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Novelty and impact 

Firefighters are exposed to high levels of carcinogens during their work. Results regarding the 

impact of these exposures on cancer risk and mortality have been inconsistent, however. In this 

meta-analysis, the authors found that firefighters have a significantly elevated risk of developing 

a number of cancers (colorectal, prostate, testicular, bladder, thyroid, and pleural cancers and 

malignant melanoma), while mortality rates are increased for rectal cancer and non-Hodgkin’s 

lymphoma. These results suggest that improved preventive measures and medical attention are 

needed for this group worldwide.. 
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Abstract  

Firefighters are exposed to both known and suspected carcinogens. This study aims to 

systematically review the literature on the association of firefighting occupation and cancer 

incidence and mortality, overall and for specific cancer sites. A systematic review using 

PubMed, Embase, and Web of Science was performed up to January 1, 2018. We extracted risk 

estimates of cancers and calculated summary incidence risk estimates (SIRE), summary 

mortality risk estimates (SMRE), and their 95% confidence intervals (CI). Publication bias and 

risk of bias in individual studies were assessed using Begg’s and Egger’s tests and the 

Newcastle-Ottawa scale (NOS), respectively. We included 50 papers in the review and 48 in the 

meta-analysis. We found significantly elevated SIREs for cancer of the colon (1.14; CI 1.06 to 

1.21), rectum (1.09; CI 1.00 to 1.20), prostate (1.15; CI 1.05 to 1.27), testis (1.34; CI 1.08 to 

1.68), bladder (1.12; CI 1.04 to 1.21), thyroid (1.22; CI 1.01 to 1.48), pleura (1.60; CI 1.09 to 

2.34), and for malignant melanoma (1.21; CI 1.02 to 1.45). We found significant SMREs of 1.36 

(1.18 to 1.57) and 1.42 (1.05 to 1.90) for rectal cancer and Non-Hodgkin’s lymphoma, 

respectively. Considering the significantly elevated risk of some cancers in this occupational 

group, we suggest improving preventive measures and securing adequate and relevant medical 

attention for this group. Further studies with more accurate and in-depth exposure assessments 

are indicated.  
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1. Introduction 

 Firefighters are exposed to both known and suspected carcinogens during their work. Although 

exposure is often for short periods of time, exposure levels can be high 1. Studies on the 

chemistry of fire showed toxic levels of hazardous substances, such as acetaldehyde, 

formaldehyde, sulfur dioxide, benzene, toluene, and ethylbenzene amongst other substances in 

the smoke during the knockdown and overhaul firefighting phases 2-5, and in structural fires 6 as 

well as in vehicle fires  7. In addition to direct exposure to the carcinogenic smoke, firefighters’ 

personal protective equipment (PPE) and other work equipment can be a source of occupational 

hazardous substances exposures. Studies reported accumulation of plasticizers 8, metals 9, and 

polycyclic aromatic hydrocarbons (PAHs) 1 on firefighter’s PPE and other work equipment.  

The exposure of firefighters to these carcinogens was supported by analysis of their blood and 

urine profiles. Studies reported high levels of dioxin-like compounds in the blood of firefighters 

compared to those of the general population 10, 11. Urine analyses have found elevated levels of 1-

hydroxynaphthalene and 1-hydroxyacenaphthene (the predominant metabolites of PAHs) 5, and 

indicators of exposure to benzophenone-3, bisphenol-A, triclosan, and methylparaben 12 in active 

firefighters. 

A number of studies have examined cancer incidence and mortality among firefighters 13. Results 

have been inconsistent, but generally indicating elevated risk at least of some cancer types. The 

most recent meta-analysis by LeMasters et al. (2006) reported elevated summary risk estimates 

(SRE,- pooled cancer incidence and cancer mortality risk estimates), for multiple myeloma, non-

Hodgkin lymphoma (NHL), prostate cancer, and testicular cancer 14. Another review of selected 

malignancies reported an increased summary relative risk for kidney, brain, and bladder cancer 

as well as NHL 15.  
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The International Agency for Research on Cancer (IARC) evaluated the scientific literature in 

2010, and concluded in classifying the firefighting occupation as possibly carcinogenic to 

humans (Group 2B) 16.  

Some quantitative reviews have been carried out since 2010 16, 17, but, to the best of the authors’ 

knowledge, no complete peer-reviewed meta-analysis has been published since the systematic 

review of LeMasters et al. in 2006. Furthermore, none of the previous meta-analyses has 

stratified their results by cancer incidence and cancer mortality, even though risk factors for 

these different measures of disease burden might differ. We, therefore, aimed to systematically 

review the literature on the association between firefighting occupation and cancer incidence and 

mortality and estimate the effect of firefighting occupation on cancer incidence and mortality, 

overall and stratified by type of cancer.   

2. Methods 

This systematic review and meta-analysis was performed in accordance with the PRISMA 

guidelines (Table S1, supplementary file) 18.  

2.1. Eligibility criteria 

We included original articles published in English by 01.01.2018 in peer-reviewed journals that 

investigated the association of firefighting occupation with any type of cancer risk or cancer 

mortality in humans. The studies needed to report a relative risk (RR), odds ratio (OR), 

standardized incidence ratio (SIR), or standardized mortality ratio (SMR) with 95% confidence 

intervals (CI) or provide sufficient data to calculate them. We only included studies where the 

exposure clearly preceded the outcome and firefighting occupation was compared to the general 

population, other occupations or internal comparison was done. We excluded studies on 

volunteer or trainee firefighters, and those reporting effect size on cancers in organ systems of 
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the body only, such as respiratory, urinary, or genital system. Furthermore, studies reporting the 

proportional mortality ratio (PMR) only were included in the qualitative synthesis but not the 

quantitative 19. 

2.2. Search strategy 

We searched the electronic databases Web of Science, PubMed, and Embase with adapted search 

terms for each database. The search term included two categories of words: 1) keywords for the 

target occupation (firefighter) and 2) keywords for the outcome (cancer risk or cancer mortality) 

(Table S2, Supplementary material). To ensure literature saturation, the investigators manually 

searched through Google Scholar and screened the references of relevant original studies or 

review articles.  

2.3. Study selection 

Study selection was performed by two independent researchers (HJ and MZ) by first screening 

the titles, abstracts, and keywords, and then screening the full texts. The proportion of agreement 

between the two researchers was calculated for each selection process. A third researcher (YKH) 

was included in the decision-making process, whenever HJ and MZ were not able to reach an 

agreement.  

2.4. Data extraction  

Data extraction was performed by one researcher (HJ) and double-checked by another researcher 

(MZ).  For each study, a risk estimate on the association of firefighting occupation and cancer 

incidence and/or cancer mortality and its 95% CIs was obtained from the maximally adjusted 

model (overall and for individual cancer sites, if reported): ORs, SIRs, RRs, or SMRs. In 

addition we extracted the following variables: authors’ names, year of publication, country, time 
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period of case ascertainment, sample size, number of cases, level of adjustment, study design, 

type of effect estimate, cancer classification code (outcome), source of outcome data, studied  

occupation (i.e. whether the study investigated only firefighters or several occupations), source 

of occupational information, occupational coding system, source of control population, and 

information assessed on exposure to carcinogenic agents. 

Classification of the cancer types was adapted to the ninth revision of the version of the 

international classification of disease (ICD-9) (Appendix I, Supplementary material). In addition, 

we extracted estimates on colorectal cancers and malignant melanoma and other skin cancer 

combined. We aggregated risk estimates on single cancer sites using the method from Hamling 

et al. 20. 

If the data was overlapping between publications, the publication with more complete or more 

extensive data was included in the systematic review and meta-analysis. 

Due to a limited number of female firefighters, effect sizes of male firefighters were extracted or 

effect sizes of both sexes combined if not reported for men individually.  

2.5. Risk of bias in individual studies 

Two researchers (HJ and MZ) independently assessed the quality of case-control and cohort 

studies using the Newcastle-Ottawa scale (NOS) 21. This scale contains eight items within three 

categories: selection (four items, one point each), comparability (one item, up to two points), and 

exposure/outcome (three items, one point each). The sum of points indicates the methodologic 

quality of each individual study included, with nine points representing the highest quality and 

zero points the lowest quality, respectively. In the case of disagreement between two researchers, 

a third party (YKH) settled the case by discussion among the researchers until an agreement was 

reached. 
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2.6. Statistical analysis 

We performed random-effects meta-analyses overall and stratified by cancer type for the risk 

estimate on the association between firefighter occupation and cancer incidence and cancer 

mortality. Summary incidence risk estimates (SIREs) and summary mortality risk estimates 

(SMREs) were calculated for each cancer outcome by pooling risk estimates (SIRs, ORs, and 

RRs) and mortality estimates (SMRs, ORs, RRs),  respectively. The logarithm of SMR, SIR, RR, 

and OR and their standard errors were used for these analyses. Heterogeneity between studies 

was tested with the Q-test 22. The I2-index was used to quantify the extent of heterogeneity and 

we interpreted a value between 25-49% as low heterogeneity, a value between 50-74% as 

moderate and a value ≥75% as high heterogeneity. 23. 

We used the forest plot to display the summary estimates overall and stratified by cancer type.  

Publication bias was assessed by the Begg's test and the Egger's test for each type of cancer.  All 

analyses were conducted using the STATA 14 (Stata Corp, College Station, TX). 

We used a modified method described by LeMasters et al. 14 for the overall evaluation of the 

association of firefighting on cancer incidence and mortality. The strength of the association was 

classified into “probable”, “possible”, or “unlikely” for each cancer, based on the two criteria: 

pattern of meta-relative risks (MRR: i.e. SIREs and SMREs), and consistency between studies 

(Appendix II, Supplementary material).  

3. Results 

3.1. Study selection 

We identified 2,635 articles with our research of which 947 were duplicates (Figure 1). We 

excluded 1,580 records by screening titles and abstracts (agreement = 85%) and another 58 

(agreement = 95%) when looking at the full-texts. Two studies only reported PMR risk estimate 
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24, 25, resulting in 50 13, 24-72 studies included in the qualitative synthesis and 48 studies in the 

quantitative (Table S3 and S4, Supplementary material). 

 

Figure 1. PRISMA flow diagram of article screening and selection in the qualitative and 

quantitative sections 

3.2. Characteristics of studies reporting cancer incidence 

A total of 27 studies have investigated the association between cancer incidence and firefighting 

occupation (Table 1). Of these, 13 were case-control (48%), and 14 were cohort (52%) studies. 

The studies were conducted in 11 countries, dominantly in the USA (41%). Time period of case 

ascertainment was between 1950 and 2014 with a maximum of 30057 firefighters included. 
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Several studies have used more than one source to collect information on cancer incidence but 

the most dominant source was cancer registries (21 studies). Classification of cancer disease was 

based on the ICD (44%), ICD for oncology (30%) and the surveillance, epidemiology, and end 

results (SEER) programme (4%). The studies on cancer incidence have used 

interviews/questionnaires, censuses, civil registration system, employment records, tumor 

registry database, and hospital records to collect occupational information. Firefighting was the 

target occupation in 15 studies while 12 studies have studied several occupations. Studies 

considered the duration of employment (42%), calendar periods (15%), age (18%), task or 

activity within employment (7%), and time since employment (7%) as exposure categories. The 

studies have dominantly used national, regional, or local populations as comparison groups. 

Different confounders were considered in the maximally adjusted models as presented in Table 

1. It should be noted that a minor overlap between study subjects was observed among three 

Nordic cohort studies between 2014 and 2017.  

 

Table 1. Characteristics of studies reporting on firefighting and cancer incidence 

First 
author, 

Year 
(Ref) 

Country 

 

Time 
period 

 

Sample 
size 
(case) 

Study 
design 

 

Source of cancer  

data 

 

Cancer 
classificati
on 

Source of 
occupation 
data 

Studied 
occupation 

 

Exposure 
categories 

 

Occupation 
identifier 

Comparison 
group 

Sama, 

1990 33 

USA 

 

1982–1986 29990 
(321) 

Case-
control 

Tumor registry ICD for 
oncology 

Tumor registry

 

Firefighters OT, AS CCP Regional 
employees, 
policemen 

Delahunt, 

1995 42 

New 
Zealand 

1978-1986 

 

13467 
(710) 

Case-
control 

Tumor registry  ICD Tumor registry 

 

Multi 
occupations 

OT   

 

NSCO Other diseases 
and cancers 

R

Krstev, 

1998 47 

USA 

 

1986-1989 

 

2296 
(981) 

Case-
control 

Tumor registry  

 

NR Interview/ 
questionnaire 

Multi 
occupations 

OT, DoE  

 

SOC LP 

Elci, Turkey 1979-1984 2873 Case- Hospital records  ICD for Interview/ Multi OT   SOC Other cancers 
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2003 51   (1354) control oncology questionnaire occupations  

Krishnan, 

2003 52 

USA 

 

1991-1994 
& 1997-
1999 

1743 
(879) 

Case-
control 

Tumor registry  ICD for 
oncology 

Interview/ 
questionnaire 

Multi 
occupations 

OT   

 

SOC Other cancers  

Stang, 

2003 53 

German 

 

1995-1997 

 

1066 
(269) 

Case-
control 

Department(s) 
information, A 
reference 
pathologist  

NR Interview/ 
questionnaire 

 

Firefighters OT, DoE  

 

ISCO LP, internal 

Gaertner, 

2004 54 

Canada 

 

1994-1997  

 

3734 
(887) 

Case-
control 

Tumor registry  NR Interview/ 
questionnaire 

 

Multi 
occupations 

OT, DoE  

 

SOC RP 

Kang, 

2008 58 

USA 

 

1987-2003 

 

161778 
(2125) 

Case-
control 

Tumor registry  ICD for 
oncology 

Tumor registry 

 

Firefighters OT, AS  

 

Tumor registry Policemen, 
Other cancers 

Corbin, 

2011 59 

New 
Zealand 

2007-2008 

 

1249 
(457) 

Case-
control 

Tumor registry  

 

NR Interview/ 
questionnaire 

Multi 
occupations 

OT  

 

NSCO NP 

Karimi, 

2012 62 

USA 

 

2002-2007 

 

2452 
(1217) 

Case-
control 

Tumor registry 

 

ICD for 
oncology 

Interview/ 
questionnaire 

 

Multi 
occupations 

OT, DoE  

 

SOC NP 

Paget-
bailly, 

2013 63 

France 

 

2001-2007 

 

4580 
(1833) 

Case-
control 

Tumor registry  

 

ICD for 
oncology 

Interview/ 
questionnaire 

 

Multi 
occupations 

OT, DoE  

 

ISCO LP 

Tsai, 

2015 68 

USA 

 

1988–2007 

 

678132 
(3996) 

Case-
control 

Tumor registry  

 

SEER Tumor registry 

 

Firefighters OT  

 

CCP Other cancers  

Sritharan, 

2017 72 

Canada 

 

1994-1997 

 

3540 
(1737) 

Case-
control 

Tumor registry  ICD for 
oncology 

Interview/ 
questionnaire 

 

Multi 
occupations 

OT, DoE  

 

NSCO RP 

Morton, 

1984 29 

USA 

 

1963-1977  

 

1678 Cohort Hospital records, 
DC  

NR Hospital 
records, DC 

Multi 
occupations 

OT CCP LP 

Giles, 

1993 37 

Australia 

 

1980-1989 

 

2865 Cohort 

 

Tumor registry 

 

ICD ERs  Firefighters OT, DoE,  AS, 
TSE  

ERs RP 

Demers, 

1994 40 

USA 

 

1974-1989 

 

4325 
(2447) 

Cohort 

 

Tumor registry  

 

ICD ERs Firefighters OT, DoE, TSE ERs LP, policemen

Firth, 

1996 46 

New 
Zealand 

1972-1984 

 

26207 Cohort Tumor registry  ICD Tumor registry

  

Multi 
occupations 

OT   

 

NSCO NED 

Bates*, New 1977-1995 8040 Cohort Health information ICD ERs  Firefighters OT, CP   ERs NP 
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2001 50 Zealand  (4305)  services   

Zeegers, 

2004 55 

Netherlands 

 

1986-1993 

 

2355 
(830) 

Cohort Tumor registry  

 

NR Interview/ 
questionnaire 

 

Multi 
occupations 

OT, DoE  

 

NSCO NP R

Ma, 

2006 57 

USA 

 

1981-1999 

 

36813 
(1022) 

Cohort Department(s) 
information  

ICD ERs Firefighters OT   

 

ERs RP 

Zeig-
Owens, 

2011 60 

USA 

 

1996-2001 

 

9853 Cohort Tumor registry, 
Health information 
services 

ICD for 
oncology 

ERs Firefighters OT  

 

ERs NP 

Ahn, 

2012 61 

South Korea 

 

1980-2007 

 

33416 
(29438) 

Cohort Tumor registry 

 

ICD ERs Firefighters OT, DoE  

 

Organizational 
Classification 

Organizational 
employees 

Daniels*, 

2014 64 

USA 

 

1950-2009 

 

29993 Cohort 

 

DC, ERs ICD ERs Firefighters OT, DoE  ERs NP 

Pukkala, 

2014 

Nordic 
countries 

1961–2005 

 

16422 Cohort Tumor registry  

 

ICD Census  

 

Firefighters OT, AS, CP  

 

ISCO NP 

Glass*, 

2016 69 

Australia 

 

1976-2011 

 

30057 Cohort 

 

Tumor registry, DC ICD ERs Firefighters OT, DoE, 
TADE 

ERs NP 

Kullberg, 
2017 70 

Sweden 

 

1951-1983 

 

1080 Cohort Tumor registry 

 

ICD ERs Firefighters OT, DoE, AS, 
CP 

ERs RP 

Petersen, 
2017 71 

Denmark 

 

1968-2014 

 

9061 Cohort Tumor registry  

 

ICD Civil 
Registration 
System 

Firefighters OT, DoE, CP, 
TADE 

 

Registration 
systems 

NP, Regional 
employees, 
military 

*reported cancer incidence and mortality estimates. 

Abbreviations: AS, age-specific; CCP, codes of census population; CP, calendar periods; DC, death certificate; DoE, duration of 

employment; ERs, employment records (including pension records, enrolment records, fire department records, Employee 

Service Record, payroll records); ICD, international calcification of disease; ICD-O, international classification of disease for 

oncology; ISCO, international standard classification of occupations (ILO codes); LP, local population; NED, national 

employment database; NP, national population; NR, not reported; NSCO, national standard classification of occupations; OR, 

odds ratio; OT, occupational title; RP, regional population; RR, rate ratio (relative risk); SEER, the surveillance, epidemiology, 

and end results (program); SIR, standardized incidence ratio; SmOR, standardized morbidity odds ratio; SOC, U.S. department of 

commerce codes -standard occupational classification; TADE, task or activity during of employment; TSE, time since 

employment; USA, United States of America 
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3.3. Characteristics of studies reporting cancer mortality  

A total of 26 articles investigated the association between firefighting and cancer mortality 

(Table 2). Of these, 21 were based on cohorts (81%), three were case-control (11%), and two 

were PMR studies (8%) studies. The studies were carried out in 14 countries, with the majority 

in the USA (54%). Time-period of case ascertainment was between 1921 and 2011 with a 

maximum of 30057 firefighters. All studies except one completely or partly extracted the 

outcome data from death certificates, and all (except four who did not report on this) of them 

used the ICD (version 7 to 10 and oncology version) to classify the cancer outcome. In addition, 

in 19% of studies, the death certificates also were used as a source of occupational data. Most of 

the remaining studies have extracted this information from employment records (73%). Of the 26 

studies, 21 have investigated only firefighters and five have studied several occupations 

including firefighters. In addition, they analyzed the data based on the duration of employment 

(48%), calendar periods (15%), age (15%), task or activity within the employment (12%), time 

since employment (11%), and status of employment (4%). The studies used dominantly national, 

regional, or local populations as comparison groups.  Again, different covariates were considered 

in the maximally adjusted model as presented in Table 2.  

 

Table 2. Characteristics studies reporting on firefighting and cancer mortality 

First author, 

Year (Ref) 

Country Time 
period 

Sample 
size 
(cases) 

Study 
design 

Source of 
cancer  data 

Cancer 
classification

Source of 
occupation data

Studied 
occupation 

Exposure 
categories 

Occupation 
identifier 

Compariso
group 

Feuer, 

1986 24 

USA 

 

1974-1980 

 

901 
(271) 

PMR 

 

DC -nosologist ICD ERs Multi 
occupations 

OT, DoE  ERs RP, NP, 
policemen

Burnett, 

1994 25 

USA 

 

1984–1990 

 

5744 PMR  DC  ICD DC Firefighters OT   

 

DC internal 
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Figgs, 

1995 44 

USA 

 

1984-1989 

 

143340 
(23890) 

Case-control 

 

DC  ICD DC  Multi 
occupations 

OT   

 

SOC Other disea

Finkelstein, 

1995 45 

Canada 

 

1979-1988 

 

3788 
(967) 

Case-control DC  NR DC  Multi 
occupations 

OT   

 

SOC Other disea
and cancer

Ma, 

1998 48 

USA 

 

1984-1993 

 

6607 
(1883) 

Case-control DC  NR DC  Firefighters 

 

OT CCP internal, Ot
diseases an
cancers 

Mastromatteo, 

1959 13 

Canada 

 

1921-1953 

 

1039 Cohort 

 

DC  

 

NR ERs Firefighters OT ERs RP 

Berg, 

1975 26 

USA, UK  1949-
1953, 
1959-1963 

NR Cohort DC  NR DC  

 

Multi 
occupations 

OT CCP NP 

Musk, 

1978 27 

USA 

 

1915-1975 

 

5655 Cohort 

 

DC  

 

ICD ERs Firefighters OT, SoE ERs RP, NP 

Eliopulos, 

1984 28 

Australia  

 

1939-1978  

 

990 Cohort 

 

DC  

 

ICD ERs Firefighters OT DC  

 

RP 

Blair, 

1985 30 

USA 

 

1954-1970 

 

293958 Cohort 

 

DC  

 

ICD Interview/ 
questionnaire 

Multi 
occupations 

OT CCP Internal 

Vena, 

1987 31 

USA 

 

1950-1979 

 

1867 Cohort 

 

DC -nosologist ICD ERs Firefighters OT, DoE, 
CP 

ERs NP 

Hansen, 

1990 32 

Denmark 

 

1970-1980 

 

48580 
(886) 

Cohort 

 

DC  

 

ICD census  

 

Firefighters OT, AS Census Internal, N

Beaumont, 

1991 34 

USA 

 

1940-1970 

 

3066 Cohort 

 

DC -nosologist ICD ERs Firefighters OT, DoE, 
TSE  

ERs NP 

Grimes, 

1991 35 

USA 

 

1969-1988 

 

205 Cohort DC  ICD ERs Firefighters OT DC RP 

Demers, 

1992 36 

USA 

 

1945-1989 

 

8077 
(4401) 

Cohort 

 

DC  ICD ERs Firefighters OT, DoE, 
AS, TSE 

ERs NP, policem

Guidotti, 

1993 38 

Canada 

 

1927-1987 

 

3328 Cohort 

 

DC -nosologist ICD ERs Firefighters OT, DoE, 
CP  

 

ERs RP 

Aronson, 

1994 39 

Canada 

 

1950-1989 

 

5414 Cohort 

 

DC- nosologist ICD ERs Firefighters OT, DoE, 
TSE, AS  

ERs LP 
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Tornling, 

1994 41 

Sweden 

 

1931-1983 

 

1116 Cohort 

 

Tumor registry, 
DC  

ICD ERs Firefighters OT, DoE, 
AS, TADE 

ERs RP 

Deschamps, 

1995 43 

France 

 

1977-1991 

 

830 Cohort 

 

DC - nosologist ICD ERs Firefighters OT 

  

ERs NP 

Baris, 

2001 49 

USA 

 

1925-1986 

 

7789 Cohort 

 

DC  ICD ERs Firefighters OT, DoE, 
CP, TADE  

ERs NP, interna
NED 

Bates*, 

2001 50 

New 
Zealand 

 

1977-1995 

 

8040 
(4305) 

Cohort Health 
information 
services 

ICD ERs  

 

Firefighters OT, CP   

 

ERs NP 

Ma, 

2005 56 

USA 

 

1972-1999 

 

36813 Cohort 

 

Department(s) 
information, 
DC  

ICD ERs Firefighters OT   

 

ERs RP 

Daniels*, 

2014 64 

USA 

 

1950-2009 

 

29993 Cohort 

 

DC  ICD ERs Firefighters OT, DoE  ERs NP 

Ahn, 

2015 66 

South 
Korea 

1980-2007 

 

33442 
(29453) 

Cohort 

 

DC  ICD ERs Firefighters OT, DoE  

 

Organization
al 
Classificatio
n 

NP 

Amadeo, 

2015 67 

France 

 

1979–2008 

 

10829 Cohort 

 

DC  

 

ICD ERs Firefighters OT  

 

ERs NP 

Glass*, 

2016 69 

Australia 

 

1976-2011 

 

30057 Cohort 

 

Tumor registry, 
DC  

ICD ERs Firefighters OT, DoE, 
TADE 

ERs NP 

*reported cancer mortality and morbidity estimates. 

Abbreviations: AS, age-specific; CCP, codes of census population; CP, calendar periods; DC, death certificate; DoE, duration of 

employment; ERs, employment records (including pension records, enrolment records, fire department records, Employee 

Service Record, payroll records); ICD, international calcification of disease; ICD-O, international classification of disease for 

oncology; ISCO, international standard classification of occupations (ILO codes); NED, national employment database; NR, not 

reported; OR, odds ratio; OT, occupational title; PMR, proportional mortality ratio; RR, rate ratio (relative risk); SEER, the 

surveillance, epidemiology, and end results (program); SIR, standardized incidence ratio; SMR, standardized mortality ratio; 

SOC, U.S. department of commerce codes -standard occupational classification; SoE, status of employment; TADE, task or 

activity during of employments; TSE, time since employment; UK, United Kingdom; USA, United States of America. 
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3.4. Risk of bias in individual studies 

Except for one case-control study on cancer incidence, all studies included were of good quality 

with at least 6 points (Table S5, Supplementary material). However, only 15% of the studies 

reporting on incidence and 7% of the studies on mortality obtained the nine points. 

3.5. Cancer incidence and mortality among firefighters 

Figure 2 displays the SIRE of firefighters for all cancers and individual cancer sites. The findings 

showed an increased cancer incidence among firefighters for colon, rectal, prostate, testicular, 

bladder and thyroid cancers as well as mesothelioma, and malignant melanoma. There was no 

overall increased risk for all cancers among firefighters. Overall, heterogeneity was statistically 

significant among all cancers as well as for eleven cancer sites.  
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Figure 2. Forest plot of summary incidence risk estimates (SIRE) for firefighters overall and by 

individual 

Figure 3 shows the SMRE for firefighters from all cancers and individual cancer sites. The 

results indicated a significantly increased mortality from rectal cancer and NHL. There was no 

overall increased mortality from all cancers in firefighters. However, heterogeneity was observed 

among 12 out of 23 cancers site and all cancers, too. 

 

Figure 3. Forest plot of summary mortality risk estimates (SMRE) for firefighters overall and by 

individual cancer site 

The overall likelihood of the observed cancer incidence and mortality among firefighters, 

considering quality indicators, is presented in Table 3. There is probable cause for an increased 

incidence of colon, pleural, testicular, and thyroid cancers among firefighters, as well as possible 

cause for the increased incidence of the intestine, rectal, colorectal, prostate, bladder, and eye 
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cancers, soft tissue sarcoma, malignant melanoma, and Hodgkin’s lymphoma. Increased cancer 

mortality among firefighters is probable for rectal cancer, and possible for pancreatic and pleural 

cancers, as well as Hodgkin’s disease and NHL. 

Table 3. Likelihood of increased cancer incidence and mortality in firefighters 

Cancer (ICD-9) Incidence  Mortality  

Criterion† 1 Criterion 2 Likelihood Criterion 1 Criterion 2 Likelihood 

All cancers (140-209) No star No star Unlikely No star No star Unlikely 

Buccal cavity and 
pharynx (140–149) 

* No star Unlikely * No star Unlikely 

Esophagus (150) No star No star Unlikely No star No star Unlikely 

stomach (151) No star No star Unlikely No star No star Unlikely 

Intestine (152) * * Possible Missing Missing Missing 

Colon (153) ** ** Probable No star No star Unlikely 

Rectum (154) * * Possible ** ** Probable 

Colo-rectal (153, 154) * * Possible No star No star Unlikely 

Liver/gallbladder (155–
156) 

No star No star Unlikely No star No star Unlikely 

Pancreas (157) No star No star Unlikely * * Possible 

Larynx (161) No star No star Unlikely No star No star Unlikely 

Lung (162) No star No star Unlikely No star No star Unlikely 

Pleura (Mesothelioma) 
(163) 

** ** Probable * * Possible 

Bone (170) No star No star Unlikely Missing Missing Missing 

Soft tissue sarcoma 
(171) 

* * Possible Missing Missing Missing 

Malignant melanoma 
(172) 

** * Possible Missing Missing Missing 

Skin (173) * No star Unlikely No star No star Unlikely 

Skin combined (172, 
173)  

Missing Missing Missing No star No star Unlikely 

Breast (174) No star No star Unlikely * No star Unlikely 

Prostate (185) ** * Possible No star No star Unlikely 
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Testis (186) ** ** Probable Missing Missing Missing 

Bladder (188) * * Possible * No star Unlikely 

Kidney (189) * No star Unlikely * No star Unlikely 

Eye (190) * * Possible Missing Missing Missing 

Brain and nervous 
system (191, 192) 

No star No star Unlikely * No star Unlikely 

Thyroid (193) ** ** Probable Missing Missing Missing 

Non-Hodgkin’s 
lymphoma (200, 202) 

No star No star Unlikely ** * Possible 

Hodgkin’s disease (201) * * Possible * * Possible 

Multiple myeloma (203) No star No star Unlikely No star No star Unlikely 

Leukemia (204–208) No star No star Unlikely No star No star Unlikely 

† Criterion 1: pattern of summary risk estimate association; criterion 2: consistency (Appendix II, Supplementary 
material) 

†† Probable: Meta-relative risk (MRR) was significantly (p<0.05) increased > 1.10 (**), with no heterogeneity; 
Possible: MRR was significantly (p<0.05) increased > 1.10 (**), but with a significant heterogeneity or MRR value 
was > 1.10 but this was not significant (or vice versa) (*), with no significant heterogeneity; Unlikely: other 
conditions (Appendix II, Supplementary material) 

3.6. Publication bias 

Table S6 (Supplementary material) shows the results of Egger’s and Begg’s tests. We found no 

significant indication of publication bias in any study (incidence and mortality), except in those 

reporting on Hodgkin’s Lymphoma mortality (PEgger=0.03). 

4. Discussion 

In the present study, we systematically reviewed the literature on the association between 

firefighting occupation and cancer incidence and mortality. We found a significantly increased 

incidence for colon (14%), rectal (9%), prostate (15%), testicular (34%), bladder (12%), and 

thyroid (22%) cancers as well as mesothelioma (60%) and malignant melanoma (21%) in 

firefighters. Of these, only the increased incidence of colon, pleural, testicular, and thyroid 

cancers were considered probable to be true associations when assessed by the specified criteria. 
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We found a significantly elevated mortality from rectal (36%) cancer as well as NHL (42%). 

Increased mortality from rectal cancer was considered probable and increased mortality from 

NHL, pancreatic and pleural cancers possibly related to the occupation. We found high levels of 

heterogeneity across all studies of incidence and mortality in all cancer sites (87.5% and 88.1%, 

respectively). We found no indication of publication bias, except in the studies reporting on 

Hodgkin’s Lymphoma mortality, but these results should be interpreted with caution because 

these tests are known to have low power to detect bias when there are less than 10 studies. 

Comparison to previous meta-analyses 

Totally, four peer-reviewed meta-analyses including Howe and Burch (1990) 73, Youakim (2006) 

15, LeMasters et al. (2006) 14, and Sritharan et al. (2017) 74 have studied the association of 

firefighting occupation and some selected malignancies. We compared the current study findings 

with the recent and comprehensive studies conducted by Sritharan et al. (2017) and LeMasters et 

al. (2006). 

All cancers combined 

In accordance with LeMasters et al. (2006), who observed no statistically significant association 

between firefighting occupation and incidence or mortality risks of overall cancers, we found an 

incidence and mortality risk of 0.99. However a high level of heterogeneity (88%) was seen in 

both types of studies. Some recent large cohort studies have found a moderately elevated (5-

10%) overall cancer incidence 65, 69. However, additional epidmiological studies are needed to 

meet a consistent and more reliable conclusion. 

Digestive system 

The current results on colon and rectal cancer were in accordance with what has been reported 

previously. LeMasters et al. (2006) found the pooled risk of 1.21 (1.03 to 1.41) and 1.29 (1.10 to 
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1.51), for colon and rectum cancers, and a pooled SMR of 0.92 (0.73 to 1.16) for stomach 

cancer. Finally, we found a non-significant 27% elevation of risk for cancer of the small 

intestine, based on three studies. However, this cancer is rare and has not previously been 

included in any meta-analysis and more investigations would be needed to assess its association 

to the firefighting occupation. Limited evidence suggests asbestos, diesel exhaust and dust 75-77, 

smoke, PAHs, and acid mists 78, 79 to be related to the risk of digestive system cancer. A large 

part of studies on the firefighter’s exposures has revealed that this occupational group is exposed 

to all these agents during their working life 7, 80-82. Therefore, the current results on digestive 

system cancers might be explained by these exposures. However, the investigations indicate that 

these occupational exposures have smaller effects than lifestyles factors such as diet, physical 

activity, smoking and alcohol consumption on digestive cancers 78, 83. 

Mesothelioma 

Risk of mesothelioma was significantly elevated with SIRE of 1.60 and SMRE of 1.33.  

Mesothelioma might be expected among firefighters since asbestos can be found in many 

structures and buildings falling apart during/after fires 82. This cancer is rare and requires long 

follow-up in cohort studies, and has not been included in any previous meta-analysis.  

Malignant melanoma 

The SRE of 1.32 (1.10 to 1.57) was reported by the LeMasters et al.,  and in agreement with this, 

we found a 21% increase in incidence and 33% increase in mortality risks for malignant 

melanoma. While exposure of skin to UV radiation is the most important risk factor for 

malignant melanoma, exposure to PAHs, arsenic and other carcinogenic substances covering and 

penetrating the PPE and the skin may also contribute to the elevated risk 1, 9.   
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Prostate cancer 

Overall, night-shift working 84, experience of stressful conditions 85, exposure to endocrine 

disruptors (e.g. polychlorinated biphenyls [PCBs] and polyhalogenated aromatic hydrocarbons 

(including bisphenol A, dioxin, and dibenzofurans) and heavy metals (e.g. arsenic and cadmium) 

86, are the most relevant risk factors for prostate cancer in firefighters 10, 87, 88. LeMasters et al. 

(2006) found a pooled SIR of 1.29 (1.09 to 1.51) and concluded that prostate cancer was 

probably linked to firefighter occupation. In another recent investigation, Sritharan et al. (2017) 

reported the pooled risk of 1.17 (1.08 to 1.28; I2:72%) and 1.12 (0.92 to 1.36; I2: 50%) for 

incidence and mortality, respectively 74. We found similar results for prostate cancer, with 

significantly elevated incidence, and non-significantly elevated mortality.  

Lymphohaematopoietic malignancies 

The elevated risk of NHL among firefighters may be explained by exposure to benzene, other 

organic solvents 6, 11, 89 and bio-persistent agents (polychlorinated/-brominated substances) 90, 91. 

In line with the current findings, LeMasters et al. (2006) categorized this disease as probable 

cancers among firefighting occupation (SRE: 1.51; 1.31 to 1.73) 14. Moreover, the IARC 

Working Group meta-analysis 16 stated that NHL probably is related to occupational exposure 

cancers among firefighters. 

In agreement with LeMasters et al. (2006), no statistically significant elevated risk was observed 

for Hodgkin lymphoma or leukemia. For multiple myeloma, LeMasters et al. (2006) suggested 

an SRE of 1.53 (1.21 to 1.94), but in the current meta-study, we observed no elevated incidence 

or mortality risk. 

Bladder and kidney cancers 
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LeMasters et al. (2006) reported an SER of 1.20 (0.97 to 1.48), while we found 12% elevated 

statistically significant risk for bladder cancer incidence. A significantly elevated risk of bladder 

cancer in this occupational group may be related to exposure to known bladder carcinogens, 

including aromatic amines and PAHs 4, 6, 81, 92, combustion products 93, heavy metals (cadmium 

and arsenic) 86, 94, heat 95, and high concentration of carcinogens in urine 6. In line with the 

previous meta-studies result 14, 15 on kidney cancer among firefighters, no elevated statistically 

significant risk was found in the current study.  

Testicular cancer 

In line with the current findings on testicular cancer incidence (SIRE: 1.34; CI 1.08, 1.68), 

LeMasters et al. (2006) found pooled SIR of 1.83 (1.13 to 2.79) and SRE of 2.02 (1.30 to 3.13) 

for testicular cancers. Additionally, they suggested this cancer as probable occupational cancer 

among firefighters. The literature on occupational causes of testicular cancer is sparse, but 

firefighters are exposed to potential risk factors, such as endocrine disruptors, cadmium, 

combustion product, and night shiftwork as the occupational risk factors to onset testicular 

cancer 96. The IARC Working Group meta-analysis 16 stated that testicular is a probable 

occupational cancer among firefighters.  

Thyroid cancer 

Thyroid cancer has not previously been included in any meta-analysis. The body of evidence 

suggests ionizing radiation and pesticides exposure as the main occupational risk factors 97,  but 

firefighters are not very likely to be exposed to these risk factors. However, iron, cobalt, and lead 

may affect thyroid function by inducing over-secretion of the thyroid stimulating hormone and 

this can be a trigger to cancer progression 98. Some studies have also revealed that exposure to 
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chemicals such as dioxins may alter thyroid hormone levels 98. So far, no well-documented 

records are available to link firefighters’ exposures and thyroid cancer. 

Strengths and weaknesses of the study 

Exposure information was not well-defined in the underlying articles and due to the small 

number of studies in most of cancers we could not further stratify our meta-analysis by different 

types of exposure surrogates (for example duration of exposure, start age of exposure, etc.). This 

is the first comprehensive meta-analysis on firefighters and cancer that stratifies the outcomes by 

cancer incidence and cancer mortality. This is important because the predictors for the two 

outcomes may differ.   

Implications of our study 

An increased risk of some cancers indicated that firefighters might not be adequately protected 

against carcinogenic hazards. To ensure a safer work environment we need technological 

development on the protective gear and educational efforts towards safer practices in fire 

extinguishing. Occupational health services should be available for all firefighters, and medical 

surveillance considered for selected cancers. Studies with better exposure assessment are 

urgently needed to identify specific etiologic factors.  

Conclusions 

We found an increased risk for incidence and mortality of certain cancers in firefighters. 

Especially worth mentioning are the newly identified thyroid cancers and mesothelioma. We 

suggest improving technologies and education of firefighters to decrease their carcinogenic 

exposure and recommend special attention towards early detection of the respective cancers in 

this population at risk.  
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