  


(95% CI) 


Roelofzen, 2010 


(31) 


Psoriasis or eczema patients 


previously treated with coal tar 


SCC, melanoma 8062 3705 Hazard ratio=1.1 (0.8-1.1)* 


 
Psoriasis patients previously treated 


with coal tar 


 3081  Hazard ratio=1.1 (0.4-2.7)* 


 
Eczema patients previously treated 


with coal tar 


 4981  Hazard ratio=1.1 (0.6-1.8)* 


 


Psoriasis or eczema patients 


previously treated with liquor 


carbonis detergens 


 4927 3705 Hazard ratio=1.3 (0.8-2.1)* 


 
Psoriasis patients previously treated 


with liquor carbonis detergens 


 2256  Hazard ratio=1.4 (0.5-3.4)* 


 
Eczema patients previously treated 


with liquor carbonis detergens 


 2671  Hazard ratio=1.1 (0.6-2.0)* 


 


Psoriasis or eczema patients 


previously treated with pix 


lithantracis 


 3135 3705 Hazard ratio=0.7 (0.3-1.3)* 


 
Psoriasis patients previously treated 


with pix lithantracis 


 825  Hazard ratio=0.3 (0.1-1.7)* 


 
Eczema patients previously treated 


with pix lithantracis 


 2310  Hazard ratio=0.8 (0.4-1.8)* 


Lindelof, 1993 Prior use of tar therapy for skin SCC 24 (17/7) 96 (62/34) Crude OR= 1.3 (0.5-3.5) 


APPENDIX B







 26 


(32) condition 


*Adjusted for age, gender, severity of skin disease, calendar period, use of psoralen plus UVA, use of systemic therapy, and smoking. BCC not 


included; Those not exposed were treated with dermato-corticosteroids.
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Table 4: Results of case control study of coal tar exposure and skin cancer 


Reference Exposure Outcome # Cases  


(# exposed/ # 


not exposed) 


# Controls  


(# exposed/ # 


not exposed) 


Odds ratio  


(95% CI) 


Adjustment for 


confounders 


Mitropoulos, 


2005 (33) 


Prior use of 


coal 


tar/dandruff 


shampoo 


SCC 404 (101/303) 395 (73/322) Crude 


OR=1.5 


(1.0-2.1) 


Age, gender 


 


  404 (101/303) 395 (73/322) Adjusted 


OR=1.3 


(0.9-1.9) 


Age, gender, 


history of actinic 


keratosis, current 


number of arm 


freckles, and 


reaction of the 


skin to prolonged 


sun exposure 
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RISK OF BIAS ASSESSMENT 
Of the two cohort studies (Table 5), the most recent study by Roelofzen et al. (31) had the best evaluations 


using the Newcastle-Ottawa tool. It scored on all items except for the adequacy of follow-up of the cohort, 


where this study did not provide any statement. The study by Lindelof et al. (32) was at higher risk of bias 


because it did not have a long enough follow-up period to correspond with the mean latency period for SCC of 


over 10 years (reference Arsenic in drinking water: 2001 update By National Research Council (U.S.). 


Subcommittee on Arsenic in Drinking Water)


 


 and there was no adjustment for confounders. There was also a 


risk of selection bias the cohort did not exclude those who may have a skin malignancy 


The case-control study by Mitropoulos et al. (33) scored on all items in the NOS except for the item on non-


response rate under ‘exposure’ (Table 6). The non-response rate among cases and controls varied, leading to a 


potential risk of bias. 


APPENDIX B







 29 


Table 5: Results of the Newcastle-Ottawa Scale for Cohort Studies of coal tars and skin cancer 


Reference 


Selection Comparability Outcome 


Representativeness 


of the exposed 


cohort 


Selection of 


the non 


exposed 


cohort 


Ascertainment 


of exposure 


Demonstration 


that outcome of 


interest was not 


present at start of 


study 


Comparability of 


cohorts on the basis 


of the design or 


analysis 


Assessment 


of outcome 


Was follow-up 


long enough 


for outcomes 


to occur 


Adequacy 


of follow 


up of 


cohorts 


Roelofzen, 


2010 (31) 


*truly 


representative of 


the average 


psoriasis or eczema 


patient in the 


community 


*drawn 


from the 


same 


community 


as the 


exposed 


cohort 


*structured 


interview 
*yes 


**controls for age, 


sex, severity of skin 


disease, calendar 


period, use of 


psoralen plus UVA, 


use of systemic 


therapy, and smoking 


*record 


linkage 


* yes (median 


21 years) 


no 


statement 


Lindelof, 


1993 (32) 


*truly 


representative of 


the average 


dermatology patient 


in the community 


*drawn 


from the 


same 


community 


as the 


exposed 


cohort 


*secure record No None 
*record 


linkage 


No (6.9 for 


males, 7.2 for 


females) 


*subjects 


lost to 


follow up 


unlikely to 


introduce 


bias: 


number lost 


≤30% 
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Table 6: Results of the Newcastle-Ottawa Scale for Case-Control Study of coal tars and skin cancer 


Reference 


Selection Comparability Exposure 


Is the case 


definition 


adequate? 


Representativeness 


of the cases 


Selection of 


Controls 


Definition 


of Controls 


Comparability of 


cohorts on the basis 


of the design or 


analysis 


Ascertainment 


of exposure 


Same method 


of 


ascertainment 


for cases and 


controls 


Non-


Response 


rate 


Mitropoulos, 


2005 (33) 


*yes, with 


independent 


validation 


* obviously 


representative series 


of cases 


*community 


controls 


*no history 


of disease 


(endpoint) 


** controls for age, 


sex, history of actinic 


keratosis, current 


number of arm 


freckles, and reaction 


of the skin to 


prolonged sun 


exposure 


* structured 


interview 


blinded for 


case/control 


status 


* yes 
rate 


different 
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DISCUSSION 
Our systematic review involved a comprehensive search of primary epidemiological studies concerning the 


effect of prolonged exposure to coal tar on the incidence of melanoma and non-melanoma skin cancer. 


Because the literature search extended back only to 1950, the earliest searchable date of the Medline and 


Embase databases, historical studies concerning the relationship of coal tar to skin cancer were not identified, 


other than through published reviews.  


 


Coal tar, a by-product of destructive carbonization and distillation of coal, is composed of approximately 


10,000 compounds including the carcinogenic polycyclic aromatic hydrocarbons (PAHs) benzo(a)pyrene and 


benz(a)anthracene (37). Coal tar is considered carcinogenic as indicated in the Twelfth Annual Report on 


Carcinogens by the National Institute of Health in the US.(10), and according to IARC, there is sufficient 


evidence that coal-tar pitches are carcinogenic in humans (29) One of the earliest observations of occupational 


carcinogenesis (1775) is attributed to Percival Pott, a surgeon, who noted the high incidence of scrotal cancer 


in men who worked as chimney sweeps (and were exposed to coal tar pitch) in childhood. Exposure to coal tar 


has been linked to skin, lung, scrotal, bladder, and kidney cancer. However, the evidence for its association 


with skin cancer is based mostly on case reports (10), and has not previously been collated in a systematic 


review. Etiology cannot be established with case reports. Not only is there the potential for additional exposure 


to other known carcinogens (particularly to bitumen), but factors which may increase susceptibility to skin 


cancer cannot be taken into account.  


 


For our systematic review, there were no primary epidemiological studies found on the association of 


occupational exposure to coal tar with skin cancer. However, coal tar has been used for the topical treatment of 


skin disease for centuries. According to Thami and Sarkar(27), the Goeckerman regimen, a combination of 


coal tar with ultraviolet radiation which was introduced in 1925 for the treatment of psoriasis, remains in use 


currently. They cited a presentation by Grupper and colleagues in an international symposium on psoriasis in 


1971, where 2393 psoriasis patients treated with topical coal tar had a low incidence of 0.2% of skin cancers, 


predominantly basal carcinoma. 


 


The objectives of the three studies which satisfied our inclusion criteria were to determine the relationship of 


skin cancer with coal tar exposure applied topically for the treatment of psoriasis and other similar skin 


disorders. Coal tar exposure was usually evaluated as a co-treatment with such therapies as PUVA (which 


includes UV exposure).  
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The retrospective cohort study by Roelofzen et al. (31) provided an estimate of relative risk for the association 


of past coal tar use with skin cancer (a hazard rate of 1.1, 95% CI 0.8-1.1, adjusted for age, gender, severity of 


skin disease, calendar period. use of PUVA, use of systemic therapy and smoking. This study had the best 


methodology according to the bias assessment tool of the NOS, but the relative risk estimate was neither 


elevated or statistically significant. Lindelof and colleagues (32) analyzed data on a cohort of PUVA therapy 


patients using a case-control methodology and also found no statistically significant elevation of risk (OR 1.3, 


95%CI 0.5-3.5) when comparing patients with SCC to patients matched by sex, age, skin type and various 


aspects of the PUVA treatments.  


 


Typically, use of coal tar treatment was based on recall of past therapies, without any measurement of 


intensity, frequency or duration of exposure. In the cohort study of Roelofzen et al (31) the exposed cohort 


may or may not have had prolonged exposure, since the inclusion criteria identified anyone with at least one 


treatment with coal tar to be in the cohort. In the case-control study by Mitropoulos et al.,(33) the exposure 


period to coal tar/dandruff shampoo was clearly defined as the subject having a duration of exposure of at least 


4 hours on an average of once a week for a month or longer, or a duration of at least 4 hours daily for at least a 


week. Although dandruff shampoo was included in the coal tar exposure variable, it is not a suspected 


etiological agent.  


 


Another consideration is whether other exposures or potential covariates were statistically adjusted for or taken 


account of in the study design through matching. In the study by Lindelof et al.(32) the odds ratio was not 


adjusted for such confounders as PUVA therapy which was found to increase the risk of SCC in the original 


case-control study. In the study by Mitropoulos et al.(33), coal tar/dandruff shampoo use was associated with 


an increased risk of SCC, with an odds ratio of 1.5 (95% CI 1.1-2.1), when adjusting for age and gender. 


However, the association was no longer significant (odds ratio 1.3; 95% CI 0.9-1.9) in an analysis also 


adjusting for history of actinic keratosis, current number of arm freckles, and reaction of the skin to prolonged 


sun exposure. A small nested case-control study by Hannuksela-Svahn(38) obtained by searching references, 


showed that exposure to the Goeckerman regimen (coal tar and UV) was not associated with a significantly 


elevated risk for SCC (although the OR was 1.5), after adjustment for other treatment factors in addition to 


age, sex and duration of psoriasis. The wide confidence interval and non-significant association would be 


expected from this analysis which had low power (only 19 SCC cases). 


 


Existing studies are mostly based on patient populations with skin conditions such as psoriasis, who may have 


an underlying risk that is different than the general population. For instance, in the case-control analysis of the 


cohort study by Lindelhof(32) there was potential for selection bias as subjects were not population based and 
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constituted a defined patient population. These patient groups are also more likely to be exposed to other 


carcinogens such as non-solar UV and arsenic based skin treatments. Although populations controls were done 


in the case control study of Mitropoulos et al. (33) there was a risk of selection bias due to the low response 


rate, particularly among controls. 


 


In summary, there is no evidence to suggest there is an increased risk of skin cancer from prolonged exposure 


to coal tar alone as determined through this systematic review. There is a scarcity of well conducted 


epidemiological studies that are specific to occupational exposure to coal tar to assess the relationship. Studies 


on the topical use of coal tar therapy are often contaminated by the combined effect of other known 


carcinogenic exposures such as ultraviolet light, a known human carcinogen, used in PUVA therapy. There is 


a need for further well-conducted epidemiological studies of populations exposed to coal tar and its by-


products to ascertain whether coal tar is carcinogenic to skin after prolonged contact in an occupational setting.
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CHAPTER 3 - ASSOCIATION OF PROLONGED EXPOSURE TO ARSENIC WITH 


PRIMARY SKIN CANCER 
 


INTRODUCTION 
Arsenic is a natural element that is found naturally in the earth, and is widely distributed in the environment 


through erosion and weathering of soils, minerals, and ores. As it is odourless and tasteless, arsenic and 


compounds of arsenic has been recognized for centuries as a poison. For most Canadians, the primary source 


of environmental exposure to arsenic is trace amounts in food, followed by drinking water, soil and air. Well 


water in certain geographical areas is subject to contamination with arsenic.(11) 


 


Until the mid 20th


 


 century, arsenic was used in tonics and in Fowler’s solution, which were used to treat 


psoriasis. Arsenic compounds have been used as sheep dip prior to shearing the sheep and also as wood 


preservatives, in glass manufacturing and more recently, in electronics, as semiconductor components (gallium 


arsenide). Arsenic is released into the air and water systems from the burning of fossil fuels (especially coal), 


metal production (such as gold and base metal mining), agricultural use (in pesticides and feed additives), or 


waste burning.(39) Occupational exposure to arsenic can occur in the environment of mines and especially 


when smelting minerals such as copper, lead and zinc.(40) People working in these industries may have direct 


and prolonged contact with arsenic. 


There have been many studies on the human health effects of exposure to arsenic, but the primary focus has 


been contaminated drinking water. Most notably, the health effects of arsenic in drinking water have been 


studied extensively in populations in Taiwan and Bangladesh who have high exposure to arsenic in their water 


supply.(41;42) In addition to skin cancer, arsenic ingestion has been linked to development tumors of the 


bladder, kidney, and lung.(43;44) 


 


Drinking water is the most common source of arsenic exposure for the general population. Although 


guidelines exist in Canada to minimize exposure to arsenic from ingestion of drinking water, there is relatively 


sparse information relating to other routes of exposure, such as inhalation or skin contact, which are the more 


likely routes of exposure in an occupational setting.  


 


PURPOSE 
This section describes the systematic review conducted to determine the relationship between exposure to 


arsenic through inhalation and skin contact and the risk of skin cancer (melanoma and NMSC). 


 


APPENDIX B







 35 


METHODS 
Medical Subject Headings (MeSH) and text words related to arsenic exposure were used to search MEDLINE 


(OVID interface, 1950 to July 22, 2010), EMBASE (OVID interface, 1980 to 2010 Week 28, and Toxline 


(website searched September 17, 2010). MeSH terms for arsenic exposure included “arsenic”, “arsenic 


poisoning” and “arsenicals”, while keywords included arsenic trade names and Chemical Abstracts Service 


(CAS) registry numbers. The full search strategy for searching publications relating to exposure to arsenic can 


be found in Appendix 10. 


 


Two independent reviewers determined the relevancy of citations obtained from the electronic literature 


searches based on the abstract and titles; titles and keywords were used when abstracts were not available. 


Full-text articles were obtained for citations deemed relevant by both reviewers, and were assessed 


independently by the two reviewers a second time. Any differences were resolved by consensus. The pre-


defined inclusion criteria are presented in Appendix 6. 


 


Epidemiological studies measuring the risk of skin cancer from arsenic exposure were included, where arsenic 


exposure was measured or estimated for the participants in the study. Studies that provided enough 


information to calculate a risk estimate were also included. However, ecological studies using aggregate rates 


of skin cancer and arsenic exposure were excluded. Case reports or case series were excluded as no measure of 


effect was possible.. .Arsenic has been used as a treatment for melanoma; studies assessing arsenic as a 


treatment for skin cancer were excluded because the necessary etiological time relationship between prior 


arsenic exposure and development of skin cancer could not be ascertained. There was no exclusion criteria for 


the type of participants included in a study. Studies of the general population, of patient populations, of 


workers, etc. were all considered. 


 


Only arsenic exposure from inhalation or dermal contact was considered relevant as these are the main sources 


of exposure in the occupational context. The arsenic treatment, Fowler’s solution, used to treat skin conditions 


such as psoriasis, can be ingested or applied to the skin. Unless skin application was specifically reported as 


the only source of exposure, studies where Fowler’s solution was the source of arsenic exposure were 


excluded. Studies measuring arsenic exposure from drinking water or contaminated food ingestion were also 


excluded. In addition, population-based studies were excluded because drinking water and food ingestion are 


the primary sources for arsenic exposure in the general population.(45) In general, any study with ingestion as 


a potential route of exposure was excluded, where the effects of inhalation and dermal exposure were not 


separately determined.  
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LITERATURE SEARCH 
A total of 1,848 potentially relevant records were identified from the literature search and reference lists of 


relevant articles (Figure 1 – flow chart). Of these, 112 potentially relevant full-text reports were obtained and 


reviewed, yielding 3 reports of unique studies that passed the eligibility criteria and were therefore included in 


the review.(33;46;47) The level of agreement between reviewers screening the literature in the first round of 


screening was excellent (к=0.92).(30) The majority of exclusions were of citations that were not primary 


studies (n=448) or did not have data on arsenic exposure via inhalation or dermal contact (n=245). Of the 


remaining exclusions, 232 citations were molecular studies; 149 citations were articles that did not have data 


on skin cancer in the participants; 61 citations were for case reports; 4 citations were not studies of human 


subjects; 1 study was excluded because the full-text article could not be located; and 1 citation was for a study 


that did not have a control group and did not measure risk between arsenic exposure and skin cancer. 
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Figure 2: Literature search flow chart for arsenic exposure  


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Second round screening (n=112) 
Full-texts independently screened by 2 reviewers 


 


Studies included in review (n=3) 


Excluded (n=109): 
Not primary study (n=6) 
No data on skin cancer (n=6) 
No exposure data (n=93) 
No control group (n=1) 
Molecular studies (n=1) 
Case reports (n=1) 
No full text found (n=1) 


Database searches (n=1848) 
Medline (n=748) 


EMBASE (n=970) 
Toxline (n=130) 


Excluded (n=704): 
Non- English (n=283) 
Duplicates (n=421) 


First round screening (n=1144) 
Titles and Abstracts independently screened by 2 reviewers 


Excluded (n=832): 
Not primary study (n=442) 
No data on skin cancer (n=143) 
No exposure data (n=152) 
Molecular studies (n=231) 
Animal studies (n=4) 
Case reports (n=60) 
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STUDY CHARACTERISTICS AND PARTICIPANTS 
Two of the studies included in the review (Table 7) were case-control studies, and one was a case-control 


analysis of a cohort study.(46) The studies were published between 2002 (47) and 2010(46). The years of data 


collection ranged from 2 years from 1999 (47) to up to 12 years from 1994 (46). Each of the 3 studies 


measured distinct sources of occupational exposure to arsenic, from pesticides (46) to construction materials 


(33) to emissions from a coal-burning power plan.(47) 
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Table 7: Study characteristics of epidemiological studies of arsenic exposure and skin cancer 


Reference Study 


Design 


Years of Data Population Description Sample Size Response Rate Exposure Exposure 


Measurement 


Outcome 


Dennis, 


2010 (46) 


Nested 


case-


control 


within 


cohort 


Enrolment 


1993 to 1997; 


follow-up until 


end of 2005 


Melanoma cases and controls 


from the Agricultural Health 


Study in Iowa and North 


Carolina. The cohort 


included private and 


commercial pesticide 


applicators. 


150 cases/ 24,704 


controls 


 


Not reported 


Arsenical 


pesticide 


application 


Self reported 


from 


enrollment and 


take home 


questionnaire 


CMM 


Mitropoulos, 


2005 (33) 


Case-


control 
1992 to 1996 


Cases with SCC from 


Southeastern Arizona Skin 


Cancer Registry, population 


controls without SCC 


frequency matched by age 


and gender. 


404 cases/ 391 


controls 


Cases -45.8%; 


controls- 


11.6% 


Arsenic 


construction 


materials 
Self reported SCC 


Pesch, 2002 


(47) 


Case-


control 


Oct 1999 to 


Jun 2000 


Cases with NMSC in the 


district of Prievidza in 


Slovakia registerd in the 


national registry, population 


controls randomly selected 


from mandatory registry of 


district matched to cases on 


age group and gender. 


264 cases/ 286 


controls 


Cases-80.5%; 


Controls-


72.2% 


Inhalation of 


arsenic from 


coal-burning 


power plant 


Estimated 


based on 


residential 


history from 


interview and 


annual 


emissions 


NMSC 


(91% 


BCC) 


CMM= cutaneous malignant melanoma; SCC=squamous cell carcinoma; NMSC=non melanoma skin cancer. 
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SUMMARY OF STUDIES 
Dennis et al. (46) performed an analysis of the Agricultural Health Study cohort of licensed pesticide 


applicators in Iowa and North Carolina in the United States to determine the association between various 


pesticides and cutaneous melanoma. An enrolment questionnaire during license renewal and a subsequent 


take-home questionnaire were used to ascertain exposure to various pesticides. The cohort was linked to 


cancer and death registries to obtain outcome data. There were a total of 150 incident melanoma cases and 


24,554 controls included. Although the crude odds ratio measuring the association between any use of arsenic 


pesticides (arsenate crop insecticide, inorganic arsenic herbicide, organic arsenic herbicide) and melanoma was 


statistically significant (OR 2.2; 95% CI 1.2-4.1), the association was no longer significant when adjusting for 


age at enrolment and sex (OR 1.3; 95% CI 0.7-2.4). Similar results were observed for lead arsenate crop 


insecticide. 


 


A case-control study by Mitropoulos et al. (33) investigated potential associations between history of specific 


environmental exposures at work and risk of SCC. The Southeastern Arizona Health Study-2 (SEAHS-2) 


identified cases of SCC from the Southeast Arizona Skin Cancer Registry and population controls matched by 


age and gender by random digit dialing. A total of 404 cases (response rate 45.8%) and 391 controls (response 


rate 11.6%) were included. Interviews were used to collect information on history of sun exposure, 


occupational history and exposure to other agents including coal tar/dandruff shampoo, arsenic, and cutting 


oils. To be exposed, the subject had to have a duration of exposure of at least 4 hours on an average of once a 


week for a month or longer, or a duration of at least 4 hours daily for at least a week. Exposure to arsenic 


building and construction materials was not significantly associated with an increased risk of SCC, with an 


odds ratio of 4.2 (95% CI 0.4-43.9), when adjusting for age and gender, history of actinic keratosis, current 


number of arm freckles, and reaction of the skin to prolonged sun exposure. 


 


Another case-control study by Pesch et al. (47) was conducted to investigate the risk of non-melanoma skin 


cancer (NMSC) among residents of the district of Prievidza in Slovakia, who experience environmental 


exposure to arsenic released from a coal-burning power plant. Cases (n=264) were diagnosed with NMSC 


(91% BCC) as a primary, first tumour confirmed histologically during 1996 to 1999. Population controls 


(n=286) were frequency matched to cases on age group and gender and randomly chosen from a mandatory 


registry of the district. Interviews were used to determine occupational and residential history, as well as 


dietary habits, outdoor activities, skin type and smoking habits. Assessment of arsenic exposure was modelled 


based on a subject’s residential history, and emission and dispersion patterns. Exposure from arsenic ingestion 


based on a food frequency questionnaire was modelled separately. A dose-response was observed for 


environmental exposure to arsenic and NMSC. The odds ratio for medium exposure (between 30th and 90th 
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percentile) relative to low exposure (below 30th percentile) was 1.7 (95% CI 1.4-2.1), and the odds ratio for 


high (above 90th


 


 percentile) compared to low exposure was 1.9 (95% CI 1.4-2.6), with a significant test for 


trend (OR 1.5; 95% CI 1.3-1.7). In another analysis, the effect of environmental exposure was found to be 


independent of the effect of dietary exposure. 


RISK OF SKIN CANCER FROM PROLONGED EXPOSURE TO ARSENIC 
Tables 8 and 9 summarize the results for the 3 studies included in the systematic review. Because of the lack 


of relevant studies found, and with the one study of melanoma incidence, a graphical depiction of the results 


was not possible 
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Table 8: Results of cohort study of arsenic exposure and skin cancer 


Reference Exposure 


Definition 


Outcome # Exposed 


(# cases/ # 


not cases) 


# Not exposed 


(# cases/ # not 


cases) 


Odds ratio (95% CI) Adjustment for 


confounders 


Dennis, 2010 


(46) 


Prior use of any 


arsenic pesticide 


melanoma 150 


(11/139) 


24,704 


(874/23,830) 


Crude OR=2.2 (1.2-4.1)  


 
  150 


(11/139) 


24,704 


(874/23,830) 


Adjusted OR=1.3 (0.7-2.4) Age and sex 


 
  150 


(10/140) 


24,704 


(821/23,883) 


Crude OR=2.1 (1.1-3.9)  


 
  150 


(10/140) 


24,704 


(821/23,883) 


Adjusted OR=1.2 (0.6-2.3) Age and sex 
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Table 9: Results of case control studies of arsenic exposure and skin cancer 


Reference Exposure Outcome # Cases (# 


exposed/ # 


not exposed) 


# Controls (# 


exposed/ # not 


exposed) 


Odds ratio 


(95% CI) 


Adjustment for 


confounders 


Notes 


Mitropoulos, 


2005 (33) 


Prolonged 


exposure to 


arsenic 


building and 


construction 


materials 


SCC 404 (4/400) 395 (1/394) Crude OR=3.7 


(0.4-33.9) 


 duration of exposure of at 


least 4 hours on an 


average of once a week 


for a month or longer, or 


a duration of at least 4 


hours daily for at least a 


week 


 


Prolonged 


exposure to 


arsenic 


building and 


construction 


materials 


SCC 404 (4/400) 395 (1/394) Adjusted 


OR=4.2 (0.4-


43.9) 


age, gender, history of 


actinic keratosis, current 


number of freckles on 


the arm, reaction of the 


skin to prolonged sun 


exposure, smoking, 


outdoor or indoor 


occupation 


duration of exposure of at 


least 4 hours on an 


average of once a week 


for a month or longer, or 


a duration of at least 4 


hours daily for at least a 


week 


Pesch, 2002 


(47) 


Medium 


exposure (30th 


to 90th


NMSC 


(BCC) 


 


percentile) 


compared to 


low exposure 


264 286 Adjusted 


OR=1.7 (1.4-


2.1) 
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(<30th 


percentile) 


 


High 


exposure 


(>90th 


percentile) 


compared to 


low exposure 


(<30th


NMSC 


(BCC) 


 


percentile) 


264 286 Adjusted 


OR=1.9 (1.4-


2.6) 


 Test for trend for medium 


and high exposure was 


statistically significant 


(OR 1.5; 95% CI 1.3-1.7) 


 


Medium 


exposure (30th 


to 90th 


percentile) 


compared to 


low exposure 


(<30th


NMSC 


(BCC) 


 


percentile) 


129 males 142 males Adjusted 


OR=2.4 (1.9-


3.1) 


  


 


High 


exposure 


(>90th 


percentile) 


compared to 


low exposure 


(<30th


NMSC 


(BCC) 


 


129 males 142 males Adjusted 


OR=1.8 (1.1-


2.7) 


*  
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percentile) 


 


Medium 


exposure (30th 


to 90th 


percentile) 


compared to 


low exposure 


(<30th


NMSC 


(BCC) 


 


percentile) 


135 females 144 females Adjusted 


OR=1.8 (0.8-


2.0) 


*  


 


High 


exposure 


(>90th 


percentile) 


compared to 


low exposure 


(<30th


NMSC 


(BCC) 


 


percentile) 


135 females 144 females Adjusted 


OR=2.2 (1.6-


3.1) 


*  


• Age, sex. Considered other potential confounders but none were significant and not included in model
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RISK OF BIAS ASSESSMENT 
The risk of bias in the Agricultural Health Study cohort (46) was high (Table 10) and did not score on any of 


the items for selection bias. This cohort study had a low response rate (47%) for the take home questionnaire 


and subjects were enrolled regardless of their history of skin cancer diagnoses. Exposure to arsenic pesticides 


was also self-reported and likely to be affected by the ability of subjects to recall their lifetime exposure. For 


the case-control analysis in this study, there was an average of 10.3 years of follow-up, which may not be not 


adequate when assessing melanoma.  


 


Risk of selection and comparability bias in the case-control studies was fairly low (Table 11), with all three 


studies scoring positively on most of the items. The study by Pesch et al. (47) did not specify the eligibility 


criteria of controls as being without skin cancer, and therefore score poorly for selection bias.  


Risk of bias was high for the ascertainment of exposure, with none of the studies using secure records or a 


structured interview blinded to case/control status as the method of obtaining exposure data. Both case-control 


studies (47) (33) had response rates which differed for cases and controls (see Table 11), leading to a potential 


source of bias. The study by Mitropoulos et al.(33) also had a very low response rate. However, all studies 


used the same method of ascertaining exposure for cases and controls.  
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Table 10: Results of the Newcastle-Ottawa Scale for cohort study of arsenic and skin cancer 


Reference 


Selection Comparability Outcome 


Representativeness 


of the exposed 


cohort 


Selection of 


the non 


exposed 


cohort 


Ascertainment 


of exposure 


Demonstration 


that outcome of 


interest was not 


present at start 


of study 


Comparability 


of cohorts on 


the basis of the 


design or 


analysis 


Assessment 


of outcome 


Was 


follow-up 


long 


enough for 


outcomes 


to occur 


Adequacy of 


follow up of 


cohorts 


Dennis, 


2010 (46) 


selected group of 


users (pesticide 


applicators) 


no 


description 


of the 


derivation of 


the non 


exposed 


cohort 


written self 


report 
no 


study controls 


for age and 


sex** 


* record 


linkage 


no 


(average 


of 10.3 


years of 


follow-up) 


follow up 


rate < 70% 


(47%) and 


no 


description 


of those lost 
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Table 11: Results of the Newcastle-Ottawa Scale for case-control studies of arsenic and skin cancer 


 Selection Comparability Exposure 


Reference 


Is the case 


definition 


adequate? 


Representative 


cases 


Selection of 


Controls 


Definition of 


Controls 


Comparability of 


cohorts on the basis 


of the design or 


analysis 


Ascertainment 


of exposure 


Same method 


of 


ascertainment 


for cases and 


controls  


Non-


Response 


rate 


Mitropoulos, 


2005 (33) 


*yes, with 


independent 


validation 


*obviously 


representative 


series of cases 


*community 


controls 


*no history of 


disease 


(endpoint) 


**Study controls 


for age, sex, skin 


characteristics and 


prior skin lesions, 


smoking, outdoor 


or indoor 


occupation 


*interview 


blinded to 


case/control 


status 


*yes 


rate 


different 


and very 


low 


Pesch, 2002 


(47) 


*yes, with 


independent 


validation 


* obviously 


representative 


series of cases 


*community 


controls 


no description 


of source 


**Study controls 


for age and sex, 


and considered 


other confounders 


interview not 


blinded to 


case/control 


status 


*yes 
rate 


different 
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DISCUSSION 
Understanding of the health effects associated with exposure to arsenic has primarily been through 


epidemiological studies of contaminated drinking water. Arsenic is known to accumulate in the skin. 


Chronic ingestion of arsenic has been associated with such adverse effects on the skin as hyperkeratoses of 


the palms and soles, and hyperpigmentation. These dermatological lesions are considered as precursors of 


skin cancer, including Bowen’s disease (carcinoma in situ), basal cell carcinoma and squamous cell 


carcinoma.(48) Arsenic is classified as a human carcinogen (class 1) by the World Health Organization 


(49) and the International Agency for Research on Cancer (IARC).(50;51) T


 


here is sufficient evidence in 


humans that chronic ingestion is associated with cancers of the lung and urinary bladder as well as 


skin.(52) For instance, a review of 3 large cohort studies of smelter workers showed an increase in deaths 


due to respiratory cancer associated with cumulative exposure to arsenic.(53)  


To be relevant to occupational exposure, our systematic search of the literature was limited to prolonged 


contact of the skin or inhalation, which is the primary route of exposure to arsenic in the workplace.(52) 


Our systematic review identified only three relevant epidemiological studies: a population based case-


control study of squamous cell carcinoma in Arizona (33), an analysis of the risk of melanoma for a cohort 


of licensed pesticide applicators using arsenic pesticide from two US states(46), and a population based 


case-control study of nonmelanoma skin cancer (primarily basal cell carcinoma) among residents and 


workers near a coal-burning power plant in Slovakia (47). Excluded from the review were studies which 


evaluated exposure to arsenic through both inhalation and ingestion of arsenic-contaminated drinking 


water, without distinguishing their independent effects. 


 


The largest case-control study by Pesch et al. (47) did find a dose-response relationship between 


environmental exposure to arsenic and non-melanoma skin cancer, independent of the effect of arsenic 


ingestion.(47) Exposure to arsenic was grouped as low, medium and high as determined by distances of 


residences to a coal-burning plant which used arsenic rich coal and use of a dispersion model based on 


available emissions data. However, because of the lack of individual measurements, there is the potential 


for bias due to misclassification. As well, there was no consideration given to possible exposure to such 


carcinogens as PAHs in coal dust and fly ash. Because subjects were asked to report residential history 


going back to 1953 there was the potential for recall bias.  


 


For the two other studies, the exposure was self-reported and measured as the presence or absence of any 


previous exposure to arsenic pesticides, without any indication of the length, dose, or frequency of 


exposure. Both studies suffered from a small number of exposed individuals leading to low power to detect 


true associations. 
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In the cohort study of exposure to arsenic pesticides by Dennis et al. (46) there were only 11 melanoma 


cases exposed and no adjustment was made for known risk factors for melanoma such as hair color or 


intermittent UV exposure.  


 


In the case-control study investigating the history of specific environmental exposures at work and risk of 


SCC by Mitropoulos et al. (33) only four cases and one control were exposed to arsenic and they were 


unable to demonstrate a significant association. In the study by Dennis et al. (46) the odds ratio for 


exposure to any arsenic was only slightly elevated OR=1.3 (95%CI 0.7-2.4) when adjustment was made for 


age and sex. 


 


A separate literature search revealed a short report of a case control analysis investigating the relationship 


of a variety of reported chemical exposures by questionnaire with different types of skin cancer (54). They 


found a high odds ratio of 7.1 with a wide confidence interval (95% CI 1.1-45.5) for the association of 


arsenic exposure to melanoma, but based on exposures for just 2 cases and 2 controls. Although the results 


were positive, study limitations include recall bias, poor exposure ascertainment and the very small number 


exposed subjects. 


 


Based on the studies selected in our systematic review, there is limited evidence that there is an increased 


risk of skin cancer from prolonged arsenic exposure through inhalation or dermal contact. The odds ratio 


was highest for the smallest case-control study (crude OR 4.2 95% CI 0.4-43.9) (33) but had very wide 


confidence intervals and was not statistically significant). Dennis et al. did not show a significant 


association of arsenic pesticides with skin cancer. For the largest study by Pesch and colleagues (47) a 


statistically significant elevated OR was found for non-melanoma skin cancer of 1.50 (95% CI 1.31-1.72), 


with relative exposure to arsenic defined according to residence from a coal-burning power plant known to 


emit arsenic, They demonstrated that this relationship was independent of food ingestion. The fact that 91% 


of the cases were diagnosed with basal cell carcinoma limit the ability to apply the results to skin cancers 


other than basal cell carcinoma. A further limitation of the study was not taking into account the potential 


carcinogenic effects from other exposures emitted by burning fuel, such as PAHs and metals.  
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CHAPTER 4 - ASSOCIATION OF PROLONGED EXPOSURE TO CUTTING OILS 


WITH PRIMARY SKIN CANCER 
 


INTRODUCTION 
Cutting oils are a type of combination coolant and lubricant designed specifically for metalworking and 


machining processes. All metal removal processes generate a tremendous amount of heat. Lubrication 


reduces friction between the tool and the part, the cooling effect provided by a metalworking fluid gives the 


cutting tool or grinding wheel a longer life and helps to prevent burning and smoking. Cutting oils (or 


metalworking fluids) are just a small proportion of the many uses of lubricating oils, which are derived 


from mineral oils. The three basic types are 1) straight oil; also called “neat oil”, which are insoluble oils 


consisting of petroleum, animal, marine, plant oils or synthetic oils; 2) soluble oil; containing refined 


petroleum oils and oil-in-water emulsions which are usually mineral oil based; and 3) 


synthetic/semisynthetic fluids contain additives and either have no petroleum oils (detergent-like 


components instead) or are a mixture of refined petroleum oils and water. 


 


Cutting oils came into wide use for automatic machinery during the first world war and were quickly 


recognized as a cause of skin irritation leading to dermatitis(55) Human exposure occurs primarily by direct 


dermal contact such as by touching the machining parts and tooling or being splashed or splattered by fluid 


and nasal, mouth and respiratory contact after fluid misting.(56) Such contact with cutting fluids exposure 


may also include exposure to metal particles from previous cutting, bacterial or fungal growth, biocides and 


corrosion inhibitors. Many metalworking fluids, except the straight oils, are mixed with water and additives 


such as surfactants, biocides, extreme pressure agents, anti-oxidants, and corrosion inhibitors.  


 


Nitrosamines, which are carcinogenic, have been detected as a result of a reaction between alkanolamines 


(added as emulsifiers) and nitrites (added as corrosion inhibitors).(57) Thus, exposure to cutting oils and 


their constituents vary according to the type of cutting oil and also over time, as new formulations were 


developed. 


 


PURPOSE 
The objective of this systematic review is to determine whether prolonged contact with cutting oils is 


related to the risk of primary skin cancer (melanoma and NMSC). 


 


METHODS 
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Medical Subject Headings (MeSH) and text words related to exposure to cutting oils were used to search 


MEDLINE (OVID interface, 1950 to July 22, 2010), EMBASE (OVID interface, 1980 to 2010 Week 28, 


and Toxline (website searched September 17, 2010). There were no MeSH terms specifically for cutting 


oils. To be comprehensive, the MeSH terms for exposure to cutting oils included “industrial oils” 


“lubricants” and “mineral oils” while the keywords included such specific descriptors as “cutting” “metal:” 


“machin:” combined with “oil:” “fluid:” etc. The full search strategy for publications relating prolonged 


contact to cutting oils to the development of skin cancer can be found in Appendix 11. 


 


Two independent reviewers determined the relevancy of citations obtained from the electronic literature 


searches based on the abstract and titles; titles and keywords were used when abstracts were not available. 


Full-text articles were obtained for citations deemed relevant by both reviewers, and were assessed 


independently by the two reviewers a second time. Any differences were resolved by consensus. The pre-


defined inclusion criteria are presented in Appendix 7. Epidemiological studies measuring the risk of skin 


cancer from exposure were included, where exposure to cutting oils was measured or estimated for the 


participants in the study. Thus, ecological studies using aggregate rates of skin cancer and cutting oil 


exposure were excluded. Case reports or case series were excluded as no measure of effect was possible. 


Potential routes of exposure were considered to be skin contact and inhalation. 


 


LITERATURE SEARCH 
A total of 507 potentially relevant records were identified from the literature search and reference lists of 


relevant articles (Figure 3 – flow chart). Of these, 52 potentially relevant full-text reports were obtained and 


reviewed by two investigators, yielding just 2 reports of unique studies that passed the eligibility criteria 


and were therefore included in the review. The level of agreement between reviewers screening the 


literature in the first round of screening was excellent (к=0.73).(30) The majority of the 50 articles 


excluded were not primary studies (n=19) or did not have data on cutting oil exposure (n=11). The 


remaining exclusions were either animal studies did not have data on skin cancer (many were on scrotal 


cancer only) were case reports or had no effect estimate. Studies on the general category “lubricating oils” 


were excluded as cutting oils was the specific exposure of interest. 
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Figure 3: Literature search flow chart for cutting oils exposure and skin cancer 


 


 


 


 


 


 


 


Data abstraction (n=5) 
1st reviewer inputs; 2nd reviewer verifies 
(1st reviewer inputs; 2nd reviewer verifies) 


 


Excluded (n=50): 
 Not primary study (n=19) 
 No exposure data (n=11) 
 No data on skin cancer (n=6) 
 Animal studies (n=9) 
 Case report (n=3) 
 No effect estimate (n=2) 


Studies included in review (n=2) 


Second round screening (n=52) 


Full-texts independently screened by 2 reviewers 


Excluded (n=254): 
 No exposure data (n=253) 
 Animal study (n=1) 


First round screening (n=306) 


Ti l  d Ab  i d d l  d b  
  


Excluded (n=201): 
Non-English (n=35) 
Duplicates (n=166) 


Database search (n=507): 
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STUDY CHARACTERISTICS AND PARTICIPANTS 
One case-control study, published in 1987(58) and one cohort study, published in 2001 (59) were included 


in the review (Table 8). Data collection for both studies was for a relatively long period, covering 22 years 


from 1961 in the case-control study and 54 years since 1941 for the cohort study. Although the sample size 


appears adequate for the entire Bell(58) study with 1,845 subjects taking part, just 98 had ever been 


exposed to cutting oils, as determined by questionnaire. The cohort study by Eisen (59) involved the 


participation of over 12,000 workers from each of three automobile manufacturing plants, with cumulative 


exposure to 3 types of metal working fluids being determined through use of plant records. 
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Table 12: Study characteristics of epidemiological studies of cutting exposure and skin cancer 


Reference Study Design Years of 


Data 


Population 


Description 


Sample Size Response 


Rate 


Exposure 


Measurement 


Outcome 


Bell, 1987 


UK 


#20(58) 


Case-control  1961 -1982 


Patients at skin 


clinics with a new 


skin lesion  


268 cases, 


1577 controls 
 


Self reported 


questionnaire 


 


Melanoma 


 


Eisen, 


2001, 


USA 


(59) 


Retrospective 


cohort  
1941-1994 Auto-workers  


46399 total 


cohort 
 


Job exposure matrix  


 


 


Melanoma  
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SUMMARY OF STUDIES 
Bell et al.(58) conducted a clinic-based case-control study in England to examine etiological factors for 


malignant melanoma. Cases had a diagnosis of histology-confirmed nodular or superficial spreading 


melanoma while controls were patients with non-malignant skin conditions. Information on occupational 


exposure to 15 possible carcinogens was obtained by questionnaire, along with questions relating to sun 


exposure and medical and family history. 268 melanoma cases and 1577 controls in the same period had 


similar numbers of men and women, however the odds ratios were adjusted by age and year of diagnosis to 


account for uneven distributions of these variables in the cases and controls. The risk estimate for cutting 


oil exposure was the only significantly elevated occupational exposure found, with an OR of 2.13, (95% CI 


1.11-3.28). 


 


A follow-up of a large retrospective cohort study of hourly automobile workers from Michigan state with 


potential exposure to metalworking fluids (MWF) was undertaken by Eisen et al.(59) The previous cancer 


mortality study was extended for 10 years to increase study power to evaluate less common cancers and to 


evaluate effects of changes in composition of MWF. A job exposure matrix based on company records for 


plant, department and specific job was used to estimate cumulative exposure (mg/m3-years) to straight 


MWF (mineral oil based), soluble MWF (emulsifiable) and synthetic/semi-synthetic MWF. Using a case-


cohort design, Poisson regression models were used to examine the association between cumulative 


exposure to type of MWF and specific causes of death, through incidence rate ratios adjusted for potential 


confounders: plant, gender, decade of hire, race, age and calendar year at risk. Melanoma mortality 


(referenced as ICD9 172) was not elevated, with cumulative exposure to either straight MWF or synthetic 


MWF. The highest exposure category of >12 mg/m3-years for grinding with soluble MWF was associated 


with a significant increased risk (RR of 2.64). A further sub-analysis using proportional hazards models 


evaluating the effect of all 3 types of MWF simultaneously, confirmed that soluble MWF had a 


significantly elevated risk ratio. Although straight MWF was elevated, it was not statistically significant. 


The authors attributed these findings to the carcinogenic properties of the common oil base or PAH content 


of the fluids. Furthermore, the finding of a decreasing risk of skin cancer with increasing decade of hire, 


provided evidence that the more recent severely refined mineral oils may be reducing the increased risk of 


melanoma.
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Table 13: Results of case control study of cutting oils exposure and skin cancer 


Reference Exposure Outcome # Cases (# 


exposed/ # not 


exposed) 


# Controls (# 


exposed/ # not 


exposed) 


Relative risks (95% CI) Adjustment for 


confounders 


Bell, 1987 


(58) 


 


Cutting oils Melanoma 
21/110 (male 


only) 
77/726 (male only) 


Crude OR=1.91 (1.11-


3.28) 


 


age 


 


 


   


Adjusted OR=2.13 


(1.11-3.28) 


 


Age and year of 


diagnosis. 
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Table 14: Results of case cohort study of cutting oils exposure and skin cancer 


Reference Exposure Outcome # Cases (# 


exposed/ # not 


exposed) 


Relative risk (95% CI) Adjustment for 


confounders 


Eisen, 2001 


(59) 


MWF Melanoma 3000 


(172/2828) 


Straight metalworking fluids 


0-1 mg/m3 8 -years 0.75 (0.31-1.86) 


>1-3 mg/m3 4 -years 0.77 (0.24-2.43) 


>3 mg/m3 8 -years 1.12 (0.44-2.84) 


Soluble metalworking fluids 


0-2 mg/m3 8 -years 0.83(0.31-2.25) 


>2-12 mg/m3 5 -years 0.63 (0.21-1.95) 


>12 mg/m3 14 -years 2.64 (1.03-6.74) 


Synthetic metalworking fluids 


0-1.0 mg/m3 3 -years 0.48(0.13-1.72) 


>1.0 mg/m3 3 -years 0.48 (0.13-1.69) 


Metal working fluids 


Straight MWF  1.22 (0.97-1.53) 


Soluble MWF  1.13 (0.89-1.43) 


Synthetic MWF  0.71 (0.73-2.68) 
 


Age, race, sex, 


plant, calendar 


year of hire, 


calendar of year 


at risk 
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RISK OF BIAS ASSESSMENT 
The case-control study by Bell et al (58) had greater risks of biases (Table 16) than the case-cohort analysis of 


the cohort study by Eisen et al.(59) The study by Bell et al. (58) used hospital controls who had skin lesions 


other than cancer, rather than choosing controls from the community, possibly reducing the likelihood of 


identifying a true association if cutting oils were also associated with the risk of non-cancerous skin lesions. 


There was also the risk of bias due to the ascertainment of exposure since the study used a questionnaire based 


recall of a number of exposures thus indicating the possibility of misclassification of exposure again leading to 


bias toward the null. There was no information provided on the non-response rate. 


The case-cohort analysis by Eisen et al.(59) was based on a very well designed cohort mortality study and had 


a very low risk of biases in selection, comparability and outcome (Table 17). They purposely chose three auto 


manufacturing plants which represent the full range of metalworking fluids; controls had were workers in 


those plants with no exposures to each of the 3 types of cutting oils. However, there was still the possibility of 


error in the retrospective exposure assessment again leading to a lowered estimate of risk.
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Table 16: Results of the Newcastle-Ottawa Scale for the case-control study on cutting oils and skin cancer  


Reference Selection Comparability Exposure 


 


 Is the case 


definition 


adequate? 


Representativeness 


of the cases 


Selection 


of 


controls 


Definition 


of controls 


Comparability of 


cohorts on the 


basis of the 


design or analysis 


Ascertainment 


of exposure 


Same method 


of 


ascertainment 


for cases and 


controls 


Non-


Response 


rate 


Bell, 


1987(58) 


* yes, with 


independent 


validation 


 


* obviously 


representative 


series of cases 


hospital 


controls 


 


* no 


history of 


disease  


** study controls 


for age and year 


of diagnosis 


interview not 


blinded to 


case/control 


status 


*yes No report 


APPENDIX B







 61 


Table 17: Results of the Newcastle-Ottawa Scale for retrospective case-cohort study of cutting oils and skin cancer 


Reference 


Selection Comparability Outcome 


Representativeness 


of the exposed 


cohort 


Selection of 


the non 


exposed 


cohort 


Ascertainment 


of exposure 


Demonstration 


that outcome 


of interest was 


not present at 


start of study 


Comparability 


of cohorts on 


the basis of 


the design or 


analysis 


Assessment 


of outcome 


Was follow-


up long 


enough for 


outcomes to 


occur 


Adequacy of 


follow up of 


cohorts 


Eisen, 


2001 


(59) 


* somewhat 


representative of 


the average auto 


workers with 


potential exposure 


to metalworking 


fluids in the 


community 


 


 


*drawn 


from the 


same 


community 


as the 


exposed 


cohort 


 


 *secure record 


(Industrial 


hygienist 


assigned 


specific 


exposure 


category 


based on job 


description) 


  


*yes (deaths 


are outcomes) 


**study 


controls for 


additional 


factor, race, 


gender, date 


of hire, plant 


and calendar 


time. Used 


correct 


statistical 


model for 


case-cohort 


design. 


*record 


linkage 


*yes (53 yr 


follow-up 


and >13 yr 


prior to 


death )  


 


* subjects lost 


to follow up 


unlikely to 


introduce bias 


as small 


number lost -


(4%) 
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DISCUSSION 
The International Agency for Research of Cancer classified petroleum based mineral oils, which are used in 


straight and soluble cutting oils for metal machining, as known human carcinogens based principally on 


human evidence from case reports of scrotal cancer and skin cancer.(60) An example is the early case 


report study by Mastromatteo (61) which described 6 cases of squamous cell skin cancer on the hands and 


forearms of machine operators, presumed to be from exposure to cutting oils. A large case control study of 


skin cancer in the US tire and rubber manufacturing industry found an elevated relative risk of squamous 


cell carcinoma with exposure to lubricating oils, for which there was some potential for cutting oil exposure 


(not assessed) as well among mechanics and maintenance men who repair machinery.(62) The authors 


describe the history of lubricating oils and mineral oils in general as carcinogens, such as when use of shale 


oil introduced in the mid-19th century became associated with skin cancer of the inguinal area among mule 


spinners in the cotton industry and the upsurge of skin cancer among tool setters exposed to mineral oils in 


Britain in the mid-20th


 


 century. In addition to scrotal cancer (63), increasing exposure to both straight and 


soluble cutting oils has been associated with a greater risk of laryngeal cancer.(64) 


Although evidence of the carcinogenicity of cutting oils goes back to the 1800s, the formulations and 


industrial hygiene has improved considerably since the last half of the 20th


 


 century. Cutting fluids were 


historically formulated from unrefined petroleum distillates which have a high content of PAHs, many of 


which are known carcinogens. Highly refined oils, particularly when extracted with solvents rather than 


acids, are considered to be less carcinogenic according to animal bioassays (65). Cutting oils are a 


changing, complex, highly variable class of chemical agents which includes various additives (up to 40% of 


the content) and by-products. The term “cutting oils” describes a function of cooling and lubricating 


surfaces in machining operations, it does not have a specific chemical composition.(64) Therefore it is 


difficult to extrapolate findings from one period of time to another or from one setting to another. 


For the case-control study of Bell and colleagues (58), exposure to cutting oils was derived from a 


questionnaire interview. Not only is this method prone to recall bias, there is no estimate of extent of 


exposure. As a result of the analysis of 15 occupational chemical exposures, the elevated odds ratio found 


for the association of cutting oils with diagnosed skin cancer would likely not have been statistically 


significant once corrections were made for multiple comparisons. However the elevated risk estimate is 


suggestive of an effect of exposure to cutting oils sometime prior to 1982 (the years when exposure 


occurred was not given). 


 


In the retrospective cohort study by Eisen et al. (59), all hourly autoworkers from the 3 plants were 


considered to have some degree of exposure to metalworking fluids, yet concomitant workplace exposures 
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were not addressed. However a strength of the study was sufficient power to show distinctions in the 


relationship of skin cancer mortality to 3 types of MWF: 1) straight oils (napthalenic or paraffinic mineral 


oils earliest in use); 2) soluble oils (containing emulsifying agents to suspend the oil drop in water, 


beginning in the 1940s for grinding operations; and 3) synthetic oils, chemical substitutes for oils, with 


widespread use in the 1970s.  


 


In January 2011, after the conclusion of our literature search, a paper by Costello et al.(66), coauthored by 


Eisen, was published regarding the analysis of a subset of the cohort of autoworkers. A cohort of 14,139 


white men hired between 1938 and 1981 were analyzed for incident cancer, specifically, malignant 


melanoma. For the 76 incident cases, the hazard ratio for the highest category of straight fluid exposure was 


1.99 (95% CI 1.00-3.96). Unexpectedly, the risk was greatest in the most recent time window. There was 


no association of synthetic fluid with malignant melanoma. They concluded that oil-based metalworking 


fluids, particularly straight oils, are associated with incident cases of malignant melanoma.  


 


In conclusion, the two epidemiological studies that fulfilled the criteria for selection in our comprehensive 


systematic review, both yielded positive inferences that prolonged exposure to cutting oils may be related 


specifically to malignant melanoma. Earlier case-reports and studies indicating an association of cutting 


oils to squamous cell carcinoma of the skin may be related more to general exposures to mineral oil or to 


historical formulations of cutting oils. Substantial changes to the composition of MWFs and reductions in 


the contaminants have occurred in the past few decades and as a result, the risk of cancer from more recent 


exposures is not clear. Due to limitations in the study designs and difficulty in characterizing the content of 


cutting oil formulations, further study is needed to confirm the relationship and evaluate what constituents 


in specific types of cutting oils are associated with the incidence of melanoma or other types of skin cancer.  


Untreated and mildly treated mineral oils are known to be human carcinogens, as assessed by its 


association with skin and other malignancies in animal and epidemiological studies. Less refined cutting 


oils which are composed of lubricant base oils are suspected carcinogens for melanoma. 
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CHAPTER 5 - ASSOCIATION OF PROLONGED EXPOSURE TO SOLAR UV WITH 


PRIMARY SKIN CANCER 
 


INTRODUCTION 
Ultraviolet (UV) radiation is energy that can come from the sun in the wavelength range from 100 to 400 


nanometers (nm). UV radiation is divided by wavelength into UVA (between 320-400nm), UVB (between 


280-320nm) and UVC (between 100-280nm). UVB accounts for 5% of the UV radiation in natural sunlight 


and is the major cause of tanning and sunburn. UVA is not as energetic as UVB but accounts for 95% of 


UV radiation


The intensity of a person’s exposure to UV


 in sunlight and also causes tanning and sunburn. UVC does not reach the Earth’s surface. (67) 


 radiation


Artificial UV


 from sunlight depends on many factors. 


Environmental factors include the time of day, latitude, altitude, the season of the year, ozone layer 


thickness, weather conditions, and surface reflections.(67) Skin exposure also depends on cultural/social 


practices, clothing preferences, the position of the sun relative to the position of the body, use of sunscreen, 


skin type, and frequency and duration of outdoor activities.(67;68) 


 radiation, such as use of tanning beds, can contribute to cumulative UV radiation exposure. In 


addition to cosmetic uses, artificial UV radiation


The International Agency for Research on Cancer (IARC) classifies solar radiation as a Group 1 


carcinogen, with sufficient evidence for both malignant melanoma and NMSC.(68) However, IARC did not 


differentiate occupational and recreational sun exposure. Since recreational sun exposure tends to be 


intermittent, while occupational sun exposure is commonly chronic, the impact of occupational solar UV 


on risk of skin cancer may not be clear cut.  


 can also be used to treat skin conditions such as acne and 


psoriasis. For example, a combination of psoralen (to sensitize the skin) and UVA therapy (PUVA), is 


commonly used to treat psoriasis.(69) 


PURPOSE 
This section describes the systematic review conducted to determine the relationship between occupational 


solar UV exposure and the risk of skin cancer (melanoma and NMSC). 


 


METHODS 
Medical Subject Headings (MeSH) and text words related to solar UV exposure were used to search 


MEDLINE (OVID interface, 1950 to December 13, 2010), EMBASE (OVID interface, 1980 to 2010 Week 


49, and Toxline (website searched from 2000 to November 20, 2010). MeSH terms for UV exposure 


included “solar radiation”, “sun exposure”, “ultraviolet rays” and keywords such as “UVA” and “UVB”. 


The full search strategy can be found in Appendix 12. 


APPENDIX B







 65 


 


Two independent reviewers determined the relevancy of citations obtained from the electronic literature 


searches based on the abstract or titles and keywords when abstracts were not available. Full-text articles 


were obtained for citations deemed relevant by both reviewers, and were assessed independently by the two 


reviewers a second time. The pre-defined inclusion criteria are presented in Appendix 8. Only articles 


found from the electronic database search were used in the systematic review of occupational solar UV and 


skin cancer. 


 


Epidemiological studies measuring the risk of skin cancer from occupational sun exposure were included, 


where sun exposure was measured or estimated for the participants in the study. Thus, ecological studies 


using aggregate rates of skin cancer and sun exposure (e.g., skin cancer rates by latitude) were excluded. 


Only solar UV exposure was of interest, so studies measuring artificial UV exposure, such as use of tanning 


beds and PUVA skin therapy, were excluded. Because occupational sun exposure was of interest, studies 


considering only recreational solar UV exposure were also excluded. However, studies reporting separate 


results for occupational and recreational solar UV were included. 


 


Epidemiological studies that calculated a measure of risk between occupational solar UV and skin cancer 


were included in order to evaluate the etiological association between the two. Studies that did not report a 


measure of risk but provide enough information for its calculation were also included. 


 


LITERATURE SEARCH 
The electronic database searches identified a total of 24,163 possibly relevant articles of which 24,131 were 


excluded on the basis of the review of the abstract or title and keywords in the absence of an abstract 


(Figure 4 – flow chart). Of the remaining734 potentially relevant citations, full-text reports were obtained 


and reviewed, yielding 8 reports (refs) of 7 unique cohort studies and 30 reports (refs) of 25 unique case-


control studies that passed the eligibility criteria and were therefore included in the review. The level of 


agreement between reviewers screening the literature in the first round of screening was good (к=0.73).(30) 


The majority of exclusions were of citations that did not have data on skin cancer in the participants 


(n=6036) or the study population did not represent the general population (n=4338) or citations were not 


primary studies (n=1696). Of the remaining exclusions, 231 citations were molecular studies, 76 citations 


were for case reports, 60 citations were animal studies, and 140 citations were studies of database linkage 


that did not have a control group or a risk measure, could not be used to calculate occupational sun 


exposure and risk of skin cancer. In addition, 382 citations did not have data on occupational sun exposure. 


  


APPENDIX B







 66 


Figure 4: Literature search flow chart for solar UV exposure and skin cancer  
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STUDY CHARACTERISTICS AND PARTICIPANTS 
Characteristics of included studies are presented in Table 16, with studies grouped by the type of skin 


cancer and with cohort studies listed first. All results will be described separately based on the type of skin 


cancer assessed in each study.  


 


STUDIES OF CMM AND NMSC 


In all, 4 studies (2 cohort (70;71) and 2 case-(72-74)) assessed multiple skin cancer types as outcomes. All 


4 studies were conducted in Europe, had large sample sizes, and data collection dated back to the 1970’s. 


Three studies similarly included participants from occupational cohorts and estimated occupational solar 


UV via occupational history recorded in databases (70-72), while one study was hospital based and 


collected data with interviews.(73;74) 


 


STUDIES OF NMSC (BCC AND SCC) 


Three studies (2 cohort (75-77) and 1 case-control (78))) assessed BCC and SCC as outcomes. One was 


conducted in the United States (77), one in Australia (75;76), and one in Egypt (78). All 3 studies were 


conducted in the mid 1980’s to early 1990’s. Sample sizes for the cohort studies ranged from 68 cases (77) 


to 238 cases (75;76), and there were 136 cases in the case-control study (78). The participants included in 


the studies varied from watermen (77) to hospital patients (78) to the general population (75;76). All 3 


studies obtained occupational solar UV data via interviews. The response rate (participation rate at study 


entry) of the 2 cohort studies ranged from 67% (77) to 85% (75;76), while the response rate was not 


reported in the case-control study by El Khwsky et al. (78) 


 


STUDIES OF BCC 


A total of 5 case-control studies (79-83) looked at BCC as the sole outcome. (79;81), one study was 


conducted in Australia (82), and two studies were conducted in North America (80;83). Two studies were 


population based (80;82) and the other studies were either clinic or hospital based (79;81;83). Sample size 


ranged from 100 cases (81) to 538 cases (80). Three studies measured occupational sun exposure via 


interviews (79;81;82) while two studies (80;83) collected data from self-administered questionnaires. Only 


2 studies (80;83) reported response rates and although both studies had low rates, the study by Wei et al. 


(83) was particularly low; with only a 15.7% response rate for cases and 14.2% for controls. 


 


STUDIES OF SCC 


Three studies (1 case-control nested in cohort (84) and 2 case-control (85;86) looked at SCC as the 


outcome. Two studies were conducted in Canada (85;86) and one study was conducted in Australia (84). 


Two of the studies were population based and measured solar UV exposure from interviews (84;86) and 
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one was hospital based and obtained exposure data with self-administered questionnaires (85). Sample 


sizes ranged from 132 cases (84) to 306 cases.(85) Of the 2 case-control studies, the study by Aubry et al. 


reported an overall rate of 56% (85) while the study by Gallagher et al. had response rates of 80% for cases 


and 71% for controls.(86) 


 


STUDIES OF CMM 


In all, 17 studies (2 cohort (87;88) and 15 case-control (58;89-106)) assessed CMM as the outcome. Six 


studies were conducted in North America (88;91;93;94;98;99;101;102;105), 2 studies in South America 


(90;103), one study in New Zealand (87), and 8 in Europe (58;89;92;95-97;100;104;106). Years of data 


collection ranged from 1961 for 21 years (58) to 2000 for 2 years (96;97). Participants consisted of 


occupational cohorts in 2 studies (87;88), 4 studies were population based (93;94;98;99;101;105;106), one 


study was a twin study (91) and all other studies were hospital based (58;89;90;92;95-97;100;102-104). For 


the 2 cohort studies, sample sizes ranged from 168 cases (88) to 297 cases (87). For case-control studies, 


sample sizes ranged from 75 cases (91) to 3,527 cases (101). Response rates varied from 83% for cases and 


59% for controls (93;94;98;99) to 99% for cases and 99% for controls (103). However, response rates were 


not reported in 1 cohort study (88) and 9 case-control studies (58;90;92;95-97;100;102;104;105). Exposure 


data was collected via interviews in 11 studies (58;89;90;92-100;103-105), self-administered questionnaires 


in 4 studies (88;91;102;106), or occupational history (87;101). 
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Table 16: Study characteristics of epidemiological studies of solar UV exposure and skin cancer 


Reference Study Design 
Years of 


Data 
Study location Population Description 


Sample 


Size 


Response 


Rate 


Method of 


Exposure 


Measurement 


Outcome 


ALL SKIN CANCERS 


Beral, 1981 


(70) 


Retrospective 


cohort 
1970-1975 


England and 


Wales 


Melanoma and other skin cancers 


data in England and Wales from 


1970 to 1975 were obtained from 


the Office of Population Censuses 


and Surveys. Place of work was 


assigned based on the job type 


according to the standardized 


classification of occupation.  


3,228 


NMSC, 


1403 


CMM 


N/A 


Government 


database 


(Office of 


Population 


Censuses and 


Surveys) 


BCC, 


SCC, 


CMM 


Hakansson, 


2001 (71) 


Retrospective 


cohort 
1958-1993 Sweden 


Construction workers in national 


occupational health service 


organization between 1971 and 


1993 


323,860; 


525 


CMM, 


255 


NMSC 


N/A 


Industrial 


hygienist 


assessed 


exposure for 


200 job tasks 


based on 


occupational 


history 


NMSC, 


CMM 


Lear, 1997 


(73); Lear, 


1998 (74) 


Case-control Not reported 


English 


Midlands and 


South of 


England 


Cases from general dermatology 


outpatient clinics. Controls 


controls from dermatology clinic 


had seborrhoeic warts and 


eczema and were matched by age 


and sex 


240 


CMM, 


873 BCC, 


184 SCC/ 


503 


controls 


Not 


reported 
Interview 


BCC, 


SCC, 


CMM 
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Kenborg, 


2010 (72) 
Case-control 


Jan 1970 to 


May 2003 


diagnosis; 


occupational 


data from 


1964 


Denmark 


Nationwide, population based 


study of outdoor workers. Cases 


obtained from Danish Cancer 


Registry and had been wage 


earners in Denmark for at least 6 


months since 1964, were born 


after 1 April 1897, were 16-84 


years of age at the date of 


diagnosis, and had no diagnosis 


of other cancers in the period 


January 1943-31 December 1969. 


Population controls matched on 


sex and year of birth were chosen 


at random from the files of the 


Danish Central Person Registry 


and were alive at date of 


diagnosis of cancer in 


corresponding case. 


42,542 


NMSC 


cases/ 


42,542 


controls; 


7,690 


CMM 


cases/ 


15,380 


controls 


N/A 


Estimated 


from 


occupational 


history using 


job-exposure 


matrix 


NMSC, 


CMM, lip 


cancer 


Non Melanoma Skin Cancer (Basal Cell Carcinoma and Squamous Cell Carcinoma) 


Green, 


1990 (75); 


Green, 


1996 (76) 


Retrospective 


cohort 


Dec 1985 to 


Mar 1992 


Nambour, 


Queensland, 


Australia 


General population aged 20-69 


residing in Nambour enrolled into 


the study (random sample of 


3,000 from 5,100 on Electoral 


Roll). There was mandatory 


enrollment for Australian 


citizens. 


2,095; 250 


BCC; 94 


SCC 


78% Interview BCC, SCC 
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Strickland, 


1993 (77) 


Case-control 


analysis 


within cohort 


1985 


Chesapeake 


Bay, 


Maryland 


Watermen (e.g., fisherman) 


identified from licensure data 


who were 30 years of age by Dec 


31, 1985 and resident of Somerset 


or lower Dorchester County. 


35 SCC, 


33 BCC 
67% 


Interview, 


UVB 


dosimeters on 


subset.  


BCC, SCC 


El Khwsky, 


1994 (78) 
Case-control 1992 


Alexandria, 


Egypt 


Cases were histologically 


confirmed BCC and SCC. 


Controls were randomly selected, 


age, sex comparable patients 


admitted at the same hospitals for 


acute non sun related skin 


diseases, had no history of skin 


cancer. 


136 cases/ 


145 


controls 


Not 


reported 
Interview BCC, SCC 


Basal Cell Carcinoma 


Hogan, 


1989 (80) 
Case-control 1983 


Saskatchewan, 


Canada 


Cases from the Saskatchewan 


Cancer Registry, controls selected 


from provincial health insurance 


plan matched 2:1 to cases by age, 


sex, and location 


538 cases/ 


738 


controls 


55.5% of 


cases; 


43.7% of 


controls 


Self-


administered 


questionnaire 


BCC 


Wei, 1994 


(83) 
Case-control 1987-1990 


Baltimore, 


Maryland 


Cases aged 20-60 years, 


Caucasian and were diagnosed 


with BCC. Controls were 


frequency matched by aged, 


attended the same physician as 


cases, and were free of cancer and 


other skin disease. 


131 cases/ 


200 


controls 


15.7% for 


cases; 


14.2% for 


controls 


Self-


administered 


questionnaire 


BCC 


APPENDIX B







 72 


Kricker, 


1995 (82) 
Case-control 1986 - 1987 


Geraldton, 


Western 


Australia 


Subjects from a population-based 


survey of non-melanoma skin 


cancer. Cases had one or more 


confirmed BCCs during survey or 


in preceding year. Controls from 


survey did not have BCC during 


survey or in preceding year, but 


can have SCC. 


201 cases/ 


700 


controls 


Not 


reported 


Home based 


interview 
BCC 


Corona, 


2001 (79) 
Case-control 1995-1997 


Central 


southern Italy 


Cases were histologically 


confirmed BCC, controls were 


randomly selected subjects 


attending the same skin clinic on 


the same days for minor skin 


conditions. Subjects with skin 


cancer history were excluded 


166 cases/ 


158 


controls 


Not 


reported 
Interview BCC 


Jankovic, 


2010 (81) 
Case-control 


2006 to 


2007 


Pdgorica, 


Montenegro 


Newly diagnosed BCC cases and 


age and sex matched controls 


with non skin cancer skin 


conditions attending dermatology 


clinic 


100 cases/ 


100 


controls 


Not 


reported 
Interview BCC 


Squamous Cell Carcinoma 


English, 


1998 (84) 


Nested case-


control 


within cohort 


Up to 1994 


Geraldton, 


Western 


Australia 


(from other article) cohort of 


4103 residents of Geraldton, W. 


Australia. Cases and controls 


born in Australia, northern 


European 


132 cases/ 


1031 


controls 


Not 


reported 
Interview SCC 
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Aubry, 


1985 (85) 
Case-control 1977-1978 


Montreal, 


Canada 


Cases were SCC patients in one 


of the twelve hospitals in 1977-


1978. Controls matched by age, 


sex and hospital had an auto 


immune skin disease or a 


congenital skin lesion in the same 


time period. 


306 cases/ 


610 


controls 


56% 


Self-


administered 


questionnaire 


SCC  


Gallagher, 


1995 (86) 
Case-control 


1983 to 


1984 


Alberta, 


Canada 


Cases include males with SCC in 


the Alberta Cancer Registry. 


Population based controls from 


provincial insurance plan without 


NMSC and matched to cases by 


age and sex. 


180 cases/ 


406 


controls 


80% for 


cases; 


71% for 


controls 


Interview SCC 


Cutaneous Malignant Melanoma 


Dennis, 


2008 (88) 


Prospective 


cohort 
1993-1997 


Iowa, North 


Carolina, US 


Participants from the Agricultural 


Health Study, a cohort of private 


and commercial pesticide 


applicators.  


168 cases/ 


43,918 


controls 


Not 


reported 


Self-


administered 


questionnaire, 


spouse 


questionnaire 


CMM 


Brown, 


1997 (87) 


Retrospective 


cohort  
1973-1992 


New South 


Wales, New 


Zealand 


Cohort includes coal miners who 


had a medical record when they 


were employed or before the end 


of the follow up period, and were 


60 years of age or under in 1973 


23,630; 


297 cases 
N/A 


Record of job 


location at 


the time of 


entry to the 


cohort 


CMM 
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Mackie, 


1982 (104) 
Case-control 


1978 to 


1980 
West Scotland 


Primary cutaneous malignant 


melanoma diagnosed between 


1978 and 1980 and hospital 


controls. 1 case to 1 control 


matched by age and sex from the 


same hospital. 


113 cases/ 


113 


controls 


Not 


reported 
Interview CMM 


Bell, 1987 


(58) 
Case-control 1961-1982 


Southeast 


England 


Cases were diagnosed with 


nodular or superficial spreading 


melanoma. Controls were patients 


with non-malignant skin 


conditions at the same hospitals.  


268 cases/ 


1,577 


controls 


Not 


reported 
Interview CMM 


Cristofolini, 


1987 (92) 
Case-control 1983-1985 Trento, Italy 


Cases aged 21 to 79 admitted or 


referred to S. Chiara Hospital, 


confirmed diagnosis of CMM. 


Controls frequency matched 


age/sex admitted for acute 


conditions that were non-


malignant and non-hormonal. 


103 cases/ 


205 


controls 


Not 


reported 
Interview CMM 


Elwood, 


1985 (93); 


Elwood, 


1987 (94); 


Gallagher, 


1986 (98); 


Gallagher, 


1989 (99) 


Case-control 
Apr 1979 to 


Mar 1981 


Western 


Canada (BC, 


AB, SK, MB) 


Participants from the Western 


Canada Melanoma Study. Cases 


aged 20-79 included malignant 


melanoma patients from cancer 


registries, controls from 


provinical health insurance plans, 


matched to cases by age and sex. 


595 cases/ 


595 


controls 


83% for 


cases; 


59% for 


controls 


(AB, SK, 


MB); 


48% for 


controls 


in BC 


Interview CMM 
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Autier, 


1994 (89) 
Case-control 1991 


Belgium, 


France, 


Germany 


Cases were Caucasian aged 20 


years and older registered in five 


enrollment hospitals. Controls 


were age and sex matched skin 


cancer free subjects randomly 


selected in the same city. 


420 cases/ 


573 


controls 


92.1% for 


cases; 


78.0% for 


controls 


Interview CMM 


Westerdahl, 


1994 (106) 
Case-control 


July 1, 1988 


to June 30, 


1990 


Sweden (56th


Cases from regional tumour 


registry in South Swedish Health 


Care Region. Population controls 


matched 2:1 on sex, age, and 


location of residence selected at 


random from registry of residents 


in region. 


 


latitude in 


temperate 


zone) 


400 cases/ 


640 


controls 


89% for 


cases; 


77% for 


controls 


Self-


administered 


questionnaire 


CMM 


Goodman, 


1996 (101) 
Case-control 


1972 to 


1990 


Los Angeles 


County, 


California, US 


Cancer patients registered in LA 


County Cancer Registry with 


recorded occupational data. Cases 


with melanoma and controls with 


other forms of cancer (excludes 


NMSC). 


3,527 


cases/ 


53,129 


controls 


100% 


Occupational 


medicine 


physician 


classified 


exposure 


based on 


occupation 


recorded in 


medical 


records 


CMM 


Espinosa 


Arranz, 


1999 (95) 


Case-control 1990-1994 Madrid, Spain 


Cases were melanoma patients 


referred to the dermatology 


department, controls were 


randomly selected patients age 


116 cases/ 


23 


controls 


Not 


reported 
Interview CMM 
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and sex matched to cases in the 


same hospital not admitted for 


neoplasms or skin diseases in the 


same period of time.  


Walter, 


1999 (105) 
Case-control 1984-1986 


Southern 


Ontario 


Cases were patients with CMM 


between 1984 and 1986 with 


pathology reports, aged 20 to 69 


years and living in 1 of 6 counties 


in Southern Ontario. Controls 


were selected from tax 


assessment rolls, matched by age, 


sex and municipality 


583 cases/ 


608 


controls 


Not 


reported 
Interview CMM 


Cockburn, 


2001 (91) 
Case-control 1980-1991 


North 


America 


Cases and controls were twins 


participating in the North 


America Twin Study, where the 


case was the twin that had 


melanoma. Monozygous and 


dizygous twins considered 


separately. 


75 cases/ 


185 


controls 


72% 


Self-


administered 


questionnaire 


CMM 


Loria, 2001 


(103) 
Case-control 


May 1993 


to Mar 1995 


Buenos Aires, 


Argentina 


Cases include all melanoma cases 


diagnosed between May 1993 and 


March 1995 in four hospitals. 


Controls were selected from 


patients with various 


nondermatologic illnesses, 


randomly drawn from hospital 


lists, frequency matched to cases 


101 cases/ 


246 


controls 


99% for 


cases; 


99% for 


controls 


Interview CMM 
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on age, sex, and hospital. 


Fargnoli, 


2004 (96); 


Concetta, 


2006 (97) 


Case-control 2000-2001 Central Italy 


Caucasians or Italians with 


histologically confirmed 


melanoma, controls were patients 


with non skin tumor related 


diseases attending the same 


hospital in the same period of 


time, and matched with age, sex, 


ethnicity and residential area. 


100 cases/ 


200 


controls 


Not 


reported 


Interview by 


dermatologist 
CMM 


Bakos, 


2008 (90) 
Case-control  


Porto Alegre, 


Brazil 


Cases were white subjects 


diagnosed with CMM, controls 


were age and phototype matched 


patients consulting for other skin 


disorders or relatives 


accompanying the patient or 


inpatients of other diseases at the 


hospital. 


119 cases/ 


117 


controls 


Not 


reported 
Interview CMM 


Gaudy-


Marqueste, 


2009 (100) 


Case-control Not reported France 


First melanoma diagnosed after 


65 years of age in the last 3 years 


in 3 French hospitals. Controls in 


the records of the same hospital, 


2 matched to each case by age 


and sex. 


304 (76 


lentigo 


maligna, 


76 other 


melanoma, 


152 


Not 


reported 
Interview 


CMM 


(lentigo 


maligna 


and other 


melanoma) 
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controls) 


Kanetsky, 


2010 (102) 
Case-control 


Sep 1997 to 


Dec 2006 


Pennsylvania, 


US 


Patients from University of 


Pennsylvania Health system 


Pigmented Lesion Clinic. Cases 


with first invasive cutaneous 


melanoma diagnosed within past 


year. Controls chosen by cases 


and were not blood relatives or 


did not have melanoma. Patient 


controls with clinically dysplastic 


nevi were chosen where cases did 


not provide a control. 


960 cases/ 


396 


controls 


Not 


reported 


Self-


administered 


questionnaire 


CMM 


CMM=cutaneous malignant melanoma; SCC=squamous cell carcinoma; BCC=basal cell carcinoma; NMSC=non melanoma skin cancer.
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RISK OF SKIN CANCER FROM PROLONGED EXPOSURE TO SOLAR UV 
 


STUDIES OF NMSC (BCC AND SCC) 


Risk estimates measuring the relationship between occupational solar UV exposure and NMSC are 


summarized in Table17 for 2 cohort studies (70;71) and Table 19 for 2 case-control studies (72;78). The cohort 


study by Beral et al. (70) based solar UV exposure on job categorization (outdoor or indoor), and outdoor work 


had significantly a higher standardized cancer registration rate compared to the rate for all occupations. 


However, the cohort study by Hakansson et al. (71) did not find a significant effect for medium or high solar 


UV exposure compared to low solar UV exposure occupations on NMSC risk. The case-control by El Khwsky 


et al. (78) conducted in Egypt similarly used job categorization as a proxy for solar UV exposure, and found 


outdoor work significantly increased risk of BCC and SCC. In contrast, the large case-control study by 


Kenborg et al. (72) measured cumulative years of outdoor work and found a protective effect for increasing 


years of outdoor work, with a significant trend test. The reference group in the analysis was not clearly 


specified and is assumed to be those who did not have previous outdoor work exposure. 


 


STUDIES OF BCC 


Risk estimates measuring the relationship between occupational solar UV exposure and BCC are summarized 


in Table 17 for one cohort study (75;76) and Table19 for 7 case-control studies (72-74;79-83) and 1 case-


control analysis of a cohort study (77). Four studies used job categorization (outdoor vs. indoor) as a proxy for 


solar UV exposure (73-76;81;83), while the others measured the cumulative or average duration of work 


related solar UV exposure. But the duration of exposure measured was categorized differently for every study 


for analysis. Despite this variation, maximally adjusted OR for these case-control studies and the one cohort 


study were mostly non significant. The case-control study by Hogan et al. (80) found an adjusted OR of 1.1 


(SE=0.06, p<0.05) for those who worked outdoors more than 3 hours per day in the Winter compared to those 


who did not. In another case-control study, Jankovic et al. (81) found an adjusted OR of 2.7 (95% CI 1.0-7.5) 


comparing outdoor work to no outdoor work, but this study had a small sample size (100 cases/100 controls). 


Similar to results for NMSC overall, the large case-control study by Kenborg et al. (72) found a protective 


effect for BCC with increasing years of outdoor work, with significant trend tests. Results were reported 


separately by the location of BCC on the body, but the risk did not vary by body location. 


 


STUDIES OF SCC 


Risk estimates measuring the relationship between occupational solar UV exposure and SCC are summarized 


in Table 17 for one cohort study (75;76) and Table21 for 4 case-control studies (72-74;85;86) and 2 case-


control analyses of cohort studies (77;84). Two studies used job categorization (outdoor vs. indoor) as a proxy 
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for solar UV exposure (75;76;85), while the others used measures of occupational solar UV exposure. 


Measures of occupational solar UV exposure varied from an average exposure over lifetime (73;74;86) to an 


index (85) to cumulative hours or years of exposure (72;77;84). A significant relationship between 


occupational solar UV exposure and SCC was not found in the cohort study by Green et al. (75;76) Results for 


case-control studies were largely inconsistent, with some studies finding significant adjusted ORs comparing 


highest to lowest exposure (73;74;77;85;86) while others did not (72;84). With the exception of the study by 


Kenborg et al. (72), the case control studies had small numbers of cases, particularly for those exposed, which 


may have contributed to the inconsistency in results. 


 


STUDIES OF CMM 


There were 4 cohort studies (70;71;87;88) and 17 case-control studies (58;72-74;89-106) reporting risk 


estimates for the relationship between occupational solar UV exposure and CMM, and the results are presented 


in tables 18 and 22, respectively. The cohort studies by Berall et al. (70) and Hakansson et al. (71) and case-


control studies by Goodman et al. (101) and Kenborg et al. (72) performed analyses by location of the CMM 


on the body. The case-control studies by Elwood et al. (94) and Gaudy-Marqueste et al. (100) analysed by 


CMM subtypes. 


 


Overall, results from cohort and case-control studies were inconsistent. When looking at comparisons between 


the highest to the lowest level of exposure for maximally adjusted analyses, some studies found that exposure 


to solar radiation increased risk of CMM (87;95-97), others found a protective effect (88;89;99;105;106), and 


a number of studies did not find significant results (58;70;71;73;74;90-92;101-103). However, varying sample 


sizes, exposure measurements, timing of exposure, choice of control groups and study quality makes it very 


difficult to compare results across studies. No significant patterns were observed for results for CMM on 


specific locations of the body, or by CMM subtype.
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Table 17: Results of cohort studies of solar UV and non melanoma skin cancer 


Reference 
Solar UV 


exposure 
Outcome 


# Exposed (# 


cases/ # not 


cases) 


# Not exposed 


(# cases/ # not 


cases) 


Effect 


estimate (95% 


CI) 


Adjustment 


for 


confounders 


Notes 


Basal Cell Carcinoma and Squamous Cell Carcinoma 


Beral, 1981 


(70) 


Outdoor work 


vs. all 


occupations 


BCC, SCC (1194/3228)  
SRR =110, 


P<0.05 
 


Standardized cancer 


registration ratios for men 


aged 15-64 years.  


 


Office work 


vs. all 


occupations 


BCC, SCC (1221/3228)  
SRR=97 


P>0.05 
 


Standardized cancer 


registration ratios for men 


aged 15-64 years.  


 


Other indoor 


work vs. all 


occupations 


BCC, SCC (813/3228)  
SRR =92, 


P<0.05 
 


Standardized cancer 


registration ratios for men 


aged 15-64 years.  


Hakansson, 


2001 (71) 


Medium vs. 


low solar UV 


exposure 


NMSC 
127,835 


(122/127,713) 


167,428 


(119/167,129) 
1.0 (0.8-1.3) 


Age, smoking, 


magnetic field 


exposure 


 


 


High vs. low 


solar UV 


exposure 


NMSC 
28,597 


(14/28,583) 


167,428 


(119/167,129) 
0.8 (0.5-1.5) 


Age, smoking, 


magnetic field 


exposure 


 


 


High vs. low 


solar UV 


exposure 


NMSC 12 cases  0.9 (0.5-1.7) 


Age, smoking, 


magnetic field 


exposure 


Asphalt workers and 


roofers excluded 


 
Medium vs. 


low solar UV 


NMSC of 


head/face/neck 


127,835 


(75/127,760) 


167,428 


(74/167,354) 
1.0 (0.7-1.3) 


Age, smoking, 


magnetic field 
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exposure exposure 


 


High vs. low 


solar UV 


exposure 


NMSC of 


head/face/neck 


28,597 


(8/28,589) 


167,428 


(74/167,354) 
0.7 (0.3-1.6) 


Age, smoking, 


magnetic field 


exposure 


 


 


High vs. low 


solar UV 


exposure 


NMSC of 


head/face/neck 
7 cases  0.8 (0.4-1.9) 


Age, smoking, 


magnetic field 


exposure 


Asphalt workers and 


roofers excluded 


Basal Cell Carcinoma Only 


Green, 1990 


(75); Green, 


1996 (76) 


Indoors and 


outdoors 


occupation vs. 


Mainly 


indoors 


occupation 


BCC   


Poisson 


regression 


relative rate= 


1.1 (0.8-1.5) 


 Total 250 BCC cases 


 


Mainly 


outdoors 


occupation vs. 


Mainly 


indoors 


occupation 


BCC   


Poisson 


regression 


relative rate= 


1.3 (0.9-1.8); 


p for 


trend=0.2 


 Total 250 BCC cases 


Squamous Cell Carcinoma Only 


Green, 1990 


(75); Green, 


1996 (76) 


Indoors and 


outdoors 


occupation vs. 


SCC   


Poisson 


regression 


relative rate= 


 Total 94 SCC cases 
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Mainly 


indoors 


occupation 


0.8 (0.5-1.4) 


 


Mainly 


outdoors 


occupation vs. 


Mainly 


indoors 


occupation 


SCC   


Poisson 


regression 


relative rate= 


1.4 (0.8-2.3); 


p for 


trend=0.2 


 Total 94 SCC cases 
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Table 18: Results of cohort studies of solar UV and cutaneous malignant melanoma 


Reference Solar UV exposure Outcome 


# Exposed (# 


cases/ # not 


cases) 


# Not exposed 


(# cases/ # not 


cases) 


Effect estimate 


(95% CI) 


Confounding 


factors 
Notes 


Beral, 1981 


(70) 


Outdoor work vs. all 


occupations CMM of the face, head 


and neck 
(94/264)  


SRR=109 


P>0.05 
 


Standardized 


cancer registration 


ratios for men aged 


15-64 years.  


 
Outdoor work vs. all 


occupations 
CMM of other sites (285/1139)  SRR=78 P<0.05   


 
Office work vs. all 


occupations 


CMM of the face, head 


and neck 
(104/264)  


SRR=102 


P>0.05 
  


 
Office work vs. all 


occupations 
CMM of other sites (573/1139)  


SRR =131, 


P<0.05 
  


 
Other indoor work 


vs. all occupations 


CMM of the face, head 


and neck 
(66/264)  SRR=87 P>0.05   


 
Other indoor work 


vs. all occupations 
CMM of other sites (281/1139)  


SRR =85, 


P<0.05 
  


Brown, 1997 


(87) 


Worked in coal 


mines vs. general 


male population 


CMM 85 cases  
SIR=1.1 (0.9-


1.4) 
 


Indirectly age 


standardised 


incidence ratios. 


Expected cancers 


were calculated 


from the Cancer 


Registry’ cancer 


incidence rates for 
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all of NSW from 


1973 to 1992 


 


Work on 


underground coal 


mine vs. general 


male population 


CMM 44 cases  
SIR=1.0 (0.7-


1.3) 
  


 


Worked on open cut 


mines vs. general 


male population 


CMM 25 cases  
SIR=2.0 (1.3-


3.0), P<0.05 
  


Hakansson, 


2001 (71) 


Medium vs. low 


solar UV exposure 
CMM 


127,835 


(214/127,621) 


167,428 


(271/166,977) 
0.9 (0.8-1.1) 


Age, 


smoking, 


magnetic 


field 


exposure 


 


 
High vs. low solar 


UV exposure 
CMM 


28,597 


(40/28,557) 


167,428 


(271/166,977) 
1.1 (0.8-1.6) 


Age, 


smoking, 


magnetic 


field 


exposure 


 


 
High vs. low solar 


UV exposure 
CMM 29 cases  1.1 (0.7-1.6) 


Age, 


smoking, 


magnetic 


field 


exposure 


Asphalt workers 


and roofers 


excluded 
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Medium vs. low 


solar UV exposure 
CMM of head/face/neck 


127,835 


(17/127,818) 


167,428 


(24/167,404) 
0.8 (0.4-1.5) 


Age, 


smoking, 


magnetic 


field 


exposure 


 


 
High vs. low solar 


UV exposure 
CMM of head/face/neck 


28,597 


(6/28,591) 


167,428 


(24/167,404) 
2.0 (0.8-5.2) 


Age, 


smoking, 


magnetic 


field 


exposure 


 


 
High vs. low solar 


UV exposure 
CMM of head/face/neck 3 cases  1.3 (0.4-4.4) 


Age, 


smoking, 


magnetic 


field 


exposure 


Asphalt workers 


and roofers 


excluded 


Dennis, 


2008 (88) 


3-5 hrs/day sun 


exposure during 


growing season 


(1993-1997) vs. <2 


hrs/day sun exposure 


during growing 


season (1993-1997) 


CMM (54/12,122) (52/14,890) 
Crude OR=1.3 


(0.9-1.9) 
  


  CMM (54/12,122) (52/14,890) 


Adjusted 


OR=1.3 (0.8-


1.9) 


Adjusted for 


age at 


enrolment, 


sex, tendency 


to burn and 
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red hair 


 


6-10 hrs/day sun 


exposure during 


growing season 


(1993-1997) vs. <2 


hrs/day sun exposure 


during growing 


season (1993-1997) 


CMM (55/12,249) (52/14,890) 
Crude OR=1.3 


(0.9-1.9) 
  


  CMM (55/12,249) (52/14,890) 


Adjusted 


OR=1.2 (0.7-


1.9) 


Adjusted for 


age at 


enrolment, 


sex, tendency 


to burn and 


red hair 


 


 


>10 hrs/day sun 


exposure during 


growing season 


(1993-1997) vs. <2 


hrs/day sun exposure 


during growing 


season (1993-1997) 


CMM (5/3,865) (52/14,890) 
Crude OR=0.4 


(0.2-0.9) 
  


  CMM (5/3,865) (52/14,890) 


Adjusted 


OR=0.4 (0.1-


1.0) 


Adjusted for 


age at 


enrolment, 


sex, tendency 
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to burn and 


red hair 
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Table 19: Results of case-control studies of solar UV and non melanoma skin cancer (BCC and SCC combined) 


Reference  Exposure Outcome 


# Cases (# 


Exposed/ # Not 


Exposed) 


# Controls (# 


Exposed/ # Not 


Exposed) 


OR (95% CI) Adjustment for 


confounders 


El Khwsky, 1994 


(78) 


Outdoor vs. Indoor 


occupation 
BCC, SCC 136 (104/32) 145 (53/92) 5.6 (3.3-9.8) Age, sex 


 
Outdoor vs. Indoor 


occupation 
BCC, SCC 136 (104/32) 145 (53/92) 7.7 (4.0-14.6) Age, sex, skin colour 


Kenborg, 2010 


(72) 


1-5 yrs outdoor 


work exposure vs. 


reference (not 


specified) 


NMSC 42,542 42,542 
Adjusted OR= 0.8 


(0.7-0.8) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


5-10 yrs outdoor 


work exposure vs. 


reference (not 


specified) 


NMSC 42,542 42,542 
Adjusted OR= 0.9 


(0.8-0.9) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


>10 yrs outdoor 


work exposure vs. 


reference (not 


specified) 


NMSC 42,542 42,542 


Adjusted OR= 0.8 


(0.8-0.9); p for 


trend <0.001 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 
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Table 20: Results of case-control studies of solar UV and Basal Cell Carcinoma 


Reference  Exposure Outcome 


# Cases (# 


Exposed/ # Not 


Exposed) 


# Controls (# 


Exposed/ # Not 


Exposed) 


OR (95% CI) Adjustment for 


confounders 


Hogan, 1989 (80) 


Working outdoors 


more than 3h/d in 


winter (Yes vs. 


No) 


BCC 538 (222/316) 738 (248/490) 
1.1 (SE=0.06), 


p<0.05 


Farmer, prominent freckles 


in childhood, family history 


of skin cancer, history of 


severe sunburn, Irish, 


Scottish, or Welsh mother, 


light skin colour, red/blond 


hair colour 


Strickland, 1993 


(77) 


Cumulative UVB 


exposure on face – 


above vs. below 


median 


BCC 35 873 
Adjusted OR=0.7 


(0.3, 1.5) 


Age, eye color, freckling, 


sunburn 


 


Cumulative UVB 


exposure on face – 


Upper quartile vs. 


Lower 3 quartiles 


BCC 35 873 
Adjusted OR= 1.1 


(0.5-2.4) 


Age, eye color, freckling, 


sunburn 


Wei, 1994 (83) 
Outdoor Job (Yes 


vs. No) 
BCC 131 (31/100) 100 (24/76) 


Crude OR= 0.9 


(0.5-1.5) 
 


Kricker, 1995 (82) 


0-14.7 vs. 14.8-


27.7 thousand 


accumulated hrs of 


exposure on 


working days 


BCC 201 (47/58) 700 (179/168) 
Adjusted OR= 0.9 


(0.5-1.5) 
age, sex, ability to tan 
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between 9am-5pm 


from 15 years of 


age 


 


27.8-49.3 vs. 14.8-


27.7 thousand 


accumulated hrs of 


exposure on 


working days 


between 9am-5pm 


from 15 years of 


age 


BCC 201 (52/58) 700 (174/168) 
Adjusted OR= 1.3 


(0.8-2.0) 
age, sex, ability to tan 


 


49.4+ vs. 14.8-


27.7 thousand 


accumulated hrs of 


exposure on 


working days 


between 9am-5pm 


from 15 years of 


age 


BCC 201 (44/58) 700 (179/168) 


Adjusted OR= 1.2 


(0.7-1.9); p for 


trend=0.5 


age, sex, ability to tan 


Lear, 1997 (73) 


Outdoor 


occupation (Yes 


vs. No) 


BCC 190 (24/166) 362 (38/324) 
Crude OR= 1.2 


(0.7-2.1) 
 


Corona, 2001 (79) 


>8 years vs. 0-8 


years of outdoor 


work 


BCC 166 (42/120) 158 (18/140) 
Adjusted OR= 1.9 


(1.0-3.6) 
Age and sex 


 
>8 years vs. 0-8 


years of outdoor 
BCC 166 (42/120) 158 (18/140) 


Adjusted OR= 1.7 


(0.7-4.1) 


Age, sex, pigmentary traits, 


family history of skin 
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work cancer 


Jankovic, 2010 


(81) 


Outdoor work 


(Yes vs. No) 
BCC 100 (51/49) 100 (57/43) 


Crude OR= 1.3 


(1.1-1.4) 
 


 
Outdoor work 


(Yes vs. No) 
BCC 100 (51/49) 100 (57/43) 


Adjusted OR= 2.7 


(1.0-7.5) 


presents of nevi, vacations 


at seaside before age 10, 


vacations at seaside from 


age 10-24, type of tan as 


child or adolescent, skin 


reaction to 2+hrs sunlight 


as child or adolescent, 


lifetime # of severe and 


painful sunburns, vacations 


at seaside after age 40, 


exposure to sunlight out of 


vacation, occupational 


exposure to chemicals, 


history of eczema, history 


of previous BCC 


Kenborg, 2010 


(72) 


1-5 yrs vs. no 


outdoor work 


exposure 


BCC on body   
Adjusted OR= 0.6 


(0.5-0.7) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


5-10 yrs vs. no 


outdoor work 


exposure 


BCC on body   
Adjusted OR= 0.6 


(0.5-0.8) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 
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>10 yrs vs. no 


outdoor work 


exposure 


BCC on body   


Adjusted OR= 0.6 


(0.5-0.8); p for 


trend <0.001 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


1-5 yrs vs. no 


outdoor work 


exposure 


BCC on head   
Adjusted OR= 0.8 


(0.8-0.9) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


5-10 yrs vs. no 


outdoor work 


exposure 


BCC on head   
Adjusted OR= 0.8 


(0.8-0.9) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


>10 yrs vs. no 


outdoor work 


exposure 


BCC on head   


Adjusted OR= 0.9 


(0.8-1.0); p for 


trend <0.001 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


1-5 yrs vs. no 


outdoor work 


exposure 


BCC on 


lower 


extremities 


  
Adjusted OR= 0.7 


(0.4-1.1) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


5-10 yrs vs. no 


outdoor work 


exposure 


BCC on 


lower 


extremities 


  
Adjusted OR= 0.4 


(0.2-0.7) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 
>10 yrs vs. no 


outdoor work 


BCC on 


lower 
  


Adjusted OR= 0.5 


(0.3-0.8); p for 


registration year in 


occupational data, social 
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exposure extremities trend=0.001 class, place of birth, skin 


colour 


 


1-5 yrs vs. no 


outdoor work 


exposure 


BCC on 


upper 


extremities 


  
Adjusted OR= 0.7 


(0.5-0.9) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


5-10 yrs vs. no 


outdoor work 


exposure 


BCC on 


upper 


extremities 


  
Adjusted OR= 0.7 


(0.4-1.1) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


>10 yrs vs. no 


outdoor work 


exposure 


BCC on 


upper 


extremities 


  


Adjusted OR= 0.8 


(0.6-1.1); p for 


trend=0.0238 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 
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Table 21: Results of case-control studies of solar UV and Squamous Cell Carcinoma 


Reference  Exposure Outcome 


# Cases (# 


Exposed/ # Not 


Exposed) 


# Controls (# 


Exposed/ # Not 


Exposed) 


OR (95% CI) Adjustment for 


confounders 


Notes 


Strickland, 


1993 (77) 


Cumulative 


UVB exposure 


on face – above 


vs. below 


median 


SCC 35 873 
Adjusted OR= 


2.1 (0.8,5.0) 


Age, eye color, 


freckling, sunburn 
 


 


Cumulative 


UVB exposure 


on face – Upper 


quartile vs. 


Lower 3 


quartiles 


SCC 35 873 
Adjusted OR= 


2.5 (1.2, 5.4) 


Age, eye color, 


freckling, sunburn 
 


Gallagher, 1995 


(86) 


Mean 


occupational 


sun exposure 


per year 


(lifetime): 


Summer hrs 


3.5-13.9h/wk 


vs. Summer hrs 


3.5 h/wk 


SCC 180 (36/26) 406 (105/87) 
Crude OR= 0.8 


(0.3-2.0) 
  


 


Summer hrs 


14.0-24.9h/wk 


vs. Summer hrs 


SCC 180 (42/26) 406 (86/87) 
Crude OR= 1.5 


(0.6-4.2) 
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3.5 h/wk 


 


Summer hrs 


25+h/wk vs. 


Summer hrs 3.5 


h/wk 


SCC 180 (76/26) 406 (128/87) 


Crude OR= 1.4 


(0.4-4.3); p for 


trend not 


significant 


 


Does not control for 


recreational sun 


exposure 


 


Mean 


occupational 


sun exposure 


per year (last 10 


yrs): Summer 


hrs <7.0h/wk 


vs. Summer hrs 


0h/wk 


SCC 180 (18/61) 406 (45/161) 
Crude OR= 1.9 


(0.6-5.6) 
  


 


Summer hrs 


7.0-22.9h/wk 


vs. Summer hrs 


0h/wk 


SCC 180 (46/61) 406 (113/161) 
Crude OR= 2.2 


(0.8-6.4) 
  


 


Summer hrs 


23+h/wk vs. 


Summer hrs 


0h/wk 


SCC 180 (55/61) 406 (87/161) 


Crude OR= 4.0 


(1.2-13.1); p for 


trend <0.05 


  


Lear, 1998 (74) 


>50% vs. ≤50% 


of time spent 


outdoors at 


work 


SCC 184 (11/173) 242 (7/235) 
Adjusted OR= 


3.7 (1.0-13.0) 
Age and sex  
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Aubry, 2006 


(85) 


Occupational 


sunlight 


exposure (Yes 


vs. No) 


SCC  92 174 


Adjusted OR= 


9.1 (1.0- 84.5), 


P= 0.02 


Age, sex, eye and hair 


color, ethnicity, non 


occupational sunlight 


exposure 


 


Aubry, 1985 


(85) 


Low index 


sunlight 


exposure 


(reference not 


specified) 


SCC  92 (17/75) 174 (20/154) 
Adjusted OR= 


1.0 


Age, sex, eye and hair 


color, ethnicity, non 


occupational sunlight 


exposure 


index equal to the 


number of hours of 


occupational sunlight 


exposure per week 


multiplied by the 


number of months of 


exposure per year 


weighted for the 


number of days of 


bright sunshine in 


Montreal from 1941 


to 1970 multiplied by 


the number of years 


of occupational 


exposure to sunlight 


 


Medium index 


sunlight 


exposure 


(reference not 


specified) 


SCC  92 (12/80) 174 (24/150) 
Adjusted OR= 


1.1 
  


Aubry, 2006 


(85) 


High index 


sunlight 


exposure 


SCC  92 (13/79) 174 (24/150) 
Adjusted OR= 


1.6 
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(reference not 


specified) 


English, 1998 


(84) 


11,500-19,999 


hours vs. 0-


11,499 hours of 


sun exposure 


during working 


days 


SCC 


(exposed 


sites) 


83 (16/15) 542 (144/137) 
Adjusted OR= 


0.9 (0.4-2.1) 


Age, sex, year of 


interview, propensity to 


burn, ability to tan, 


anatomic site, exposure 


on non-working days) 


 


 


20,000-32,999 


hours vs. 0-


11,499 hours of 


sun exposure 


during working 


days 


SCC 


(exposed 


sites) 


83 (25/15) 542 (123/137) 
Adjusted OR= 


1.7 (0.8-3.8) 
  


 


33,000+ hours 


vs. 0-11,499 


hours of sun 


exposure during 


working days 


SCC 


(exposed 


sites) 


83 (27/15) 542 (138/137) 
Adjusted OR= 


1.3 (0.6-2.8) 
  


 


1-10,999 hours 


vs. 0-11,499 


hours of sun 


exposure during 


working days 


SCC (non-


exposed 


sites) 


32 (11/8) 489 (135/219) 
Adjusted OR= 


2.1 (0.7-6.2) 


Age, sex, year of 


interview, propensity to 


burn, ability to tan, 


anatomic site, exposure 


on non-working days) 


 


 


11,000+ hours 


vs. 0-11,499 


hours of sun 


SCC (non-


exposed 


sites) 


32 (13/8) 489 (135/219) 
Adjusted OR= 


1.8 (0.6-5.6) 
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exposure during 


working days 


Kenborg, 2010 


(72) 


1-5 yrs outdoor 


work exposure 


vs. reference 


(not specified) 


SCC on 


body 
  


Adjusted OR= 


1.2 (0.6-2.5) 


registration year in 


occupational data, 


social class, place of 


birth, skin colour 


 


 


5-10 yrs 


outdoor work 


exposure vs. 


reference (not 


specified) 


SCC on 


body 
  


Adjusted OR= 


0.6 (0.2-1.8) 


registration year in 


occupational data, 


social class, place of 


birth, skin colour 


 


 


>10 yrs outdoor 


work exposure 


vs. reference 


(not specified) 


SCC on 


body 
  


Adjusted OR= 


1.5 (0.8-3.0); p 


for trend=0.5 


registration year in 


occupational data, 


social class, place of 


birth, skin colour 


 


 


1-5 yrs outdoor 


work exposure 


vs. reference 


(not specified) 


SCC on 


head 
  


Adjusted OR= 


0.9 (0.8-1.11) 


registration year in 


occupational data, 


social class, place of 


birth, skin colour 


 


 


5-10 yrs 


outdoor work 


exposure vs. 


reference (not 


specified) 


SCC on 


head 
  


Adjusted OR= 


1.2 (1.0-1.6) 


registration year in 


occupational data, 


social class, place of 


birth, skin colour 


 


 
>10 yrs outdoor 


work exposure 


SCC on 


head 
  


Adjusted OR= 


1.0 (0.8-1.3); p 


registration year in 


occupational data, 
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vs. reference 


(not specified) 


for trend=0.3 social class, place of 


birth, skin colour 


 


1-5 yrs outdoor 


work exposure 


vs. reference 


(not specified) 


SCC on 


lower 


extremities 


  
Adjusted OR= 


0.5 (0.2-1.2) 


registration year in 


occupational data, 


social class, place of 


birth, skin colour 


 


 


5-10 yrs 


outdoor work 


exposure vs. 


reference (not 


specified) 


SCC on 


lower 


extremities 


  
Adjusted OR= 


0.6 (0.2-1.7) 


registration year in 


occupational data, 


social class, place of 


birth, skin colour 


 


] 


>10 yrs outdoor 


work exposure 


vs. reference 


(not specified) 


SCC on 


lower 


extremities 


  


Adjusted OR= 


0.6 (0.3-1.3); p 


for trend=0.2 


registration year in 


occupational data, 


social class, place of 


birth, skin colour 


 


 


1-5 yrs outdoor 


work exposure 


vs. reference 


(not specified) 


SCC on 


upper 


extremities 


  
Adjusted OR= 


0.8 (0.5-1.2) 


registration year in 


occupational data, 


social class, place of 


birth, skin colour 


 


 


5-10 yrs 


outdoor work 


exposure vs. 


reference (not 


specified) 


SCC on 


upper 


extremities 


  
Adjusted OR= 


1.3 (0.8-2.4) 


registration year in 


occupational data, 


social class, place of 


birth, skin colour 


 


 
>10 yrs outdoor 


work exposure 


SCC on 


upper 
  


Adjusted OR= 


0.8 (0.4-1.4); p 


registration year in 


occupational data, 
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vs. reference 


(not specified) 


extremities for trend=0.4 social class, place of 


birth, skin colour 
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Table 22: Results of case-control studies of solar UV and Cutaneous Malignant Melanoma 


Reference  Exposure Outcome 


# Cases (# 


Exposed/ # 


Not Exposed) 


# Controls (# 


Exposed/ # Not 


Exposed) 


OR (95% CI) Adjustment for 


confounders 


Notes 


Mackie, 


1982 (104) 


≥16 hrs vs. <16 hrs 


occupational sun 


exposure 


CMM 113 (16/97) 113 (28/85) 0.5 (SE=0.4) 


Social class, skin type, 


recreational solar UV 


exposure, severe 


sunburn 


 


Bell, 1987 


(58) 


Indoor and outdoor 


work vs. Indoor 


work 


CMM 268 (43/207) 
1,577 


(280/1,212) 


Adjusted 


OR= 0.94, P 


value: 0.12 


Age  


 
Outdoor work vs. 


Indoor work 
CMM 268 (17/207) 


1,577 


(85/1,212) 


Adjusted 


OR= 1.31, P 


value: 0.91 


Age  


Cristofolini, 


1987 (92) 


Outdoor vs. Indoor 


occupation 
CMM 103 205 


Adjusted 


OR= 1.7 (0.9-


2.9) 


Skin color, hair color, 


dysplastic naevi, 


sunlight exposure 


 


Gallagher, 


1989 (99) 


1-8 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


CMM 234 (70/33) 234 (46/27) 
Males: Crude 


OR= 1.2 
 


did consider 


adjustments in 


model, but 


nothing 


significant 


 


9-16 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


CMM 234 (39/33) 234 (42/27) 
Males: Crude 


OR= 0.7 
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17-31 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


CMM 234 (48/33) 234 (52/27) 
Males: Crude 


OR= 0.7 
  


 


32+ hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


CMM 234 (44/33) 234 (67/27) 


Males: Crude 


OR= 0.3, 


p<0.05 


  


 


1-8 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


CMM 361 (125/108) 361 (90/129) 


Females: 


Crude OR= 


1.7 


 


did consider 


adjustments in 


model, but 


nothing 


significant 


 


9-16 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


CMM 361 (61/108) 361 (61/129) 


Females: 


Crude OR= 


1.1 


  


 


17-31 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


CMM 361 (39/108) 361 (58/129) 


Females: 


Crude OR= 


0.8 


  


 


32+ hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


CMM 361 (28/108) 361 (23/129) 


Females: 


Crude OR= 


1.5 
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Autier, 1994 


(89) 


Past or present 


occupation in 


farming or building 


construction (Yes vs. 


No) 


CMM 420 (12/408) 447 (23/424) 
Crude OR 


=0.5 (0.3-1.2)  
  


 


Past or present 


occupation in 


farming or building 


construction (Yes vs. 


No) 


CMM 420 (12/408) 447 (23/424) 


Adjusted 


OR= 0.6 (0.3-


1.2) 


Age, sex, hair colour, 


skin phototype 
 


 


Past or present 


occupation in 


farming or building 


construction (Yes vs. 


No) 


CMM 420 (12/408) 447 (23/424) 


Adjusted 


OR= 0.5 (0.2-


1.1) 


Age, sex, hair colour, 


skin phototype, 


unawareness about the 


health hazards linked to 


exaggerated exposure to 


sunlight 


 


 


1-14 vs. 0 years of 


occupation in 


farming or building 


construction 


CMM 420 (3/417) 445 (5/440) 
Crude OR 


=0.6 (0.1-3.2)  
  


 


1-14 vs. 0 years of 


occupation in 


farming or building 


construction 


CMM 420 (3/417) 445 (5/440) 


Adjusted 


OR= 0.7 (0.2-


3.0) 


Age, sex, hair colour, 


skin phototype 
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1-14 vs. 0 years of 


occupation in 


farming or building 


construction 


CMM 420 (3/417) 445 (5/440) 


Adjusted 


OR= 0.8 (0.2-


3.6) 


Age, sex, hair colour, 


skin phototype, 


unawareness about the 


health hazards linked to 


exaggerated exposure to 


sunlight 


 


 


15-29 vs. 0 years of 


occupation in 


farming or building 


construction 


CMM 420 (6/414) 445 (4/441) 
Crude OR 


=1.6 (0.4-7.6)  
  


 


15-29 vs. 0 years of 


occupation in 


farming or building 


construction 


CMM 420 (6/414) 445 (4/441) 


Adjusted 


OR= 1.8 (0.5-


6.6) 


Age, sex, hair colour, 


skin phototype 
 


 


15-29 vs. 0 years of 


occupation in 


farming or building 


construction 


CMM 420 (6/414) 445 (4/441) 


Adjusted 


OR= 1.6 (0.4-


6.6) 


Age, sex, hair colour, 


skin phototype, 


unawareness about the 


health hazards linked to 


exaggerated exposure to 


sunlight  


 


 


≥30 vs. 0 years of 


occupation in 


farming or building 


construction 


CMM 420 (3/417) 445 (12/433) 
Crude OR 


=0.3 (0.1-1.0) 
  


 


≥30 vs. 0 years of 


occupation in 


farming or building 


CMM 420 (3/417) 445 (12/433) 


Adjusted 


OR= 0.3 


(0.09-0.94) 


Age, sex, hair colour, 


skin phototype 
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construction 


 


≥30 vs. 0 years of 


occupation in 


farming or building 


construction 


CMM 420 (3/417) 445 (12/433) 


Adjusted 


OR= 0.2 (0.1-


0.9) 


Age, sex, hair colour, 


skin phototype, 


unawareness about the 


health hazards linked to 


exaggerated exposure to 


sunlight  


 


Westerdahl, 


1994 (106) 


Outdoor employment 


during summer (Yes 


vs. No) 


CMM 400 640 
Crude OR= 


0.8 (0.6-1.0) 
 


Model adjusting 


for constitutional 


factors, history of 


sunburns, family 


history of 


malignant 


melanoma and 


use of sunscreens 


gave same 


estimated risk 


Goodman, 


1996 (101) 


Indoor/outdoor vs. 


mainly indoor work 
CMM 


3,527 


(1,104/2,301) 


53,129 


(17,245/33,571) 


Crude 


proportional 


incidence 


OR= 1.0 (0.9-


1.0) 


Age  


 
Mainly outdoor vs. 


mainly indoor work 
CMM 


3,527 


(122/2,301) 


53,129 


(2314/33,571) 


Crude 


proportional 


incidence 


Age  


APPENDIX B







 107 


OR= 0.8 (0.7-


1.0) 


 
Indoor/outdoor vs. 


mainly indoor work 
CMM 


3,527 


(1,104/2,301) 


53,129 


(17,245/33,571) 


Adjusted 


proportional 


incidence 


OR= 1.2 (1.1-


1.3) 


Age (continuous), 


birthplace, solar UV 


exposure, and 


education/training level 


 


 
Mainly outdoor vs. 


mainly indoor work 
CMM 


3,527 


(122/2,301) 


53,129 


(2314/33,571) 


Adjusted 


proportional 


incidence 


OR= 1.2 (0.9-


1.4) 


Age (continuous), 


birthplace, solar UV 


exposure, and 


education/training level 


 


Lear, 1998 


(74) 


>50% vs. ≤50% of 


time spent outdoors 


at work 


CMM 240 (10/230) 242 (7/235) 


Adjusted 


OR= 2.8 (0.9-


8.4) 


Age and sex  


Arranz 


Espinosa, 


1999 (95) 


Outdoor vs. Indoor 


occupation 
CMM 116 (45/71) 235 (64/171) 


Crude OR= 


1.7 (1.0-2.7) 
  


 
Outdoor vs. Indoor 


occupation 
CMM 116 (45/71) 235 (64/171) 


Adjusted 


OR= 1.6 (1.1-


2.1) 


Skin type, freckle count, 


age 
 


 
Outdoor vs. Indoor 


occupation 
CMM 116 (45/71) 235 (64/171) 


Adjusted 


OR= 1.4 (1.1-


1.9) 


Skin type, naevi count, 


age 
 


Walter, 1999 


(105) 


Recent outdoor 


occupation (Yes vs. 
CMM 583 608 


Adjusted 


OR= 0.8 (0.6-
Sex, age, skin reaction 


No difference 


trunk vs non-
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No) 1.0) trunk 


Cockburn, 


2001 (91) 


Had a summer job 


outdoors (Yes vs. 


No) 


CMM 


85 (24 


discordant 


twin pairs) 


85 (24 


discordant twin 


pairs) 


Crude OR= 


0.5 (0.2-1.2) 
 Dizygous twins 


 


Had a summer job 


outdoors (Yes vs. 


No) 


CMM 


85 (24 


discordant 


twin pairs) 


85 (24 


discordant twin 


pairs) 


Adjusted 


OR= 0.6 (0.1-


3.5) 


Hair color, eye colour, 


number of moles and 


sex 


 


 


Had a summer job 


outdoors (Yes vs. 


No) 


CMM 


100 (27 


discordant 


twin pairs) 


100 (27 


discordant twin 


pairs) 


Crude OR= 


1.1 (0.5-2.3), 


P value: 0.85 


 
Monozygous 


twins 


 


Had a summer job 


outdoors (Yes vs. 


No) 


CMM 


100 (27 


discordant 


twin pairs) 


100 (27 


discordant twin 


pairs) 


Adjusted 


OR= 1.2 (0.5-


2.8), P value: 


0.71 


Number of moles  


 


Longest job ever 


held included 


outdoor work (Yes 


vs. No) 


CMM 


85 (16 


discordant 


twin pairs) 


85 (16 


discordant twin 


pairs) 


Crude OR= 


0.8 (0.3-2.0), 


P value:0.66 


 Dizygous twins 


 


Longest job ever 


held included 


outdoor work (Yes 


vs. No) 


CMM 


85 (16 


discordant 


twin pairs) 


85 (16 


discordant twin 


pairs) 


Adjusted 


OR= 0.9 (0.2-


3.6), P 


value:0.92 


Hair color, eye colour, 


number of moles and 


sex 


 


 


Longest job ever 


held included 


outdoor work (Yes 


vs. No) 


CMM 


100 (17 


discordant 


twin pairs) 


100 (17 


discordant twin 


pairs) 


Crude OR= 


1.0 (0.4-2.4), 


P value:1.0 


 
Monozygous 


twins 
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Longest job ever 


held included 


outdoor work (Yes 


vs. No) 


CMM 


100 (17 


discordant 


twin pairs) 


100 (17 


discordant twin 


pairs) 


Adjusted 


OR= 0.6 (0.2-


1.6), P 


value:0.32 


Number of moles  


Loria, 2001 


(103) 


Lifelong 


occupational solar 


UV exposure 21 to 


9,230 hrs vs. None 


CMM 101 (30/71) 246 (165/81) 
Crude OR= 


0.9 (0.5-1.5) 
 


Variable was not 


significant in 


multivariate 


model, estimate 


not provided 


Fargnoli, 


2004 (96) 


Occupational solar 


UV exposure (Yes 


vs. No) 


CMM 100 (33/67) 200 (34/164) 
Crude OR= 


2.4 (1.4-4.2) 
 


Whether mainly 


indoor or outdoor 


more than 6 


months/year  


 


Occupational solar 


UV exposure (Yes 


vs. No) 


CMM 100 (33/67) 200 (34/164) 


Adjusted 


OR= 2.6 (1.4-


4.7) 


Hair colour, eye colour, 


skin type of 


pigmentation, number of 


melanocytic nevi 


 


Fargnoli, 


2006 (97) 


Occupational solar 


UV exposure (yes 


vs. no) 


CMM 100 (33/67) 100 (15/85) 


Adjusted 


OR= 2.79 


(1.42-5.69), P 


value: 0.003  


Age, sex and residential 


area 


Same cohort as 


Fargnoli, 2004 


Bakos, 2008 


(90) 


Continuous 


occupational sunlight 


exposure (outdoor 


workers) vs. 


Intermittent 


occupational sunlight 


CMM 119 (49/70) 177 (68/109) 
Crude OR= 


1.1 (0.7-1.8) 
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exposure (indoor 


workers) 


Kanetsky, 


2010 (102) 


Average 


occupational solar 


UV exposure vs. a 


little occupational 


solar UV exposure 


CMM 960 (237/606) 396 (104/248) 
Crude OR= 


0.9 (0.7-1.2) 
  


 


A lot of occupational 


solar UV exposure 


vs. a little 


occupational solar 


UV exposure 


CMM 960 (114/606) 396 (44/248) 
Crude OR= 


1.1 (0.7-1.5) 
  


 


Average 


occupational solar 


UV exposure vs. a 


little occupational 


solar UV exposure 


CMM 960 (237/606) 396 (104/248) 


Adjusted 


OR= 0.9 (0.7-


1.2) 


Age, sex  


 


A lot of occupational 


solar UV exposure 


vs. a little 


occupational solar 


UV exposure 


CMM 960 (114/606) 396 (44/248) 


Adjusted 


OR= 1.0 (0.7-


1.5) 


Age, sex  


Kenborg, 1-5 yrs outdoor work CMM 7,690 15,380 Adjusted social class, place of  
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2010 (72) exposure vs. 


reference (not 


specified) 


OR= 0.8 (0.7-


0.9) 


birth, skin color 


 


5-10 yrs outdoor 


work exposure vs. 


reference (not 


specified) 


CMM 7,690 15,380 


Adjusted 


OR= 0.9 (0.8-


1.0) 


social class, place of 


birth, skin color 
 


 


>10 yrs outdoor 


work exposure vs. 


reference (not 


specified) 


CMM 7,690 15,380 


Adjusted 


OR= 1.0 (0.8-


1.1); p for 


trend=0.014 


social class, place of 


birth, skin color 
 


Cristofolini, 


1987 (92) 


Outdoor vs. Indoor 


occupation 


CMM 


(exposed sites) 
47 205 


Adjusted 


OR= 1.8 (0.9-


3.7) 


Skin color, hair color, 


dysplastic naevi, 


sunlight exposure 


 


 
Outdoor vs. Indoor 


occupation 


CMM (non-


exposed sites) 
56 205 


Adjusted 


OR= 0.6 (0.3-


1.4) 


Skin color, hair color, 


dysplastic naevi, 


sunlight exposure 


 


Mackie, 


1982 (104) 


≥16 hrs vs. <16 hrs 


occupational solar 


UV exposure 


CMM among 


females 
61 (4/57) 61 (3/58) 1.0 (SE=0.4) 


Social class, skin type, 


recreational solar UV 


exposure, severe 


sunburn 


 


 


≥16 hrs vs. <16 hrs 


occupational solar 


UV exposure 


CMM among 


males 
52 (12/40) 52 (25/27) 0.3 (SE=0.4) 


Social class, skin type, 


recreational solar UV 


exposure, severe 


sunburn 


 


Elwood, 1-8 hrs/wk vs. 0 CMM 595 (195/141) 595 (136/156) Adjusted Hair, skin, freckles,  
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1985 (93) hrs/wk of summer 


occupational 


exposure 


excluding 


LMM 


OR=1.8 (1.2-


2.5) 


ethnic origin 


 


9-16 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


CMM 


excluding 


LMM 


595 (100/141) 595 (103/156) 


Adjusted 


OR=1.0 (0.7-


1.5) 


Hair, skin, freckles, 


ethnic origin 
 


 


17-31 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


CMM 


excluding 


LMM 


595 (87/141) 595 (110/156) 


Adjusted 


OR=0.9 (0.6-


1.4) 


Hair, skin, freckles, 


ethnic origin 
 


 


32+ hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


CMM 


excluding 


LMM 


595 (72/141) 595 (90/156) 


Adjusted 


OR=0.9 (0.6-


1.5) 


Hair, skin, freckles, 


ethnic origin 
 


Goodman, 


1996 (101) 


Indoor/outdoor vs. 


mainly indoor work 


CMM on 


face/head/neck 
477 (131/327) 


53,129 


(17,245/33,571) 


Adjusted 


proportional 


incidence 


OR= 0.9 (0.8-


1.2) 


Age (continuous), 


birthplace, solar UV 


exposure, and 


education/training level 


 


 
Mainly outdoor vs. 


mainly indoor work 


CMM on 


face/head/neck 
477 (19/327) 


53,129 


(2314/33,571) 


Adjusted 


proportional 


incidence 


OR= 1.3 (0.8-


2.0) 


Age (continuous), 


birthplace, solar UV 


exposure, and 


education/training level 


 


Kenborg, 1-5 yrs outdoor work CMM on head 1,133  Adjusted registration year in  
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2010 (72) exposure vs. 


reference (not 


specified) 


OR= 0.8 (0.6-


1.0) 


occupational data, social 


class, place of birth, skin 


colour 


 


5-10 yrs outdoor 


work exposure vs. 


reference (not 


specified) 


CMM on head 1,133  


Adjusted 


OR= 0.7 (0.4-


1.0) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


 


>10 yrs outdoor 


work exposure vs. 


reference (not 


specified) 


CMM on head 1,133  


Adjusted 


OR= 1.2 (0.8-


1.6); p for 


trend=0.061 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


Goodman, 


1996 (101) 


Indoor/outdoor vs. 


mainly indoor work 


CMM on 


leg/foot 
348 (98/242) 


53,129 


(17,245/33,571) 


Adjusted 


proportional 


incidence 


OR= 0.9 (0.7-


1.2) 


Age (continuous), 


birthplace, solar UV 


exposure, and 


education/training level 


 


 
Mainly outdoor vs. 


mainly indoor work 


CMM on 


leg/foot 
348 (8/242) 


53,129 


(2314/33,571) 


Adjusted 


proportional 


incidence 


OR= 0.8 (0.4-


1.5) 


Age (continuous), 


birthplace, solar UV 


exposure, and 


education/training level 


 


Kenborg, 


2010 (72) 


1-5 yrs outdoor work 


exposure vs. 


reference (not 


specified) 


CMM on 


lower 


extremities 


1,239  


Adjusted 


OR= 0.8 (0.6-


1.0) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


 5-10 yrs outdoor CMM on 1,239  Adjusted registration year in  
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work exposure vs. 


reference (not 


specified) 


lower 


extremities 


OR= 1.1 (0.7-


1.5) 


occupational data, social 


class, place of birth, skin 


colour 


 


>10 yrs outdoor 


work exposure vs. 


reference (not 


specified) 


CMM on 


lower 


extremities 


1,239  


Adjusted 


OR= 0.7 (0.5-


1.0); p for 


trend=0.054 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


Goodman, 


1996 (101) 


Indoor/outdoor vs. 


mainly indoor work 


CMM on 


arm/hand 
715 (214/480) 


53,129 


(17,245/33,571) 


Adjusted 


proportional 


incidence 


OR= 1.0 (0.9-


1.2) 


Age (continuous), 


birthplace, solar UV 


exposure, and 


education/training level 


 


 
Mainly outdoor vs. 


mainly indoor work 


CMM on 


arm/hand 
715 (21/480) 


53,129 


(2314/33,571) 


Adjusted 


proportional 


incidence 


OR= 1.0 (0.6-


1.6) 


Age (continuous), 


birthplace, solar UV 


exposure, and 


education/training level 


 


Kenborg, 


2010 (72) 


1-5 yrs outdoor work 


exposure vs. 


reference (not 


specified) 


CMM on 


upper 


extremities 


864  


Adjusted 


OR= 0.8 (0.5-


1.1) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


 


5-10 yrs outdoor 


work exposure vs. 


reference (not 


specified) 


CMM on 


upper 


extremities 


864  


Adjusted 


OR= 0.6 (0.4-


1.0) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 
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>10 yrs outdoor 


work exposure vs. 


reference (not 


specified) 


CMM on 


upper 


extremities 


864  


Adjusted 


OR= 1.0 (0.7-


1.5); p for 


trend=0.2 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


 


1-5 yrs outdoor work 


exposure vs. 


reference (not 


specified) 


CMM on body 3,993  


Adjusted 


OR= 0.8 (0.7-


0.9) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


 


5-10 yrs outdoor 


work exposure vs. 


reference (not 


specified) 


CMM on body 3,993  


Adjusted 


OR= 0.9 (0.7-


1.1) 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


 


>10 yrs outdoor 


work exposure vs. 


reference (not 


specified) 


CMM on body 3,993  


Adjusted 


OR= 0.9 (0.8-


1.1); p for 


trend=0.03 


registration year in 


occupational data, social 


class, place of birth, skin 


colour 


 


Goodman, 


1996 (101) 


Indoor/outdoor vs. 


mainly indoor work 
CMM on trunk 


1,704 


(563/1,075) 


53,129 


(17,245/33,571) 


Adjusted 


proportional 


incidence 


OR= 1.2 (1.1-


1.4) 


Age (continuous), 


birthplace, solar UV 


exposure, and 


education/training level 


 


 
Mainly outdoor vs. 


mainly indoor work 
CMM on trunk 


1,704 


(66/1,075) 


53,129 


(2314/33,571) 


Adjusted 


proportional 


incidence 


OR= 1.3 (1.0-


1.7) 


Age (continuous), 


birthplace, solar UV 


exposure, and 


education/training level 
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Elwood, 


1987 (94) 


1-8 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


LMM 56 (11/10) 56 (19/12) 0.7 (0.2-2.1) 


Age, sex, province, hair 


colour, skin colour, 


freckles in adolescence 


 


 


9-16 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


LMM 56 (20/10) 56 (9/12) 2.7 (0.9-8.4)   


 


>16 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


LMM 56 (15/10) 56 (16/12) 1.1 (0.4-3.4)   


Gaudy-


Marqueste, 


2009 (100) 


Occupational solar 


UV exposure from 


birth to diagnosis: 


third quarter vs. first 


half 


LMM 76 (25/42) 152 (38/76) 
Crude OR= 


1.1 (0.5-2.3) 
  


 


Occupational solar 


UV exposure from 


birth to diagnosis: 


fourth quarter vs. 


first half 


LMM 76 (9/42) 152 (38/76) 
Crude OR= 


1.4 (0.7-3.1) 
  


 


Occupational solar 


UV exposure from 


first 20 yrs: third 


quarter vs. first half 


LMM 76 (19/41) 152 (55/64) 
Crude OR= 


1.1 (0.6-1.9) 
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Occupational solar 


UV exposure from 


first 20 yrs: fourth 


quarter vs. first half 


LMM 76 (16/41) 152 (33/64) 
Crude OR= 


0.5 (0.2-1.2) 
  


 


Occupational solar 


UV exposure from 


last 20 yrs: third 


quarter vs. first half 


LMM 76 (14/39) 152 (38/74) 
Crude OR= 


0.9 (0.4-1.8) 
  


 


Occupational solar 


UV exposure from 


last 20 yrs: fourth 


quarter vs. first half 


LMM 76 (24/39) 152 (40/74) 
Crude OR= 


1.1 (0.5-2.3) 
  


Elwood, 


1987 (94) 


1-8 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


 NM 128 (49/22) 128 (24/28) 2.6 (1.2-5.5) 


Age, sex, province, hair 


colour, skin colour, 


freckles in adolescence 


 


 


9-16 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


 NM 128 (18/22) 128 (21/28) 1.1 (0.5-2.5)   


 


>16 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


 NM 128 (39/22) 128 (55/28) 0.9 (0.5-1.8)   


 
1-8 hrs/wk vs. 0 


hrs/wk of summer 
 SMM 415 (125/109) 415 (98/113) 1.3 (0.9-1.9) 


Age, sex, province, hair 


colour, skin colour, 
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occupational 


exposure 


freckles in adolescence 


 


9-16 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


 SMM 415 (69/109) 415 (73/113) 1.0 (0.6-1.5)   


 


>16 hrs/wk vs. 0 


hrs/wk of summer 


occupational 


exposure 


 SMM 415 (112/109) 415 (131/113) 0.9 (0.6-1.3)   


Gaudy-


Marqueste, 


2009 (100) 


Occupational solar 


UV exposure from 


first 20 yrs: fourth 


quarter vs. first half 


other 


melanoma 
76 (10/35) 152 (33/64) 


Crude OR= 


0.8 (0.4-1.6) 
  


 


Occupational solar 


UV exposure from 


last 20 yrs: third 


quarter vs. first half 


other 


melanoma 
76 (17/38) 152 (38/74) 


Crude OR= 


0.7 (0.3-1.6) 
  


 


Occupational solar 


UV exposure from 


last 20 yrs: fourth 


quarter vs. first half 


other 


melanoma 
76 (21/38) 152 (40/74) 


Crude OR= 


1.2 (0.6-2.5) 
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RISK OF BIAS ASSESSMENT 
Tables 23 and 24 are results from the assessment of the methodological quality of the studies included, 


based on the Newcastle-Ottawa Scale. 


 


STUDIES OF NMSC (BCC AND SCC) 


Of the 2 cohort studies (70;71) and 2 case-control studies (72;78) that reported risk estimates for BCC and 


SCC from occupational solar UV, the cohort study by Hakansson et al. (71) was the only study to score 


positively on all the NOS items. The risk of bias was moderate for the other studies. The cohort study by 


Beral et al. (70) did not describe the follow-up time for the cohort and controls may have had the outcome 


of interest at enrolment. For the case-control studies, neither was population based so there is risk of 


selection bias. The non-response rates were also not reported in the study by El Khwsky et al.(78) 


 


STUDIES OF BCC 


There were 2 cohort studies (75-77) reporting risk estimates for BCC alone. Both studies had positive 


scores on selection items in the NOS with the non-exposed cohort being from the same community as the 


exposed cohort, and both studies used a structured interview to ascertain exposure. Both studies also scored 


well on comparability of the exposed and non exposed groups, and had an independent blind assessment for 


outcomes. However, neither study described the level of attrition for subjects during the study period, and 


the study by Green et al. (75;76) also did not state that there was an adequate period of follow-up to assess 


the outcome. 


 


Of the 7 case-control studies that provided risk estimates for BCC (72-74;79-83), none scored positively on 


all of the NOS criteria. All studies included cases that were independently validated, had comparable cases 


and controls, and used the same methods to assess exposure between cases and controls. But only one study 


(82) used controls from the community; all other studies used hospital controls. The majority of the studies 


did not blind interviewers or used self-reported exposure data, increasing the risk of bias. Four studies 


(73;74;79;81;82) also did not report response rates for study subjects, which is of concern. 


 


STUDIES OF SCC 


Risk estimates measuring the relationship between occupational solar UV and SCC were provided in three 


cohort studies (75-77;84) and 4 case-control studies (72-74;85;86). None of the studies had positive scores 


on all the NOS items. Two of the 3 cohort studies were at low risk of selection bias, scoring on all items 


(75;76;84). One cohort study included a specific group of participants (watermen), so results may not be 


generalizable to other groups (77). This study also did not demonstrate that the cohort was disease free at 


the start of the study. All 3 cohort studies scored well for the NOS ‘comparability’ and ‘outcome’ items, 
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but 2 studies did not report on follow-up of study subjects (75-77), while the third study had a low follow-


up rate of 32%.(84) 


For the case-control studies, all 4 studies included a representative group of cases, but only one study (86) 


used community controls. All other studies used hospital controls. All studies had positive scores on 


‘comparability’ of cases and controls, and used the same method of collection for exposure data. Three of 4 


studies score on the items for ‘definition of controls’ and ‘ascertainment of exposure’, but the ‘non-


response rate’ was not of concern for only one study.(72) 


 


STUDIES OF CMM 


Of the 4 cohort studies including risk estimates for CMM (70;71;87;88), the cohort study by Hakansson et 


al. (71) was the only study to score on all the NOS items. All studies obtained the non-exposed cohort from 


the same community as the exposed cohort, had comparable exposed and non-exposed groups, used record 


linkage to assess the outcome, and had adequate follow-up time for study subjects. However, 2 studies did 


not describe or have a long enough follow-up period (70;88), 2 studies did not demonstrate that the 


outcome of interest did not exist at the start of the study (70;88), and 2 studies used a selected group for the 


exposed cohort.(87;88)  


 


Of the 17 case-control studies reporting risk estimates for the relationship between occupational solar UV 


and CMM (58;72-74;89-106), none had positive scores on all the items in the NOS. For the 4 items under 


‘selection’, all studies had positive scores on the definition of cases, 12 had positive scores on the 


representativeness of cases, only 5 studies had positive scores on selection of controls, and 13 studies had 


positive scores on the definition of controls. All but one study (90) had positive scores at least once for the 


comparability of cases and controls. The risk of bias was high for the NOS items under ‘exposure’. 


Although all studies used the same method to ascertain exposure in cases and controls, only 3 studies 


obtained exposure data from a secure record or from interviews where the interviewer was blinded to 


case/control status. Also, only 3 studies did not have varying rates of response between cases and controls, 


but 11 studies did not report response rates, making this item difficult to evaluate. 
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Table 23: Results of the Newcastle-Ottawa Scale for Cohort Studies of solar UV and skin caner 


Reference 


Selection Comparability Outcome 


Representativeness 


of the exposed 


cohort 


Selection of 


the non 


exposed 


cohort 


Ascertainment 


of exposure 


Demonstration 


that outcome of 


interest was not 


present at start 


of study 


Comparability of 


cohorts on the 


basis of the design 


or analysis 


Assessment 


of outcome 


Was follow-up 


long enough for 


outcomes to 


occur 


Adequacy 


of follow up 


of cohorts 


ALL SKIN CANCERS 


Beral, 1981 


(70) 


*truly representative 


of the average 


worker in the 


community 


*drawn 


from the 


same 


community 


as the 


exposed 


cohort 


*occupational 


records 
no  


*study controls for 


age 


*record 


linkage 
no description 


* not 


applicable, 


registry data 


used 


Hakansson, 


2001 (71) 


*truly representative 


of the average 


construction worker 


in the community 


*drawn 


from the 


same 


community 


as the 


exposed 


cohort 


*occupational 


records 
*yes 


study controls for 


age and sex** 


*record 


linkage 


*yes subjects 


were followed 


from the date of 


their first 


examination 


through 1993, the 


age of 70 years, 


year of death, or 


until year of a 


first cancer 


diagnosis, 


* not 


applicable, 


registry data 


used 
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whichever came 


first. 


NON MELANOMA SKIN CANCER (BASAL CELL CARCINOMA AND SQUAMOUS CELL CARCINOMA) 


Green, 1990 


(75); Green, 


1996 (76) 


*truly representative 


of the average 


resident in the 


community 


*drawn 


from the 


same 


community 


as the 


exposed 


cohort 


*structured 


interview 
*yes 


study controls for 


age and sex** 


*independent 


blind 


assessment 


no description 
no 


statement 


Strickland, 


1993 (77) 


selected group of 


users (watermen) 


*drawn 


from the 


same 


community 


as the 


exposed 


cohort 


*structured 


interview 
no  


**study controls 


for age, eye 


colour, ease of 


burning of the skin 


and freckling in 


childhood 


*independent 


blind 


assessment 


*yes (lifetime 


data) 


No 


statement 


SQUAMOUS CELL CARCINOMA 


English, 


1998 (84) 


*truly representative 


of the average 


resident in the 


community 


*drawn 


from the 


same 


community 


as the 


exposed 


cohort 


*structured 


interview 
*yes 


**study controls 


for age, sex, year 


of 


interview,ability 


to tan and 


propensity to burn  


*independent 


blind 


assessment 


*yes  
Follow up 


rate 32% 


CUTANEOUS MALIGNANT MELANOMA 
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Brown, 


1997 (87) 


selected group of 


users (coal miners) 


*drawn 


from the 


same 


community 


as the 


exposed 


cohort 


*medical 


examination 


records and job 


location 


maintained by 


the Joint Coal 


Board  


*yes 
*study controls for 


age 


*record 


linkage 
*yes (19 years) 


* not 


applicable, 


registry data 


used 


Dennis, 


2008 (88) 


selected group of 


users (pesticide 


applicators and their 


spouses) 


*drawn 


from the 


same 


community 


as the 


exposed 


cohort 


written self 


report 
no  


**study controls 


for age at 


enrolment, sex, 


tendency to burn 


and red hair  


*record 


linkage 


no (median 8.2 


years) 


*subjects 


lost to 


follow up 


<30% 


unlikely to 


introduce 


bias 
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Table 24: Results of the Newcastle-Ottawa Scale for Case-Control Studies of solar UV and skin cancer 


Reference 


Selection Comparability Exposure 


Is the case 


definition 


adequate? 


Representativeness 


of the cases 


Selection of 


Controls 


Definition 


of Controls 


Comparability 


of cohorts on the 


basis of the 


design or 


analysis 


Ascertainment 


of exposure 


Same 


method of 


ascertainm


ent for 


cases and 


controls 


Non-


Response 


rate 


ALL SKIN CANCERS 


Lear, 1997 


(73); Lear, 


1998 (74) 


*yes, with 


independent 


validation 


*obviously 


representative 


series of cases 


hospital 


controls 


*no history 


of disease 


(endpoint) 


**study controls 


for age and sex 


interview not 


blinded to 


case/control 


status 


*yes 


not 


reported 


in 


controls 


Kenborg, 


2010 (72) 


*yes, with 


independent 


validation 


*obviously 


representative 


series of cases 


hospital 


controls and 


selected 


controls 


from cases 


no 


description 


of source 


**study controls 


for age and sex 
*secure record *yes 


* registry 


data 


used, 


non-


response 


not an 


issue 


NON MELANOMA SKIN CANCER (BCC AND SCC) 


El Khwsky, 


1994 (78) 


*yes, with 


independent 


validation 


*obviously 


representative 


series of cases 


hospital 


controls  


*no history 


of disease 


(endpoint) 


**study controls 


for age, sex and 


skin colour  


interview not 


blinded to 


case/control 


status 


*yes 
not 


reported 
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BASAL CELL CARCINOMA 


Hogan, 1989 


(80) 


*yes, with 


independent 


validation 


*obviously 


representative 


series of cases 


no 


description 


no description 


of source 


**study controls 


for age and sex 


written self 


report 
*yes 


rate 


different 


and no 


designati


on 


Wei, 1994 


(83) 


*yes, with 


independent 


validation 


*obviously 


representative 


series of cases 


hospital 


controls 


*no history of 


disease 


(endpoint) 


**study controls 


for age  


written self 


report or 


medical record 


only  


*yes 


non 


responde


nts 


described  


Kricker, 


1995 (82) 


*yes, with 


independent 


validation 


*obviously 


representative 


series of cases 


*community 


controls  


*no history of 


disease 


(endpoint) 


described, but 


still includes 5 


SCC controls 


which may 


have same risk 


factors. 


**study controls 


for age and sex 


 *structured 


interview 


where blind to 


case/control 


status 


*yes 
not 


reported 


Corona, 


2001 (79) 


*yes, with 


independent 


validation 


* obviously 


representative 


series of cases 


hospital 


controls  


*no history of 


disease 


(endpoint) 


**study controls 


for age and sex, 


pigmentary traits 


and family 


history of skin 


cancer 


interview not 


blinded to 


case/control 


status  


*yes 
not 


reported 
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Jankovic, 


2010 (81) 


*yes, with 


independent 


validation 


consecutive 


series of cases* 


hospital 


controls 


no description 


of source 


*study controls 


for recreational 


exposure and 


nevi 


interview no 


description of 


blinding 


*yes 
not 


reported 


SQUAMOUS CELL CARCINOMA 


Aubry, 1984 


(85) 


*yes, with 


independent 


validation 


* obviously 


representative 


series of cases 


hospital 


controls  


*no history of 


disease 


(endpoint) 


**study controls 


for age, sex, 


hospital of 


diagnosis eye 


and hair colour, 


complexion, 


ethnic 


characteristics 


and tanning  


 *structured 


interview 


where blind to 


case/control 


status 


*yes 


non 


responde


nts 


described  


Gallagher, 


1995 (86) 


*yes, with 


independent 


validation 


* obviously 


representative 


series of cases 


*community 


controls  


*no history of 


disease 


(endpoint) 


**study controls 


for age and sex 


 *structured 


interview 


where blind to 


case/control 


status 


*yes 


rate 


different 


and no 


designati


on 


CUTANEOUS MALIGNANT MELANOMA 


Mackie, 


1982 (104) 


*yes, with 


independent 


validation 


* obviously 


representative 


series of cases 


hospital 


controls 


no description 


of source 


**study controls 


for age and sex 


interview not 


blinded to 


case/control 


status 


*yes 
not 


reported 


Elwood, *yes, with *obviously *community *no history of **study controls  *structured *yes rate 


APPENDIX B







 127 


1985 (93); 


Elwood, 


1985(94); 


Gallagher, 


1986 (98); 


Gallagher, 


1989 (99) 


independent 


validation 


representative 


series of cases 


controls  disease 


(endpoint) 


for age, sex, . 


hair and skin 


colour, history 


of freckles 


interview 


where blind to 


case/control 


status 


different 


Bell, 1987 


(58) 


*yes, with 


independent 


validation 


* obviously 


representative 


series of cases 


hospital 


controls  


*no history of 


disease 


(endpoint) 


*study controls 


for age  


interview not 


blinded to 


case/control 


status 


*yes 
Not 


reported 


Cristofolini, 


1987 (92) 


*yes, with 


independent 


validation 


* obviously 


representative 


series of cases 


hospital 


controls  


*no history of 


disease 


(endpoint) 


**study controls 


for age and sex  


 interview not 


blinded to 


case/control 


status  


*yes 
Not 


reported 


Autier, 1994 


(89) 


*yes, with 


independent 


validation 


* obviously 


representative 


series of cases 


*community 


controls  


*no history of 


disease 


(endpoint) 


**study controls 


for age, sex, hair 


colour and skin 


phototype 


unawareness 


about the health 


hazards linked to 


exaggerated 


exposure to 


sunlight 


interview not 


blinded to 


case/control 


status  


*yes 
rate 


different  
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Westerdahl, 


1994 (106) 


*yes, with 


independent 


validation 


*obviously 


representative 


series of cases 


*community 


controls  


no description 


of source 


**study controls 


for age, sex, and 


location 


written self 


report 
*yes 


rate 


different 


and no 


designati


on 


Goodman, 


1996 (101) 


*yes, with 


independent 


validation 


*obviously 


representative 


series of cases 


hospital 


controls 


*no history of 


disease 


(endpoint) 


**study controls 


for age and solar 


UV exposure 


*secure record *yes 


* registry 


data 


used, 


non-


response 


not an 


issue 


Espinosa, 


1999 (95) 


*yes, with 


independent 


validation 


* obviously 


representative 


series of cases 


hospital 


controls  


*no history of 


disease 


(endpoint) 


**study controls 


for age, skin 


type and freckle 


count  


interview not 


blinded to 


case/control 


status  


*yes 
Not 


reported 


Walter, 


1999 (105) 


*yes, with 


independent 


validation 


* obviously 


representative 


series of cases 


*community 


controls  


*no history of 


disease 


(endpoint) 


**study controls 


for sex, age and 


skin reaction 


interview not 


blinded to 


case/control 


status  


*yes 
Not 


reported 


Cockburn, 


2001 (91) 


*yes, with 


independent 


validation 


* obviously 


representative 


series of cases 


*community 


controls  


*no history of 


disease 


(endpoint) 


**study controls 


for hair and eye 


colour, number 


of moles and sex 


written self 


report or 


medical record 


only  


*yes 
Not 


reported 


Loria, 2001 *yes, with *obviously hospital *no history of **study controls interview not *yes *same 


APPENDIX B







 129 


(103) independent 


validation 


representative 


series of cases 


controls disease 


(endpoint) 


for age, sex, and 


hospital 


blinded to 


case/control 


status 


rate for 


both 


groups 


Fargnoli, 


2004 (96); 


Fargnoli, 


2008 (97) 


*yes, with 


independent 


validation 


*consecutive 


representative 


series of cases 


hospital 


controls  


*no history of 


disease 


(endpoint) 


**study controls 


for hair, eye and 


skin colour, light 


brown hair, blue 


eyes, skin type 


II, clinically 


atypical nevi 


interview not 


blinded to 


case/control 


status  


*yes 
Not 


reported 


Bakos, 2009 


(90) 


*yes, with 


independent 


validation 


*obviously 


representative 


series of cases 


hospital 


controls  


*no history of 


disease 


(endpoint) 


none 


interview not 


blinded to 


case/control 


status  


*yes 
Not 


reported 


Gaudy-


Marqueste, 


2009 (100) 


*yes, with 


independent 


validation 


* obviously 


representative 


series of cases 


hospital 


controls 


controls have 


no melanoma 


but not 


specifically 


stated that they 


don’t have 


NMSC 


**study controls 


for age and sex 


interview not 


blinded to 


case/control 


status 


*yes 
Not 


reported 


Kanetsky, 


2010 (102) 


*yes, with 


independent 


validation 


*obviously 


representative 


series of cases 


cases 


controls 


*no history of 


disease 


(endpoint) 


**study controls 


for age and sex 


written self 


report or 


medical record 


only 


*yes 
Not 


reported 
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DISCUSSION 
According to IARC, there is sufficient evidence from studies in animals and humans to establish ultraviolet 


radiation as a human (group 1) carcinogen.(68) UV-B is known to cause erythema (sunburn) and is 


associated with an increase of skin cancer in humans. UV-A has been implicated with skin cancers in 


animals. At question is whether occupational (chronic) exposure to UV is related to skin cancer. 


Of the four exposures listed in schedule B of the Act as being etiological agents for primary skin cancer, it 


is only for occupational solar UV exposure that there is sufficient evidence to suggest a causal relationship. 


A total of 32 studies were found which satisfied our inclusion criteria. However the study findings were not 


consistent within the three major types of skin cancer.  


 


The lack of consistency in the direction and magnitude of the effect estimates was particularly apparent for 


CMM. Estimates of occupational solar UV exposure for the four retrospective cohort studies (which are 


considered to be better evidence that found from case-control studies) were either positive (worked in open 


cut mines versus general male population(87), negative (>10 hrs/day versus <2 hrs/day solar UV exposure 


during growing season (88) or showed no effect (outdoor work versus all occupations (70) and high vs. low 


solar UV.(71) 


The definition of occupational solar UV exposure used seemed to affect the direction of the risk estimates.  


Occupational UV exposure was quantified in only 11 studies. In the remaining studies either no quantities 


were reported or semi-quantitative measures of occupational UV exposure were used. Positive findings for 


CMM, NMSC and BCC tended to occur when crude definitions of “outdoor versus indoor work” were 


used. For BCC, the only significantly elevated risk estimate (OR 2.7, 95% CI 1.0-7.5) was for the case-


control study comparing outdoor versus indoor occupations (81). A high OR of 7.7 (95% CI 4.0-14.6) for 


BCC and SCC combined, was found for the comparison of outdoor versus indoor occupations (78), 


whereas inverse associations with NMSC were observed according to duration of outdoor work 


exposure.(72) Of the case-control studies for CMM, statistically significant elevated ORs, ranging from 1.6 


to 2.79 were found in three studies comparing outdoor versus indoor occupations (95), or whether 


occupational solar UV exposure was indicated.(96;97)  


Results showing no effect or an inverse relationship between occupational solar UV and these skin cancer 


outcomes generally had better defined exposure ascertainment. For example, a significantly reduced OR of 


0.4 for the incidence of CMM (adjusted for age at enrolment, sex, tendency to burn and red hair) was found 


in a cohort study evaluating the relationship of solar UV exposure of greater than 10 hrs/day (versus less 


than 2 hours/day) during growing season.(88)  
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For the case-control studies on SCC, there were elevated risk estimates found for more precise definitions 


of occupational solar UV such as duration of summer work (>23 hours/week versus none)(86), 5-10 years 


of outdoor work (72) and cumulative UVB exposure on the face(77); although the highest OR was found 


for the categorical variable, presence of occupational sunlight exposure (OR 9.1).(85)  


None of the studies included information on the pattern of occupational exposure. This is important in 


demonstrating a possible role of intermittent pattern of occupational exposure. For instance, Elwood et al 


(1987)(94) found an inverse relationship according to the number of hours of summer occupational 


exposure in that 1-8 hours/week was associated with a 2.6 times elevated risk of NM, whereas with more 


frequent work, there was no increased risk. However, it has been suggested that intermittent exposure to 


solar UV in an occupational setting may also be relevant.  Repeated episodes of severe sunburn may put 


outdoor workers at risk for melanoma (9). The relationship between occupational solar UV exposure and 


melanoma appears to be complicated, as noted by observations of an increased risk with small amounts of 


exposure (such as intermittent outdoor exposure) but a decrease in risk for long-term heavy exposure.(107) 


This pattern of a positive association for intermittent exposure and an inverse association with high 


continuous exposure was supported by a meta-analysis of solar UV exposure and melanoma.(14)  


It is known that intermittent solar UV exposure, typical of recreational exposure, is strongly associated with 


an increased risk of squamous cell and basal cell carcinoma, as well as melanoma (108) A review of 


epidemiological studies on UV exposure and melanoma by Elwood and Jopson (107) found a significant 


positive association between intermittent (typically recreational) exposure to solar UV in the majority (16 


of 22) of the studies. By contrast, for chronic solar exposure (usually occupational) the majority of studies 


either showed no risk or even a reduced risk with highest exposure.  According to Gallagher et al (109) 


there were significant associations between measures of intermittent recreational exposure with BCC, as 


was demonstrated in studies of melanoma. However they found little or no relationship and SCC, which 


was suggested to be more related to longer term occupational exposure. 


A number of biases could affect the magnitude and direction of the risk estimates for the association of 


occupational solar UV and skin cancer. The lack of precise measurement of occupational solar UV 


exposure as well as the inclusion of workers with lower amounts of occupational UV exposure in the study 


group would be expected to result in non-differential misclassification bias, which may have led to an 


underestimation of the true relationship. Two examples are the studies by Green et al.(75;76) where the 


exposed group were “mainly” outdoor occupations. As well, control groups of indoor workers ⁄not UV-


exposed workers would, at a minimum, include recreationally exposed workers. Occupations in the control 


group sometimes also included outdoor work(75;76;101), or were clearly UV-exposed outdoor 


workers.(100)  
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 A critical point is the difficulty in measuring the associated effect of recreational UV exposure.(12) 


Confounders relating to propensity for sunburn, such as light skin color, freckling, and history of sunburn 


were usually, but not always taken into account. A large number of potential confounders relating to 


recreational exposure to solar UV was considered in the recent study by Jankovic (81) and included 


vacations at seaside form age 10 to 24, type of tan as a child or adolescent, skin reaction to >2 hours of 


sunlight as a child or adolescent, lifetime # of severe and painful sunburns, vacations at seaside after age 40 


and exposure to sunlight out of vacation.  With statistical adjustment for such factors the crude OR for the 


association between outdoor work and BCC increased from 1.3 to 2.7. 


Recent 2011 systematic reviews were published by the same research team on the relationship of 


occupational solar UV with basal cell carcinoma (18) and with cutaneous squamous cell carcinoma.(17) 


These reviews had a different subset of studies, with some overlap, providing a different perspective on the 


relationship of occupational solar UV with skin cancer. Similarities between these systematic reviews and 


ours were the inclusion of epidemiological studies only and use of the NOS for assessing quality of the 


studies.  


The search strategy differed from that of our systematic review in a number of ways: 1) PubMed was the 


only data base searched (we searched Ovid Medline, Embase and Toxline); 2) fewer, more general, search 


terms were used (e.g. exposures were described by the search terms "sunlight" ultraviolet rays" or 


ultraviolet light" combined with occupational terms); 3) not only did we have more MESH terms and 


keywords, we did not limit the terms to occupational solar UV, but instead determined occupational 


relevance by reading abstracts; 4) the search was limited to articles with abstracts, whereas we assessed 


articles having titles only; 5) no language constraints were used; we only reviewed articles written in 


English, which would result in fewer articles; 6) the risk estimates from each of the reviewed studies were 


selected to represent only the highest amount of occupational UV exposure compared to the group with the 


least or without exposure. This contrasted to our approach of presenting all risk estimates found, including 


raw and adjusted values, as well as analyses of different exposure groups and cancer body locations; 7) we 


did not include studies of specific occupations (e.g. agriculture) unless there was exposure ascertainment 


for solar UV. 


The published systematic review of the relationship of occupational solar UV exposure with cutaneous 


squamous cell carcinoma included six cohort and 12 case-control studies.(17) Almost all (89%) found an 


increased risk of SCC in workers with UV light exposure; 12 being statistically significant. The meta-


analysis revealed an elevated pooled OR of 1.77 (95% CI 1.40-2.22). They concluded that outdoor work is 


a relevant, independent and robust risk factor for cutaneous SCC. We also concluded that occupational 


exposure to solar UV was a risk factor for SCC, with five of six case-control studies indicating an excessive 
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risk for at least one measure of occupational solar UV exposure (72-74;77;85;86); the one retrospective 


cohort study did not show a statistically significant increase in relative rate.(75;76) 


For the systematic study concerning solar UV and basal cell carcinoma (17), evaluation of five cohort and 


19 case-control studies showed a significant positive association for almost one half (11) of the studies, 


with the risk of BCC ranging from 1.3 to 4.7; six studies showed elevated but not significant ORs; two 


studies showed no effect and five studies show a risk reduction, although not statistically significant. Meta-


analysis of 23 studies revealed a pooled OR for the association between outdoor work and BCC risk of 1.43 


(95%CI 1.23-1.66). Outdoor work was indicated by specific occupations, outdoor work tasks, combinations 


of occupations or outdoor workers in general; the comparison groups also varied from indoor occupations 


to those which included outdoor work.  They concluded that the published epidemiological literate does 


indicate that outdoor workers (with chronic occupational exposure to solar UV) have an elevated risk for 


BCC. Our systematic review of the effects of occupational solar UV on BCC led to a more conservative 


conclusion. Only two of the eight case-control studies had a significantly increased risk of BC (81); the one 


retrospective cohort study had relative rates of 1.1 and 1.3, both not being statistically significant.(75;76) 


We conclude that occupational exposure to solar UV is a probable cause of SCC and appears to be a risk 


factor for BCC and CMM, but may be related more to conditions of intermittent exposure. Outdoor 


workers were generally at a higher risk than indoor workers and risk of SCC in particular was associated 


with length of occupational exposure. Better definition of the extent of solar UV exposure such as 


distinguishing the effects of intermittent versus continuous high occupational exposure, with consideration 


of recreational exposure, would help define protective and precautionary practices to reduce the incidence 


and mortality from skin cancer.  
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CHAPTER 6 - OVERVIEW OF THE FINDINGS 
 


Our systematic review of primary cancer of the skin, as described in Schedule B of the Act, was focussed 


on obtaining scientific evidence of the relationship of NMSC and melanoma with prolonged contact with 


coal tar products, arsenic and cutting oils, and prolonged exposure with solar UV.  


 


The term “skin cancer” describes a number of cancers that either originate from keratinocyte cells in the 


epidermis (squamous cell and basal cell carcinomas being the most common NMSCs) or from melanocytes 


(malignant melanoma). Although most studies were specific about the type of skin cancer assessed, many 


used “skin cancer” or “other skin cancer” as the outcome without distinguishing SCC or BCC. 


 


There are a number of non-occupational factors identified in the etiology of skin cancer. BCC is the most 


common malignancy in fair-skinned populations. Men have up to two times the incidence of BCC and up 


to four times the incidence of SCC compared to women and these increase greatly with age. The incidence 


of NMSC varies greatly according to country of residence, with Australia having the highest rates in the 


world. In addition to the established cause of NMSC from solar UV, suspected environmental causes 


include UV exposure through artificial tanning, use of UV-A for PUVA treatments of psoriasis, 


immunosuppressive therapy, being infected with the human papillomavirus, exposure to ionizing radiation, 


and PAHs, as well as smoking tobacco. Host factors include pigmentation (fair skinned, with light eye 


color and red/blonde hair at greater risk) and having freckles, burning easily and tanning poorly, which are 


examples of genetic and familial susceptibility.(7) 


  


Risk factors for melanoma are somewhat different in that melanoma incidence rates are similar in males 


and females of all ages, Europeans have higher rates, and it is associated with higher socioeconomic status. 


Workers at risk for melanoma include airline flight crews (which may be related to increased opportunity 


for recreational solar UV exposure), and those exposed to polyvinyl chloride or PCBs.(110)  


 


Table25 outlines the type of epidemiological study where there was a positive association (significantly 


elevated risk estimate) according to the major types of skin cancer and any of the four exposures of interest. 


The evidence from retrospective cohort studies is generally considered to be of better quality than case-


control (CC) studies. What is apparent is the large number of empty cells, where there were no included 


studies on a specific type of skin cancer and the sparse number of relevant studies in the scientific literature 


that satisfied our eligibility criteria, other than for solar UV. 
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Table 25:Distribution of positive results (significantly elevated risk estimate, with complete statistical 


adjustment) according to type of exposure and skin cancer 


 Coal Tar Arsenic  Cutting oils Solar UV 


SCC - positive cohort studies -- /1*   1/3 


SCC - positive CC studies 0 /2 0 /1  3/4 


BCC - positive cohort studies    0/1 


BCC - positive CC studies    2/7 


NMSC - positive cohort studies    1/2 


NMSC - positive CC studies  1 /1  0/2 


Melanoma - positive cohort studies 0 /1* 0 /1 1 /1 1/4 


Melanoma - positive CC studies   1 /1 2/17 


* Outcome was skin cancer (without BCC) 


 


After screening hundreds of potentially relevant scientific articles on skin cancer and exposure to each of 


three agents: coal tar, arsenic and cutting oils, only two articles were chosen for cutting oils and three 


articles for the other two exposures, based on our inclusion criteria. 


 


For cutting oils there was the suggestion of a higher risk of melanoma (adjusted OR 2.1, 95% CI 1.1-3.3 for 


incidence and adjusted RR 2.6 (95%CI 1.03-6.7) for mortality associated with the highest exposure level to 


soluble metalworking fluids), but no relationship was found for the more recent synthetic or semi- synthetic 


fluids. The two studies included in the review (a case-control study of cutting oils and retrospective cohort 


study of metalworking fluids) each had methodological shortcomings; however a recently published 


occupational health study on the same cohort specifically evaluating incident melanoma did provide 


support to these findings, especially for exposure to straight metalworking oils.(66) On the other hand, 


there was very little evidence to support an etiological relationship between prolonged contact with coal tar 


or arsenic through inhalation or skin contact exposure. 


 


The three studies included in the review regarding skin contact with coal tar were concerned with its 


therapeutic use for psoriasis and other conditions. None of the hazard ratios given in the one cohort study 


were statistically elevated, the adjusted odds ratios for the two case-control studies either did not show any 


effect, or were non-significant after adjustment for confounders.  


 


Exposure to arsenic, other than through ingestion of contaminated drinking water, showed no elevated risk 


after adjustment for confounders for the one cohort and a case-control study included in the review. The 


exception was the study of inhalation exposure in Slovakian residents, where the risk of NMSC was 
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elevated when comparing high exposure (OR 1.9 95% CI 1.4-2.6) and medium exposure (OR 1.7; 95% CI 


1.4-2.1) to low exposure. At issue is whether there were other exposures to other carcinogens, such as 


PAHs, in addition to arsenic in the coal fuel. 


 


The evidence concerning the etiology of these three exposures for skin cancer was relatively scant. Poor 


exposure assessment in the available epidemiological studies was an important consideration. For instance, 


in the case of coal tar, prolonged exposure was questionable when the exposed group had a minimum of 


only one treatment or having had coal tar or UV treatment were combined in the same category. Much of 


the scientific research of the relationship of arsenic and skin has been regarding ingestion of arsenic in 


contaminated drinking water supplies. Two of our selected studies evaluated exposure to arsenic through 


inhalation or contact, either through exposure to pesticides or residing near a plant burning arsenic-rich 


coal. Exposure misclassification was possible either due to questionnaire recall of ever/never exposure to a 


number of arsenal pesticide compounds (no exposure-response gradient could be determined) or exposure 


classification was dependent on the accuracy of mathematical modeling of air pollution from the coal plant 


with past address information. Exposure assessment was particularly complicated for evaluating cutting oil 


exposure due to historical changes in formulations and difference between and within types of metal 


working fluids. 


 


Consistency between studies was difficult to evaluate with so few relevant studies; however, both studies 


on cutting oils showed a significantly elevated risk estimate based on melanoma only. For the other two 


exposures SCC and BCC, as well as melanoma were found to be elevated in some of the analyses.. All 


three potential skin carcinogens have been evaluated by IARC as known carcinogens. However, human 


evidence of carcinogenesis is based on a variety of cancers, including cancers of the lung (arsenic and coal 


tar) , laryngeal (coal tar), oral cavity (coal tar), stomach (coal tar) and scrotal cancer (coal tar, cutting oils). 


Cutting oils are often classified under the general category, mineral oil, which in itself has a variety of 


applications, apart from cooling and lubricating machinery. Without evidence obtained from occupational 


studies, our review of studies pertaining to contact with coal tar was limited to therapeutic uses for psoriasis 


and other skin conditions. The relevance of these findings to inhalation or even prolonged contact through 


occupational exposures is questionable. 


 


Of the four exposures listed in schedule B of the Act as being etiological agents for primary skin cancer, 


only for occupational solar UV exposure is there some evidence to suggest a causal relationship, with a 


total of 32 studies found to satisfy our inclusion criteria. However the study findings were not consistent. 


What definition of occupational solar UV exposure was used generally affected the direction of the risk 


estimates. Positive findings for CMM, NMSC and BCC tended to occur when crude definitions of “outdoor 
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versus indoor work” were used. Results showing no effect or an inverse relationship between occupational 


solar UV and these skin cancer outcomes generally had better defined exposure ascertainment. For 


example, a reduced OR of 0.4 (95% CI 0.1-1.0, adjusted for age at enrolment, sex, tendency to burn and red 


hair) was found in a cohort study evaluating the relationship of solar UV exposure of greater than 10 


hrs/day (versus less than 2 hours/day) during growing season to the incidence of CMM.(88) For SCC, there 


were elevated risk estimates found for more precise definitions of occupational solar UV such as duration 


of summer work and cumulative UVB exposure on the face. The strongest evidence of risk was for the 


relationship of higher levels of occupational (chronic) exposure to solar UV with SCC, although risk 


estimates were not significantly elevated for some of the studies. 


 


STRENGTHS AND LIMITATIONS 
Except for solar UV, there were only a few eligible studies obtained in each systematic review which 


fulfilled the pre-determined eligibility criteria. This made it difficult to evaluate exposure-response 


relationships as the eligible studies often were limited in study design which introduced confounding or 


biases. A meta-analysis of the findings could not be undertaken. Much of the literature relating to exposure 


to cutting oils and coal tar were based on case reports, many being published earlier than 1950, which was 


the earliest date covered by Medline. Scrotal cancer is a common outcome for exposure to PAHs (including 


coal tar) and mineral oil (including cutting oils) but the majority are sarcomas, not SCC or BCC (20) and 


were therefore not included in the definition of skin cancer. 


 


While our exclusion criteria affected the number of studies available, this process was also a strength of the 


review in that only primary epidemiological studies were evaluated. Evidence was not based on opinion 


pieces, simple case reports or ecological studies where it is not possible to evaluate exposure-response 


relationships.  


 


In theory, the systematic search of occupational solar UV and skin cancer revealed a sufficient number of 


studies to attempt a meta-analysis. However, closer inspection of the studies revealed many different 


interpretations of occupational exposure to solar UV. These include defined (and different) occupations, 


combinations of specific outdoor occupations (which again, differ between studies) to the general 


description “outdoor workers” or “outdoor work tasks”. Within studies, there was an attempt to quantify 


past solar exposure in approximately one half of the included studies, which differed in metric, such as 


“hours or years of exposure”, “cumulative working hours or days” and “high index solar UV exposure”. 


The choice of comparison group also differed substantially between studies from control indoor 


occupations, to occupations with theoretically less UV exposure, to other UV exposed occupations. 


Another source of non-differential misclassification bias is the lack of precise measurement of recreational 
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UV exposure, which was not accounted for at all in about half of the studies. For these reasons, we chose 


not to calculate a pooled estimate of effect, but rather, rely in the narrative evaluation of the studies, taking 


quality of the study into consideration. 


 


CONCLUSIONS 
Our systematic review had the objective of determining whether prolonged contact with coal tar products, 


arsenic or cutting oils or prolonged occupational exposure to solar ultraviolet light are related to the risk of 


primary skin cancer. The motivation for this systematic review was to assess whether Schedule B of the 


Act was current and scientifically supportable, and if there was sufficient evidence to determine causality 


between these exposures and specific skin cancers. 


 


Based on the relatively few peer-reviewed studies published since 1950 that were included in our 


systematic review, we conclude that there is insufficient evidence that prolonged occupational exposure to 


either coal tar or arsenic is carcinogenic to the skin. There is a lack of good consistent evidence in the few 


scientific studies regarding occupational exposure to arsenic as a skin carcinogen (unlike that found for 


ingestion of arsenic-contaminated water). Whereas for coal tar, there was no peer-reviewed 


epidemiological evidence (since 1950) on skin carcinogenicity with occupational exposure.  


 


There is a suggestion that exposure to cutting oils or metalworking fluids may be related specifically to 


melanoma, particularly if they contain less refined mineral oil. Although further study is needed to confirm 


the specificity of melanoma and the carcinogenicity of specific types and formulations of cutting fluids, 


their widespread use and appreciable occupational exposure through dermal contact and inhalation supports 


the classification of cutting oils (or metal working fluids) as skin carcinogens in Schedule B of the Act. 


Occupational exposure to solar UV is a probable cause of SCC and appears to have a causal relationship 


with BCC and melanoma, particular under conditions of intermittent exposure. Outdoor workers were 


generally at a higher risk than indoor workers and risk appeared to increase with level and length of 


occupational exposure. Better definition of the extent of solar UV exposure such as distinguishing the 


effects of intermittent versus continuous high occupational exposure, with consideration of recreational 


exposure, would help define protective and precautionary practices to reduce the incidence and mortality 


from skin cancer.  
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APPENDIX 
 


APPENDIX 1: SKIN CANCER SEARCH STRATEGY 
 


FINAL-SKINCANCER-SEARCH-EMBASE-MEDLINE-Imported21JUL2010  


1. exp skin cancer/ 


2. exp "head and neck cancer"/ 


3. exp "head and neck carcinoma"/ 


4. exp *neoplasms/ 


5. (cancer: or carcino: or neoplas: or tumo: or onco: or nonmelan: or non-melan: or epitheliom:).tw. 


6. or/2-5 


7. exp skin/ 


8. (skin or cutan: or cutis: or epiderm: or derm:).tw. 


9. 7 or 8 


10. (cancer: or carcino: or neoplas: or tumo: or onco: or nonmelan: or non-melan: or epitheliom:).ti. 


11. 2 or 3 or 4 or 10 


12. (skin or cutan: or cutis: or epiderm: or derm:).ti. 


13. 7 or 12 


14. exp neoplasms, basal cell/ 


15. (basal?om: or rodent ulcer:).tw. 


16. exp basal cell/ 


17. exp epithelium basal cell/ 


18. (basal: or baso: or foot cell:).tw. 


19. 14 or 15 


20. (16 or 17 or 18) and (1 or 6) 


21. 19 or 20 


22. exp melanoma/ 


23. (n?evocarcino: or melano: or lentigo: or ((malignant or Hutchinson:) adj2 (n?evi or n?evus or freckle:))).tw. 


24. exp melanocyte/ 


25. (melan: or pigment:).tw. 


26. 22 or 23 


27. (24 or 25) and (1 or 6) 


28. 26 or 27 


29. exp neoplasms, squamous cell/ 


30. exp squamous cell/ 


31. exp squamous epithelium/ 


32. (squam: or prickle cell: or epidermoid or planocellular).tw. 


33. 29 and (1 or 9) 


34. (30 or 31 or 32) and (1 or (6 and 9)) 


35. 33 or 34 


36. exp Bowen disease/ 
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37. (bowen: or interepithelial epitheliom:).tw. 


38. 36 or 37 


39. 1 or (11 and 13) or 21 or 28 or 35 or 38 
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APPENDIX 2: DATA ABSTRACTION FORM 


 


Step 1: Identification 
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Step 2: Method 
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Step 3: Exposure 
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Step 4: Result for case control study 
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Step 5: NOS for case control study 
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Step 6: Results for cohort study  
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Step 7: NOS for cohort 
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APPENDIX 3: NEWCASTLE – OTTAWA QUALITY ASSESSMENT SCALE COHORT STUDIES 
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APPENDIX 4: NEWCASTLE – OTTAWA QUALITY ASSESSMENT SCALE CASE CONTROL 


STUDIES 
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APPENDIX 5: COAL TARS INCLUSION CRITERIA 


 


1. Is this a primary study? 


a. Yes 


b. No 


c. Unclear (If unclear, full-text is reviewed) 


 


2. What is the study type?  


a. Include: cohort, case-control, database linkage with statistical analysis (health records) 


b. Exclude: cross-sectional, case report/series, animal, ecological, experimental, molecular 


 


3. Does it include data on skin cancer? 


a. Yes: BCC, CMM,LMM, Melanoma, NM, NMSC, SCC on the skin, skin tumors, bowen’s 


disease 


b. No: skin lesions, mucosal cancers, ocular melanoma, and genital cancers such as scrotum, 


vulva and penis 


c. Unclear (If unclear, full-text is reviewed) 


 


4. Does it include data on coal tar exposure in the same individuals that the skin cancer outcome was 


assessed in? 


a. Yes 


b. No 


c. Unclear (If unclear, full-text is reviewed) 


 


5. Is the exposure due to skin absorption or inhalation? 


a. Yes 


b. No  


c. Unclear (If unclear, full-text is reviewed) 


 


6. Does the study report a risk estimate or provide enough data to calculate a risk estimate? 


(Additional criterion for 2nd


a. Yes 


 round screening) 


b. No  
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APPENDIX 6: ARSENIC INCLUSION CRITERIA 


 


1. Is this a primary study? 


a. Yes 


b. No 


c. Unclear (If unclear, full-text is reviewed) 


 


2. What is the study type?  


a. Include: cohort, case-control, database linkage with statistical analysis (health records) 


b. Exclude: cross-sectional, case report/series, animal, ecological, experimental, molecular 


 


3. Does it include data on skin cancer? 


a. Yes: BCC, CMM,LMM, Melanoma, NM, NMSC, SCC on the skin, skin tumors, bowen’s 


disease 


b. No: skin lesions, mucosal cancers, ocular melanoma, and genital cancers such as scrotum, 


vulva and penis 


c. Unclear (If unclear, full-text is reviewed) 


 


4. Does it include data on arsenic exposure in the same individuals that the skin cancer outcome was 


assessed in? 


a. Yes 


b. No 


c. Unclear (If unclear, full-text is reviewed) 


 


5. Is the exposure due to skin absorption or inhalation? 


a. Yes 


b. No 


c. Unclear (If unclear, full-text is reviewed) 


 


6. Does the study report a risk estimate or provide enough data to calculate a risk estimate? 


(Additional criterion for 2nd


a. Yes 


 round screening) 


b. No  
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APPENDIX 7: CUTTING OILS INCLUSION CRITERIA 


 


1. Is this a primary study? 


a. Yes 


b. No 


c. Unclear (If unclear, full-text is reviewed) 


 


2. What is the study type?  


a. Include: cohort, case-control, database linkage with statistical analysis (health records) 


b. Exclude: cross-sectional, case report/series, animal, ecological, experimental, molecular 


 


3. Does it include data on skin cancer?  


a. Yes: BCC, CMM,LMM, Melanoma, NM, NMSC, SCC on the skin, skin tumors, bowen’s 


disease 


b. No: skin lesions, mucosal cancers, ocular melanoma, and genital cancers such as scrotum, 


vulva and penis 


c. Unclear (If unclear, full-text is reviewed) 


 


4. Does it include data on cutting oils exposure in the same individuals that the skin cancer outcome 


was assessed in? 


a. Yes:  


i. cutting oils/fluids, cooling mist/spray, metalworking fluids  


ii. function: cooling, lubrication 


b. No 


c. Unclear (If unclear, full-text is reviewed) 


 


5. Is the exposure due to skin absorption or inhalation? 


a. Yes 


b. No 


c. Unclear (If unclear, full-text is reviewed) 


 


6. Does the study report a risk estimate or provide enough data to calculate a risk estimate? 


(Additional criterion for 2nd


a. Yes 


 round screening) 


b. No
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APPENDIX 8: SOLAR UV INCLUSION CRITERIA 


 


1. Does the study population represent the general population? 


a. Yes 


b. No, e.g. skin cancer in rental transplant patients, skin cancer in people with xeroderma 


pigmentosum 


c. Unclear (If unclear, full-text is reviewed) 


 


2. Is this a primary study? 


a. Yes 


b. No (review, letter) 


c. Unclear (If unclear, full-text is reviewed) 


 


3. What is the study type?  


a. Include: cohort, case-control, database linkage with statistical analysis (health records) 


b. Exclude: cross-sectional, case report/series, animal, ecological, experimental, molecular 


 


4. Does it include data on skin cancer 


a. Yes: BCC, CMM,LMM, Melanoma, NM, NMSC, SCC on the skin, skin tumors, bowen’s 


disease 


b. No: 


i. skin lesions, mucosal cancers, ocular melanoma, and genital cancers such as 


scrotum, vulva and penis 


ii. looks at exposure of sunlight and number of nevi, reaction on skin 


iii. measures moles and risk of skin cancer 


iv. looks at melanocytic nevus  


c. Unclear (If unclear, full-text is reviewed) 


 


5. Does it include data on solar UV exposure in the same individuals that the skin cancer outcome 


was assessed in? 


a. Yes (solar UV, UVA, UVB, UVR, sunlight) 


b. No (tanning beds, phototherapy, UV lamp) 


c. Unclear (If unclear, full-text is reviewed) 
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6. Does the study report separate data for occupational solar UV exposure? (Additional criterion for 


2nd


a. Yes  


 round screening) 


b. No  


c. Unclear (If unclear, full-text is reviewed) 


 


7. Does the study report a risk estimate or provide enough data to calculate risk estimate? (Additional 


criterion for 2nd


a. Yes 


 round screening) 


b. No 
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APPENDIX 9: COAL TAR SEARCH STRATEGY 


 


FINAL-COALTAR -EMBASE-MEDLINE 25JUL2010  


1. (8007-45-2 or 65996-89-6 or 65996-90-9 or 65996-78-3 or 8001-58-9 or 65996-93-2 or 8007-45-2).rn. 


2. exp Coal Tar/ 


3. (coal adj3 (tar$ or fuel$ or oil$ or pitch$)).tw. 


4. tar distillate$.tw. 


5. Pix carbonis.tw. 


6. liquor picis.tw. 


7. Pixalbol.tw. 


8. Pix lithanthracis.tw. 


9. Psorigel$.tw. 


10. tar decanter sludge.tw. 


11. ((carbon black or anthracene or creosote or carbo$ or fluxing) adj oil$).tw. 


12. (tar$ adj (blend or road or coke oven or CVR)).tw. 


13. ((medium soft or coke oven) adj pitch$).tw. 


14. anthrasol.tw. 


15. balnetar.tw. 


16. carbo cort.tw. 


17. clinitar.tw. 


18. coaltar$.tw. 


19. estar.tw. 


20. exorex.tw. 


21. fototar.tw. 


22. meditar.tw. 


23. stantar.tw. 


24. polytar bath.tw. 


25. supertah.tw. 


26. lavatar.tw. 


27. syntar.tw. 


28. zetar.tw. 


29. or/1,3-28 


30. or/2,29 
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APPENDIX 10: ARSENIC SEARCH STRATEGY 


 


FINAL-ARSENIC-SEARCH-EMBASE-MEDLINE-Imported22JUL2010  


1. (98-50-0 or 7440-38-2 or 1303-28-2 or 1303-33-9 or 1327-53-3 or 7784-42-1 or 7778-44-1 or 75-


60-5 or 7784-40-9 or 144-21-8 or 2163-80-6 or 7784-41-0 or 13464-35-2 or 7631-89-2 or 7784-46-5 or 


124-65-2 or 7334-23-8 or 36465-76-6 or 121-19-7 or 531-72-6 or 1668-00-4 or 139-93-5 or 494-79-1 or 


1327-53-31537 or 15502-74-63214 or 541-25-3 or 15912-80-8 or 4964-14-1 or 97-44-9 or 127-85-5 or 


3639-19-8 or 116-49-4 or 3599-28-8 or 457-60-3 or 306-12-7 or 554-72-3).rn. 


2. exp Arsenic/ 


3. exp Arsenic Poisoning/ 


4. exp Arsenicals/ 


5. exp arsenic acid/ 


6. exp arsenous acid derivative/ 


7. exp arsenic acid derivative/ 


8. exp arsenic derivative/ 


9. exp arsenic trioxide/ 


10. (ars#n: not (arson or arsenal or arsenals)).tw. 


11. Dimethylars#n:.tw. 


12. Methanears#n:.tw. 


13. Cacodyl:.tw. 


14. Atoxyl:.tw. 


15. premix.tw. 


16. pro gen.tw. 


17. Progen.tw. 


18. diars#n:.tw. 


19. auripigment.tw. 


20. ((“C.I.” or CI or colo?r index) and (pigment yellow 39 or “77086”)).tw. 


21. orpiment.tw. 


22. Claudelite.tw. 


23. (metaars#n: or paraars#n: or orthoars#n:).tw. 


24. (Chip cal or chipcal).tw. 


25. (pencal or pen cal).tw. 


26. (Spra cal or Spracal).tw. 


27. hydroxydimethylars#n:.tw. 


28. (hydroxyphenylars#n: or 3-Nitro-10 or 3Nitro10).tw. 
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29. Agent Blue.tw. 


30. dilic.tw. 


31. phytar.tw. 


32. (Rad E Cate or RadECate).tw. 


33. silvisar.tw. 


34. schultenite.tw. 


35. Gypsine.tw. 


36. Soprabel.tw. 


37. Talbot.tw. 


38. Arrhenal.tw. 


39. methylars#n:.tw. 


40. ansar.tw. 


41. Chipco Crab Kleen.tw. 


42. (Cralo E Rad or CraloERad).tw.
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APPENDIX 11: CUTTING OILS SEARCH STRATEGY 


 


FINAL-CuttingOils-Search-EMBASE-MEDLINE-Imported14OCT2010  


1. (cutting or metal: or machin:).tw. 


2. (grinding or rolling or drawing or lubrica:).tw. 


3. (straight or neat or synthetic or semisynthetic or emulsifiable).tw. 


4. (mineral base or shale or paraffin).tw. 


5. (heat-treat: or cool).tw. 


6. or/1-5 


7. (oil: or fluid: or grease: or aerosol: or mist:).tw. 


8. 6 and 7 


9. oil mist:.tw. 


10. coolant:.tw. 


11. MWF:.tw. 


12. or/9-11 


13. exp Mineral Oil/ 


14. (8012-95-1 or 8020-83-5 or 8002-05-09).rn. 


15. exp lubricants/ 


16. exp lubrication/ 


17. exp Industrial Oils/ 


18. or/13-17 


19. 1 and 18 


20. 8 or 12 or 19
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APPENDIX 12: SOLAR UV SEARCH STRATEGY 


 


FINAL-solar UV-Search-EMBASE-MEDLINE-06NOV2010  


1. exp sun/ 


2. exp Sunlight/ 


3. exp solar UV exposure/ 


4. sun:.tw. 


5. exp Solar Energy/ 


6. exp solar radiation/ 


7. solar:.tw. 


8. or/1-7 


9. exp Ultraviolet Rays/ 


10. exp ultraviolet irradiation/ 


11. ultraviolet:.tw. 


12. ultra-violet:.tw. 


13. UV.tw. 


14. UVR.tw. 


15. UVa.tw. 


16. UVb.tw. 


17. UVc.tw. 


18. or/9-17 


19. 8 or 18 
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