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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.

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
among other substances in the smoke during the knockdown and
overhaul firefighting phases,2–5 and in structural fires6 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 sup-
ported 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-hydroxynaphtha-
lene and 1-hydroxyacenaphthene (the predominant metabolites
of PAHs),5 and indicators of exposure to benzophenone-3,
bisphenol-A, triclosan and methylparaben12 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.
reported elevated summary risk estimates (SRE,- pooled can-
cer incidence and cancer mortality risk estimates), for multiple
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myeloma, non-Hodgkin lymphoma (NHL), prostate cancer
and testicular cancer.14 Another review of selected malignan-
cies reported an increased summary relative risk for kidney,
brain and bladder cancer as well as NHL.15

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 sys-
tematic review of LeMasters et al. Furthermore, none of the pre-
vious 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 mor-
tality and estimate the effect of firefighting occupation on cancer
incidence and mortality, overall and stratified by type of cancer.

Methods
This systematic review and meta-analysis was performed in accor-
dance with the PRISMA guidelines (Table S1, Supporting
Information).18

Eligibility criteria
We included original articles published in English by January 1,
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 stan-
dardized 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 popula-
tion, 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 the body only,
such as respiratory, urinary or genital system. Furthermore, stud-
ies reporting the proportional mortality ratio (PMR) only were
included in the qualitative synthesis but not the quantitative.19

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 out-
come (cancer risk or cancer mortality) (Table S2, Supporting
Information). To ensure literature saturation, the investigators
manually searched through Google Scholar and screened the
references of relevant original studies or review articles.

Study selection
Study selection was performed by two independent researchers
(HJ and MZ) by first screening the titles, abstracts and key-
words, 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.

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 period of case ascer-
tainment, 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, occupa-
tional coding system, source of control population and infor-
mation 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, Supporting Information). 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 pub-
lication 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.

What’s new?
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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Risk of bias in individual studies
Two researchers (HJ and MZ) independently assessed the qual-
ity 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), compa-
rability (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 discus-
sion among the researchers until an agreement was reached.

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 mortal-
ity risk estimates (SMREs) were calculated for each cancer out-
come 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 heteroge-
neity and we interpreted a value between 25 and 49% as low het-
erogeneity, a value between 50 and 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, Supporting Information).

Results
Study selection
We identified 2,635 articles with our research of which 947 were
duplicates (Fig. 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,24,25 resulting in 5013,24–72 studies included
in the qualitative synthesis and 48 studies in the quantitative
(Tables S3 and S4, Supporting Information).

Characteristics of studies reporting cancer incidence
A total of 27 studies have investigated the association between
cancer incidence and firefighting occupation (Table S5, Sup-
porting Information). Of these, 13 were case–control (48%),

Figure 1. PRISMA flow diagram of article screening and selection in the qualitative and quantitative sections
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and 14 were cohort (52%) studies. The studies were con-
ducted in 11 countries, dominantly in the USA (41%). Time
period of case ascertainment was between 1950 and 2014 with
a maximum of 30,057 firefighters included. 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) pro-
gramme (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 stud-
ied several occupations. Studies considered the duration of
employment (42%), calendar periods (15%), age (18%), task
or activity within employment (7%) and time since employ-
ment (7%) as exposure categories. The studies have domi-
nantly used national, regional or local populations as
comparison groups. Different confounders were considered
in the maximally adjusted models as presented in Table S5
(Supporting Information). It should be noted that a minor
overlap between study subjects was observed among three
Nordic cohort studies between 2014 and 2017.

Characteristics of studies reporting cancer mortality
A total of 26 articles investigated the association between fire-
fighting and cancer mortality (Table S6, Supporting Informa-
tion). 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 30,057 firefighters.
All studies except one completely or partly extracted the out-
come 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 fire-
fighters and five have studied several occupations including fire-
fighters. 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 com-
parison groups. Again, different covariates were considered in
the maximally adjusted model as presented in Table S6 (Sup-
porting Information).

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 S7, Supporting Information). However, only 15% of
the studies reporting on incidence and 7% of the studies on
mortality obtained the nine points.

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 malig-
nant melanoma. There was no overall increased risk for all can-
cers among firefighters. Overall, heterogeneity was statistically
significant among all cancers as well as for 11 cancer sites.

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 can-
cers site and all cancers, too.

The overall likelihood of the observed cancer incidence
and mortality among firefighters, considering quality indica-
tors, is presented in Table S8 (Supporting Information). 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, rec-
tal, colorectal, prostate, bladder and eye 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.

Publication bias
Table S9 (Supporting Information) shows the results of Egger’s
and Begg’s tests. We found no significant indication of publica-
tion bias in any study (incidence and mortality), except in those
reporting on Hodgkin’s Lymphoma mortality (pEgger = 0.03).

Discussion
In the present study, we systematically reviewed the literature on
the association between firefighting occupation and cancer inci-
dence and mortality. We found a significantly increased inci-
dence for colon (14%), rectal (9%), prostate (15%), testicular
(34%), bladder (12%) and thyroid (22%) cancers as well as meso-
thelioma (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 associa-
tions when assessed by the specified criteria. We found a signifi-
cantly elevated mortality from rectal (36%) cancer as well as
NHL (42%). Increased mortality from rectal cancer was consid-
ered 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
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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,73 Youakim,15 LeMasters et al.14 and Sritharan

Figure 2. Forest plot of summary incidence risk estimates (SIRE) for firefighters overall and by individual. [Correction added on May 25, 2019,
after first online publication: Figure 2 has been updated.]

Figure 3. Forest plot of summary mortality risk estimates (SMRE) for firefighters overall and by individual cancer site
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et al.74 have studied the association of firefighting occupation
and some selected malignancies. We compared the current
study findings with the recent and comprehensive studies con-
ducted by Sritharan et al. and LeMasters et al.

All cancers combined. In accordance with LeMasters et al.
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 epidemiological studies
are needed to meet a consistent and more reliable
conclusion.

Digestive system. The current results on colon and rectal can-
cer were in accordance with what has been reported previously.
LeMasters et al. found the pooled risk of 1.21 (1.03 to 1.41) and
1.29 (1.10 to 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 nonsignificant 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 fire-
fighting occupation. Limited evidence suggests asbestos, diesel
exhaust and dust,75–77 smoke, PAHs and acid mists78,79 to be
related to the risk of digestive system cancer. A large part of stud-
ies on the firefighter’s exposures has revealed that this occupa-
tional group is exposed to all these agents during their working
life.3,7,80,81 Therefore, the current results on digestive system can-
cers might be explained by these exposures. However, the investi-
gations indicate that these occupational exposures have smaller
effects than lifestyles factors such as diet, physical activity, smok-
ing and alcohol consumption on digestive cancers.78,82

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.81 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 radi-
ation is the most important risk factor for malignant melanoma,
exposure to PAHs, arsenic and other carcinogenic substances cov-
ering and penetrating the PPE and the skin may also contribute to
the elevated risk.1,9

Prostate cancer. Overall, night-shift working,83 experience of
stressful conditions,84 exposure to endocrine disruptors (e.g.
polychlorinated biphenyls [PCBs] and polyhalogenated aro-
matic hydrocarbons (including bisphenol A, dioxin and

dibenzofurans) and heavy metals (e.g. arsenic and cadmium),85

are the most relevant risk factors for prostate cancer in fire-
fighters.10,12,86 LeMasters et al. 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. 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 mor-
tality, respectively.74 We found similar results for prostate can-
cer, with significantly elevated incidence, and nonsignificantly
elevated mortality.

Lymphohaematopoietic malignancies. The elevated risk of
NHL among firefighters may be explained by exposure to ben-
zene, other organic solvents6,11,87 and bio-persistent agents (poly-
chlorinated/−brominated substances).88,89 In line with the current
findings, LeMasters et al. categorized this disease as probable can-
cers among firefighting occupation (SRE: 1.51; 1.31 to 1.73).14

Moreover, the IARC Working Group meta-analysis16 stated that
NHL probably is related to occupational exposure cancers among
firefighters.

In agreement with LeMasters et al. no statistically signifi-
cant elevated risk was observed for Hodgkin lymphoma or
leukemia. For multiple myeloma, LeMasters et al. 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. LeMasters et al. reported an
SER of 1.20 (0.97 to 1.48), while we found 12% elevated statis-
tically significant risk for bladder cancer incidence. A signifi-
cantly elevated risk of bladder cancer in this occupational
group may be related to exposure to known bladder carcino-
gens, including aromatic amines and PAHs,3,4,6,90 combustion
products,91 heavy metals (cadmium and arsenic),85,92 heat,93 and
high concentration of carcinogens in urine.6 In line with the
previous meta-studies result14,15 on kidney cancer among fire-
fighters, no elevated statistically significant risk was found in
the current study.

Testicular cancer. In line with the current findings on testic-
ular cancer incidence (SIRE: 1.34; CI 1.08, 1.68), LeMasters
et al. 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 sug-
gested this cancer as probable occupational cancer among fire-
fighters. 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.94 The IARC Working Group meta-
analysis16 stated that testicular is a probable occupational can-
cer 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,95 but firefighters are not very likely to be exposed to
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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 pro-
gression.96 Some studies have also revealed that exposure to
chemicals such as dioxins may alter thyroid hormone levels.96

So far, no well-documented records are available to link fire-
fighters’ 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 dif-
ferent types of exposure surrogates (e.g. 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 haz-
ards. To ensure a safer work environment we need technologi-
cal 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 sur-
veillance considered for selected cancers. Studies with better
exposure assessment are urgently needed to identify specific etio-
logic 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 spe-
cial attention towards early detection of the respective cancers
in this population at risk.
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