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Introduction

Firefighting is an inherently dangerous job that requires 
a broad range of exposures to known and suspected 
carcinogens [1]. In addition, firefighting involves shift 
work, which has been identified as a possibly carcinogenic 
risk [2]. The confluence of risks prompted a significant 
level of research on the relationship between firefighting 
and cancer risks starting as early as the 1960s with a 
study entitled “Lung Cancer in New York City Firemen” 
[3]. While growth in the field was slow for decades, it 
accelerated – particularly in the US – after the World Trade 
Center attacks on September 11, 2001, and in conjunction 
with the government funding firefighter health research, 
specifically through the Federal Emergency Management 
Agency (FEMA). 

With mounting scientific evidence, the International 
Agency for Research on Cancer (IARC) reviewed the 
literature on firefighting and cancer in 2022 [2]. As 
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an update to their Group 2A Classification in 2010 
[4], the expert panel concluded that firefighting as 
an exposure should be classified as “carcinogenic to 
humans” (Group 1) due to new literature. The assessment 
supported “sufficient” evidence for firefighting leading 
to mesothelioma and bladder cancer. “Limited” evidence 
was identified for colon, prostate, and testicular cancers, 
melanoma and non-Hodgkin’s lymphoma. ‘Limited 
evidence of carcinogenicity’ is used by IARC to describe 
situations where a positive association has been observed 
between exposure to an agent and cancer, but where other 
explanations, such as chance, bias, or confounding factors, 
could not be confidently ruled out.

While there is a growing body of literature on the 
relationship between cancer and firefighting, inconsistent 
results across studies make conclusions challenging. 
Several recent meta-analyses focused on meaningfully 
combining studies to provide more insights by weighting 
and pooling study results [5-8]. Yet, meta-analyses 
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also have their limitations. As noted by Guidotti [9], 
occupational health research often is underpowered and, 
even when bringing studies together, can miss significant 
relationships particularly for very rare outcomes such as 
cancer. He also notes that differences in study samples may 
mask significant results that exist within a particular group.

Soteriades and colleagues [10] published a 2019 
meta-analysis of findings on firefighters and cancer from 
1966-2007. The authors found statistically significant 
associations between firefighting and bladder, testicular, 
CNS, brain, colorectal, non-Hodgkin’s lymphoma, 
skin melanoma, and prostate cancers. They also found 
statistically significant but inconsistent relationships for 
cancers of the pancreas, kidney, non-Hodgkin’s lymphoma, 
leukemia, lymphosarcoma and reticulosarcoma, and 
multiple myeloma. Study limitations included an end 
date of 2007, but results were similar to those reported 
by LeMasters et al. [7]. Further, as with other reviews 
in this literature, some cancers were grouped into large 
categories (e.g., Buccal Cavity) rather than broken down 
into more specific anatomical regions (e.g., tongue or lip) 
as reported in the primary studies.

The current study extends the previous work by 
updating the literature review from 2008 to 2020. In 
addition to replicating the assessment of incidence and 
mortality with publications post 2008, we adopted a 
“detailed” rather than a “broad” approach to reporting 
data on cancer sites. That is, we present data on cancer 
sites as they were described in the primary studies rather 
than grouping into broader anatomical regions. Both 
approaches have benefits, however, the detailed approach 
can provide more precise information about cancer rates 
in these specific areas and may be better able to identify 
certain risk factors or patterns.

Given most studies identified used US-based 
firefighters, analyses were stratified by US versus non-
US samples to determine if geographic differences and 
different practices in strategies/tactics, exposure types, and 
use of personal protective equipment (PPE) may lead to 
differences in incidence and mortality. The current analysis 
was designed to examine whether some differences in 
reported results may be due to combining all studies 
rather than dividing them into similar sub categories of 
exposures and practices.

Materials and Methods

This meta-analysis was performed in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines. Details for this 
checklist are presented in Appendix A Table S1.

Search Strategy
The electronic literature search was conducted in the 

PubMed, NIOSHTIC2, and Google Scholar databases with 
adapted search terms for each database. The search terms 
included any combination of firefighter, firefighting, fire, 
or first responder and cancer, lymphoma, mesothelioma, 
myeloma, melanoma, leukemia, malignancy, malignant, 
tumor, or carcinoma (Appendix A Table S2). References 
of published literature, as well as references identified in 

literature reviews, were included and evaluated. 

Eligibility Criteria
Study inclusion criteria included: 1) English version 

of the abstract available; 2) reports included standardized 
mortality ratios (SMR), proportionate mortality ratio 
(PMR), relative risk (RR), standardized incidence ratio 
(SIR), or case/control mortality odds ratio (OR), or any 
results sufficient to calculate risk estimates and focused 
on firefighters and cancer risk; and 3) had necessary 
information for derivation of meta-analytic risks. 
Consideration was given to studies published between 1 
January 2009 and 30 April 2020 since the current study 
aimed to extend the results from previous meta-analysis 
work. In addition, studies on volunteers, trainees, or 
wildland firefighters and those reported effect size on 
cancers related to the World Trade Center or 9/11 event 
were excluded. If more than one article was published 
with overlapping populations, preference was given to 
the article with the most comprehensive information. 
Review articles identified in the search were included in 
the secondary search of the bibliography. 

Study Selection
Three independent researchers (NJ, CK, and BH) 

performed the study identification and eligibility 
assessment by first screening the titles and abstracts 
to determine whether the inclusion criteria were met. 
Then the full texts of the studies included were reviewed 
independently by NJ and CK. A third researcher (WCP) 
was consulted if no agreement could be reached between 
NJ and CK. The reasons for exclusion were recorded for 
each excluded study. 

Data Extraction
Data extraction was performed independently by two 

researchers (CC and BN) and double-checked by another 
researcher (NJ). In case there were discrepancies in the 
results, the data extraction was discussed together until a 
consensus was reached. The following information was 
collected from each included study: authors’ names, year 
of publication, country, time period of case ascertainment, 
sample size, demographics (age, years serving in the 
fire service, sex), occupational information (source, 
occupation coding system), source of control population, 
information assessed on exposures, study design, cancer 
(source, classification information, type), cancer incidence 
and/or mortality, and risk estimate and its 95% CI (ORs, 
SIRs, RRs, PMRs, or SMRs). Classification of the cancer 
types was adapted to the tenth revision of the international 
classification of disease (ICD-10) (Appendix A Table S3). 

Quality Assessments
Two researchers (NJ and CK) independently assessed 

the quality of case-control and cohort studies using the 
Newcastle-Ottawa Quality Assessment Scale (NOS) [11]. 
The NOS assesses the quality of both case-control and 
cohort studies based on three main domains: selection of 
study groups (four items, one point each), comparability 
of study groups (one item, up to two points), and 
ascertainment of exposure or outcome (three items, one 
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separately from the pooled data. 

Results

Characteristics of Included Studies
The literature search resulted in 4,285 articles, 

with 2,681 duplicates. We excluded 1,485 records 
(agreement = 88%) based on screening titles and abstracts 
and another 97 records (agreement = 90%) by reviewing 
full texts (Figure 1). As a result, 22 unique studies [23-
27, 16, 28-32, 14, 33-36, 15, 37-40] were included in the 
analysis, with most coming from the US (33%), Canada 
(19%), and Norway/Denmark/Sweden (19%). Twelve 
studies focused specifically on firefighters, with the 
remainder including multiple occupations (Table 1). A 
total of 17 studies investigated the association between 
cancer incidence and firefighting occupation and seven 
articles investigated the association between firefighting 
and cancer mortality. An overview of the extracted 
risk estimates from a total of 22 studies is displayed in 
Appendix A Table S4 and S5. 

More details on the characteristics of the included 
studies are presented in Appendix A Table S6 and S7. 
Briefly, 17 studies have investigated the association 
between cancer incidence and firefighting occupation 
(Appendix A Table S6). Of these, 9 were case-control 
(53%), and 8 were cohort (47%) studies. The time period 
of case ascertainment was between 1931 and 2014, with 
a maximum of 30,057 firefighters included. The studies 
on cancer incidence used more than one source to collect 
information on cancer incidence, and the most dominant 
source was cancer registries (16 studies). Seven articles 
investigated the association between firefighting and 
cancer mortality (Appendix A Table S7). Of these, six were 
based on cohort (86%), and one was case-control (14%). 
The time-period of case ascertainment was between 1950 
and 2016, with a maximum of 30,057 firefighters. All 
studies extracted the outcome data from death certificates. 

Methodological Quality of the Studies
The quality of studies ranged from 2 to 9 (9 = maximum 

possible rating, median = 7). However, all but two studies 
(two case-control studies) were rated as being in the 
highest category of methodological quality (scores 
from 7 to 9; see Appendix A Table S8). Consequently, 
the meta-analysis was founded on primary studies that 
predominantly exhibited good methodological rigor.

Cancer Incidence and Mortality among Firefighters
For most cancer types, firefighters did not have a 

significantly higher incident risk compare to the general 
public (Table 2). Estimates based on all studies regardless 
of location suggested firefighters were not at increased risk 
for all cancer types and were at lower risk for multiple 
cancer sites within the Buccal Cavity (SIRE = 0.907, 
95% CI = 0.845-0.974). For both US and non-US studies 
combined, firefighters had an increased risk of Salivary 
(SIRE = 1.493, 95% CI = 1.011-2.206) and Large Intestine 
cancer (SIRE = 1.185, 95% CI = 1.090-1.288), as well 
as Pleura (SIRE = 1.538, 95% CI = 1.174-1.989) and 
Malignant Melanoma (SIRE = 1.448, 95% CI = 1.284-

point each). The sum of points ranges from 0 to 9, with 
higher scores indicating better quality. Any disagreement 
of ratings was discussed, and a consensus was reached 
mutually or by consulting a third author (WCP) if an 
earlier consensus could not be reached. 

Statistical Analyses
Risk estimates, pooled estimates, and confidence 

intervals were derived using Comprehensive Meta 
Analysis (CMA) software version 3.3.070 [12]. Weights 
were given to each primary study based on the inverse of 
the variance of the effect size, and random effects models 
were used to pool the results. As with previous firefighter 
cancer meta-analyses, summary incidence risk estimates 
(SIREs) and mortality risk estimates (SMREs) were 
calculated by pooling the risk estimates provided in the 
primary studies (ORs, SIRs, RRs, PMRs, or SMRs). The 
logarithm of the risk estimate and its standard error were 
entered and back-transformed for data presentation. In 
addition to summary estimates, forest plots were used to 
examine the summary estimates overall and stratified by 
country and cancer type [13]. 

Given the aims of the review, data were analyzed 
separately for studies based on firefighters from the US 
versus other countries. When risk ratios were presented 
based on more than one reference group, the group that 
most approximated the general public was selected. 
Given their greater occupational exposures, we focused 
on risk estimates for career firefighters. When multiple 
risk estimates were provided based on different sets of 
covariates, the estimate with the most comprehensive set 
of covariates was used. One primary study [14] presented 
risk estimates separately for female firefighters. Pinkerton 
et al. [15] provided updated mortality risk estimates for 
Daniels and colleagues [16]; thus, only the estimates 
from Pinkerton were included in the analyses except 
for cancers only reported by Daniels. Bigert et al. [17] 
presented an additional four years of follow-up for the 
Swedish subsample of the Pukkala et al. NOCCA study 
[18]. Given that Pukkala and colleagues [18] provided a 
more comprehensive sample from multiple countries and 
the non-independence of the two cohorts, the additional 
outcomes presented by Bigert et al. [17] are provided in 
Appendix B Table 30.

Statisticians have cautioned against using heterogeneity 
statistics such as I2 for meta-analyses based on a small 
number of primary studies [19]. Even with a sample size of 
seven primary studies, bias in heterogeneity statistics can 
range from 12-28 percentage points, which is substantial 
given that in the Cochrane Library, the median I2 estimate 
is 21 percent. In cases like the present meta-analysis, von 
Hippel suggests a focus on confidence intervals rather 
than point estimates [19]. In addition, point estimates 
and confidence intervals of summary effect sizes were 
obtained from a random effects model. In the case of 
significant heterogeneity, a random-effects model will 
usually yield wider confidence intervals than a fixed-
effects model, reflecting the uncertainty introduced by 
the variability between studies [20-22]. Finally, given 
the relatively small sample size of women in this study 
(n = 168), the risk analysis for this subgroup was reported 
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Study’s First Publication 
Date

Location Case 
Ascertainment

Occupational Focus Sample Size of 
Firefighters

Average Age 
(SD)

Control 
Population(s)

Quality

Author† Rating

Pinkerton 2020 US 1950-2016 Firefighters 29,992 NP National 8

Langevin 2020 US 1999-2011 Firefighters 13 60.2(10.6) Local/Regional 7

Lee 2019 US 1982-2014 Firefighters 3,928 57.2(12.6) Local/Regional 7

Muegge 2018 US 1982-2013 Firefighters 2,818 71.3(NP) Local/Regional 7

Sritharan 2018 Canada 1991-2010 Multiple Occupations NP NP Local/Regional 8

Petersen 2018 Denmark 1970-2014 Firefighters 11,775 57.0 (13.8) National 8

Other

Harris 2018 Canada 1992-2010 Multiple Occupations 4,535 41.0 (9.7) National 9

Police

Other

Kullberg 2017 Sweden 1931-1958 Firefighters 1,080 38.0 (NP) Local/Regional 7

Petersen 2017 Denmark 1968-2014 Firefighters 9,061 59.0 (12.9) National 8

Other

Bigert 2016 Europe, Canada, 
New Zealand, 
China

1985-2010 Firefighters 190 62.9 (8.4) National 2

Other

Glass 2016 Australia 1980-2011 Firefighters 30,057 49.9 (12.8) National 8

Tsai 2015 US 1988-2007 Firefighters 3,996 63.3 (NP) Local/Regional 7

Brice 2015 France 1979-2008 Firefighters 10,829 30 (NP) National 6

Ahn 2015 Korea 1980-2007 Multiple Occupations 29,453 41.3 (9.2) National 8

Daniels 2014 US 1950-2009 Firefighters 29,993 60.0 (16.0) National 7

Pukkala 2014 Nordic 1961-2005 Firefighters 16,422 NP National 8

Page-Bailly 2013 France 2001-2007 Multiple Occupations 25 NP National 7

Ahn 2012 Korea 1980-2007 Multiple Occupations 29,458 41.8 (9.3) National 9

Karami 2012 US 2002-2007 Multiple 8 NP Local/Regional 5

Corbin 2011 New Zealand 2007-2008 Multiple 3 NP National 7

Occupations

Villeneuve 2011 Canada 1994-1997 Multiple 22 NP National 7

Occupations

Kang 2008 US 1986-2003 Multiple Occupations 2,125 NP Local/Regional 7

Police

Table 1. Characteristics of Studies Reporting on Firefighting and Cancer Incidence and Mortality

†See References for full citation. Note: NP, data not provided

1.34). 
US firefighters had a statistically significant increase 

in incident risk of all cancers (SIRE = 1.090, 95% CI = 
1.060-1.120) (Table 2). The only cancer with increased 
incident risk for both US and non-US firefighters was 
Malignant Melanoma (SIRE US = 1.609, 95% CI = 
1.454-1.779; SIRE non-US = 1.340,95% CI = 1.142-
1.571). US firefighters had a significantly lower incident 
risk of cancer within multiple sites of the Buccal Cavity 
(0.904, 95% CI = 0.840-0.974) and higher incident risk 
of Colon (SIRE = 1.12, 95% CI = 1.024-1.227), Kidney 
(1.169, 95% CI = 1.064-1.285), Large Intestine (SIRE 
= 1.210, 95% CI = 1.091-1.343), Pleura (SIRE = 1.670, 
95% CI = 1.130-2.468), and the Prostate (SIRE = 1.208, 
95% CI = 1.004-1.453), along with Malignant Melanoma 
(SIRE = 1.609, 95% CI = 1.454-1.779). In contrast, 
non-US firefighters were at increased incident risk of 
Hodgkin’s Disease (SIRE = 1.587, 95% CI = 1.012-2.489) 
and significantly lower incident risk of Liver cancer (SIRE 
= 0.821, 95% CI = 0.,690-0.977).

Not surprisingly, few studies provided estimates for 
cancer mortality; thus, estimates were typically based on a 
small number of primary studies when stratified by US vs. 

non-US location. None of the cancer types demonstrated 
higher mortality risk for non-US firefighters (Table 3). For 
US firefighters, a statistically significant higher mortality 
risk was found for all cancers (SIMR = 1.137, 95% CI 
= 1.108-1.197). Significantly higher mortality risk was 
found for a large number of cancer types (Oral/Buccal 
cavity mouth, other parts of Buccal cavity, Pharynx, 
Colon, Esophagus, Large Intestine, Lung, Non-Hodgkin 
Lymphoma, Pancreas, Pleura, Rectum, and soft tissue 
Sarcoma; see Table 3 for individual SIMRs). However, 
most of the mortality estimates for US firefighters were 
based on a single primary study. Forest plots for each 
specific cancer site and for incident and mortality risk are 
summarized in Appendix B (Figures 1-4). 

Discussion

This meta-analysis was conducted to investigate the 
relationship between firefighting and various cancers. 
Although there is no universally accepted cut-off for the 
size of risk estimates, it has been suggested that a risk ratio 
of 1.2 or less (or 0.83 or more if < 1) is small, between 
1.2 and 2.0 (or 0.83 and 0.50 if < 1) is medium, and 2.0 
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Figure 1. Forrest Plot of Significantly Increased Cancers, Incidence for All Studies 

or greater (or 0.5 or less if < 0.5) is large [41]. The results 
indicated a small increase in incident risk for cancer of 
the large intestine, and a moderate increase for salivary 
cancer, mesothelioma, and malignant melanoma across 
all studies. There was a small decrease in incident risk for 

cancer found in multiple sites of the buccal cavity for all 
studies combined. When the studies were stratified based 
on the US versus non-US locations, the incidence of all 
cancers, colon, and kidney cancer demonstrate a small 
increase in incident risk while cancer of the large intestine, 
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All Studies US Studies Non-US Studies
CancerType Risk Estimate (95% CI) Risk Estimate (95% CI) Risk Estimate (95% CI)

[N of Studies] [N of Studies] [N of Studies]
All Cancers 1.025 (0.977 – 1.075) [7] 1.090 (1.060 – 1.120) [1] 1.008 (0.951 – 1.068) [6]
Bladder 1.050 (0.961 – 1.147) [10] 1.055 (0.942 – 1.181) [4] 1.030 (0.875 – 1.212) [6]
Bone 1.068 (0.656 – 1.740) [4] 0.720 (0.360 – 1.440) [1] 1.571 (0.792 – 3.120) [3]
Brain 1.052 (0.900 – 1.231) [10] 1.202 (0.966 – 1.496) [4] 0.891 (0.748 – 1.060) [6]
     OtherCNS --- --- 1.073 (0.786 – 1.465) [2]
     Meninges --- --- 1.22 (0.637 – 2.339) [1]
Breast 1.134 (0.718 – 1.791) [4] 0.984 (0.640 – 1.515) [3] 2.171 (0.893 – 5.274) [1]
Buccal Cavityand Pharynx
     Multiple Sites1 0.907 (0.845 – 0.974) [3] 0.904 (0.840 – 0.974) [1] 0.950 (0.722 – 1.250) [1]
     Oral/Buccal Cavity/Mouth 1.099 (0.575 – 2.098) [5] 0.824 (0.513 - 1.322) [2] 1.548 (0.390 – 6.142) [3]
     Lip 1.094 (0.801 – 1.495) [5] 1.374 (0.881 – 2.144) [2] 0.877 (0.566 – 1.360) [3]
     Tongue 1.255 (0.928 – 1.616) [3] 1.181 (0.820 – 1.700) [1] 1.288 (0.841 – 1.972) [2]
     Salivary 1.493 (1.011 – 2.206) [3] 1.30 (0.751 – 2.250) [1] 1.721 (0.989 – 2.998) [2]
     Pharynx 0.999 (0.789 – 1.265) [3] 1.06 (0.749 – 1.499) [1] 0.950 (0.688 – 1.311) [2]
     Oropharynx --- --- 1.90 (0.382 – 9.461) [1]
     Nasopharynx --- 1.310 (0.321 – 5.340) [1] ----
     Hypopharynx --- --- 3.099 (0.580 – 16.556) [1]
Colon 1.055 (0.953 – 1.167) [9] 1.12 (1.024 – 1.227) [4] 0.968 (0.792 – 1.183) [5]
Esophagus 1.018 (0.778 – 1.331) [9] 1.115 (0.726 – 1.712) [4] 0.929 (0.732 – 1.178) [5]
Eye 0.880 (0.473 – 1.638) [2] 0.880 (0.419 – 1.846) [1] 0.880 (0.281 – 2.753) [1]
Hodgkin’s Disease 1.271 (0.934 – 1.729) [7] 1.022 (0.757 – 1.382) [3] 1.587 (1.012 – 2.489) [4]
Kidney 1.122 (1.035 – 1.231) [11] 1.169 (1.063 – 1.285) [4] 1.056 (0.901 – 1.237) [6]
     Renal Pelvis --- 1.459 (0.787 – 2.708) [1]3 ---
Large Intestine 1.185 (1.090 – 1.288) [2] 1.210 (1.091 – 1.343) [1] 1.140 (0.992 – 1.310) [1]
Larynx 0.724 (0.565 – 0.926) [7] 0.611 (0.446 – 0.837) [3] 0.924 (0.712 – 1.198) [4]
Leukemia 1.018 (0.906 – 1.145) [9] 1.064 (0.855 – 1.325) [4] 0.952 (0.797 – 1.139) [5]
     Lymphatic --- --- 0.910 (0.549 – 1.509) [1]
     Myeloid --- --- 0.760 (0.398 – 1.452) [1]
Liver 0.837 (0.0731 – 0.959) [9] 0.918 (0.651 – 1.296) [3] 0.821 (0.690 – 0.977) [6]2
Gallbladder --- --- 1.196 (0.818 – 1.747) [3]
Lung 0.922 (0.83 – 1.024) [13] 0.965 (0.793 – 1.176) [4] 0.888 (0.799 – 0.987) [9]
Multiple Myeloma 0.982 (0.813 – 1.187) [9] 0.925 (0.685 – 1.249) [4] 1.077 (0.860 – 1.349) [5]
Non-Hodgkin’s Lymphoma 1.017 (0.925 – 1.117) [10] 1.013 (0.869 – 1.181) [4] 1.029 (0.900 – 1.177) [6]
Other Male Genital Organs 0.884 (0.551 – 1.417) [4] 0.659 (0.425 – 1.021) [2] 1.303 (0.743 – 2.285) [2]
Pancreas 1.041 (0.933 – 1.161) [9] 0.923 (0.778 – 1.096) [3] 1.154 (0.994 – 1.340) [6]
Pleura (mesothelioma) 1.528 (1.174 – 1.989) [7] 1.670 (1.130 – 2.468) [3] 1.344 (0.957 – 1.888) [4]
Prostate 1.151 (1.048 – 1.263) [11] 1.208 (1.004 – 1.453) [4] 1.117 (0.999 – 1.248) [7]
Rectum 1.065 (0.983 – 1.154) [8] 1.048 (0.937 – 1.172) [3] 1.083 (0.966 – 1.216) [5]
Skin 1.083 (0.905 – 1.297) [4] 1.040 (0.768 – 1.408) [1] 1.089 (0.858 – 1.384) [3]
     Malignant Melanoma 1.448 (1.284 – 1.634) [7] 1.609 (1.454 – 1.779) [2] 1.340 (1.142 – 1.571) [5]
Small Intestine 1.270 (0.888 – 1.816) [3] 1.150 (0.692 – 1.911) [1] 1.507 (0.739 – 3.076) [2]
Soft Tissue Sarcoma 1.034 (0.836 – 1.279) [5] 1.028 (0.801 – 1.319) [3] 1.051 (0.699 – 1.582) [2]
Stomach 1.012 (0.883 – 1.160) [10] 0.934 (0.765 – 1.141) [4] 1.079 (0.885 – 1.316) [6]
Testis 1.219 (0.976 – 1.523) [8] 1.247 (0.883 – 1.759) [4] 1.167 (0.832 – 1.638) [4]
Thyroid 1.298 (0.975 – 1.727) [8] 1.403 (0.820 – 2.401) [3] 1.175 (0.916 – 1.506) [5]

Table 2. Pooled Risk Estimates for Firefighter Cancer Incidence by Type: US vs. Other Locations

Note: Bold texts indicated statistically significant effect sizes (i.e., 95% confidence interval does not include 1.0); 1. Risk estimates for multiple 
sites within Buccal Cavity and Pharynx (e.g., Lip, Oral Cavity, and Pharynx); 2. Three non-US studies reported liver and gallbladder incidence 
separately. The first effect sizes represent either liver and gallbladder or liver only. The second effect sizes represent gallbladder only.
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Overall Cancer Incidence, USA vs Other Malignant Melanoma Incidence, USA vs Other

Pancreas Cancer Incidence, USA vs Other Colon Cancer Incidence, USA vs. Other

Kidney Cancer Incidence, USA vs Other Prostate Cancer Incidence, USA vs Other

Large Intestine Cancer Incidence, USA vs Other Pleura Cancer Incidence, USA vs Other

Figure 2. Forrest Plot of Significantly Increased Cancers, Incidence, USA vs Other 

mesothelioma, prostate, and malignant melanoma were 
found to be moderately elevated in the US studies. Cancer 
in multiple sites in the buccal cavity demonstrated a small 
decrease in risk. In contrast, only Hodgkin’s disease and 
malignant melanoma had an increased incidence risk in 
the non-US studies, and both were in the moderate range. 

Non-US firefighters were not at increased mortality 
risk for any cancer type. For firefighters from the US, all 

cancers and lung cancer demonstrated a small increase 
in mortality risk, while cancer of the colon, esophagus, 
large intestine non-Hodgkin’s lymphoma, pancreas, 
pleura, and rectum demonstrated a moderately increased 
risk for cancer mortality. Large increases in mortality risk 
were found for cancers of the oral/buccal cavity/mouth, 
other parts of the buccal cavity, pharynx, and soft tissue 
sarcoma.
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Oral, Buccal Cavity, Mouth Cancer, Mortality, USA vs Other Esophagus Cancer, Mortality, USA vs Other

Colon Cancer Mortality, USA vs Other Rectum Cancer, Mortality, USA vs Other

Overall Cancer, Mortality, USA vs OtherLung Cancer, Mortality, USA vs Other

Figure 3. Forrest Plot of Significantly Increased Cancers, Mortality, USA vs Other 

Rectum Cancer, Mortality

Figure 4. Forrest Plot of Significantly Increased Cancers, Mortality, All Studies 

Differences in results between the current analysis and 
Soteriades [10] may be due to a number of reasons. As 
suggested by Casjen and colleagues [5], improvements 
in PPE available and more consistent use, as well as 
firefighting tactics, may be leading to a reduction in 

cancers over time. However, as studies from Underwriters 
Laboratory have found, current building materials and 
furnishings are leading to fires that burn more quickly and 
“dirtier” than in the past. Based on their work, it was found 
that, while legacy fires typically took up to 15 minutes to 
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All Studies US Studies Non-US Studies
Cancer Type Risk Estimate (95% CI) Risk Estimate (95% CI) Risk Estimate (95% CI)

[N of Studies] [N of Studies] [N of Studies]
All Cancers 0.917 (0.756 – 1.111) [5] 1.137 (1.108 – 1.197) [2] 0.779 (0.588 – 1.031) [3]
Bladder 0.946 (0.785 – 1.141) [2] 0.980 (0.807 – 1.190) [1] 0.730 (0.425   1.254) [1]
Brain --- 1.357 (0.690 – 2.669) [2] ---
Breast 1.204 (0.626 – 2.316) [2] 1.240 (0.632 – 2.433) [1]   0.760 (0.052 – 11.060) [1]
Buccal Cavity and Pharynx --- --- 1.150 (0.899 – 1.472) [1]
     Oral/Buccal Cavity/Mouth 1.445 (0.690 – 3.025) [2] 2.149 (1.203 – 3.839) [1] 1.010 (0.630 – 1.620) [1]
     Other Parts Buccal Cavity --- 3.999 (1.069 – 14.955) [1] ---
     Oral Cavity and Esophagus --- --- 1.270 (0.851 – 1.894) [1]
     Lip ---- --- 2.090 (0.867 – 5.038) [1]
     Salivary --- --- 2.340 (0.613 – 8.923) [1]
     Pharynx --- 2.259 (1.073 – 4.758) [1] ---
Colon 0.971 (0.702 – 1.343) [4] 1.270 (1.147 – 1.406) [1] 0.844 (0.608 – 1.171) [3]
Esophagus 1.170 (0.916 – 1.494) [3] 1.310 (1.105 – 1.554) [1] 0.993 (0.746 – 1.323) [2]
Kidney 1.201 (0.770 – 1.872) [3] 1.426 (0.965 – 2.107) [2] 0.630 (0.320 – 1.239) [1]
Large Intestine --- 1.310 (1.160 – 1.479) [1] ---
Larynx --- --- 1.100 (0.745 – 1.624) [1]
Leukemia 1.039 (0.740 – 1.459) [2] 1.110 (0.939 – 1.311) [1] 0.660 (0.269 – 1.616) [1]
Liver/Gallbladder --- --- 0.777 (0.394 – 1.532) [2]
Lung 0.869 (0.672 – 1.125) [3] 1.080 (1.016 – 1.148) [1] 0.738 (0.507 – 1.076) [2]
Multiple Myeloma --- 0.930 (0.707 – 1.223) [1] ---
Non-Hodgkin’s Lymphoma --- 1.210 (1.031 – 1.433) [1] ---
Other Male Genitalia --- 0.390 (0.129 – 1.175) [1] ---
Pancreas 1.346 (1.063 – 1.703) [2] 1.451 (1.077 – 1.619) [1] 1.270 (0.928 – 1.738) [1]
Pleura (mesothelioma) --- 1.861 (1.138 – 3.043) [1] ---
Prostate 0.765 (0.474 – 1.236) [3] 1.080 (0.972 – 1.201) [1] 0.599 (0.420 – 0.853) [2]
Rectum 1.297 (1.088 – 1.545) [3] 1.320 (1.192 – 1.600) [1] 1.232 (0.874 – 1.736) [2]
Skin 1.025 (0.821 – 1.279) [2] 1.050 (0.837 – 1.318) [1] 0.650 (0.242 – 1.742) [1]
Small Intestine --- 1.660 (0.779 – 3.538) [1] ---
Soft Tissue Sarcoma --- 2.499 (1.037 – 6.026) [1] ---
Stomach 1.081 (0.749 – 1.560) [4] 1.060 (0.881 – 1.274) [1] 1.107 (0.592 – 2.070) [3]
Testis --- 0.730 (0.193 – 2.756) [1] ---

Table 3. Pooled Risk Estimates for Firefighter Cancer Mortality by Type and US vs. Other Locations

Note: Bold texts indicated statistically significant effect sizes (i.e., 95% confidence interval does not include 1.0).

engulf a home, current synthetic materials do the same in 
approximately four minutes.

The guiding mission of our study was to provide a 
quantitative summary of the published peer-reviewed 
literature. These are the findings policymakers are 
interested in considering and which most influence 
organizational practice. Unlike other areas of research, 
conducting high-quality studies of cancer risk in firefighters 
is a considerable undertaking, and the likelihood of a 
large file drawer effect (many unpublished studies) is 
low. The following factors suggest that the impact of 
unpublished, high-quality epidemiological studies on 
our meta-analysis is likely to be minimal. We rigorously 
examined the quality of the included studies to ensure 
that they could provide accurate effect size estimates for 
the populations studied. The research in this domain is 
primarily conducted by research institutions like large 

universities and the National Institute for Occupational 
Safety and Health (NIOSH). These organizations have 
no vested interest in not publishing a study of firefighter 
cancer risk given the large undertaking and lack of vested 
interests in the outcomes. Our estimates have relatively 
narrow 95% confidence intervals. For example, for all 
cancers across all studies, the effect size was 1.025, with 
a 95% CI of 0.977–1.075. Narrow intervals like these 
indicate less variability in effect sizes across studies of 
different sample sizes, which argues against publication 
bias. Effects sizes with large confidence intervals were not 
significant. Since publication bias tends to overestimate 
effects, this provides evidence against the notion that the 
studies in our sample were biased positively. Publication 
bias typically manifests as a preponderance of statistically 
significant findings. In our meta-analysis, most effect sizes 
were not statistically significant, making publication bias 
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less likely. We employed random-effects models rather 
than fixed-effects models. This approach is more robust 
to the presence of heterogeneity and provides a more 
conservative estimate of the overall effect size, thereby 
controlling for potential bias.

As with any study, our study had some limitations. 
With the rapidly growing field of firefighter health 
research and new studies emerging regularly, recent 
studies published after the current one may alter the 
results. Continuing to consider emerging literature and 
examining different ways to stratify data analysis holds 
the promise of unique insights to shape worldwide 
intervention and prevention efforts for the fire service. 
Also, the current meta-analysis was focused on updating 
the work of Soteriades [10] with emerging literature, so it 
was only assessed from 2008 forward. The foundational 
work of IARC [2] classifying firefighting as a Group 1 
carcinogen provides a comprehensive review of existing 
literature. Still, those findings can only be sensitive to 
some of the strata within the fire service. 

The current analysis results provide unique insights 
and potential future directions for research. The strength 
of the study is that it explores differences between 
the U.S. and non-U.S. based studies and points to the 
importance of exploring regional/national differences. 
As the research continues to grow, additional research is 
needed to examine sub-categories within broad cancer 
classifications. For instance, while the general category 
of skin cancer was not found to be elevated among US 
firefighters, there was a significant increase in malignant 
melanomas. Future meta-analyses also should account 
for where study populations are being drawn from, as 
different countries and regions may see dissimilarities 
in cancer incidence and mortality. Differences may be 
related to the products that are burning, fire suppression 
strategies and tactics, or use of PPE. As the field expands, 
findings may impact prevention efforts and can point 
to new best practice approaches for cancer prevention. 
Location specific cancers may also be used to inform 
screening efforts. 

Future research also should include additional 
studies with detailed descriptions of the personnel being 
assessed. While large cohorts from registries have the 
advantage of large sample sizes, classifications typically 
include a broad variety of personnel (e.g. high and low 
call volume, structural and wildland firefighters, etc.) 
and may also mask the results of more nuanced analyses 
[39]. NIOSH launched the National Firefighter Registry 
as a prospective cohort of firefighters within the US in 
early 2023 [42]. A noted benefit of the registry is that 
it asks personnel to include details of their years of 
service, roles, exposures and health behaviors. As other 
countries focus on increasing research on cancer among 
their firefighters, mirroring data collection internationally 
will provide additional benefits to understanding how 
and why firefighters are contracting cancer and how to 
reduce the risk. 
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