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ABSTRACT 
Objectives To examine mortality patterns and cancer 
incidence in a pooled cohort of 29 993 US career 
firefighters employed since 1950 and followed through 
2009. 
Methods Mortality and cancer incidence were 
evaluated by life table methods with the US population 
referent. Standardised mortality (SMR) and incidence 
(SIR) ratios were determined for 92 causes of death and 
41 cancer incidence groupings. Analyses focused on 15 
outcomes of a priori interest. Sensitivity analyses were 
conducted to examine the potential for significant bias. 
Results Person-years at risk totalled 858 938 and 
403 152 for mortality and incidence analyses, 
respectively. All-cause mortality was at expectation 
(SMR=0.99, 95% CI 0.97 to 1.01, n=12 028). There 
was excess cancer mortality (SMR=1.14, 95% CI 1.10 
to 1.18, n=3285) and incidence (SIR=1.09, 95% CI 
1.06 to 1.12, n=4461) comprised mainly of digestive 
(SMR=1.26, 95% CI 1.18 to 1.34, n=928; SIR=1.17, 
95% CI 1.10 to 1.25, n=930) and respiratory 
(SMR=1.10, 95% CI 1.04 to 1.17, n=1096; SIR=1.16, 
95% CI 1.08 to 1.24, n=813) cancers. Consistent with 
previous reports, modest elevations were observed in 
several solid cancers; however, evidence of excess 
lymphatic or haematopoietic cancers was lacking. This 
study is the first to report excess malignant 
mesothelioma (SMR=2.00, 95% CI 1.03 to 3.49, n=12; 
SIR=2.29, 95% CI 1.60 to 3.19, n=35) among US 
firefighters. Results appeared robust under differing 
assumptions and analytic techniques. 
Conclusions Our results provide evidence of a relation 
between firefighting and cancer. The new finding of 
excess malignant mesothelioma is noteworthy, given that 
asbestos exposure is a known hazard of firefighting. 

INTRODUCTION 
There are approximately 1.1 million volunteer and 
career firefighters in the US.1 During firefighting 
activities, these workers may be exposed to many 
known carcinogens (eg, polycyclic aromatic hydro­
carbons (PAHs), formaldehyde, benzene, 
1,3-butadiene, asbestos and arsenic) in volatilised 
combustion and pyrolysis products or debris.2 

These exposures have raised concerns of increased 
cancer among firefighters and have prompted a 
number of exposure assessment and epidemiologic 
investigations. Some studies have found excess 

What this paper adds 

▸ From previous studies, there is limited 
epidemiological evidence of increased risk of 
cancer from firefighting. 

▸ We examined cancer in 30 000 career 
firefighters by pooling information from urban 
fire departments in three large US cities. The 
large sample size and long follow-up period 
improved risk estimates compared with 
previous studies. 

▸ We report that firefighting may be associated 
with increased risk of solid cancers. 
Furthermore, we report a new finding of excess 
malignant mesothelioma among firefighters, 
suggesting the presence of an occupational 
disease from asbestos hazards in the 
workplace. 

cancers of the brain,3–8 digestive tract,4 5 7–10 

genitourinary tract5 7 11  12  and lymphohematopoie­
tic organs.6 8  13  In a recent meta-analysis of 32 
studies, significant excess risk was reported for 
brain, stomach, colon, rectum, prostate, testes, mul­
tiple myeloma and non-Hodgkin lymphoma 
(NHL).14 Similarly, the International Agency for 
Research on Cancer (IARC) reviewed 42 studies 
and reported significant summary risks for prostatic 
and testicular cancers and NHL.2 Given limited evi­
dence, however, IARC concluded that firefighter 
exposures were only possibly carcinogenic to 
humans (Group 2B). 
Most studies have examined mortality, but not 

cancer incidence, among relatively few firefighters 
recruited from one fire department. The current 
study examines mortality and cancer incidence in a 
pooled cohort of firefighters employed in three 
major US cities. Malignancies of the brain, 
stomach, oesophagus, intestines, rectum, kidney, 
bladder, prostate, testes, leukaemia, multiple 
myeloma and NHL were of a priori interest in the 
current study, based on possible sites identified in 
previous reviews.2 14  Lung cancer and chronic 
obstructive pulmonary disease (COPD) were also of 
interest because inhalation is a major pathway for 
firefighter exposures, and there is evidence of 
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chronic and acute inflammatory respiratory effects in firefigh­
ters, which may be linked to cancer.2 Breast cancer was included 
as a result of interests shared in researcher discussions with 
firefighters. 

METHODS 
Data collection methods 
This research was approved by the Institutional Review Boards 
of the National Institute for Occupational Safety and Health 
(NIOSH) and the National Cancer Institute (NCI). Personnel 
records and previous study data were used to assemble the study 
roster, which comprised male and female career firefighters of 
all races employed for at least 1 day in fire departments serving 
San Francisco, Chicago, or Philadelphia, from 1 January 1950, 
through 31 December 2009. Fire departments were selected 
based on size, location, work experience, records availability 
and the willingness of labour and city management to partici­
pate. ‘Career firefighter’ status was determined from job titles 
categorised by researchers and vetted by each fire department. 
Selected job titles included general classifications of firefighters, 
firefighter paramedics, and fire department arson investigators. 
Persons of known race were mostly Caucasian (81%) and those 
missing race (2.5%) were hired in earlier periods of lower 
minority hiring (median year at hire=1955). Therefore, persons 
missing race were assumed Caucasian and retained in main ana­
lyses to maximise study size. Analyses were also conducted 
excluding persons of unknown race. 

Vital status was ascertained from the National Death 
Index-Plus (NDI-Plus), the Social Security Administration Death 
Master File (SSA-DMF), personnel and pension board records, 
and records from the previous studies.9 10  Firefighters not 
found to be deceased were confirmed alive by matches to 
employment records, Internal Revenue Service (IRS) records, 
and data accessible through LexisNexis (a private vendor of resi­
dential information). 

Causes of death were obtained from previous studies,9 10  

NDI-Plus, and death certificates collected from state vital 
records and retirement boards. Deaths of Philadelphia firefigh­
ters through 1986 were previously determined by Baris et al,9 

who retrieved and coded death certificates to the ninth revision 
of the International Classification of Diseases (ICD-9). 
San Francisco firefighter deaths were determined through 1982 
by Beaumont et al.10 In that and the current study, causes of 
death were coded to the ICD revision in effect at the time of 
death. The underlying cause of death determined by a trained 
nosologist was used for all mortality analyses. 

Incident cases were defined as all primary invasive cancers, 
and in situ bladder cancers among firefighters matched to state 
cancer registries on name, gender, race, date of birth and Social 
Security number. The last known residence and the state of 
death were used to narrow inclusion of registries for case ascer­
tainment to 11 states (ie, Arizona, California, Florida, Illinois, 
Indiana, Michigan, Nevada, New Jersey, Oregon, Pennsylvania 
and Washington) where nearly 95% of all deaths in known 
states occurred (see online supplementary table S1). The site 
and histology of each tumour were used to classify cancers in 
one of 41 diagnostic groups using the International 
Classification of Diseases for Oncology, 3rd Edition 
(ICD-O-3).15 The conversion from ICD-O-3 to ICD-10 used 
the Surveillance, Epidemiology and End Results Program 
(SEER) recodes (dated 27 January 2003) following slight modi­
fication to align with mortality groupings and to account for 
recent classification changes. Diagnosis dates were assigned as of 
1 July of the year of diagnosis if only the diagnosis year was 

known, and on the 15th of the month of diagnosis if only the 
diagnosis month and year were known. The death date was used 
when death preceded the estimated date. 

Statistical methods 
The NIOSH Life Table Analysis System (LTAS.NET) was used to 
examine mortality and cancer incidence.16 Main analyses used 
the US population as referent. In all analyses, person-years at 
risk (PYAR) were stratified by gender, race (Caucasian, other 
races), age (age 15–85+ years in 5-year categories), and calendar 
year (in 5-year categories). Confidence limits for risk measures 
were estimated based on a Poisson distribution for the observed 
outcome, with exact limits for outcomes with 10 or fewer 
occurrences. 

For mortality analyses, PYAR began on the latest of 1 January 
1950 or the date of cohort inclusion, and ended the earliest of 
the date of death (DOD), the date last observed (DLO), or 31 
December 2009. US mortality rates (1950–2009) were used to 
estimate the expected numbers of deaths for all causes, all 
cancers and 92 categories of underlying cause of death.17 

Additional mortality rates were developed to separately report 
on cancers of the small intestine, large intestine and testes to 
coincide with incidence rates; however, these rates were limited 
to time periods after 1959. In both cases, the subsites of interest 
(ie, colon and testes) account for the largest proportion of the 
deaths in the respective aggregate site (ie, intestine or male 
genital organs excluding prostate); therefore, the aggregate site 
reasonably approximates the subsite. The standardised mortality 
ratio (SMR) was calculated as the ratio of the observed to the 
total number of expected deaths. 

Two approaches were used to examine cancer incidence. The 
main analyses included first and later primary cancers 
(ie, multiple-cancer approach) occurring within the risk period. 
PYAR accrued from the date of statewide ascertainment by the 
respective fire department’s state cancer registry (eg, 1 January 
1988 for San Francisco firefighters (see online supplementary 
table S1)) or cohort inclusion, whichever was latest, and ended 
at the earliest of the DOD, DLO, or 31 December 2009. 
Secondary analyses were restricted to the first occurrence of 
invasive cancer (ie, first-cancer approach). In these analyses, 
PYAR for cases ended on the date of first diagnosis. In both 
approaches, the standardised incidence ratio (SIR) was calcu­
lated as the ratio of observed malignancies to the expected 
number of cases estimated using US incidence rates (1985– 
2009) calculated from SEER data.18 Additional steps required 
for first-cancer analyses were: selecting the most common 
cancer when diagnoses included multiple primary tumours on 
the same day (n=21), excluding firefighters known to have a 
cancer diagnosis prior to the start of the risk date (n=55), and 
adjusting US rates for cancer prevalence using methods 
described by Merrill et al.19 

Heterogeneity in fire department-specific SMRs and SIRs was 
examined using Poisson regression modelling. To control for 
gender, age, calendar year and race, an offset term was set to 
the expected number of deaths or cases in each stratum of the 
classification table. To address differences between fire depart­
ments, a mixed model was used that specified a random inter­
cept term. Thus, the model intercept is the log of the pooled 
SMR, adjusted for heterogeneity among the fire departments. 
The significance of heterogeneity was assessed by likelihood 
ratio test (significance level of 0.05). 

Several sensitivity analyses were conducted. First, we exam­
ined the effects of including prevalent hires (workers employed 
before 1950) and short–term workers (those employed <1 year) 
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in mortality analyses. Prevalent hires must be employed long 
enough to be recruited into the study; thus, these workers may 
have a survival advantage compared with persons hired during 
the follow-up period (ie, incident hires).20 Short-term workers 
include temporary hires and probationary firefighters whose 
health and lifestyle patterns may differ from those employed 
one or more years. Short-term workers may also have had sub­
stantial occupational histories other than as firefighters, possibly 
in jobs with hazardous exposures. Second, we examined age 
effects on risk estimates in two age-at-risk categories (17–64, 
65+ years). Testing of an effect across all 5-year age groups was 
accomplished using mixed models adjusted for age-at-risk 
groups. Third, we conducted SMR analyses restricting observa­
tion to age 84 years or less. Including PYAR for ages 85+ years 
could bias results from: rates used in analyses that are open-
ended, more uncertainty in underlying cause of death at later 
ages, and subjects who are incorrectly traced as alive having a 
disproportionate effect in the open-ended age group.21 Fourth, 
we calculated SMRs using California, Illinois and Pennsylvania 
State populations as referent for firefighters from San Francisco, 
Chicago and Philadelphia, respectively. Last, SMRs and standar­
dised rate ratios (SRRs) were calculated for categories of 
employment duration (<10, 10–<20, 20–<30, 30+ years). 
Trend slopes with Wald-based two-sided p values (significance 
level of 0.05) were calculated for the change in SRRs with 
increasing duration. 

RESULTS 
There were 29 993 firefighters available for study, contributing 
858 938 PYAR (table 1). The cohort was largely male (97%), 
with mean age at first employment and total years employed of 
29 and 21 years, respectively. Fewer than 5% of firefighters 

were short-term workers and approximately 30% were first 
employed prior to 1950. A higher percentage of women (9.4%) 
were short-term workers compared with men (4.3%) (see online 
supplementary table S2). Prevalent hires, on average, tended to 
be employed longer (+7.9 years, t test p<0.001) and had a 
greater attained age (+17.0 years, t test p<0.001) than incident 
hires. Persons eligible for incidence analyses using the multiple-
cancer approach (n=24 453) contributed 403 152 PYAR. The 
first-cancer approach included 24 398 persons contributing 
383 577 PYAR. There were 4461 malignant tumours distributed 
among 3903 firefighters with cancer. Among these, 488 
reported cancers at multiple primary sites. Mortality and cancer 
incidence results are summarised in table 2 and in online supple­
mentary tables S3–S5. To aid in comparisons with previous 
studies, table 2 also shows summary risk estimates (SREs) 
reported by LeMasters et al14, whose meta-analysis included 
studies published through 2003. 

Mortality 
With the US population referent, all-cause mortality was at 
expectation (SMR=0.99, 95% CI 0.97 to 1.01, n=12 028). 
Ischaemic heart disease was the leading cause of death 
(SMR=1.01, 95% CI 0.98 to 1.04, n=3619). There was signifi­
cantly decreased mortality in other outcomes that may be 
related to healthy worker selection and survivor effects (HWE), 
such as non-malignant respiratory diseases (SMR=0.80, 95% CI 
0.74 to 0.86, n=796), cerebrovascular disease (SMR=0.91, 
95% CI 0.84 to 0.98, n=636), diabetes mellitus (SMR=0.72, 
95% CI 0.62 to 0.83, n=175), nervous system disorders 
(SMR=0.80, 95% CI 0.69 to 0.93, n=187), and alcoholism 
(SMR=0.61, 95% CI, 0.41 to 0.86, n=31). In particular, there 
was a strong decrease in COPD mortality (SMR=0.72, 95% CI 

Table 1 Demographic characteristics of the cohort by fire department and combined (1950–2009) 

Description All fire departments San Francisco Chicago Philadelphia 

Study cohort: 
Eligible for mortality analysis 29 993 5313 15 185 9495 

PYAR 858 938 154 317 419 414 285 207 

Years of follow-up; avg. (SD) 29 (16) 29 (16) 28 (16) 30 (16) 
Race (%): 

White 24 244 (80.8) 4254 (80.1) 11 736 (77.3) 8254 (86.9) 
Other 5008 (16.7) 986 (18.6) 2808 (18.5) 1214 (12.8) 
Unknown 741 (2.5) 73 (1.4) 641 (4.2) 27 (<1.0) 

Gender (%): 
Male 29 002 (96.7) 5009 (94.3) 14 694 (96.8) 9299 (97.9) 
Female 991 (3.3) 304 (5.7) 491 (3.2) 196 (2.1) 

Vital status: 
Alive (%) 17 965 (59.9) 3239 (61.0) 9241 (60.9) 5485 (57.8) 
Deceased (%) 12 028 (40.1) 2074 (39.0) 5944 (39.1) 4010 (42.2) 
Unknown cause of death 144 9 91 44 

Attained age*; avg. (SD) 60 (16) 62 (16) 59 (16) 61 (16) 
LTFU 175 1 32 142 

PYAR potentially LTFU (%) 8809 (1.0) 59 (<1.0) 1483 (<1.0) 7267 (2.5) 
Employment: 

Avg. hire year 1968 1967 1970 1965 

Age at hire; avg. (SD) 29 (5) 29 (5) 29 (5) 27 (5) 
Employment years; avg. (SD) 21 (11) 22 (11) 21 (11) 21 (11) 
Hired before 1950 (%) 8085 (27) 1682 (32) 3294 (22) 3109 (33) 
Employed <1 year (%) 1328 (4.4) 194 (3.7) 891 (5.9) 243 (2.6) 

*Age attained at earliest of the date of death, date LTFU or 31 December 2009. 
Avg., average; LTFU, lost to follow-up; PYAR, person-years at risk. 
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Table  2  Standardised mortality and incidence ratios in firefighters  for  select outcomes compared to results from a recent meta-analysis  

Current  study  results (US  population referent)  Meta-analysis  of LeMasters  et al14* 

Mortality (1950–2009)† Cancer incidence (1985–2009) 

All cancers First  cancer  

Underlying  cause  (ICD-10 codes) Obs  SMR (95%  CI)  Obs SIR  (95% CI) Obs SIR  (95% CI) Studies SRE  (95% CI), Likelihood  rating  

All cancers (C00-C97) 3285 1.14  (1.10  to 1.18)  4461  1.09 (1.06  to 1.12)  3890  1.09  (1.06 to 1.12) 25 1.05 (1.00 to 1.09), 3  

MN  oesophagus  (C15) 113  1.39  (1.14  to 1.67)  90 1.62 (1.31  to 2.00)  80  1.71  (1.36 to 2.13) 8  1.16 (0.86 to 1.57), 3 

MN  stomach (C16)  110  1.10  (0.91  to 1.33)  93 1.15 (0.93  to 1.40)  72  1.02  (0.80 to 1.28) 13 1.22 (1.04 to 1.44), 2  

MN  intestine  (C17-C18) 326  1.30  (1.16  to 1.44)  398 1.21 (1.09  to 1.33)  351  1.29  (1.16 to 1.43) NA NA 

MN  large  intestine (C18)  264 1.31 (1.16  to 1.48)  381  1.21  (1.09  to  1.34)  335 1.28 (1.15 to  1.43) 25 1.21 (1.03 to 1.54), 2 

MN  small intestine  (C17)  8  1.66  (0.72  to 3.27)  17 1.15 (0.67  to 1.85)  16  1.43  (0.82 to 2.33) NA NA 

MN  rectum  (C19-C21) 89 1.45  (1.16  to 1.78)  166 1.11 (0.95  to 1.30)  140  1.09  (0.91 to 1.28) 13 1.29 (1.10 to 1.51), 2  

MN  lung  (C33-C34)  1046 1.10  (1.04  to 1.17)  716 1.12 (1.04  to 1.21)  602  1.13  (1.04 to 1.22) 19 1.03 (0.97 to 1.08), 3  

MN  breast (C50)  8 1.39 (0.60  to 2.73)  26  1.26  (0.82  to 1.85)  24 1.32 (0.84 to 1.96) NA NA 

MN  prostate (C61)  282  1.09  (0.96  to 1.22)  1261  1.03 (0.98  to 1.09)  1176  1.03  (0.97 to 1.09) 13 1.28 (1.15 to 1.43), 1  

MN  other male genital (C60, C62-C63)  <5  0.47 (0.13  to 1.20)  17 0.62  (0.36  to  0.99)  17 0.67 (0.39 to  1.07) NA NA 

MN  testes  (C62)  <5 0.73 (0.15  to 2.14)  15  0.75  (0.42  to 1.24)  15 0.79 (0.44 to 1.30) 4 2.02 (1.30 to 3.13), 2 

MN  kidney  (C64-C66) 94 1.29 (1.05  to 1.58)  166  1.27  (1.09  to 1.48)  129 1.24 (1.04 to 1.48) 12 1.07 (0.78 to 1.46), 3 

MN  bladder  (C67-C68)‡ 84 0.99  (0.79  to 1.22)  316 1.12 (1.00  to 1.25)  272  1.18  (1.05 to 1.33) 11 1.20 (0.97 to 1.48), 3  

MN  brain (C47,  C70-C72)  73 1.01  (0.79  to 1.27)  51 1.02 (0.76  to 1.34)  48  1.06  (0.78 to 1.41) 19 1.32 (1.12 to 1.54), 2  

NHL  (C46.3, C82-C85, C88.0, C88.3, C91.4,  C96)§  123 1.17 (0.97  to 1.40)  170  0.99  (0.85  to 1.15)  145 0.99 (0.83 to 1.16) 8 1.51  (1.31 to 1.73), 1 

Leukaemia  (C91.0-C91.3,  C91.5-C91.9, C92-C95) 122  1.10  (0.91  to 1.31)  100 0.94  (0.77  to 1.15)  85 0.93 (0.74 to 1.15) 8 1.14 (0.98 to 1.31), 2 

Multiple  myeloma (C88.7, C88.9, C90) 42 0.89 (0.64  to 1.20)  36 0.72  (0.50  to 0.99)  33  0.75 (0.52 to 1.06) 10 1.53 (1.21 to 1.94), 1  

Other  cancers:¶ 

Mesothelioma  (C45)  12 2.00  (1.03  to 3.49)  35  2.29  (1.60  to 3.19)  26 2.00 (1.31 to 2.93) NA NA  

MN  buccal  and  pharynx (C00-C14) 94 1.40 (1.13  to 1.72)  174  1.39  (1.19  to 1.62)  148 1.41 (1.20 to 1.66) 9 1.23  (0.96 to 1.55), 2 

*Results  from Table  5  of  LeMasters et  al14;  likelihood  of cancer  risk by meta-analysis  criteria:  1=probable,  2=possible, 3=unlikely.  

†SMRs restricted  to  1960–2009 for  MN  large intestine, MN  small  intestine, and MN  testes  and 2000–2009  for mesothelioma.
 

‡Urinary bladder incidence included  in  situ  (D09.0) and  invasive  cases as per  SEER  protocol. 
 

§NHL  incidence data  exclude  Kaposi sarcoma  (C46.3). 
 

¶Sites  not listed  among cancers of a priori  interest but  reporting  statistically  significant excess  mortality  and cancer incidence.
 

ICD-10, International  Classification  of Diseases, 10th Revision; MN, malignancy;  NA,  not applicable; NHL, non-Hodgkin lymphoma; Obs, observed; SEER, Surveillance, Epidemiology and End Results; SIR, standardised  incidence ratio;  SMR, standardised 
 

mortality  ratio;  SRE,  summary  risk estimate. 
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0.65 to 0.80, n=367). Few non-malignant outcomes were ele­
vated, although statistically significant excess mortality was 
observed for cirrhosis and other chronic liver disease 
(SMR=1.26, 95% CI 1.12 to 1.41, n=299) and acute glomer­
ulonephritis with renal failure (SMR=1.56, 95% CI 1.07 to 
2.20, n=32). Deaths from falls (SMR=1.31, 95% CI 1.08 
to 1.58, n=113) and other accidents (SMR=1.17, 95% CI 1.01 
to 1.34, n=197) were also elevated. 

By contrast with non-malignant outcomes, we observed 
excess overall cancer mortality (SMR=1.14, 95% CI 1.10 to 
1.18, n=3285) table 2). The elevation was largely attributable 
to excess cancers of the lung (SMR=1.10, 95% CI 1.04 to 
1.17, n=1046), oesophagus (SMR=1.39, 95% CI 1.14 to 1.67, 
n=113), intestine (SMR=1.30, 95% CI 1.16 to 1.44, n=326) 
rectum (SMR=1.45, 95% CI 1.16 to 1.78, n=89) and kidney 
(SMR=1.29, 95% CI 1.05 to 1.58, n=94). There was little evi­
dence of excess mortality from the remaining cancers of a priori 
interest; however, statistically significant SMRs were apparent 
for buccal and pharynx cancers (SMR=1.40, 95% CI 1.13 to 
1.72, n=94), malignancies of the liver, gall bladder and biliary 
tract (SMR=1.30, 95% CI 1.06 to 1.57, n=107), and malig­
nant mesothelioma (SMR=2.00, 95% CI 1.03 to 3.49, n=12). 

Women and non-Caucasians 
All-cause mortality among women was near expectation 
(SMR=0.91, 95% CI 0.59 to 1.33, n=26). Accidental death 
was the leading cause (SMR=2.79, 95% CI 1.21 to 5.50, n=8) 
resulting in 31% of the total deaths among women. While there 
was little evidence of excess overall cancer mortality among 
women (SMR=0.74, 95% CI 0.27 to 1.61, n=6), most cancer 
deaths were from breast cancer (SMR=1.46, 95% CI 0.30 to 
4.26, n<5). Bladder cancer mortality was statistically significant 
(SMR=33.51, 95% CI 4.06 to 121.05, n<5) based on few 
cases. Non-Caucasian males were characterised by decreased all-
cause mortality (SMR=0.68, 95% CI 0.62 to 0.74, n=453) and 
all-cancers (SMR=0.80, 95% CI 0.65 to 0.97, n=104). They 
had few observed deaths in any a priori outcome, and lung 
cancer mortality was below expectation (SMR=0.67, 95% CI 
0.44 to 0.97, n=27). Only prostate cancer mortality showed an 
excess approaching statistical significance (SMR=1.64, 95% CI 
0.95 to 2.63, n=17) among non-Caucasian males (table 3). 

Cancer incidence 
There was little difference in SIRs when comparing analysis 
approaches; therefore, reporting focused on results from the 
multiple-cancer approach (table 2). All-cancer incidence was 
slightly above expectation (SIR=1.09, 95% CI 1.06 to 1.12, 
n=4461). Observed elevations in cancers of a priori interest 
were generally consistent with mortality data as evidenced by 
significant excess cancers of the oesophagus (SIR=1.62, 95% CI 
1.31 to 2.00, n=90); large intestine (SIR=1.21, 95% CI 1.09 
to 1.34, n=381); kidney (SIR=1.27, 95% CI 1.09 to 1.48, 
n=166) and lung (SIR=1.12, 95% CI 1.04 to 1.21, n=716). As 
in mortality analyses, there were excess buccal and pharynx 
cancers (SIR=1.39, 95% CI 1.19 to 1.62, n=174) and malig­
nant mesothelioma (SIR=2.29, 95% CI 1.60 to 3.19, n=35). 
Of those diagnosed with mesothelioma, 31 (88.6%) were 
pleural. Excess laryngeal cancer incidence was also observed 
(SIR=1.50, 95% CI 1.19 to 1.85, n=84). The incidence of 
most remaining cancer sites was near expectation; however, 
multiple myeloma was significantly decreased (SIR=0.72, 95% 
CI 0.50 to 0.99, n=36). 

Women and non-Caucasians 
Overall cancer incidence among women was elevated, but not 
significantly (SIR=1.24, 95% CI 0.89 to 1.69, n=40). 
Consistent with mortality, female bladder cancer incidence was 
statistically significant but based on few cases (SIR=12.53, 95% 
CI 3.41 to 32.08, n<5). Nearly half of all cases were breast 
cancer (SIR=1.45, 95% CI 0.86 to 2.29, n=18). Nearly all 
breast cancers were diagnosed prior to the attained age of 
55 years, with the highest SIR between the ages of 50 and 
54 years (SIR=2.66, 95% CI 0.86 to 6.21, n=5). Left-sided 
disease appeared more frequent (61%, n=11). Overall cancer 
incidence among non-Caucasian male firefighters was near 
expectation (SIR=0.92, 95% CI 0.81 to 1.05, n=240). There 
was excess prostate cancer (SIR=1.26, 95% CI 1.02 to 1.54, 
n=94) but decreased lung cancer (SIR=0.67, 95% CI 0.43 to 
1.00, n=24) (tables 3 and 4). 

Sensitivity analyses 
Except for COPD and cancers of the lung, prostate and brain, 
there was little evidence of heterogeneity in SMRs (see online 
supplementary table S6) or SIRs (see online supplementary table 
S7) across fire departments for outcomes of a priori interest. For 
mortality, the between-department variance was largely attribut­
able to outlying decreased lung cancer (SMR=0.76, 95% CI 
0.64 to 0.89, n=142) and COPD (SMR=0.53, 95% CI 0.40 to 
0.69, n=57) in San Francisco firefighters, and excess cancers of 
the prostate (SMR=1.28, 95% CI 1.08 to 1.50, n=152) and 
lung (SMR=1.23, 95% CI 1.13 to 1.34, n=566) in Chicago 
firefighters. The between-department variance in mortality per­
sisted when using state populations as referent (see online sup­
plementary table S8). Similarly, heterogeneous lung cancer 
incidence stemmed from decreased cases among San Francisco 
firefighters (SIR=0.70, 95% CI 0.56 to 0.87, n=81); however, 
there was outlying excess prostate cancer incidence among 
San Francisco firefighters (SIR=1.22, 95% CI 1.08 to 1.37, 
n=276). Brain cancer SIRs varied widely across fire depart­
ments; excess cancer was observed in San Francisco firefighters 
(SIR=1.95, 95% CI 1.14 to 3.12, n=17), while decreased 
cancer was reported for Chicago (SIR=0.53, 95% CI 0.28 to 
0.91, n=13). 

Restricting analyses to firefighters with one or more years of 
employment had negligible effects (see online supplementary 
table S9). Slight increases in SMRs were observed for most a 
priori outcomes when restricting the cohort to incident hires, 
although these differences were not statistically significant. 
Age-at-risk differences in mortality also lacked statistical signifi­
cance, but SMRs generally appeared greater at older ages. SMRs 
for cancers of the breast (SMR=1.42, 95% CI 0.46 to 3.32, 
n=5), oesophagus (SMR=1.41, 95% CI 1.05 to 1.86, n=51), 
and kidney (SMR=1.47, 95% CI 1.09 to 1.95, n=48) were 
highest among workers less than 65 years of age (see online sup­
plementary table S10). Significant age-at-risk differences in SIRs 
were evident for prostate (p<0.001) and bladder (p=0.002) 
cancers (see online supplementary table S11). The heterogeneity 
was largely attributable to significant increases in prostate 
(SIR=1.21, 95% CI 1.10 to 1.33, n=426) and bladder 
(SIR=1.33, 95% CI 1.08 to 1.62, n=97) cancer risks among 
firefighter aged 64 years or less. Excess prostate cancer was 
limited to ages 45–59 years (SIR=1.45, 95% CI 1.28 to 1.64, 
n=249), while the age pattern of excess bladder cancer inci­
dence was unclear. The effects of restricting PYAR to age-at-risk 
<85 were inconsequential (see online supplementary table S12). 
Excluding firefighters without race information also had little 
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Table  3  Standardised mortality and incidence ratios among men compared with  the US population  for  causes of a priori interest  

Mortality (1950–2009) Cancer incidence (1985–2009)* 
Caucasian Other Caucasian Other 

Underlying  cause  (ICD-10 codes) Obs SMR (95% CI)  Obs SMR (95% CI) Obs  SIR (95% CI) Obs SIR (95% CI) 

All causes 11 549  1.01  (0.99  to 1.03)  453  0.68 (0.62  to 0.74)  NA NA NA NA 

All cancers (C00-C97) 3175 1.16  (1.12  to 1.20)  104  0.80 (0.65  to 0.97)  4181  1.10 (1.07 to 1.13) 240 0.92 (0.81 to 1.05) 

MN oesophagus (C15)  110  1.46  (1.20  to 1.75)  <5  0.51 (0.11  to 1.49)  87 1.70 (1.36 to 2.09) <5 0.73 (0.15 to 2.15) 

MN stomach (C16)  105  1.12  (0.92  to 1.36)  5  0.81 (0.26  to 1.89)  87 1.19 (0.96 to 1.47) 6 0.76 (0.28 to 1.66) 

MN intestine  (C17-C18)  319  1.32  (1.18  to 1.48)  7  0.68 (0.27  to 1.40)  379  1.23 (1.11 to 1.36) 18  0.90 (0.53 to 1.42) 

MN rectum  (C19-C21)  86 1.46  (1.17  to 1.81)  <5  1.21 (0.25  to 3.53)  159  1.16 (0.99 to 1.36) 7 0.62 (0.25 to 1.28) 

MN lung (C33-C34) 1019 1.12  (1.05  to 1.19)  27  0.67 (0.44  to 0.97)  689  1.15 (1.07 to 1.24) 24  0.67 (0.43 to 1.00) 

MN breast (C50)  5 1.43 (0.46  to  3.34)  0  NC  6  0.79 (0.29 to 1.72) <5 3.32 (0.40 to  12.00) 

MN prostate (C61)  265  1.06  (0.94  to 1.20)  17  1.64 (0.95  to 2.63)  1167  1.02 (0.96 to 1.08) 94 1.26 (1.02 to  1.54) 

MN other male genital  (C60,  C62-C63) <5  0.49 (0.13  to 1.26)  0 NC 16 0.64 (0.37 to 1.04) <5 0.38 (0.01 to 2.13) 

MN kidney  (C64-C66) 91 1.31 (1.05  to 1.60)  <5  1.05  (0.22  to 3.07)  151 1.26 (1.06 to 1.47) 14 1.46 (0.80 to 2.45) 

MN bladder (C67-C68)† 80 0.96  (0.76  to 1.19)  <5  1.19 (0.14  to 4.30)  305  1.11 (0.99 to 1.24) 7 0.92 (0.37 to 1.91) 

MN  brain (C47,  C70-C72) 72 1.03 (0.81  to 1.30)  <5 0.44  (0.01  to  2.47)  49  1.05 (0.78 to 1.39) <5 0.67 (0.08 to 2.42) 

NHL (C46.3, C82-C85,  C88.0,  C88.3,  C91.4, C96)‡ 119  1.18  (0.98  to 1.41)  <5  1.01 (0.28  to 2.60)  161  1.02 (0.87 to 1.19) 7 0.56 (0.23 to 1.16) 

Leukaemia (C91.0-C91.3,  C91.5-C91.9, C92-C95) 117  1.10  (0.91  to  1.32)  5  1.28 (0.41  to 2.98)  88  0.88 (0.71 to 1.09) 11 1.90 (0.95 to 3.40) 

Multiple myeloma (C88.7, C88.9, C90) 41 0.92  (0.66  to  1.25)  <5 0.35 (0.01  to 1.97)  35  0.76 (0.53 to 1.06) <5 0.24 (0.01 to  1.32) 

COPD  (  J40-J44) 362  0.73  (0.65  to 0.81)  5  0.50 (0.16  to 1.16)  NA NA NA NA 

*Incidence results  based  on analysis  of all invasive  primary  cancers (ie,  multiple-cancer  approach). 

†Urinary bladder incidence  included in situ  (D09.0)  and  invasive  cases  as per  SEER  protocol.  

‡NHL incidence data  exclude  Kaposi sarcoma  (C46.3).
 

COPD,  chronic obstructive pulmonary  disease;  ICD-10, International  Classification  of Diseases, 10th Revision; MN,  malignancy;  NA,  not applicable; NC, not calculated; NHL, non-Hodgkin lymphoma; Obs, observed; SIR, standardised  incidence ratio;  SEER, 
 

Surveillance, Epidemiology, and  End Results; SMR, standardised  mortality  ratio. 
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Table  4  Standardised mortality ratios (US  population  referent) and rate ratios for  select outcomes* by employment duration  (lagged 10 years) 

Employment  duration (years) 

0–<10 10–<20  20–<30  30+ 

Obs  SMR (95%  CI)  Obs  SMR  (95% CI)  Obs  SMR (95%  CI) Obs  SMR (95% CI) 
Underlying  cause  (ICD-10 codes) SRR (95% CI)  SRR  (95% CI) SRR  (95%  CI) SRR  (95% CI) Trend  slope†,  p  Value 

MN oesophagus (C15)  13 1.17 (0.62  to 2.00)  

(Reference)  

28  1.72  (1.14  to 2.48)  

2.43  (1.07  to 5.50)  

53 1.40  (1.05  to  1.83) 

1.17  (0.56  to 2.41) 

19  1.18 (0.71 to 1.84) 

0.60 (0.27 to  1.35) −2.14×10−6, 0.141 

MN  stomach (C16)  12 0.80 (0.41  to 1.40)  

(Reference)  

18 0.92 (0.54  to 1.45)  

0.33 (0.08  to 1.43)  

47  1.07  (0.79  to 1.43) 

0.39 (0.10  to 1.55) 

33 1.53 (1.06 to 2.15) 

0.40 (0.10 to  1.58) 3.06×10−7, 0.822 

MN  intestine  (C17-C18) 27 0.86  (0.57  to 1.26)  

(Reference)  

52  1.27  (0.95  to 1.67)  

1.16 (0.38  to 3.54)  

171 1.42  (1.22  to 1.65) 

0.62 (0.27  to 1.44) 

76 1.28 (1.01 to 1.60) 

0.40 (0.17 to  0.94) −7.54×10−6, <0.001 

MN  rectum  (C19-C21)  13 1.48  (0.79  to 2.54)  

(Reference)  

19  1.58  (0.95  to 2.46)  

0.99 (0.33  to 2.97)  

37  1.35  (0.95  to 1.86) 

0.61 (0.24  to 1.52) 

20 1.52 (0.93 to 2.34) 

0.43 (0.16 to  1.14) −1.61×10−6, 0.001 

MN  lung (C33-C34) 123  1.02  (0.85  to 1.22)  

(Reference)  

184  1.03 (0.88  to 1.19)  

1.32 (0.97  to 1.80)  

523  1.14 (1.05  to  1.24) 
1.24 (0.91  to 1.68) 

216 1.12 (0.98 to  1.28) 

0.80 (0.59 to  1.08) −8.83×10−6, 0.216 

MN  prostate (C61)  24 1.39  (0.89  to 2.07)  

(Reference)  

23  1.08  (0.68  to 1.62)  

0.66 (0.31  to 1.41)  

148 1.10  (0.93  to 1.29) 

0.84 (0.47  to 1.50) 
87 1.01 (0.81 to 1.25) 

0.69 (0.39 to  1.22) −2.03×10−6, 0.192 

MN  kidney  (C64-C66) 12 1.10 (0.57  to 1.92)  

(Reference)  

18 1.24 (0.73  to 1.95)  

0.61 (0.26  to 1.48)  

47  1.43  (1.05  to 1.90) 

1.25 (0.58  to 2.69) 

17 1.19 (0.69 to 1.91) 

0.70 (0.29 to  1.67) −1.05×10−7, 0.924 

MN  bladder and  other urinary (C67-C68) 8 1.05  (0.45  to 2.08)  

(Reference)  

7  0.65 (0.26  to 1.34)  

0.25 (0.08  to 0.79)  

46  1.08 (0.79  to  1.45) 

1.15 (0.49  to 2.70) 

23 0.94 (0.60 to 1.41) 

1.03 (0.38 to  2.83) 2.58×10−6, 0.258 

MN  brain and other nervous  (C47, C70-C72) 12 0.65 (0.34  to 1.13)  

(Reference)  

15  0.88 (0.49  to 1.46)  

0.80 (0.30  to 2.19)  

32  1.17 (0.80  to  1.65) 

1.48 (0.60  to 3.68) 

14 1.47 (0.80 to 2.46) 

1.52 (0.53 to  4.34) 1.01×10−6, 0.118 

NHL  (C46.3,  C82-C85,  C88.0, C88.3,  C91.4,  C96) 18 0.98 (0.58  to 1.55)  

(Reference)  

9 0.51  (0.23  to 0.96)  

1.18 (0.41  to 3.45)  

63 1.35  (1.04  to 1.73) 

1.15 (0.60  to 2.22) 

33 1.47 (1.01 to 2.06) 

1.04 (0.51 to  2.15) −7.39×10−8, 0.849 

Leukaemia  (C91.0-C91.3,  C91.5-C91.9, C92-C95) 18 0.91 (0.54  to 1.44)  

(Reference)  

23  1.36 (0.86  to 2.05)  
2.24 (0.92  to 5.50)  

54  1.11 (0.83  to  1.45) 

1.36 (0.65  to 2.87) 

27 1.06 (0.70 to 1.54) 

1.13 (0.48 to  2.67) −5.10×10−9, 0.997 

Multiple  myeloma (C88.7, C88.9, C90)  5 0.84  (0.27  to 1.96)  

(Reference)  

<5 0.52  (0.14  to 1.34)  

0.56 (0.11  to 2.82)  

22 0.97  (0.61  to 1.47) 

1.59 (0.47  to 5.41) 

11 0.99 (0.49 to 1.77) 

1.25 (0.33 to  4.75) 5.27×10−7, 0.407 

COPD  (  J40-J44) 33 0.78 (0.54  to 1.10)  

(Reference)  

38 0.69 (0.49  to 0.94)  

1.07 (0.60  to 1.91)  

185  0.70  (0.60  to 0.81) 

1.03 (0.67  to 1.60) 

111 0.75 (0.62 to 0.91) 

0.83 (0.53 to  1.31) −2.80×10−6, 0.005 

*Excluding  a priori causes  with total observations <20. 

†Cause-specific deaths  per  year of employment-person-year.
 

COPD,  chronic obstructive pulmonary  disease;  ICD-10, International  Classification  of Diseases, 10th Revision; MN,  malignancy;  NHL,  non-Hodgkin lymphoma; Obs, observed; SMR,  standardised  mortality ratio;  SRR,  standardised  rate  ratio. 
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effect on a priori outcomes (results not shown). Finally, there 
was no apparent trend in increasing risk with employment dur­
ation; however, negative trends in COPD and colorectal cancer 
SRRs were evident (table 4). Subsequent sensitivity analyses 
revealed that SRRs were largely dependent on selection of cut-
points and lag periods (results not shown). 

DISCUSSION 
This study is among the largest examining cancer risk in career 
firefighters. The pooled approach and long follow-up period 
improved risk estimates relative to previous studies. With few 
exceptions, there was little evidence of significant cancer risk 
heterogeneity across fire departments or age groups. 
Furthermore, sensitivity analyses did not suggest the potential 
for significant bias from including short-term workers, prevalent 
hires, or person-time in the open-ended age-group (85+ years). 
Despite notable differences in the analytical approaches, we 
observed remarkable similarities between mortality and inci­
dence analyses. Additionally, the results of incidence analyses 
were not significantly affected by the choice of including mul­
tiple primaries or only the first cancer diagnosis. The lack of sig­
nificant differences in results between fire departments, 
end-points, and analytic techniques suggest that the pooled 
study findings are robust and generalisable to similar firefighter 
populations. 

We observed decreases in many non-malignant diseases that 
suggest improved health in these firefighters compared with the 
general population. This finding is not surprising given health 
requirements for entering and remaining in the fire service. 
Nevertheless, there was a modest excess in overall cancer mor­
tality and incidence brought about by excess solid cancers at 
several sites of a priori interest. With few exceptions, our results 
are consistent with those previously reported and similar to 
SREs presented in the meta-analysis by LeMasters et al.14 

Nevertheless, we found little evidence of excess cancers of the 
testes, brain and lymphohematopoietic systems, which is con­
trary to the synthesis by LeMasters et al14 and subsequently 
published studies.8 11  

We observed about a twofold increase in malignant mesotheli­
oma mortality and incidence compared with the US population. 
Malignant mesothelioma is largely attributable to asbestos 
exposure, with sparse evidence of other causes.22 Excess malig­
nant mesothelioma in US firefighters was not previously 
described; however, excess incidence was recently observed in 
Nordic firefighters aged 70+ years,23 and increased risk of 
asbestos-induced pulmonary and pleural fibrosis was reported in 
a study of New York City firefighters.24 Although firefighter 
exposures to asbestos are known, the absence of previous 
reports of malignant mesothelioma is not surprising given the 
rarity and extremely long latency (20–40 years) of the disease. 
The average time between the date first employed and the date 
of diagnosis in the current study was 45 years; therefore, fire-
fighting exposure-induced disease may be discernible only after 
lengthy follow-up. Also, previous studies have been hindered by 
the lack of specific codes for mesothelioma deaths before 
ICD-10. 

We observed excess digestive cancers, mainly of oesophageal 
and colorectal sites. Information on occupational causes is 
sparse, although there is limited evidence suggesting asbestos 
and diesel exhaust exposures may be weakly associated with 

25 26gastrointestinal cancers. Still, the relation between these 
hazardous exposures and digestive cancers appears small com­
pared to the effects of other factors such as diet, obesity, phys­
ical activity, tobacco use and alcohol consumption.22 27 We also 

found increased risk of oral, pharyngeal and laryngeal cancers, 
compared with the US population. Similar to digestive cancers, 
important risk factors for these sites are tobacco and alcohol 
consumption, with lesser evidence that exposures to wood 
dusts, smoke, asbestos, PAHs and acid mists may also increase 
risk.22 28 29 

Some insight into the degree of a potential bias from the lack 
of controlling for lifestyle factors can be gained from previous 
surveillance of firefighter behaviours. For example, the preva­
lence of smoking among current firefighters appears less than 
the general population, and is decreasing, 30–33 a trend that is 
consistent with observed decreases in non-malignant smoking– 
related diseases (eg, COPD, stroke) but contradictory to excess 
digestive, oral and respiratory cancers. As another example, pre­
vious studies suggest there is increased obesity among firefigh­
ters compared with the general population. 34–36 Obesity, or a 
dietary intake that is high in meat, fat, or overall caloric intake 
could contribute increased gastric or colorectal cancer risk, 
although concomitant elevations in health outcomes that are 
more strongly related to these factors (eg, ischaemic heart 
disease, diabetes mellitus, hypertension and stroke) were not 
found. Last, information on alcohol consumption within the fire 
service is sparse and inconsistent.37–40 Some studies suggest that 
firefighter behaviours may differ from the general population, 
although it is not clear that any perceived behavioural difference 
is sufficient to explain disparities in alcohol-related health out­
comes. In the current study, the information on non-malignant 
and potentially alcohol-related mortality was at conflict; there 
was excess mortality from cirrhosis and other chronic liver 
disease, but fewer than expected alcoholism deaths. Alternate 
explanations for increased cirrhosis mortality may be exposures 
to chemical toxins or infectious disease, 41–43 which may also 
account for excess acute renal dysfunction, a disease that is 
more common among those with chronic liver disease. 

Fewer than 4% of firefighters in our study were women. 
There was evidence of excess female bladder and breast cancers; 
however, only bladder cancer mortality and incidence reached 
statistical significance. Modest excess bladder cancer has been 
observed in some occupations involving known or suspected 
bladder carcinogens (eg, PAHs, and diesel exhaust), yet contrary 
to our findings, risk patterns by occupation tend not to differ by 
gender.22 There is little evidence linking female breast cancer to 
workplace exposures; however, prolonged shift work may be a 
risk factor (and to a lesser extent a risk factor for prostate, 
colon and endometrial cancers).2 Moreover, similar findings had 
not been reported previously, although increased risk of 
Hodgkin lymphoma and cancers of the cervix and thyroid 
among women firefighters (n=2017) was recently described.11 

Given the small sample and the lack of confirmatory results, our 
findings on female outcomes merit cautious interpretation. 

Excess bladder and prostate cancer incidence was found 
among firefighters less than 65 years of age. Interestingly, the 
prostate cancer excess was limited to ages between 45years and 
59 years, which was consistent with recent observations in 
Nordic firefighters.23 Similar mortality patterns were not 
observed. These cancers have relatively high survival; therefore, 
the underlying cause of death may be an inferior risk measure 
compared to cancer diagnoses. The early onset of these cancers 
suggests an association with firefighting. Prostate and bladder 
cancer diagnoses can occur following routine screening.44 45 As 
an alternative explanation, differences in medical screening (eg, 
prostate-specific antigen tests) among firefighters compared to 
the general population could have contributed to the observed 
excess. Data on cancer screening practices are lacking; however, 
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it is plausible that screening may be more frequent among fire­
fighters with improved healthcare availability and heightened 
cancer awareness. 

There was little evidence of increasing cancer risk with 
increasing employment; however, there were notable analytical 
shortcomings that merit discussion. First, rather than specifying 
cut-points and an exposure lag period specific to each outcome, 
we applied cut-points (10, 20 and 30 years) used in earlier 
studies5 9 46  and a common exposure lag period (10 years) to all 
outcomes; these choices were found to be influential in subse­
quent sensitivity analyses. Second, our methods have limited 
capability to account for HWE or other sources of bias that may 
have masked a dose response. Last, employment duration may 
poorly represent exposure potential given that some jobs are 
prone to lower exposures compared with others. For these 
reasons, a detailed exposure assessment is underway to support 
multivariable regression modelling for improved dose-response 
analyses. 

Death certificates and registry data used in the current study 
are imperfect measures of cancer risk. In the absence of a 
national cancer registry, coverage is limited geographically; 
therefore, cases occurring outside catchment areas would be 
missed. Cases occurring before the registries attained compre­
hensive coverage have also been missed. Mortality analyses have 
the advantage of broader temporal and spatial coverage, but 
may poorly characterise cancers with relatively high survival (eg, 
cancers of the breast, bladder, testes and larynx). Finally, there 
may have been errors in tracing which can also bias study 
results. Although errors in ascertainment cannot be ruled out, 
our use of multiple information sources and end points, and the 
low numbers of participants lost to follow-up or moving out of 
catchment areas, act to minimise these errors. 

CONCLUSION 
In this first phase of examining health effects in career firefigh­
ters, we report on mortality and cancer incidence among nearly 
30 000 career firefighters followed from 1950 through 2009. 
Compared with the US population, we found small to moderate 
increases in risk for several cancer sites and for all cancers com­
bined, stemming mostly from excess malignancies of the respira­
tory, digestive and urinary systems in otherwise healthy 
individuals. Our findings are consistent with previous studies 
and strengthen evidence of a relation between firefighters’ occu­
pational exposure and cancer. We found a previously unre­
ported twofold excess of malignant mesothelioma among 
firefighters. Given that asbestos is the only known causal agent 
for malignant mesothelioma, and firefighter exposures are prob­
able, the excess is likely to be a causal association. 

This report provides the foundation for subsequent analyses 
of firefighter risks, some of which are ongoing. In upcoming 
research, detailed employment histories (eg, number and types 
of fire runs) and institutional knowledge (eg, use of respiratory 
protection and source capture ventilation of diesel exhaust) will 
be used to derive exposure metrics to more accurately examine 
dose response. Future regression modelling will also enable 
examination of temporal effects that are poorly suited to life-
table analyses, such as time since first exposure. Expansion and 
continued follow-up of this cohort would enhance future ana­
lyses, particularly among women and non-Caucasian firefighters. 
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