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OCCUPATIONAL CANCER

IN FIRE FIGHTERS

This document will summarize and interpret the issue of Occupational Cancer and Fire Fighting, as well as briefly state the views of the IAFF Department of Occupational Health and Safety on this matter.

I.  Summary of Cancer in Fire Fighters

It has been documented in scientific studies that fire fighters are exposed to thousands of different chemical agents during the course of their duties.  Many industrial hygiene studies performed in fire fighters have actually measured exposures at real and simulated fires.

Some of these chemicals are known to be carcinogens (cancer-causing agents).  Most of the studies that have suggested that certain chemicals can cause cancer have been performed in animals, but human epidemiologic studies have also been performed.
Epidemiologic studies have shown that some of the chemicals fire fighters are exposed to have been linked to increases in the risk of cancer in other working populations (such as workers manufacturing or applying the agent).  These include asbestos, benzene, 1,3-butadiene, and polycyclic aromatic hydrocarbons (tars).  These have been shown to cause lung and lung lining cancer, leukemia, and skin and lung cancer, respectively.  These studies have not been performed in firefighters, however.

Several incidence and mortality studies have been performed in fire fighters (some of the reports are enclosed in this packet), which look at causes of firefighter cancer and death.  When these studies are combined, as done by LeMasters and colleagues in their meta-analysis (study #1, referenced below), fire fighters have an increased number of cases (or “risk”) of several types of cancer when compared to other populations, including multiple myeloma, non-Hodgkin’s lymphoma, malignant melanoma, and cancers of the prostate, testis, brain, rectum and colon, skin, and stomach.  Other cancers, such as bladder cancer, have been found to be elevated in some studies, but there is a lack of consistency in the findings.  A recent study from NIOSH (study #2, referenced below) looking at 30,000 career firefighters across three cities, found an increased risk of cancer overall as well as, specifically, cancers of the rectum and colon, lung, buccal & pharynx areas, esophagus, kidney and mesothelioma (cancer of the lung lining). 
The position of the IAFF Division of Occupational Health, Safety and Medicine is that there is an increased occurrence (or “incidence”) of some specific cancers in fire fighters.
The information in the preceding paragraph may seem alarming, but should be tempered with some additional knowledge.  First, several of the cancers, such as brain cancer, are uncommon and an increased incidence of an uncommon cancer still results in relatively few cases of cancer.  Secondly, rectum and colon cancer and skin cancer can be cured if detected and treated early.  Finally, cancer risk from fire fighting will be less if precautions to prevent exposures on the job are taken (for example, conscientious use of SCBA).  The risk of job-related cancers, like all occupational diseases, can be greatly reduced through successful strategies of prevention.

The issue of increased cancer in fire fighters is not without controversy.  Some scientists feel the data do not yield a clear answer. This is both because of lack of consistency in the conclusions studies draw, as well as the use of different methods and definitions between studies.  There are many epidemiologic reasons for this lack of agreement, however, and the IAFF Department of Occupational Health and Safety concludes that the body of the evidence weighs in favor of an increased incidence of certain cancers in fire fighters.

II.  Definitions of Some Common Terms in Cancer Epidemiologic Research

healthy worker effect:  In mortality studies, the risk of a certain cause of death in a population is compared to the general population (usually the entire U.S.).  But Fire fighters are healthier, on average, than the general U.S. population. This is, in part, because the severely ill and chronically disabled are excluded from work. Additionally, excellent health and fitness are required for initial employment as a firefighter, in particular. As a result, when risk of death from a particular cause in firefighters is compared with general rates, they may appear to have a decreased risk. This is an epidemiologic artifact that has been called the healthy worker effect. However, this apparent difference may not be seen (or may be lessened) if the fire fighters are compared to another working population with similar health requirements (such as police officers). Some studies do precisely this. 
incidence rate:  This is the number of cases of disease in a population divided by the number of persons in the population at risk for the disease in a specified period of time (usually a year).  If there is a higher incidence of something occurring in one population when compared to another, we can say there is a greater risk of that thing occurring in the population in the future.
Meta-analysis: In statistics, a meta-analysis refers to a research technique of contrasting and combining results from different, smaller studies in hopes of identifying patterns among the results, sources of disagreement among results, or relationships that may become easier to detect. Of particular interest to us: by increasing the population size under examination, it may provide better statistical power to detect and identify true increases in risk.
Mortality study:  In fire fighter mortality studies, the causes of death are counted up for the fire fighters (the observed number of deaths), then compared to the expected number of deaths in the fire fighters if they had the same rate of death as some comparison population (usually the general U.S. population).  These studies are performed in cohorts of fire fighters, some defined population of fire fighters with the criteria for study specified in advance (such as a minimum number of years employed, a certain city, etc.).

Polycyclic aromatic hydrocarbons (PAHs):  Polycyclic means "many rings" (the molecular structure is in a ring or circle shape); aromatic means "similar to benzene in molecular structure"; and hydrocarbons means that the molecule consists of hydrogen and carbon atoms.  These chemicals, found in soot and also known as tars, are known human carcinogens (agents that cause cancer).

Risk:   The risk of something occurring can be expressed in several ways, and these results may or may not be statistically significant.

Relative Risk (RR) is the risk of the group in question (here, fire fighters) getting a disease when compared to another group.  A relative risk of 1.0 means no difference in risk.  The risk for fire fighters and for the control group is perfectly balanced.  Imagine:  a fire fighter’s chance of getting a disease is 3%, and the general population’s chance is also 3%.  Compare 3% to 3%... 3/3… 1.  A relative risk of > 1.0 means there is an increase in risk.  Imagine a fire fighter’s chance of getting cancer is 4.2% and the general population’s chance is 3%.  Compare 4.2% to 3% = 4.2/3 =  1.4. (Often, studies will calculate Odds Ratios instead of Relative Risks.  For the purposes described here, the importance of each is the same.)
Statistical Significance: When looking at observed differences in populations, statisticians determine the probability, or certainty, that differences are real. It is accepted that if there is more than 95% certainty an observed difference is real, we can say the result is statistically significant (or believable). A confidence interval is a measure of this statistical certainty and is described by all the values between two numbers. For example, if result were a relative risk of 1.4 (1.1 to 1.5), we could say we are 95% certain the real risk ratio is between 1.1 and 1.5. Critically, if the interval includes the number 1, it means there is not statistical significance. This is because the relative risk might actually be 1.0, which would mean, in reality, there is no difference in risk. So, to restate: if a relative risk is less than 1.0 it means there is less risk than a comparison population. If the relative risk is greater than 1.0, it means there is more risk. If the confidence interval excludes 1.0, the risk is statistically different
SMR (standardized mortality ratio):  When the observed number of deaths from a mortality study (see above) is divided by the expected number of deaths based on the death rates in a comparison population, this ratio is called an SMR.  The term "standardized" usually means that the effects of age (because cancer is known to increase with age, if one population is older than the other, it would have an increased number of cancer deaths for this reason) have been removed by adjusting or standardizing the ages of the two populations (the two populations are the fire fighters and the comparison population).

PMR (proportionate mortality ratio):  This is one common measure of the effect of fire fighting (or other jobs or exposures) on the risk of dying from certain diseases such as cancer.  The PMR looks at all the deaths in the population of fire fighters and calculates the percent (or proportion) of deaths due to a specific cause (for example, 35% of deaths were due to heart disease).  This percent is then divided by the percent of deaths due to a specific cause in a comparison population.  This ratio is the PMR.  It is usually then multiplied by 100 so that a PMR above 100 means "increased risk" (for example, a PMR of 270 is interpreted to mean that fire fighters had 2.7 times the risk of a certain cause of death).  In general, the PMR is not thought to be as good an estimate of the risk of death due to a job or exposure as the SMR.  PMRs are subject to many potential problems that sometimes make them less valid epidemiologic tools.
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LeMasters, G. K.; A. M. Genaidy, P. Succop, J. Deddens, T. Sobeih; H. Barriera-Viruet, K. Dunning, J. Lockey (2006). “Cancer Risk Among Firefighters: A Review and Meta-analysis of 32 Studies.” J Occup Environ Med 48(11):1189-1202.

The objective of this important study was to review 32 studies on fire fighters and to quantitatively and qualitatively determine the risk of 21 cancers using a meta-analysis (or analysis of several studies together). There were 1801 observed cases for standardized mortality ratio (SMR) analysis, 2443 cases for proportional mortality ratio (PMR), 291 for relative risk (RR), and 367 for incidence studies (SIR). The authors developed an algorithm to categorize risk as “probable,” “possible,” or “unlikely.” The authors concluded that fire fighters had a probable increased cancer risk for multiple myeloma, NHL, and prostate cancer. Using the algorithm, testicular cancer was considered possible, but given the highest summary risk estimate and consistency across 4 relevant studies, it was upgraded to probable, as well. The risks of six other cancers were significantly increased as well: skin, malignant melanoma, brain, rectum, stomach, and colon. Of note, approximately half of the studies in the meta-analysis used the general population for comparison; this may, therefore, underestimate actual risk of cancer due to the healthy worker effect (explained above).
2)
Daniels, RD, Kubale, TL, Yin, JH, et al. Occup Environ Med (2013) Published Online First: 14/10/2013 doi:10.1136/oemed-2013-101662

This study looked for epidemiological evidence (both mortality and cancer incidence) of cancer risk from firefighting by examining 30,000 career firefighters across three cities (San Francisco, Chicago, and Philadelphia). This involved 858,938 person-years and 403,152 person-years for mortality and incidence analysis, respectively. 3285 total cases were used in the mortality analysis, 4461 for incidence, and 3890 for first cancer analysis. Standardized mortality ratios (SMR) and incidence ratios (SIR) were determined for 92 causes of death and 41 cancer incidence groupings. Consistent with previous studies (see LeMasters, above), modest elevations were observed in several solid cancers; however, evidence for lymphatic or hematopoietic cancers (such as leukemia, myeloma) was lacking. In comparison with this study, there was also little evidence found for cancer of the testes and brain. Of note, this is the first study to report excess malignant mesothelioma—something that makes sense given the rarity and long latency of the disease.
3)
Pukkala, E, et al. (2014). “Cancer Incidence among firefighters: 45 years of follow-up in five Nordic countries.” J Pccup Environ Med 71: 398-404.

Thus study was a retrospective cohort study which examined cancer incidence over a 45 year period in 16,422 male firefighters and a total of 412,991 person-years.  This cohort included firefighters from the five Nordic countries and standardized incidence ratios were calculated to compare the firefighters to the general population.  Significant results included an increased incidence of prostate cancer and melanoma in the 30-49yo age category while no excess of these two cancers were observed in older groups.  Non-melanoma skin cancer, multiple myeloma, adenocarcinoma of the lung and mesothelioma incidence was elevated in the 70 and over population.  In contrast to other studies, the Nordic study found a decreased SIR for testicular cancer in this cohort of firefighters.  
4) 
Youakim, S. (2006). “Risk of Cancer Among Firefighters: A Quantitative Review of Selected Malignancies.” Archives of Environmental & Occupational Health, Vol 61, No 5:223-231

This study performed statistical analysis on several other studies (a so-called meta-analysis), including 16 studies that focused on deaths related to 6 specific cancers, and 10 studies that focused on cancer morbidity (or occurrence). The six cancers were: kidney, colon, brain, bladder, leukemia, and non-Hodgkin’s Lymphoma (NHL). When the studies were analyzed all-together looking at occurrence, the risk of these six cancers was not markedly elevated. However, when the studies looking at deaths were analyzed, there was a mild increase in risk for kidney cancer and NHL. There are many complexities associated with studying exposure in firefighters, as addressed previously in this document, including the heterogeneity amongst individual firefighters, many with markedly different exposure histories. This can dilute, or mask, some of the cancer risks firefighters are exposed to. Nonetheless, this analysis performed a sub-analysis looking at duration of employment as a surrogate for cumulative exposure to carcinogens. The results showed increased risk for the following cancers and periods of employment. 40 years: colon, kidney, brain; 30 years: colon, kidney, brain, leukemia; 20 years: kidney
5)
Ma, F., L. E. Fleming, et al. (2006). "Cancer incidence in Florida professional fire fighters, 1981 to 1999." J Occup Environ Med 48(9): 883-8.

The objective of this study was to examine the cancer risk associated with fire fighting. Standardized incidence ratio analysis (SIR) was used to determine the relative cancer risk for fire fighters compared with the Florida general population. Among 34,796 male (413,022 person-years) and 2,017 female (18,843 person-years) fire fighters, 970 male and 52 female cases of cancer were identified. Male fire fighters had statistically significant increases in incidence rates of bladder, testicular, and thyroid cancers. Female fire fighters had significantly increased rates of overall cancer, cervical cancer, thyroid cancer, and Hodgkin’s disease. In summary, based on results, fire fighting may be associated with increased risk of selected site-specific cancers in males and females, including an overall increased cancer risk in female fire fighters.
6)
Bates, M. N. (2007). "Registry-based case-control study of cancer in California fire fighters." Am J Ind Med 50(5): 339-44.

This case-control study used records of all male cancers registered in California (which has a robust registry) during 1988-2003 to investigate firefighter cancer risk in comparison to other-cancer controls. 804,000 eligible records produced 3,659 with qualifying “firefighter” occupation in their file. The study found fire fighting was associated with testicular cancer, melanoma, brain cancer, esophageal cancer, and prostate cancer. There was no evidence, however, for increased risk of bladder cancer, non-Hodgkins lymphoma, multiple myeloma, colorectal, nor lung cancer. Use of other-cancer controls and lack of an occupational history may have biased relative risks towards the null. However, this study—which contained more fire fighter cancers than any previous single epidemiologic study at time of publication—produced evidence supporting some prior hypotheses.
7)
Kang, D., Davis, L.K., Hunt, P., Kriebel, D. (2008). "Cancer Incidence Among Male Massachusetts Firefighters, 1987-2003." American Journal of Industrial Medicine 51: 329-335.


This study looked at the rate of cancer in Massachusetts firefighters. Subjects were white male cancer cases identified in the Massachusetts cancer registry as newly diagnosed between 1987 and 2003. 2,125 firefighters were identified by their listed profession in the database. Two comparison groups were used: police (2,763), and those for whom any occupational information was reported in the database (i.e.; other than firefighter or police, 156,890 total). A standardized morbidity odds ratio (SMOR) was used for analysis, which expresses the ratio of the odds of having the cancer of interest among firefighters to the odds among the unexposed group (police or other). The results showed moderately elevated risk among firefighters for colon and brain cancer. Weaker evidence was also observed for bladder cancer, kidney cancer, and NHL. A comparison was also made with a similar, prior Massachusetts study (looking at 1982-1985) which demonstrated some differences in results: in the prior study, melanoma, bladder cancer, and Hodgkin’s lymphoma were elevated, while colon and brain cancer were not—the opposite of this study. The reason for this is unclear, but despite these differences, there continues to be elevated cancer risk in firefighters, consistent with findings from other studies.
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Guidotti, T. L. (2007). "Evaluating causality for occupational cancers: the example of firefighters." Occup Med (Lond) 57(7): 466-71.

The purpose of this study is to evaluate causality in selected cancer categories for fire fighters using the criteria applied in tort litigation and workers' compensation, which is based on the weight of evidence. The epidemiological literature on cancer risk among fire fighters was reviewed based on the weight of evidence rather than scientific certainty. Generalizable frameworks were formulated to define recurrent issues in assessing the evidence from epidemiological studies. The evidence for latency and for a threshold effect with duration of employment was also examined in order to provide practical guidelines. It was determined that presumption is justified for the following cancers: bladder, kidney, testicular and brain, and lung cancer among nonsmokers. The author concluded that non-Hodgkin lymphoma, leukemia and myeloma (each as a class) not only present particular problems in assessment, but also merit an assumption of presumption. 
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IV. Firefighter Exposure to Carcinogens


Please find separate document, enclosed, providing summary of exposures to carcinogenic substances during fire fighting (suppression and overhaul), as well as other common occupational exposures such as diesel engine exhaust.
PAGE  
9

