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Background: Firefighting is a hazardous occupation that is associated with an

increased risk of select cancers. The number of studies has grown in recent years

allowing for a synthesis of findings.

Methods: Following PRISMA guidelines, multiple electronic databases were

searched to identify studies on firefighter cancer risk and mortality. We

computed pooled standardized incidence risk (SIRE) and standardized

mortality estimates (SMRE), tested for publication bias, and conducted

moderator analyses.

Results: Thirty-eight studies published between 1978 and March 2022 were

included for final meta-analysis. Overall, cancer incidence and mortality were

significantly lower for firefighters (SIRE = 0.93; 95% CI: 0.91-0.95; SMRE = 0.93;

95% CI: 0.92 - 0.95) compared to the general population. Incident cancer risks

were significantly higher for skin melanoma (SIRE = 1.14; 95% CI:1.08 - 1.21),

other skin cancers (SIRE = 1.24; 95% CI:1.16-1.32), and prostate cancer (SIRE =

1.09; 95% CI: 1.04-1.14). Firefighters showed higher mortality for rectum (SMRE =

1.18; 95% CI: 1.02-1.36), testis (SMRE = 1.64; 95% CI: 1.00-2.67), and non-

Hodgkin lymphoma (SMRE = 1.20; 95% CI: 1.02-1.40). There was evidence of

publication bias for SIRE and SMRE estimates. Some moderators explained

variations in study effects, including study quality scores.

Conclusion: Firefighters are at higher risk for several cancers; to the extent that

some (e.g., melanoma and prostate) are screening amenable, more study into

firefighter-specific recommendations for cancer surveillance is needed.

Moreover, longitudinal studies with more detailed data on the specific length

and types of exposures are necessary, as well as on unstudied subtypes of

cancers (e.g., subtypes of brain cancer and leukemias) are needed.

KEYWORDS
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Introduction

Firefighting is a hazardous occupation that is associated with an

increase in the risk of select cancers. Hazards include direct and

indirect exposure to known and suspected carcinogens. Firefighters

may inhale, ingest, or have skin contact with known carcinogens

such as polycyclic aromatic hydrocarbons (PAH) and benzene (1).

Exposure to firefighting activities leads to increased urinary levels of

a variety of chemicals including PAHs, benzene, organo-chlorine

and -phosphorus compounds, phenols, phthalates and heavy metals

and metalloids (2). Changes in DNA methylation have been

documented in firefighters 2-3 years relative to pre-fire school

training levels (3). Select methylated sites with pathways

associated with cancer risk were identified providing one potential

mechanistic pathway linking occupational exposures to cancer risks

in firefighters. The International Agency for Research on Cancer

(IARC) is working on a comprehensive update of a previous report

issued on cancer risks in firefighters (4). The final report has not yet

been released but an initial summary of findings indicates that there

is strong mechanistic evidence that occupational exposures

documented in firefighters exhibit carcinogenic characteristics (5).

On the basis of this comprehensive review the Working Group has

concluded that the occupational exposures of firefighters are

“carcinogenic to humans (Group 1) based on ‘sufficient’ evidence

for cancer in humans”.

Although numerous studies have been conducted, generalizable

and comparative assessments are complicated by considerable

variations in study design, time period, geographic location,

measurement of exposure, definition of firefighter roles, and

classification of cancer diagnoses, among other study

characteristics. Further complications may arise from small

sample sizes and time-related variables such as changes in safety

regulations and types of firefighter exposures. Due to these

challenges faced by primary researchers, meta-analysis has been

used as a valuable tool for understanding the overall relationship

between firefighting and cancer and further delineates the

differential (or moderating) effects.

However, previous meta-analyses on this topic reveal mixed

findings. For example, LeMasters et al. (6) found firefighters are at

probable higher risk for multiple myeloma, non-Hodgkin

lymphoma, prostate, and testicular cancers. The earlier IARC

report on occupational exposures in firefighters included a meta-

analysis which found increased risks for prostate, testicular, and

non-Hodgkin lymphoma cancers (4). A more recent meta-analysis

by Jalilian et al. (7) found firefighters to be at greater risk for

colorectal, prostate, testicular, bladder, thyroid, and pleural cancers

and malignant melanoma, and increased mortality for rectal cancer

and non-Hodgkin lymphoma. Similarly, Soteriades et al. (8) found

firefighting to be associated with incident colon, prostate, and

testicular cancers. Firefighter mortality was elevated for a larger

number of cancer subtypes including brain and central nervous

system, non-Hodgkin lymphoma, melanoma, rectal, bladder,

prostate, testicular, Hodgkin’s disease, lymphosarcoma and

reticulosarcoma, multiple myeloma, pancreatic, and kidney

cancer. However, a more restrictive analysis conducted by

Soteriades et al. (8) based on a subset of studies judged to be high
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quality found significantly higher risks only for testicular incident

cancers and mortality due to rectal (and colorectal) cancer. Finally,

a recent examination of eleven systematic reviews examining

firefighter cancer incidence and mortality concluded that relative

to the general population, firefighters are at higher risk of bladder

cancer, melanoma, mesothelioma, prostate cancer, and rectal cancer

(9). Excess mortality due to rectal cancer and non-Hodgkin

lymphoma was also consistently reported to be elevated in

firefighters. Such large variations in individual studies and mixed

findings from previous meta-analyses demonstrated a need for

further research.

Additionally, chronological and geographical overlap in

participants was found across firefighter cancer studies,

demonstrating the dependency issues in study effects when

conducting meta-analysis. The Jalilian et al.’s (7) meta-analysis

did not take this into consideration while the Soteriades et al.’s

(8) meta-analysis did exclude papers which covered similar

geographic areas. Included in the Jalilian et al.’s (7) and

Soteriades et al.’s (8) meta-analyses were studies which employed

less common study designs (e.g., case-control), which when

combined with the more common designs, can introduce

heterogeneity complicating interpretation of study findings. With

our careful inspection of study design, we only included studies that

do not have substantial geographical and chronological overlap a

potential dependency that would inflate type I error rates. In

addition, we performed a variety of moderator analyses such that

the sources of the variations in effects (i.e., study quality, gender,

type of effect size) can be identified.

Lastly, a number of new studies examining firefighter cancer

risk and mortality have been published since the Jalilian et al.’s (7)

and Soteriades et al.’s (8) meta-analyses were completed (10–16)

which have been incorporated into the present analysis (n=7).

Therefore, the present meta-analysis provides an updated review

of worldwide cancer risk among firefighters. Details of the

protocol for this meta-analysis were registered on PROSPERO

(17) and can be accessed at www.crd.york.ac.uk/PROSPERO/

display_record.asp?ID=CRD42019110520.
Materials and methods

Search strategy

Relevant studies were located by searching multiple sources.

First, a series of comprehensive electronic searches were conducted

using multiple databases including ERIC, PsychINFO, ProQuest

Dissertation & Theses, PUBMED, and MEDLINE via EBSCO.

Second, we performed citation searches using various online

search engines including Embase, Web of Science Core collection,

Google Scholar, and SCOPUS. Third, we searched multiple websites

including government, cancer registries, and the Cochrane Library.

Keywords being used in all our searches are a combination of the

following terms: (Cancer OR tumor OR malignancy OR neoplasm

OR mutation) & (fire inspector OR fire inspectors OR fire rescue

OR fire-rescue OR firefighter OR firefighters OR “fire fighter” OR

“fire fighters” OR paramedic OR paramedics OR emergency
frontiersin.org
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medical technician OR “first responder”). All Mesh terms used in

our searches can be found in Appendix 1. Two independent

reviewers were responsible for determining if studies were eligible

with a third author confirming any discrepancies in whether a study

met eligibility criteria.
Inclusion and exclusion criteria

To be included in the current meta-analysis, a study must meet

the following inclusion and exclusion criteria, including:
Fron
1. A study must be empirical and quantitative;

2. A study must be based on human research;

3. A study population must be firefighters;

4. A study must be related to firefighters’ cancer incidence or

mortality;

5. A study must be written in English;

6. A study must provide cancer incidence and/or mortality

from firefighters that are largely geographically and

chronologically independent from those included other

studies;

7. The study comparison group must be the general

population (e.g., multi-national, national, regional, or local)

8. A study must report sufficient statistics that enable us to

compute effect size and its associated standard error.
Figure 1 displays a PRISMA flow chart that summarizes the

comprehensive search process based on inclusion and

exclusion criteria.
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Coding of study characteristics

Each study initially considered for the present meta-analysis

was reviewed and coded, including (1) design characteristics (i.e.,

cohort, cross-sectional, longitudinal, mixed, and other) (2),

outcome type (i.e., incidence and mortality) (3), cancer coding

system (i.e., International Classification of Diseases (ICD) ICD-8,

ICD-9, ICD-10, International Classification of Disease for Oncology

(ICD-O), ICD-O-2, ICD-O-3, Surveillance, Epidemiology, End

Results (SEER) codes, and others) (4), cancer sites (5), whether in

situ cases were excluded in data analyses (6), source of occupation

designations (i.e., employment, certification, cancer, registry, death

certificate, and other) (7), type of incident that firefighters attended

(8), sample characteristics (i.e., age, employment duration,

employment status, gender, race/ethnicity, and smoking status),

and (9) study characteristics (i.e., location, publication type, and

publication year). The two coders independently read the included

studies and extracted study information from the 38 studies

included in the meta-analysis based on the final coding

instrument through REDCap (see Appendix 2 for REDCap

coding sheet). Intraclass correlation (ICC) calculated for each

category indicated good to excellent level of inter-coder reliability,

yielding a range from .73 (type of research design) to 1.00 (study

location). Any discrepancies discovered in the coding stage were

corrected based on the additional review by the first author before

data analysis.
Effect sizes and standard errors

The primary effect size measures used in the current meta-

analysis were (1) standardized incidence ratio (SIR) and (2)

standardized mortality ratio (SMR) depending on study designs

used in the primary studies. We calculated pooled incidence risk

estimates (SIRE) and mortality risk estimates (SMRE) as

described below.

First, the reported SIR value was directly extracted from each

study. When it was not reported, the SIR value was computed by

dividing the observed number of firefighters with cancer by the

expected number of the reference population with cancer.

The computed SIR value was transformed to its logarithm by

taking the log of the computed SIR value, whose standard error

value was computed by taking a square root of 1/E1 + 1/E2, where

E1 and E2 are the expected frequencies of firefighters and reference

population with cancer. If only 95% confidence intervals around the

reported SIR value are given, the standard error was computed

using: (UL – SIR)/1.96, where UL is an upper level of 95%

confidence interval and SIR is the reported SIR value.

Second, the reported SMR value and its associated standard

error were directly extracted from each study. When it was not

reported, the SMR value was computed by dividing the observed

number of firefighters’ mortality due to cancer by the expected

number of the reference population’s mortality due to cancer. The

computed SMR value was transformed to its logarithm by taking

the log of the computed SMR value, whose standard error value was

computed by taking a square root of 1/O, where O is the observed
FIGURE 1

Flow diagram.
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number of firefighters’ mortality due to cancer. If only 95%

confidence intervals around the reported SMR value are given,

the standard error was computed using: (UL – SMR)/1.96, where

UL is an upper level of 95% confidence interval and SMR is the

reported SMR value.

All the parameter estimates (i.e., pooled SIRE and SMRE)

computed in the meta-analysis were transformed back to the

original scale by taking exponential (e) to the power of

the estimates.
Publication bias

The potential for publication bias, which might occur due to the

possibility that studies demonstrating a significant effect in a

favorable direction are more likely to be published, was assessed

using multiple indicators. These included (1): Begg and

Mazumdar’s rank correlation test (18) for funnel plot asymmetry

(2), Egger’s regression test of intercept (19), and (3) funnel plots.

When the null hypothesis stating no relationship between effect

sizes and their associated precision measures is accepted, we can

conclude that there is no sufficient evidence supporting publication

bias in the included studies.
Handling dependency in effect sizes

As many studies reported effect sizes in relation to multiple

cancer sites, more than one effect sizes were extracted from a single

study, leading to the violation of independence assumption for the

meta-analysis (20). Before any analysis, we first excluded studies

that were geographically overlapping with others. Of several

available methods that deal with dependency issues (21), effect

sizes were first separated by outcome type (i.e., SMR vs. SIR). We

performed statistical analysis separated by type of outcome

variables. Second, within each cancer site, we checked whether

effect sizes from the same study are independent of one another.

When effect sizes were based on independent samples (i.e., effects

reported separated by gender (22), firefighters exposed to 9/11 vs.

those not exposed to 9/11 (23), FDNY vs. CFHS (15), low, medium,

vs. high risk (24), they were treated as independent effects.
Study quality assessment

Two content experts (first and last authors) independently rated

38 studies using the Risk of Bias and Precision of Observational

Studies (RTI) item banks and Newcastle-Ottawa Quality

Assessment Scale (Newcastle-Ottawa). These scales were

examined by the independent reviewers on a sample of studies

not included in the final analysis to ensure consistent assumptions

and criteria were employed. Slight modifications were then made to

the original quality assessments to better align with the methods of

the studies evaluated, and some items were removed that were not

relevant. Then, the Many-facet Rasch Measurement Model
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(MFRM) was used to estimate the latent quality score of each

assessment, which is expressed on a standard score (z-score) with a

mean of 0 (25).
Statistical analysis

The metaphor package (26) in R version 4.0.2 (R Development

Core Team, 2021) was used to analyze the data, which was based on

the meta-analytic methods proposed by Hedges and Olkin (27).

First, the overall homogeneity was assessed using Qtotal under the

assumption that all total number of effects (k) were from the sample

population. If Qtotal was found to be statistically significant, the

overall effect was estimated under the random-effects model, where

between-study variance was estimated using Restricted Maximum

Likelihood (REML) estimation method (28). Otherwise, the fixed-

effects model was used to estimate the overall effect (i.e., pooled

SIRE and SMRE). All main analyses were performed separately by

cancer sites. Second, when Qtotal was found to be significant, a series

of moderator analyses with a categorical predictor (i.e., weighted

Analysis of Variance [ANOVA]) were performed to identify source

of variability in SIRs or SMRs. In particular, the mixed-effects model

with a categorical predictor was adopted when a within-study

variation (Qwithin) is found to be statistically significant after

controlling for the moderator. When the mixed-effects model was

used, the additional between-study variance after controlling for

moderator was estimated using the REML method and then

incorporated. Otherwise, the fixed-effects analysis with a

categorical predictor was performed. In these moderator analyses,

the significant Qmodel suggests that study effects (i.e., SIRs or SMRs)

significantly differ depending on subgroups. Moderators used in the

current meta-analysis include (1): cancer sites (2), whether in situ

cases were excluded in data analyses (3), participant characteristics

(i.e., employment status, gender, race/ethnicity, and smoking

status), and (4) study characteristics (i.e., location, publication

type). More details about random-effects or mixed-effects model

can be found in Raudenbush (28).
Results

Description of studies

A total of 38 independent studies published between 1978 and

2022 were coded in a number of study characteristics including (1):

outcome type (i.e., k study = 17, reporting SIR, k study = 26, reporting

SMR; with 5 studies reporting both SIR and SMR) (2), cancer

coding system (3), cancer sites (4), whether in situ cases were

excluded in data analyses (kstudy = 1 in situ cases were included,

kstudy = 3 in situ cases were excluded, kstudy = 34 not reported) (5),

source of occupation designations (i.e., employment, certification,

cancer, registry, death certificate, and other) (6), type of incident

that firefighters attended (e.g., 9-11) (7), participant characteristics

(e.g., age, employment status, gender, race/ethnicity, and smoking

status), and (8) study characteristics (i.e., location [kstudy = 13 for US
frontiersin.org
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studies, kstudy = 25 for non-US studies], publication type [kstudy = 2

for unpublished, kstudy = 36 for published]).

Assessing publication bias

Figures 2, 3 display funnel plots that visually display the

relationship between effect sizes (SIRE for Figure 2 and SMRE for

Figure 3) and their associated standard errors as measure of precision.

Results from (1) Begg and Mazumdar’s rank correlation test for funnel

plot asymmetry (2), Egger’s regression test of intercept, and (3) funnel

plot suggest that there might be some evidence for publication bias for

SIRE (z = -13.07, p <.01 by Egger’s regression test; Kendall’s tau = -.21,

p <.01) and SMR (z = -13.11, p <.01 by Egger’s regression test; Kendall’s

tau = .03, p = .52). Therefore, we have some evidence supporting the

potential publication bias in the included studies for both SIRE

and SMRE.

Overall analyses

Standardized incidence risk estimates
Table 1 and Figure 4 summarize the pooled effects of

standardized incidence risk estimates by cancer site. Results

showed that firefighters had significantly higher incidence rates

for skin melanoma (SIRE = 1.14, k = 20, 95% CI: 1.08 - 1.21), other

skin cancers (SIRE = 1.24, k = 8, 95% CI: 1.16 – 1.32), and prostate

cancer (SIRE = 1.09, k = 14, 95% CI: 1.04 - 1.14) when compared to

the reference population. However, no significant differences in

standardized incidence rates were found for other cancer sites

between firefighters and the reference population. Also, incidence

rates were significantly lower among firefighters for esophagus

(SIRE = 0.73, k = 14, 95% CI: 0.60 – 0.88), liver (SIRE = 0.62, k =

9, 95% CI: 0.51 – 0.75), larynx (SIRE = 0.65, k = 12, 95% CI: 0.52 –

0.81), lung (SIRE = 0.67, k = 21, 95% CI: 0.63 – 0.73), colorectal

(SIRE = 0.86, k = 7, 95% CI: 0.80 – 0.93), lymphatic and

hematopoietic tissue (SIRE = 0.82, k = 10, 95% CI: 0.75 – 0.89),

and all cancers (SIRE = 0.93, k = 25, 95% CI: 0.91 – 0.95). No other

significant differences in standardized incidence rates were found

for other areas of cancer site between firefighters and

reference groups.
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Standardized mortality risk estimates
Table 2 and Figure 5 summarize the estimated overall effects of

SMR by cancer site. Results showed firefighters with significantly

higher mortality rates for rectum (SMRE = 1.18, k = 10, 95% CI:

1.02-1.36), testis (SMRE = 1.64, k = 11, 95% CI: 1.00-2.67) and non-

Hodgkin lymphoma (SMRE = 1.20, k = 2, 95% CI: 1.02-1.40), when

compared to the reference population. Also, mortality rates were

significantly lower among firefighters for all cancers (SMRE = 0.93,

k = 36, 95% CI: 0.92-0.95), stomach (SMRE = 0.77, k = 11, 95% CI:

0.68-0.87), colon (SMRE = 0.78, k = 9, 95% CI: 0.66-0.91), liver

(SMRE = 0.60, k = 7, 95% CI: 0.51-0.72), larynx (SMRE = 0.49, k =

7, 95% CI: 0.37-0.65), bone (SMRE = 0.52, k = 2, 95% CI: 0.13-2.10),

brain (SMRE = 0.64, k = 4, 95% CI: 0.53-0.78), Hodgkin’s disease

(SMRE = 0.17, k = 6, 95% CI: 0.08-0.37), lip, oral cavity, and

pharynx (SMRE = 0.65, k = 7, 95% CI: 0.53-0.78), lymphatic and

hematopoietic tissue (SMRE = 0.82, k = 12, 95% CI: 0.71-0.95).

However, no significant differences in standardized mortality rates

were found for other cancer sites between firefighters and

reference groups.
Moderator analyses

Standardized incidence risk estimates
Results from the mixed-effects model suggest that several

moderators were found to explain variations in SIREs. Significant

moderators include: 1) quality score rated using Newcastle-Ottawa

Quality Assessment Scale (Qmodel(1) = 27.91, p <.01), 2) whether

studies included female participants or not (Qmodel (1) = 19.61,

p <.01), 3) whether patients with non-malignant tumors were

included or not (Qmodel (1) = 37.61, p <.01). First, the pooled

estimate of SIRE was found to be significantly increased by 29%

when quality score rated using Newcastle-Ottawa Quality

Assessment Scale was increased by 1 (b = 1.29, p <.01). Second,

the pooled SIRE for males was significantly lower than those for

females (SIRE = 0.61, p = .05 for male firefighters vs. SIRE = 1.07,

p <.01 for female firefighters). Third, SIRE was significantly lower

when participants with non-malignant tumors (e.g., benign brain

tumors and in situ) were included (SIRE = 0.97, p = .70).
FIGURE 2

Funnel plot for Standardized Incidence Rate (SIR).

FIGURE 3

Funnel plot for Standardized Mortality Rate (SMR).
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TABLE 1 Standardized incidence ratio by cancer site.

Cancer sites SIRE k 95%CI

All cancers (140–209) 0.93** 25 [0.91, 0.95]

Lip, oral cavity, pharynx (140–149) 0.80 3 [0.52, 1.24]

Esophagus (150) 0.73** 14 [0.60, 0.88]

Stomach (151) 0.91 14 [0.81, 1.03]

Small intestine (152) 1.33 3 [0.65, 2.73]

Colon (153) 0.96 14 [0.89, 1.04]

Rectum (154) 0.97 13 [0.87, 1.08]

Colorectal (153, 154) 0.86** 7 [0.80, 0.93]

Liver (155) 0.62** 9 [0.51, 0.75]

Gallbladder (156) 1.15 3 [0.68, 1.96]

Pancreas (157) 0.88 17 [0.76, 1.02]

Nasal cavities, ear, and accessory
sinuses (160) 1.49 2 [0.37, 5.93]

Larynx (161) 0.65** 12 [0.52, 0.81]

Lung (162) 0.67** 21 [0.63, 0.73]

Pleura (163) 0.82 10 [0.62, 1.08]

Bone (170) 1.31 4 [0.53, 3.25]

Connective and other soft tissue (171) 1.02 3 [0.50, 2.05]

Malignant melanoma of skin (172) 1.14** 20 [1.08, 1.21]

Other skin (173) 1.24** 8 [1.16, 1.32]

Female Breast (174) >0.84 2 [0.39, 1.83]

Male breast (175) 1.06 4 [0.55, 2.05]

Cervix uteri (180) 1.30 3 [0.57, 2.94]

Uterus (179,182) 0.90 2 [0.74, 1.10]

Prostate (185) 1.09** 14 [1.04, 1.14]

Testis (186) 1.01 12 [0.83, 1.21]

Bladder (188) 0.91 8 [0.78, 1.07]

Kidney (189) 0.93 15 [0.81, 1.06]

Brain & nervous system (191-192) 0.88 11 [0.74, 1.04]

Thyroid (193) 0.95 11 [0.76, 1.19]

Endocrine (193-194) 0.86 4 [0.65, 1.13]

Non-Hodgkin lymphoma (200, 202) 0.91 12 [0.81, 1.02]

Hodgkin’s disease (201) 0.94 7 [0.66, 1.33]

Multiple myeloma (203) 0.90 10 [0.73, 1.12]

Leukemia (204-208) 0.87 18 [0.76, 1.00]

Broader combinations:

Digestive system (150-159) 0.81** 11 [0.76, 0.86]

Respiratory (160-165) 0.62** 15 [0.58, 0.67]

Male genital (185-187) 1.07** 9 [1.02, 1.12]

(Continued)
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Standardized mortality risk estimates
Results from the mixed-effects model suggest that several

moderators were found to explain variations in SMREs. Significant

moderators include: 1) quality score rated using Newcastle-Ottawa

Quality Assessment Scale (Qmodel (1) = 66.70, p <.01), 2) whether

studies included female participants or not (Qmodel(1) = 11.58, p <.01)

and 3) study location (Qmodel(1) = 11.16, p <.01). First, the pooled

estimate of SMRE was found to be significantly increased by 55% when

quality score rated using Newcastle-Ottawa Quality Assessment Scale

was increased (b = 1.55, p <.01). Second, the pooled SMRE for males

was significantly higher than those for females when compared to

general population (SMRE = 1.48, p = .05 for male firefighters vs.

SMRE = 0.71, p <.01 for female firefighters). Third, the pooled SMRE

extracted from non-US studies (SMRE = 1.10, p <.01) was significantly

higher than those from US studies (SMRE = 0.65, p = .43).

Discussion

Summary of study findings

Overall, this meta-analysis demonstrated that the risk of incident

cancers was significantly higher for skin melanoma, other skin cancers,

prostate cancer, with higher mortality for rectal, testicular, brain and

nervous system cancers, and non-Hodgkin lymphoma, among

firefighters when compared to reference populations. Below we discuss

in greater detail these significant findings including the possible

firefighting exposures which could be implicated in these increased risks.
Frontiers in Oncology 07
Skin cancers
In the present meta-analysis, firefighters had a 14% higher risk of

melanoma compared to the general population. A similar pattern was

found for mortality, although not statistically significant (SMRE = 1.12,

95% CI: 0.87, 1.44). Other skin cancer incidence rate was also

significantly higher in firefighters (SIRE = 1.24, 95% CI: 1.16 – 1.32).

Firefighters are exposed to a number of carcinogens associated with

melanoma and/or other skin cancers including polycyclic aromatic

hydrocarbons (PAHs), Polychlorinated Biphenyls (PCBs), and benzene

(29). Often working outside firefighters are exposed to ultraviolent

radiation, a known risk factor for melanoma (30). As reviewed

previously by Guidotti et al., there may be a causal association

between firefighting exposures and risk of melanoma in firefighters

although non-occupational ultraviolent radiation and firefighter

lifestyle factors cannot be ruled out as a contributing factor (31).

Prostate cancer
In the present meta-analysis, incident prostate cancer was

significantly higher in firefighters (SIRE = 1.09, 95% CI: 1.04 – 1.14)

while mortality was similar to that of the general population (SMRE =

1.03, 95% CI: 0.93 – 1.13). Of note, studies in other populations have

documented associations with PAH, PCB, and heavy metal exposures

with prostate cancer risk (32). Moreover, shiftwork has been associated

with prostate cancer risk in other worker groups (33). Additional

research is needed to determine if firefighter-specific carcinogenic

exposures can be causally linked to any increased risks for prostate

cancer that are independent of possible detection bias due to the different

prevalence of PSA testing in firefighters versus other populations.
TABLE 1 Continued

Cancer sites SIRE k 95%CI

Kidney & Bladder (188-189) 0.85** 13 [0.77, 0.93]

Endocrine (193-194) 0.86 4 [0.65, 1.13]

Lymphatic and Hematopoietic Tissue
(200-208) 0.82** 10 [0.75, 0.89]
k = # of effect sizes; **p <.01.
FIGURE 4

Standardized incidence ratio by cancer site.
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Rectal cancer
In the present meta-analysis, incident rectal cancer was not

significantly higher in firefighters (SIRE = 0.97, 95% CI: 0.87 – 1.08)

while there was significantly increased risk of death due to rectal

cancer (SMRE = 1.18, 95% CI: 1.02 – 1.36). Other investigators have

suggested that there is a possible association between rectal cancer

mortality and firefighting (6, 34), however, the lack of known
Frontiers in Oncology 08
carcinogenic exposures linked to this cancer in firefighters should

be considered when assessing causality.

Testicular cancer
In the present meta-analysis, incident testicular cancer was

not significantly higher in firefighters (SIRE = 0.97, 95% CI: 0.87 –

1.08) while there was a significantly higher risk of death due to
TABLE 2 Standardized mortality ratio by cancer site.

Cancer site SMRE k 95%CI

All cancers (140-209) 0.93** 36 [0.92, 0.95]

Lip, oral cavity, pharynx (140-149) 0.65** 7 [0.53, 0.78]

Esophagus (150) 0.96 8 [0.84, 1.10]

Stomach (151) 0.77** 11 [0.68, 0.87]

Colon (153) 0.78** 9 [0.66, 0.91]

Rectum (154) 1.18** 10 [1.02, 1.36]

Liver (155) 0.60** 7 [0.51, 0.72]

Pancreas (157) 0.86 8 [0.70, 1.05]

Larynx (161) 0.49** 7 [0.37, 0.65]

Lung (162) 0.98 11 [0.94, 1.03]

Pleura (163) 1.37 2 [0.87, 2.15]

Bone (170) 0.52 4 [0.13, 2.10]

Malignant melanoma of skin (172) 1.12 14 [0.87, 1.44]

Male breast (175) 1.34 4 [0.82, 2.19]

Prostate (185) 1.03 11 [0.93, 1.13]

Testis (186) 1.64** 11 [1.00, 2.67]

Bladder (188) 0.92 11 [0.79, 1.07]

Kidney (189) 0.91 8 [0.77, 1.07]

Brain & nervous system (191-192) 1.90** 13 [1.48, 2.45]

Thyroid (193) 0.8 5 [0.47, 1.35]

Non-Hodgkin lymphoma (200, 202) 1.20** 2 [1.02, 1.40]

Hodgkin’s disease (201) 0.17** 6 [0.08, 0.37]

Multiple myeloma (203) 0.98 3 [0.75, 1.27]

Lymphoid leukemia (204) 1.90 2 [0.95, 3.79]

Myeloid Leukemia (205) 1.11 3 [0.95, 1.30]

Leukemia (204-208) 0.41** 5 [0.29, 0.58]

Broader combinations:

Digestive system (150-159) 1.10** 5 [1.02, 1.19]

Respiratory (160-163) 0.91 9 [0.82, 1.01]

Male genital (185-187) 1.85 2 [0.26,13.13]

Lymphatic and Hematopoietic Tissue
(200-208) 0.82** 12 [0.71, 0.95]
k = # of effect size; **p <.01.
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testicular cancer (SMRE = 1.64, 95% CI: 1.02- 2.67). Firefighters

are exposed to Polychlorinated Biphenyls and Polybrominated

Biphenyls (PCBs) (4), which is an IARC- verified carcinogen (35);

however, studies conducted in other occupational groups are

limited (36–38). Caution is required to interpret our finding

given the considerable discrepancy in the pooled effects for

incidence and mortality.

Non-hodgkin lymphoma
The present meta-analysis suggests lower risk (albeit non-

significant) for non-Hodgkin lymphoma among firefighters (SIRE =

0.91, 95% CI: 0.81 – 1.02) while a significant increased risk of death was

observed on the basis of just two pooled studies (SMRE = 1.20, 95% CI:

1.02 – 1.40). Again, some caution is required to interpret our findings

given discrepancies in the pooled effects for incidence and mortality.

There is “limited” evidence from studies of non-Hodgkin lymphoma

risk to support the Group 1 designation (5), in line with conclusions

from IARC (4) and supported by a subsequent meta-analysis

completed by LeMasters et al. (6), conducted in approximately the

same time period. Of note, non-Hodgkin lymphoma has many distinct

sub-types (>30), not all of which have been shown to associated with

occupational exposures (39, 40). According to the IARC, exposure to

formaldehyde, a known firefighter exposure (4), as well as lindane and

pentachlorophenol, both of which can be used to treat wood products,

are associated with an increased risk of non-Hodgkin lymphoma (41).
Brain and central nervous system cancers
In the present meta-analysis incident brain and central nervous

system cancers were not significantly higher in firefighters (SIRE =

0.88, 95% CI: 0.74 – 1.04) while there was a significant increased risk

of death due to this heterogeneous group of cancers (SMRE = 1.90,

95% CI: 1.48 – 2.45). This cancer grouping is characterized by a large

number of histologically distinct subtypes, only a subset of whichmay

be associated with firefighting-related occupational exposures (39,

42). Lead exposures are associated with firefighting activities (4), and
Frontiers in Oncology 09
associations between lead exposure and increased brain cancer risk

have been documented in other occupational groups as well (43–47).

The role of moderator analyses in the
interpretation of meta-analytic findings

Previous meta-analytic studies of firefighter cancer risk either did

not complete formal moderator analyses or conducted analysis with a

limited number of variables. Uncovering sources of variability in

study effects (i.e., cancer incidence or mortality) can be useful for

researchers in that it will enhance the interpretability and

generalizability of meta-analytic results, which is estimated based

on more consistent study effects. In this meta-analysis, we identified

several moderators that explained considerable amount of between-

study variability in effects. Jalilian et al.’s documented evidence of

moderate to strong heterogeneity for several site-specific cancers

including buccal cavity and pharynx, brain and nervous system,

esophagus, larynx, lung, melanoma, skin, prostate, and kidney (7).

Not only have we expanded the number of moderator variables

examined, but also, we undertook a comprehensive assessment of

study quality as a moderator using two quality assessment tools.

Soteriades et al.’s meta-analysis included a smaller number of

studies and did analyses categorized by level of study quality (i.e.,

“good and adequate” and “good studies only”). Such subgrouping

presumably reduced heterogeneity in effects, but at the expense of

the number of studies included in their subgroup analyses across

specific cancer sites. For analyses based on “good studies”, the

number of studies ranged from 1 to 14 for cancer incidence, and

from 2 to 24 for cancer mortality. We found that study quality

ratings using the Newcastle-Ottawa Quality Assessment Scale

explained variations in SIRE and SMRE estimates, suggesting that

SIRE and SMRE estimates are likely to be higher as study quality

score is increased. Careful consideration of optimal future study

designs examining firefighter cancer risk is needed to capture risk

levels more accurately in this occupational group.
FIGURE 5

Standardized mortality ratio by cancer site.
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The identification of other important moderators helps

researchers to give careful consideration to the optimal design of

future firefighter cancer studies (i.e., sample characteristics, design

characteristics) as well as help to contextualize the present meta-

analysis findings. For instance, our moderator analyses also found

significantly lower pooled cancer incidence effects for males than

females, while pooled cancer mortality was higher for males than

females, when compared to general population. One possible

explanation for these differential effects is that the proportionately

smaller number of female firefighters, when included in select

individual studies, resulted in large, but unstable effect size

estimates in incidence studies, while lower pooled effects in

female mortality studies could reflect differences in aggregate

lifetime carcinogenic exposures since women started joining the

workforce only in recent decades in the US and elsewhere (48).

Caution is therefore warranted when interpreting possible cancer

risks in female versus male firefighters given the relative sparseness

of the number of observed incident and mortality cases in females as

well as differences in the likely average career carcinogenic exposure

profiles experienced in male and female fighters in the studies

included in the present meta-analysis.
Comparison with previous
meta-analytic findings

Two meta-analyses conducted by independent research teams

were published in 2019 (7, 8). There was substantial overlap in the

papers selected for these two meta-analyses which, in the case of

Jalilian et al. included studies published through 2017. However,

Soteriades et al. limited their original searches for articles to papers

published between 1960 and 2007, and ultimately did not include

any firefighter’s cancer studies that were published between 2010

and 2017. Of the three meta-analyses, Soteriades et al. consistently

included the smallest number of studies in their meta-analysis,

especially when they restricted their analyses to those that were

judged to be of high quality. For this reason, a list of studies

included in our meta-analysis more closely resembles that the

Jalilian et al.’s meta-analysis, but also included additional papers

published after 2017 (10, 12, 49–55). However, not all studies were

included in our meta-analysis given that we eliminated data from

studies with substantial geographic and chronological overlaps. In

such cases we extracted data from studies that covered the greatest

number of years and/or conducted in the largest geographic

catchment area. Given the potential biases that might arise from

the dependence in study effects, we carefully investigated study

design and included study effects that are largely independent of

one another. Thus, in some cases the number of independent study

estimates differ from the number of studies that contributed to the

study estimates.

Overall, there was some agreement for an increased risk of

several cancers across the two meta-analyses as well as findings

from the present analysis. For example, pooled SIRE estimates for

incident prostate cancer were significantly higher in previous two

meta-analyses, which ranged from 1.09 and 1.20. The range of

pooled SMRE estimates for non-Hodgkin lymphoma mortality was
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significantly higher than general population in all three meta-

analyses, which ranged from 1.20 to 1.44. Finally, the range of

pooled SMRE estimates for rectal cancer mortality were

significantly higher in all three analyses, which ranged from 1.16

to 1.36. Except for the pooled estimate of rectal cancer mortality

found in the Soteriades et al.’s meta-analysis (SMR = 1.18 95% CI:

1.02-1.36), our estimates were lowest.

Both the present (SIR = 1.14, 95% CI: 1.08-1.21) and Jalilian

et al. ’s meta-analyses (95% CI: 1.21-1.45) demonstrated

significantly higher risk for incident melanoma; Soteriades et al.’s

finding was not statistically significant (SIR = 1.10, 95% CI: 0.77-

1.58). In contrast, testicular mortality estimate was significantly

higher in the present meta-analysis (SIR = 1.64, 95% CI: 1.00-2.67),

but not in the Soteriades et al.’s (SIR = 1.63, 95% CI: 0.60-4.40),

although the pooled estimates were similar in magnitude. Jalilian

et al. did not report a summary estimate for testicular mortality.

Brain and central nervous system cancer mortality rates were

significantly higher in the present (SMR = 1.90, 95% CI: 1.48-

2.45) and in the Soteriades et al.’s meta-analyses (SMR = 1.26, 95%

CI: 1.02-1.55), while they were not in the Jalilian et al.’s (SMR =

1.25, 95% CI: 0.96-1.63), although similar in magnitude.

Risk of testicular cancer incidence was not found to be

significant in the present analysis (SIR = 1.01, 95% CI: 0.83-1.21)

whereas both the Jalilian et al. (SIR = 1.34, 95% CI: 1.08-1.68) and

the Soteriades et al. found significantly higher risk (SIR = 1.63, 95%

CI: 0.60-4.40). Reasons for such discrepancy are uncertain. No

study has considered differences between seminomas and non-

seminoma types of testicular cancer. However, more estimates

were used in the present meta-analysis (k = 12), but fewer in both

Jalilian et al.’s (k = 9) and Soteriades et al.’s (k = 7). Also, some of

more recent studies that were included in the present meta-analysis

showed lower risk testicular cancer incidence.
Evaluating causality

Determining if elevations in cancer risk documented via meta-

analytic reviews are causally related to the occupation of firefighting

is a complex process. The IARC has developed a systematic process

for determining if certain chemical, biological, and occupational

exposures may be causally linked to a specific cancer via assessment

of available cancer studies and meta-analytic synthesis,

experimental animal studies, exposure studies and assessment of

other relevant mechanistic data (e.g., toxicokinetic, metabolomic

and genetic effects) (41, 56). In its most recent assessment, it has

upgraded a previous designation of firefighter as possibly

carcinogenic occupational exposure (Group 2B designation) (4) to

the Group 1 designation of firefighting as carcinogenic (5). Part of

the evidence in support of this elevated designation included a

meta-analysis of seven studies which found an increased risk of

incident mesothelioma (reported 58% increased risk; 95% CI=14%–

120%) as well as a pooled increased risk of incident bladder cancer

in based on the inclusion of “several” bladder cancer cohort studies

(reported 16% increased risk; 95% CI=8%–26%). We did not find

similar increased pooled estimates for either incident cancer (pleura

[mesothelioma] 0.82; [0.62-1.08]; bladder 0.91; [0.78-1.07])
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although we did find a non-significantly increased risk of pleura

mortality SMRE= (1.37, 95% CI: 0.87-2.15). The forthcoming full

IARC report will likely provide more details on the methods

employed and the list of studies that were included in their meta-

analysis for these and other cancers.

Other investigators have proposed and applied different

frameworks for evaluating the causality or likelihood of cancer

risks associated with firefighting that includes some of the following

features: 1) consistency of reported epidemiologic findings, 2)

assessment of study quality, confounders, misclassification and

bias, and 3) consideration of the biologic plausibility of

carcinogenic and other chemical exposures as drivers of increased

cancer risk (6, 34, 39).

It is therefore important to note that completion of meta-

analytic analysis of study findings is just one element of a

comprehensive assessment of cancer risk that may be determined

to be causally linked to exposures associated with firefighting.
Prevention and screening opportunities in
the fire service

Results of the present analysis, combined with the other recent

meta-analytic reviews and the recent IARC review clearly document

elevated cancer risk in firefighters, supporting the need for

additional work identifying and implementing best practices to

reduce the carcinogenic exposures which occur during and after fire

suppression activities (57–60). Additional work on educating

firefighters on strategies to reduce overall cancer risk reduction is

also needed (61–63). Finally, workplace policies for more aggressive

early detection of skin and prostate cancers should be considered

given the noted elevated risks seen in firefighters (61, 64).
Limitations

There are study limitations that require some caution for

interpretation. First, our analysis included only a small number of

studies that estimated the amount of carcinogenic exposure

firefighters faced (65); but because this information is not

available for virtually all studies, we have no method of

correlating amount or type of exposure with cancer risk. Rather,

most studies included in this meta-analysis use job title as the

exposure indicator. Through a variety of sources, the general

population is also exposed, to some degree, to carcinogens

commonly attributed to firefighters’ activities. Healthy worker

effects are likely present in studies of firefighters and may lead to

a systematic underestimate of cancer risks in firefighters (66).

Another limitation is the small number of cases for some cancer

sites which does not allow for the calculation of stable risk estimates.

This is particularly true for cancers of the bone, specific leukemias

and brain cancers, and mesothelioma among others. An additional

limitation is that out of 38 studies, we have only 8 studies reporting

the descriptive statistics of participants by age. Seven studies
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reported participant mean age, between 30 to 39.4. One study

reported a mean age of 57. Given that the lack of reported

information and (when reported) its homogeneous nature of

participants in terms of their mean age (30 – 39), we decided not

to run the moderator analysis using age as a continuous predictor

on SIR and SMR. Finally, the process to minimize study overlap via

careful selection of papers with respect to geographic region and

years covered was imprecise as we balanced the need for inclusion

of otherwise eligible studies against avoiding the inclusion of effect

sizes drawn for similar cohorts of firefighters. It was not possible to

completely eliminate study overlap so some dependency effects may

remain in our analysis.

Despite these limitations, we were able to minimize the inflation

of type I error rates that might arise from dependency in effects by

undertaking careful inspection of individual study designs for the

possibility of dependency in effect sizes. In addition, we performed a

variety of moderator analyses to better understand sources of the

observed variations (i.e., gender, study quality scores, type of effect

size). Finally, we carefully investigated all included studies and

selected the most independent study effects to avoid overlap with

respect to geographic region and years covered by each study.
Conclusion

Despite differences between our study and others, our results

reinforce the associations between firefighting and cancer. This

occupational group faces many unique hazards and exposures, and

more research employing high-quality study designs, such as the

ongoing National Firefighter Registry (67) and the Career

Firefighter Health Study (68), is needed to investigate how these

exposures impact cancer risk. Moreover, future cohort studies that

account for important confounders and employ longitudinal

exposure to document the frequency, duration, and intensity, of

exposures are needed. Continued improvements to personal

protective equipment, adherence to safety measures in the fire

service, and protective policies and legislation are imperative to

keeping firefighters safe (68).
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Author contributions

All authors listed have made a substantial, direct, and

intellectual contribution to the work and approved it

for publication.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1130754
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Lee et al. 10.3389/fonc.2023.1130754
Funding

This study was supported by funds from Florida State

Appropriation #2382A (https://umiamihealth.org/sylvester-

comprehensive-cancer-center/research/firefighter-cancer-initiative).

Research reported in this publication was also supported by the

National Cancer Institute of the National Institutes of Health under

Award Number P30CA240139. The funder had no role in the

developing the protocol for the study. The content is solely the

responsibility of the authors and does not necessarily represent the

official views of the National Institutes of Health. The data used in

this report were collected by The Florida State Fire Marshal’s Office

and the Florida Cancer Data System (FCDS), the statewide cancer

registry funded by the Florida Department of Health (DOH), and the

Centers for Disease Control and Prevention’s National Program of

Cancer Registries (CDC‐NPCR).
Acknowledgments

The authors wish to acknowledge the State of Florida and their

Firefighter colleagues for their continued support and ongoing

contributions to the Firefighter Cancer Initiative at Sylvester

Comprehensive Cancer Center. We also wish to thank Steven

Peace at the Florida Cancer Data System for his expert guidance

on cancer coding and changes over time.
Frontiers in Oncology 12
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Author disclaimer

The views expressed herein are solely those of the author(s) and

do not necessarily reflect those of the DOH or CDC‐NPCR.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1130754/

full#supplementary-material
References
1. Stec AA, Dickens KE, Salden M, Hewitt FE, Watts DP, Houldsworth PE, et al.
Occupational exposure to polycyclic aromatic hydrocarbons and elevated cancer
incidence in firefighters. Sci Rep (2018) 8(1):2476. doi: 10.1038/s41598-018-
20616-6

2. Barros B, Oliveira M, Morais S. Urinary biohazard markers in firefighters. Adv
Clin Chem (2021) 105:243–319. doi: 10.1016/bs.acc.2021.02.004

3. Goodrich JM, Jung AM, Furlong MA, Beitel S, Littau S, Gulotta J, et al. Repeat
measures of DNA methylation in an inception cohort of firefighters. Occup Environ
Med (2022) 79(10):656–63. doi: 10.1136/oemed-2021-108153

4. IARC Working Group. Painting, firefighting, and shiftwork. IARC Monogr Eval
Carcinog Risks Hum (2010) 98:9–764.

5. Demers PA, DeMarini DM, Fent KW, Glass DC, Hansen J, Adetona O, et al.
Carcinogenicity of occupational exposure as a firefighter. Lancet Oncol (2022) 23
(8):985–6. doi: 10.1016/S1470-2045(22)00390-4

6. LeMasters GK, Genaidy AM, Succop P, Deddens J, Sobeih T, Barriera-Viruet H,
et al. Cancer risk among firefighters: a review and meta-analysis of 32 studies. J Occup
Environ Med (2006) 48(11):1189–202. doi: 10.1097/01.jom.0000246229.68697.90

7. Jalilian H, Ziaei M, Weiderpass E, Rueegg CS, Khosravi Y, Kjaerheim K. Cancer
incidence and mortality among firefighters. Int J Cancer (2019) 145(10):2639–46. doi:
10.1002/ijc.32199

8. Soteriades ES, Kim J, Christophi CA, Kales SN. Cancer incidence and mortality in
firefighters: a state-of-the-Art review and meta-Analysis. Asian Pac J Cancer Prev
(2019) 20(11):3221–31. doi: 10.31557/APJCP.2019.20.11.3221

9. Laroche E, L’Espérance S. Cancer incidence and mortality among firefighters: an
overview of epidemiologic systematic reviews. Int J Environ Res Public Health (2021) 18
(5):2519. doi: 10.3390/ijerph18052519

10. Glass DC, Del Monaco A, Pircher S, Vander Hoorn S, Sim MR. Mortality and
cancer incidence among female Australian firefighters. Occup Environ Med (2019) 76
(4):215–21. doi: 10.1136/oemed-2018-105336

11. Bigert C, Martinsen JI, Gustavsson P, Sparén P. Cancer incidence among
Swedish firefighters: an extended follow-up of the NOCCA study. Int Arch Occup
Environ Health (2020) 93(2):197–204. doi: 10.1007/s00420-019-01472-x
12. Lenahan P, Gochfeld M, Meng Q, Robson M, Fagliano J. A 30-year study of
cancer incidence in firefighters and police officers in new jersey’s four largest
municipalities. (2018). doi: 10.7282/T3445QP8

13. Marjerrison N, Jakobsen J, Grimsrud TK, Hansen J, Martinsen JI, Nordby KC,
et al. Cancer incidence in sites potentially related to occupational exposures: 58 years of
follow-up of firefighters in the Norwegian fire departments cohort. Scand J Work
Environ Health (2022) 48(3):210–9. doi: 10.5271/sjweh.4009

14. Pinkerton L, Bertke SJ, Yiin J, Dahm M, Kubale T, Hales T, et al. Mortality in a
cohort of US firefighters from San Francisco, Chicago and Philadelphia: an update.
Occup Environ Med (2020) 77(2):84–93. doi: 10.1136/oemed-2019-105962

15. Webber MP, Singh A, Zeig-Owens R, Salako J, Skerker M, Hall CB, et al. Cancer
incidence in world trade center-exposed and non-exposed male firefighters, as
compared with the US adult male population: 2001-2016. Occup Environ Med (2021)
78(10):707–14. doi: 10.1136/oemed-2021-107570

16. Zhao G, Erazo B, Ronda E, Brocal F, Regidor E. Mortality among firefighters in
Spain: 10 years of follow-up. AnnWork Expo Health (2020) 64(6):614–21. doi: 10.1093/
annweh/wxaa036

17. Centre for reviews and dissemination. In: International prospective register of
systematic reviews. PROSPERO: University of York. Available at: https://www.crd.york.
ac.uk/prospero/.

18. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics (1994) 50(4):1088–101. doi: 10.2307/2533446

19. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. Bmj (1997) 315(7109):629–34. doi: 10.1136/
bmj.315.7109.629

20. Borenstein M, Hedges LV, Higgins JPT, Rothstein H. Introduction to meta-
analysis. Chichester, U.K: John Wiley & Sons (2009).

21. Cooper HM, Hedges LV, Valentine JC. The handbook of research synthesis. 2nd
ed. New York: Russell Sage Foundation (2009). p. 632.

22. Ma F, Fleming LE, Lee DJ, Trapido E, Gerace TA, Lai H, et al. Mortality in
Florida professional firefighters, 1972 to 1999. Am J Ind Med (2005) 47(6):509–17. doi:
10.1002/ajim.20160
frontiersin.org

https://umiamihealth.org/sylvester-comprehensive-cancer-center/research/firefighter-cancer-initiative
https://umiamihealth.org/sylvester-comprehensive-cancer-center/research/firefighter-cancer-initiative
https://www.frontiersin.org/articles/10.3389/fonc.2023.1130754/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1130754/full#supplementary-material
https://doi.org/10.1038/s41598-018-20616-6
https://doi.org/10.1038/s41598-018-20616-6
https://doi.org/10.1016/bs.acc.2021.02.004
https://doi.org/10.1136/oemed-2021-108153
https://doi.org/10.1016/S1470-2045(22)00390-4
https://doi.org/10.1097/01.jom.0000246229.68697.90
https://doi.org/10.1002/ijc.32199
https://doi.org/10.31557/APJCP.2019.20.11.3221
https://doi.org/10.3390/ijerph18052519
https://doi.org/10.1136/oemed-2018-105336
https://doi.org/10.1007/s00420-019-01472-x
https://doi.org/10.7282/T3445QP8
https://doi.org/10.5271/sjweh.4009
https://doi.org/10.1136/oemed-2019-105962
https://doi.org/10.1136/oemed-2021-107570
https://doi.org/10.1093/annweh/wxaa036
https://doi.org/10.1093/annweh/wxaa036
https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/
https://doi.org/10.2307/2533446
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1002/ajim.20160
https://doi.org/10.3389/fonc.2023.1130754
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Lee et al. 10.3389/fonc.2023.1130754
23. Zeig-Owens R, Webber MP, Hall CB, Schwartz T, Jaber N, Weakley J, et al. Early
assessment of cancer outcomes in new York city firefighters after the 9/11 attacks: an
observational cohort study. Lancet (2011) 378(9794):898–905. doi: 10.1016/S0140-6736
(11)60989-6

24. Glass DC, Del Monaco A, Pircher S, Vander Hoorn S, Sim MR. Mortality and
cancer incidence among male volunteer Australian firefighters. Occup Environ Med
(2017) 74(9):628–38. doi: 10.1136/oemed-2016-104088

25. Linacre JM. Many-facet rasch measurement. 2nd ed. Chicago: MESA Press
(1994). p. 149.

26. Viechtbauer W. Conducting meta-analyses in r with the metafor package. J Stat
Software (2010) 36(3):1–48. doi: 10.18637/jss.v036.i03

27. Hedges LV, Olkin I. Statistical methods for meta-analysis. Orlando: Academic
Press (1985). p. 369.

28. Raudenbush SW. Analyzing effect sizes: random-effects models. In Cooper H.,
Hedges L. V., Valentine J. C. (Eds.), The handbook of research synthesis and meta-
analysis (2nd ed., pp. 295–315). Russell Sage Foundation. (2009).

29. Fortes C, de Vries E. Nonsolar occupational risk factors for cutaneous
melanoma. Int J Dermatol (2008) 47(4):319–28. doi: 10.1111/j.1365-4632.2008.03653.x

30. Modenese A, Korpinen L, Gobba F. Solar radiation exposure and outdoor work:
an underestimated occupational risk. Int J Environ Res Public Health (2018) 15
(10):2063. doi: 10.3390/ijerph15102063

31. Guidotti TL. Health risks and occupation as a firefighter. Commonwealth of
Australia: Department of Veterans’ Affairs (2014). p. 192.

32. Doolan G, Benke G, Giles G. An update on occupation and prostate cancer.
Asian Pac J Cancer Prev (2014) 15(2):501–16. doi: 10.7314/APJCP.2014.15.2.501

33. Gan Y, Li L, Zhang L, Yan S, Gao C, Hu S, et al. Association between shift work
and risk of prostate cancer: a systematic review and meta-analysis of observational
studies. Carcinogenesis (2018) 39(2):87–97. doi: 10.1093/carcin/bgx129

34. Guidotti TL. Occupational mortality among firefighters: assessing the
association. J Occup Environ Med (1995) 37(12):1348–56. doi: 10.1097/00043764-
199512000-00004

35. IARC. Polychlorinated biphenyls and polybrominated biphenyls. IARC Monogr
Eval Carcinog Risks Hum (2016) 107:9–500.

36. Paoli D, Giannandrea F, Gallo M, Turci R, Cattaruzza MS, Lombardo F, et al.
Exposure to polychlorinated biphenyls and hexachlorobenzene, semen quality and
testicular cancer risk. J Endocrinol Invest (2015) 38(7):745–52. doi: 10.1007/s40618-
015-0251-5

37. Mester B, Behrens T, Dreger S, Hense S, Fritschi L. Occupational causes of
testicular cancer in adults. Int J Occup Environ Med (2010) 1(4):160–70.

38. Beranger R, Le Cornet C, Schuz J, Fervers B. Occupational and environmental
exposures associated with testicular germ cell tumours: systematic review of prenatal
and life-long exposures. PloS One (2013) 8(10):e77130. doi: 10.1371/
journal.pone.0077130

39. Guidotti TL. Evaluating causality for occupational cancers: the example of
firefighters. Occup Med (Lond) (2007) 57(7):466–71. doi: 10.1093/occmed/kqm031

40. Morton LM, Slager SL, Cerhan JR, Wang SS, Vajdic CM, Skibola CF, et al.
Etiologic heterogeneity among non-Hodgkin lymphoma subtypes: the InterLymph
non-Hodgkin lymphoma subtypes project. J Natl Cancer Inst Monogr (2014) 2014
(48):130–44. doi: 10.1093/jncimonographs/lgu013

41. Loomis D, Guha N, Hall AL, Straif K. Identifying occupational carcinogens: an
update from the IARC monographs. Occup Environ Med (2018) 75(8):593–603. doi:
10.1136/oemed-2017-104944

42. Nabors LB, Portnow J, Ammirati M, Brem H, Brown P, Butowski N, et al. Central
nervous system cancers, version 2.2014. featured updates to the NCCN guidelines. J Natl
Compr Canc Netw (2014) 12(11):1517–23. doi: 10.6004/jnccn.2014.0151

43. Parent ME, Turner MC, Lavoue J, Richard H, Figuerola J, Kincl L, et al. Lifetime
occupational exposure to metals and welding fumes, and risk of glioma: a 7-country
population-based case-control study. Environ Health (2017) 16(1):90. doi: 10.1186/
s12940-017-0300-y

44. Navas-Acien A, Pollan M, Gustavsson P, Plato N. Occupation, exposure to
chemicals and risk of gliomas and meningiomas in Sweden. Am J Ind Med (2002) 42
(3):214–27. doi: 10.1002/ajim.10107

45. Rajaraman P, Stewart PA, Samet JM, Schwartz BS, Linet MS, Zahm SH, et al.
Lead, genetic susceptibility, and risk of adult brain tumors. Cancer Epidemiol
Biomarkers Prev (2006) 15(12):2514–20. doi: 10.1158/1055-9965.EPI-06-0482

46. van Wijngaarden E, Dosemeci M. Brain cancer mortality and potential
occupational exposure to lead: findings from the national longitudinal mortality
study, 1979-1989. Int J Cancer (2006) 119(5):1136–44. doi: 10.1002/ijc.21947

47. Ohgaki H, Kleihues P. Epidemiology and etiology of gliomas. Acta Neuropathol
(2005) 109(1):93–108. doi: 10.1007/s00401-005-0991-y
Frontiers in Oncology 13
48. Hulett DM, Bendick M, Moccio SYT. Enhancing women’s inclusion in
firefighting in the USA. Int J Diversity Organizations Communities Nations (2008) 8
(2):189–207. doi: 10.18848/1447-9532/CGP/v08i02/39562

49. Lee DJ, Koru-Sengul T, Hernandez MN, Caban-Martinez AJ, McClure LA,
Mackinnon JA, et al. Cancer risk among career male and female Florida firefighters:
evidence from the Florida firefighter cancer registry (1981-2014). Am J Ind Med (2020)
63(4):285–99. doi: 10.1002/ajim.23086

50. Sritharan J, MacLeod J, Harris S, Cole DC, Harris A, Tjepkema M, et al. Prostate
cancer surveillance by occupation and industry: the Canadian census health and
environment cohort (CanCHEC). Cancer Med (2018) 7(4):1468–78. doi: 10.1002/
cam4.1358

51. Kirstine Ugelvig Petersen K, Pedersen JE, Bonde JP, Ebbehoej NE, Hansen J.
Long-term follow-up for cancer incidence in a cohort of Danish firefighters. Occup
Environ Med (2018) 75(4):263–9. doi: 10.1136/oemed-2017-104660

52. Muegge CM, Zollinger TW, Yiqing S, Wessel J, Monahan PO, Moffatt SM.
Excess mortality among Indiana firefighters, 1985-2013. Am J Ind Med (2018) 1–7. doi:
10.1002/ajim.22918

53. Kullberg C, Andersson T, Gustavsson P, Selander J, Tornling G, Gustavsson
A, et al. Cancer incidence in Stockholm firefighters 1958-2012: an updated cohort
study. Int Arch Occup Environ Health (2018) 91(3):285–91. doi: 10.1007/s00420-
017-1276-1

54. Petersen KU, Pedersen JE, Bonde JP, Ebbehoj NE, Hansen J. Mortality in a
cohort of Danish firefighters; 1970-2014. Int Arch Occup Environ Health (2018) 91
(6):759–66. doi: 10.1007/s00420-018-1323-6

55. Harris MA, Kirkham TL, MacLeod JS, Tjepkema M, Peters PA, Demers PA.
Surveillance of cancer risks for firefighters, police, and armed forces among men in a
Canadian census cohort. Am J Ind Med (2018) 61(10):815–23. doi: 10.1002/
ajim.22891

56. Samet JM, Chiu WA, Cogliano V, Jinot J, Kriebel D, Lunn RM, et al. The IARC
monographs: updated procedures for modern and transparent evidence synthesis in
cancer hazard identification. J Natl Cancer Inst (2020) 112(1):30–7. doi: 10.1093/jnci/
djz169

57. Horn GP, Fent KW, Kerber S, Smith DL. Hierarchy of contamination control in
the fire service: review of exposure control options to reduce cancer risk. J Occup
Environ Hyg (2022) 19(9):538–57. doi: 10.1080/15459624.2022.2100406

58. Louzado-Feliciano P, Griffin KA, Santiago KM, Schaefer Solle N, Koru-Sengul T,
Grant C, et al. Fire service organizational-level characteristics are associated with
adherence to contamination control practices in Florida fire departments: evidence
from the firefighter cancer initiative. J Occup Environ Med (2020) 62(9):e508–e14. doi:
10.1097/JOM.0000000000001953

59. Harrison TR, Yang F, Morgan SE, Muhamad JW, Talavera E, Eaton SA, et al.
The invisible danger of transferring toxins with bunker gear: a theory-based
intervention to increase postfire decontamination to reduce cancer risk in
firefighters. J Health Communication (2018) 23(12):999–1007. doi: 10.1080/
10810730.2018.1535633

60. Smith TD, DeJoy DM, Dyal MA. Safety specific transformational leadership,
safety motivation and personal protective equipment use among firefighters. Saf Sci
(2020) 131. doi: 10.1016/j.ssci.2020.104930

61. Caban-Martinez AJ, Hughes J, Bator C. A total worker health approach to skin
exposure assessment: experiences from the firefighter cancer initiative. AnnWork Expo
Health (2021) 65(2):143–7. doi: 10.1093/annweh/wxaa066

62. Hardy T. Firefighter occupational cancer risk: starting the conversation. J Cancer
Educ (2022) 37(4):1019–25. doi: 10.1007/s13187-020-01914-y

63. Korre M, Sotos-Prieto M, Kales SN. Survival Mediterranean style: lifestyle
changes to improve the health of the US fire service. Front Public Health (2017)
5:331. doi: 10.3389/fpubh.2017.00331

64. Caban-Martinez AJ, Schaefer Solle N, Santiago KM, Lee DJ, Koru-Sengul T,
Bator CG, et al. Impact of organizational-level factors on cancer screening activities
in fire departments: a cross-sectional study from the Sylvester firefighter cancer
initiative. Cancer Prev Res (Phila) (2019) 12(5):335–42. doi: 10.1158/1940-
6207.CAPR-18-0496

65. Daniels RD, Bertke S, DahmMM, Yiin JH, Kubale TL, Hales TR, et al. Exposure-
response relationships for select cancer and non-cancer health outcomes in a cohort of
U.S. firefighters from San Francisco, Chicago and Philadelphia (1950-2009). Occup
Environ Med (2015) 72(10):699–706.

66. Kirkeleit J, Riise T, Bjorge T, Christiani DC. The healthy worker effect in cancer
incidence studies. Am J Epidemiol (2013) 177(11):1218–24. doi: 10.1093/aje/kws373

67. NIOSH. NFR stand together. National Institute for Occupational Safety and
Health: DHHS (NIOSH) Publication No. 2022-148 (2022).

68. Zeig-Owens R, Singh A, Triplett S, Salako J, Skerker M, Napier A, et al.
Assembling the career firefighter health study cohort: a methods overview. Am J Ind
Med (2021) 64(8):680–7. doi: 10.1002/ajim.23266
frontiersin.org

https://doi.org/10.1016/S0140-6736(11)60989-6
https://doi.org/10.1016/S0140-6736(11)60989-6
https://doi.org/10.1136/oemed-2016-104088
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1111/j.1365-4632.2008.03653.x
https://doi.org/10.3390/ijerph15102063
https://doi.org/10.7314/APJCP.2014.15.2.501
https://doi.org/10.1093/carcin/bgx129
https://doi.org/10.1097/00043764-199512000-00004
https://doi.org/10.1097/00043764-199512000-00004
https://doi.org/10.1007/s40618-015-0251-5
https://doi.org/10.1007/s40618-015-0251-5
https://doi.org/10.1371/journal.pone.0077130
https://doi.org/10.1371/journal.pone.0077130
https://doi.org/10.1093/occmed/kqm031
https://doi.org/10.1093/jncimonographs/lgu013
https://doi.org/10.1136/oemed-2017-104944
https://doi.org/10.6004/jnccn.2014.0151
https://doi.org/10.1186/s12940-017-0300-y
https://doi.org/10.1186/s12940-017-0300-y
https://doi.org/10.1002/ajim.10107
https://doi.org/10.1158/1055-9965.EPI-06-0482
https://doi.org/10.1002/ijc.21947
https://doi.org/10.1007/s00401-005-0991-y
https://doi.org/10.18848/1447-9532/CGP/v08i02/39562
https://doi.org/10.1002/ajim.23086
https://doi.org/10.1002/cam4.1358
https://doi.org/10.1002/cam4.1358
https://doi.org/10.1136/oemed-2017-104660
https://doi.org/10.1002/ajim.22918
https://doi.org/10.1007/s00420-017-1276-1
https://doi.org/10.1007/s00420-017-1276-1
https://doi.org/10.1007/s00420-018-1323-6
https://doi.org/10.1002/ajim.22891
https://doi.org/10.1002/ajim.22891
https://doi.org/10.1093/jnci/djz169
https://doi.org/10.1093/jnci/djz169
https://doi.org/10.1080/15459624.2022.2100406
https://doi.org/10.1097/JOM.0000000000001953
https://doi.org/10.1080/10810730.2018.1535633
https://doi.org/10.1080/10810730.2018.1535633
https://doi.org/10.1016/j.ssci.2020.104930
https://doi.org/10.1093/annweh/wxaa066
https://doi.org/10.1007/s13187-020-01914-y
https://doi.org/10.3389/fpubh.2017.00331
https://doi.org/10.1158/1940-6207.CAPR-18-0496
https://doi.org/10.1158/1940-6207.CAPR-18-0496
https://doi.org/10.1093/aje/kws373
https://doi.org/10.1002/ajim.23266
https://doi.org/10.3389/fonc.2023.1130754
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Cancer risk and mortality among firefighters: a meta-analytic review
	Introduction
	Materials and methods
	Search strategy
	Inclusion and exclusion criteria
	Coding of study characteristics
	Effect sizes and standard errors
	Publication bias
	Handling dependency in effect sizes
	Study quality assessment
	Statistical analysis

	Results
	Description of studies
	Assessing publication bias
	Overall analyses
	Standardized incidence risk estimates
	Standardized mortality risk estimates

	Moderator analyses
	Standardized incidence risk estimates
	Standardized mortality risk estimates


	Discussion
	Summary of study findings
	Skin cancers
	Prostate cancer
	Rectal cancer
	Testicular cancer
	Non-hodgkin lymphoma
	Brain and central nervous system cancers

	The role of moderator analyses in the interpretation of meta-analytic findings
	Comparison with previous meta-analytic findings
	Evaluating causality
	Prevention and screening opportunities in the fire service
	Limitations

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


