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Objectives: The aim of this study was to explore lung cancer risk among

firefighters, with adjustment for smoking. Methods: We used pooled infor-

mation from the SYNERGY project including 14 case-control studies

conducted in Europe, Canada, New Zealand, and China, with lifetime work

histories and smoking habits for 14,748 cases of lung cancer and 17,543

controls. We estimated odds ratios by unconditional logistic regression with

adjustment for smoking and having ever been employed in a job known to

present an excess risk of lung cancer. Results: There was no increased lung

cancer risk overall or by specific cell type among firefighters (n¼ 190),

neither before nor after smoking adjustment. We observed no significant

exposure-response relationship in terms of work duration. Conclusions: We

found no evidence of an excess lung cancer risk related to occupational

exposure as a firefighter.

F irefighters have a potential for exposure to different types of
chemical compounds by inhalation of particulate matter, gases,

and vapors during the course of their work. A large number of
known (eg, arsenic, asbestos, benzene, benzopyrene, 1,3-butadiene,
cadmium, formaldehyde and silica) or suspected (eg, acetaldehyde,
naphthalene, polychlorinated biphenyls, styrene, tetrachlorethylene,
ght © 2016 American College of Occupational and Environmental
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trichlorethylene, and toluene diisocyanates) human carcinogens
have been detected in smoke at fires, several of which are known to
cause lung cancer.1 Many of the carcinogens identified are volatile
organic compounds (VOCs) common to most burning materials and are
dominated by benzene, toluene, and naphthalene.1,2 Firefighters may
also be exposed to exhaust from diesel engines, which is known to
increase the risk of lung cancer.3 The exposure may vary widely among
firefighters depending on the type of work activities, time spent at fires,
and use of respiratory equipment. They are exposed mainly by inha-
lation, but for some chemicals, such as polycyclic aromatic hydro-
carbons and polychlorinated biphenyls, exposure through dermal
absorbation may also be important.1 ‘‘Occupational exposure as a
firefighter’’ has been evaluated by the International Agency for
Research on Cancer (IARC) and classified as ‘‘possibly carcinogenic
to humans,’’ with strongest evidence for testicular cancer, prostate
cancer, and non-Hodgkin lymphoma.1

Some previous studies among firefighters indicate an excess of
lung cancer overall,4–6 lung cancer of a specific cell type,7,8 or positive
exposure-response associations,9 whereas most studies do not.10–20

Pukkala et al7 observed an increased incidence of lung adenocarcinoma
among firefighters in the Nordic countries, Tsai et al8 observed an
 Medicine. Unauthorized reproduction of this article is prohibited 
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excess risk of nonspecific, nonsmall cell lung cancer among California
firefighters, Hansen21 observed an increase in lung cancer mortality in
the oldest age group of Danish firefighters, and in a study by Heyer
et al,22 the lung cancer mortality among Seattle firefighters was
elevated in the oldest age group. Further, a large comprehensive
review and meta-analysis by LeMasters et al23 evaluated cancer
risk among firefighters. The lung cancer risk was classified as
unlikely with a summary risk estimate of 1.03 [95% confidence
interval (95% CI) 0.97 to 1.08].23 Overall, findings from previous
studies of cancer in firefighters have been inconsistent. In particu-
lar, few studies have provided evidence of increased lung cancer
risk among firefighters, although inhalation is a primary route of
exposure. Negative confounding by smoking is one among the
possible explanations of the absence of excess of lung cancer risk in
previous studies, which nearly all lack information on tobacco use.
Only two of the above-mentioned lung cancer studies had adequate
information on individual smoking habits.4,15 Previous studies
have shown diverging results regarding lung cancer of various cell
types among firefighters,4,7,8,10 and the impact of smoking on lung
cancer risk may vary between different histological subtypes of
lung cancer.24

The aim of this study was to explore lung cancer risk among
firefighters taking into account individual lifetime history of smok-
ing and having ever been employed in a job with established lung
cancer risk. We also aimed to analyze the results by cell types.

METHODS
We used pooled information from the SYNERGY project

including case-control studies conducted in Europe, Canada, New
Zealand, and China, with data on lifetime work histories and
individual smoking habits. The SYNERGY project has already
been described in detail elsewhere.25,26 In a previous paper in this
journal, we reported lung cancer risk among cooks using the same
database and methods,26 with only minor differences, mainly
regarding included studies. Therefore, only part of the study
setting and methods is repeated in the present article. Table 1
provides information about the studies included in the present
analysis.27–39 The SYNERGY studies included both men and
women, but only two women had ever worked as a firefighter
(zero cases and two controls); therefore, the analysis was
restricted to men. Three of the original studies (Rome, Paris,
and MORGEN) had no firefighters among either cases or controls,
and were therefore omitted. The present analysis included 14,748
ght © 2016 American College of Occupational and Environmental
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male lung cancer cases and 17,543 male controls, after excluding
132 cases and 149 controls with incomplete information on
smoking or work history and 230 cases and 239 controls who
never worked for at least 1 year.

Identification of Firefighters
We identified 190 male firefighters (86 lung cancer cases,

104 controls) from the ISCO-68 code (‘‘5–81’’).40 The group
‘‘Firefighters’’ includes ‘‘General firefighters’’ (66 cases, 89 con-
trols), ‘‘Fire prevention firefighters’’ (nine cases, four controls),
‘‘Aircraft accident firefighters’’ (zero cases, three controls), and
‘‘Other firefighters’’ (15 cases, 12 controls). Some of them had
worked as two types of firefighters (four cases, four controls).
Therefore, the sum of the number of firefighters in the different
categories differs from that of all firefighters.

Statistical Methods
Detailed information on the statistical analyses has been

presented elsewhere.26 In summary, we estimated odds ratios
(ORs) by unconditional logistic regression with adjustment for
study and age (OR1), additional adjustment for cumulative cigarette
smoking and time since quitting smoking (OR2), and having ever
been employed in a job known to present an excess risk of lung
cancer (‘‘List A’’ job) (OR3), such as occupations in the mining and
quarrying industry, asbestos production, metals industry, construc-
tion industry (insulators and pipe coverers, roofers, asphalt workers,
and painters), and shipbuilding.41,42

The analyses were repeated in relation to smoking status
(never, former, current), work duration (<6, 6 to 21, 22 to 32, >32
years), major cell types of lung cancer (adenocarcinoma, squamous
cell carcinoma, small cell carcinoma, others/unspecified), and for
employment as a ‘‘General firefighter’’ (ie, excluding ‘‘Fire pre-
vention firefighters,’’ ‘‘Aircraft accident firefighters,’’ and ‘‘Other
firefighters’’). As the reference category, we always used all those
who had never worked as firefighters.

We used meta-analysis to explore study-specific ORs for
firefighters and the extent of heterogeneity across the studies. The
‘‘metan’’ command in Stata was used specifying a fixed effect
model using the method of Mantel and Haenszel. We used the
I-squared measure (describes the percentage of total variation
between studies due to heterogeneity) to quantify heterogeneity.
The I2 was estimated to be zero, which implies that there was no
more variation between study estimates than would be expected by
 Medicine. Unauthorized reproduction of this article is prohibited 
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TABLE 1. Description of SYNERGY Studies 1985–2010 Included in Analysis, Men and Women

First Author, Year

(Reference No.)

Study

(Short Names) Country

Data

Collection

Cases Controls

Source of

Controls

Data

Source IntervieweeNo.

Response

Rate (%) No.

Response

Rate (%)

Brüske-Hohlfeld et al27 AUT-MUNICH Germany 1990–1995 3,180 77 3,249 41 P I S
Jöckel et al28 HdA Germany 1988–1993 1,004 69 1,004 68 P I S
Consonni et al29 EAGLE Italy 2002–2005 1,943 87 2,116 72 P I S
Richiardi et al30 TURIN/VENETO Italy 1990–1994 1,132 79 1,553 80 P I S
Stücker et al31 LUCA France 1989–1992 309 98 302 98 H I S
Guida et al32 ICARE France 2001–2007 2,926 87 3,555 81 P I S & NOK
López-Cima et al33 CAPUA Spain 2000–2010 875 91 838 96 H I S
Scélo et al34 INCO Czech Republic 1999–2002 304 94 453 80 H I S
Scélo et al 34 INCO Hungary 1998–2001 402 90 315 100 H I S
Scélo et al 34 INCO Poland 1998–2002 800 88 841 88 P & H I S
Scélo et al 34 INCO Slovakia 1998–2002 346 90 285 84 H I S
Scélo et al 34 INCO Romania 1998–2002 181 90 228 99 H I S
Scélo et al 34 INCO Russia 1998–2001 600 96 580 90 H I S
Scélo et al 34 INCO-LLP United Kingdom 1998–2005 442 78 918 84 P I S
Gustavsson et al35 LUCAS Sweden 1985–1990 1,042 87 2,356 85 P Q S & NOK
Corbin et al36 OCANZ New Zealand 2003–2009 457 53 792 48 P I & T S & NOK
Ramanakumar et al37 MONTREAL Canada 1996–2002 1,203 85 1,509 69 P I & T S & NOK
Brenner et al38 TORONTO Canada 1997–2002 425 62 910 71 P & H I & T S
Tse et al39 HONG KONG China 2003–2007 1,208 96 1,069 48 P I & T S & NOK
Overall 1985–2010 18,779 84 22,873 78

AUT-Munich, Arbeit und Technik; CAPUA, Cancer de Pulmon en Asturias; HdA, Humanisierung des Arbeitslebens; EAGLE, Environment and Genetics in Lung cancer
Etiology; H, control subjects enrolled from hospitals; HONG KONG, Male lung cancer, occupational exposures, and smoking—A case-control study in Hong Kong; I, interview face
to face; ICARE, Investigations Cancers Respiratoires et Environnement; INCO, INCO Copernicus IARC multicenter case-control study of occupational, environment, and lung
cancer in Central and Eastern Europe; LLP, Liverpool Lung Project; LUCA, Lung cancer in France; LUCAS, Lung cancer in Stockholm; MONTREAL, Montreal case-control study
of environmental causes of lung cancer; OCANZ, Occupational Cancer in New Zealand; N/A, not applicable; NOK, next-of-kin, eg, husband or wife of the study participant; P,
control subjects enrolled from the general population; Q, self-administered questionnaire; S, study participant; T, interview over the phone; TORONTO; Toronto lung cancer (case-
control) study; TURIN/VENETO, Population based case-control study of lung cancer in the city of Turin and in the Eastern part of Veneto Region.
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chance.43 We used Stata v. 11.0 for Windows (StataCorp LP, College
Station, Texas) for all analyses.

RESULTS
Table 2 summarizes descriptive characteristics of the study

participants. Among the controls, smoking was similarly common
in firefighters as in nonfirefighters; 74.1% of the firefighters were
current or former smokers, and 73.8% of nonfirefighters. However,
the percentage of those with more than 20 pack-years among current
and former smokers was slightly higher among firefighters; 62.3%
among firefighters, compared with 54.8% in nonfirefighters. It was
more common in firefighters than in nonfirefighters to have held a
job where the lung cancer risk is known to be increased; among the
controls, 13.5% of the firefighters, and 9.1% of nonfirefighters. In
both firefighters and nonfirefighters, squamous cell carcinoma was
the most common lung cancer type, followed by adenocarcinoma
and small cell carcinoma.

Overall, we observed no increased risk of lung cancer in
firefighters. Before adjustment for smoking, the OR was 1.03 (95%
CI 0.77 to 1.38) and after adjusting for smoking 0.95 (95% CI 0.68
to 1.32). Additional adjustment for having ever been employed in
a job with established lung cancer risk did not change the OR
(Table 3). We found no trend of increasing risk of lung cancer
with increasing work duration as a firefighter (P¼ 0.46 to 0.58)
(Table 3). Analyses of lung cancer risk in relation to smoking status
showed no increased risk in firefighters when restricted to never
smokers (OR¼ 0.60, 95% CI 0.14 to 2.58), former smokers
(OR¼ 0.75, 95% CI 0.45 to 1.26), or current smokers
(OR¼ 1.18, 95% CI 0.73 to 1.90), though the number of non-
smoking firefighters was small. There were only two lung cancer
cases in firefighters who had never smoked (Table 4). Analyses
ght © 2016 American College of Occupational and Environmental
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restricted to those who had never had a job where the risk of lung
cancer is known to be increased showed no excess risk of lung
cancer in firefighters (OR2¼ 0.98, 95% CI 0.69 to 1.39) and neither
did analyses restricted to ever employed in such an occupation
(OR2¼ 0.79, 95% CI 0.31 to 1.99) (not shown in table). Analyzing
the results by major subtypes of lung cancer showed no association
between any of the cell types and work as a firefighter (Table 5). The
study-specific ORs for firefighters are shown in Fig. 1. No study
showed an increased OR of statistical significance. The risk of lung
cancer in firefighters across the studies showed no significant
heterogeneity (I2 0.0%, P¼ 0.738). Additional analyses including
only ‘‘General firefighters’’ showed no increased lung cancer risk
(OR3¼ 0.88, 95% CI 0.61 to 1.26) (not shown in table).

DISCUSSION
We observed no excess risk of lung cancer in firefighters

overall, neither before nor after adjustment for smoking and having
ever been employed in a job known to present an excess risk of lung
cancer, and there was no significant exposure-response relationship
in terms of work duration. Analyses stratified by cell type showed no
association between work as a firefighter and any of the major
histological cell types of lung cancer. Analyses restricted to never
smokers, former smokers, or current smokers showed no increased
lung cancer risk in firefighters.

The study covers lifetime occupational information and
detailed history of tobacco smoking for almost 15,000 cases and
more than 17,000 controls. We have stratified by histology, and
examined heterogeneity between studies. However, there were only
86 cases who had ever worked as a firefighter. The statistical power
to detect excess risks in the subanalyses was therefore limited,
which is evident from the wide CIs.
 Medicine. Unauthorized reproduction of this article is prohibited 
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TABLE 2. Descriptive Characteristics of the Male Study Participants by Employment Status as a Firefighter

Characteristic

Firefighters (ISCO 5-81) Nonfirefighters

Cases Controls Cases Controls

Category No.

% or

Mean (SD) No.

% or

Mean (SD) No.

% or

Mean (SD) No.

% or

Mean (SD)

Age, years Mean (SD) 86 62.9 (8.4) 104 61.6 (10.7) 14,662 62.7 (9.0) 17,439 62.3 (9.5)
Study AUT-Munich 19 22.1 13 12.5 2,639 18.0 2,682 15.4

CAPUA 1 1.2 2 1.9 646 4.4 588 3.4
EAGLE 3 3.5 3 2.9 1,516 10.3 1,599 9.2

HdA 6 7.0 11 10.6 832 5.7 825 4.7
HONG KONG 6 7.0 10 9.6 1,188 8.1 1,033 5.9

ICARE 14 16.3 13 12.5 2,200 15.0 2,728 15.6
INCO CEE 9 10.5 5 4.8 2,023 13.8 1,987 11.4

INCO/LLP-UK 5 5.8 12 11.5 276 1.9 561 3.2
LUCA 3 3.5 4 3.8 294 2.0 290 1.7

LUCAS 4 4.6 12 11.5 997 6.8 2,265 13.0
MONTREAL 9 10.5 4 3.8 702 4.8 890 5.1

OCANZ 3 3.5 5 4.8 207 1.4 410 2.4
TORONTO 2 2.3 4 3.8 193 1.3 355 2.0

TURIN/VENETO 2 2.3 6 5.8 949 6.5 1,226 7.0
Age categorized <45 years 2 2.3 7 6.7 516 3.5 896 5.1

45–64 years 45 52.3 49 47.1 7,314 49.9 8,383 48.1
65þ years 39 45.4 48 46.2 6,832 46.6 8,160 46.8

Smoking status
(any type of tobacco)

Never smoker 2 2.3 27 26.0 457 3.1 4,571 26.2
Former smoker 25 29.1 50 48.1 4,927 33.6 7,777 44.6
Current smoker 59 68.6 27 26.0 9,278 63.3 5,091 29.2

Cigarette pack years
(current and former
smokers)

<10 4 4.8 12 15.6 722 5.1 2,852 22.2
10–19 15 17.9 14 18.2 1,287 9.1 2,407 18.7
20þ 65 77.4 48 62.3 12,009 84.5 7,058 54.8

Other tobacco 0 0 3 3.9 187 1.3 551 4.3
Years since quitting 2–9 years 11 44.0 9 18.0 2,160 43.8 1,649 21.2

smoking cigarettes 10–20 years 10 40.0 19 38.0 1,699 34.5 2,504 32.2
(former smokers) 21þ years 4 16.0 22 44.0 1,068 21.7 3,624 46.6

Employed in ‘‘List A’’ job Ever 12 14.0 14 13.5 2,083 14.2 1,588 9.1
Lung cancer cell type

Adenocarcinoma 24 27.9 — 3,832 26.1 —
Squamous cell carcinoma 34 39.5 — 5,938 40.5 —
Small cell carcinoma 15 17.4 — 2,263 15.4 —
Other/unspecified 13 15.1 — 2,629 17.9 —
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With regard to possible information bias, there is always
some risk of recall bias in case-control studies. However, as only
occupations were registered in this study and not more specific
information of occupational exposure, the risk of recall bias would
probably be low. In all, it is not likely that the absence of association
between firefighting and lung cancer found in this study could be
attributed to negative recall bias.

It is a limitation that hospital controls were used in some
of the studies in SYNERGY, as hospital controls may not
adequately reflect the true exposure frequency (ie, occupation
as a firefighter) in the population, due to a selection of
healthy individuals in firefighting occupation. However, it is
not likely that the low risk for lung cancer associated with
firefighting found in this study could be explained by an
inadequate control group (hospital controls), as the main part
of the centers using hospital controls (the INCO study) actually
showed an OR above 1.0.

The study showed no evidence of an increased risk of
lung cancer, neither in the unadjusted nor adjusted analyses. As
the risk estimate changed very little after adjustment for individual
lifetime smoking history, it seems unlikely that there could be more
than marginal residual confounding from smoking present in the
ght © 2016 American College of Occupational and Environmental
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adjusted risk estimates. Important confounding from socioeconomic
factors (other than smoking) cannot be entirely ruled out.
Firefighters represent an intermediate socioeconomic stratum in
the general population, and it does not seem likely that the negative
findings in this study could be explained by confounding from
socioeconomic status.

Firefighters were identified by occupational codes, which
could be a further limitation of our study, as information on their
exact tasks and length of employment in such tasks was not
available. A limitation is also that we only have duration of
employment as a surrogate for exposure. The vast majority
(77%) were ‘‘General firefighters’’ but some were ‘‘Fire prevention
firefighters’’ or ‘‘Aircraft accident firefighters,’’ with possibly lower
exposure to fire smoke. However, additional analyses including only
‘‘General firefighters’’ did not change the results. It was more
common in firefighters than in nonfirefighters to have held a job
where the lung cancer risk is known to be increased. However,
analyses restricted to subjects who were never employed in a job
with increased lung cancer risk, or restricted to subjects ever
employed in such an occupation, did not change the results. When
we analyzed the study-specific ORs for firefighters, no study
showed an increased OR2 of statistical significance (Fig. 1).
 Medicine. Unauthorized reproduction of this article is prohibited 
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TABLE 4. Lung Cancer Relative Risks (OR) and 95% CI in Relation to Ever Employment as a Firefighter by Smoking Status

Smoking Status Firefighter Cases Controls OR 95% CI

Never smoker� Never 457 4,571 1.0 Reference
Ever 2 27 0.60 0.14–2.58

Former smokery Never 4,922 7,746 1.0 Reference
Ever 25 50 0.75 0.45–1.26

Current smokerz Never 9,278 5,091 1.0 Reference
Ever 59 27 1.18 0.73–1.90

95% CI, 95% confidence interval; OR, odds ratio.
�OR in never smokers is adjusted for study and age.
yOR in former smokers is adjusted for study, age, cumulative cigarette smoking (pack-years), and time since quitting smoking.
zOR in current smokers is adjusted for study, age, and cumulative cigarette smoking (pack-years).

TABLE 3. Lung Cancer Relative Risks (OR) and 95% CI in Relation to Ever and Duration of Employment as a Firefighter

Variable Exposure Category Cases Controls OR1 95% CI OR2 95% CI OR3 95% CI

Firefighter Never 14,662 17,439 1.0 Reference 1.0 Reference 1.0 Reference
Ever 86 104 1.03 0.77–1.38 0.95 0.68–1.32 0.95 0.68–1.32

Duration <6 32 24 1.56 0.91–2.67 1.19 0.65–2.15 1.21 0.67–2.19
Firefighter (years) 6–21 22 26 1.13 0.64–2.00 0.99 0.52–1.86 0.97 0.51–1.84

22–32 14 26 0.69 0.36–1.33 0.70 0.32–1.50 0.69 0.32–1.49
33þ 18 28 0.84 0.46–1.53 0.91 0.47–1.77 0.92 0.48–1.78

P trend 0.46 0.58 0.58

95% CI, 95% confidence interval; OR, odds ratio.
OR1 is adjusted for study and age.
OR2 is in addition adjusted for cumulative cigarette smoking (pack-years) and time since quitting smoking.
OR3 is in addition adjusted for ever employment in a List A job (ever/never).
Italic values indicate P trend; <0.05 was considered statistically significant.
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However, the power to detect increased study-specific ORs was very
limited due to small numbers of firefighters; therefore, these results
should be interpreted with caution.

Most previous studies among firefighters also found no
excess risk of lung cancer.10–20 Among them, one study of fire-
fighters in the US also examined different cell types of lung cancer
and found no increased risk for adenocarcinoma, squamous cell
carcinoma, small cell carcinoma, or large cell carcinoma.10 Three of
the studies observed a significantly decreased lung cancer risk in
firefighters.13,17,18 Findings of a risk deficit are common in working
populations and may reflect a selection in relation to work. A
healthy worker effect is expected in the case of firefighters, as they
need to be healthy to be recruited and to be capable of remaining in
the profession.18 However, some studies have indicated an increased
lung cancer risk in firefighters overall or by specific cell type,4–8

among them, a case-control study from Turkey,4 a case-control
study in California,8 a cohort study in San Francisco, Chicago and
ght © 2016 American College of Occupational and Environmental

TABLE 5. Lung Cancer Relative Risks (OR) and 95% CI in Relat
Lung Cancer

Fire-Fighter Controls

Adenocarcinoma Squamous Cell C

Cases OR2 95% CI Cases OR2

Never 17,439 3,832 1.00 Reference 5,938 1.00
Ever 104 24 1.03 0.64–1.67 34 1.03

OR2 is adjusted for study, age, cumulative cigarette smoking (pack-years), and time s
95% CI, 95% confidence interval; OR, odds ratio.
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Philadelphia,5 a Nordic cohort study,7 and a cohort study in Phil-
adelphia.6 Only the studies from Turkey and California were
controlled for smoking habits. The study from Turkey showed an
excess risk of lung cancer in firefighters overall after smoking
adjustment, but not for squamous cell carcinoma, and faced low
statistical power (10 exposed cases overall and four exposed cases
with squamous cell carcinoma).4 In the Californian study, fire-
fighters showed an excess risk of nonsmall cell lung cancer after
smoking adjustment, but not for other cell types or overall lung
cancer (533 exposed cases overall).8 In the study of firefighters in
San Francisco, Chicago, and Philadelphia, the overall mortality and
incidence of lung cancer was increased, based on 1046 and 716
exposed cases, respectively.5 Pukkala et al7 observed an increased
incidence of adenocarcinoma in the lung among Nordic firefighters,
but not for squamous cell or small cell carcinoma, and no increased
lung cancer risk overall, although an excess was observed in the
Danish data. In Philadelphia firefighters, there was an elevated lung
 Medicine. Unauthorized reproduction of this article is prohibited 

ion to Ever Employment as Firefighter by Major Subtype of

arcinoma Small Cell Carcinoma Other/Unspecified

95% CI Cases OR2 95% CI Cases OR2 95% CI

Reference 2,263 1.00 Reference 2,629 1.00 Reference
0.66–1.60 15 1.03 0.57–1.87 13 0.84 0.46–1.55

ince quitting smoking cigarettes.
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FIGURE 1. Study-specific odds ratios
for ever employment as a firefighter
compared with never employed as a
firefighter in men adjusted for age,
smoking status (any type of tobacco),
and cigarette pack-years. CI, confi-
dence interval; OR, odds ratio.
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cancer mortality overall, although not statistically significant.6

Hansen21 observed an increased lung cancer mortality in Danish
firefighters in the oldest age group, but no increased lung cancer risk
overall (based on nine exposed cases), and Heyer et al22 showed an
increased lung cancer mortality in the highest age group of Seattle
firefighters but no increased overall lung cancer mortality (based on
29 exposed cases).

Most previous studies exploring exposure-response trends
found no significant relationship between work duration and
lung cancer risk in firefighters,5,6,10,16,19,20,44 as in our analysis,
whereas a modest positive exposure-response relationship was
shown by Daniels et al9 regarding fire-hours and mortality and
incidence of lung cancer. This is an important result, stemming
from a very large cohort study with the power to detect relatively
small overall increases in lung cancer risk, and with the potential
for conducting an exposure-response analysis. One study observed
no consistent association between lung cancer mortality and
duration of employment or an index reflecting exposure, even
if the risk was highest in firefighters with the highest exposure.44

Only the study of male Massachusetts firefighters described the
percentage of smokers, with a slightly lower proportion of current
smokers in firefighters (25.7%) than in the control group of police
men (28.4%) or men in all other occupations (28.8%), but with the
highest proportion of past smokers (46.5% compared with 45.1%
and 41.1%, respectively).15 In SYNERGY, current smoking was
less common among the firefighters than among nonfirefighters
(26.0% compared with 29.2%, among the controls), with a slightly
higher percentage of ever smokers with more than 20 pack-years
among firefighters.

A difficulty in interpreting our results, and the overall pattern
of findings from previous studies and meta-analyses, is that different
exposure patterns have probably been experienced by firefighters in
different countries, regions, and periods of time. This point has been
extensively addressed by Fritschi and Glass in a recent commen-
tary.45 For instance, focusing on one of the most important carci-
nogens, friable asbestos-containing materials have been widely used
in construction in certain urban areas, but less or not at all in others,
ght © 2016 American College of Occupational and Environmental
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and opportunities for exposure have varied, as shown by the extreme
case of the Twin Tower rescue teams.

In summary, even though firefighters worldwide have a
potential for exposure to many different kinds of carcinogens during
work, of which some are known lung carcinogens, we observed no
excess risk of lung cancer overall or by specific cell type among
firefighters. The exposure to carcinogens by inhalation and dermal
absorption may certainly vary widely for firefighters between
countries depending on work activities and use of protective equip-
ment. In the present pooled study, no study showed an increased
lung cancer risk of statistical significance among firefighters.

However, as firefighters may be exposed to a wide variety of
chemical compounds during the course of their work, including
carcinogenic products such as benzene, arsenic, asbestos, benzo[a]-
pyrene, cadmium, and silica, it is still important to reduce exposure
as much as possible, by safe working practices and the use of
adequate protective clothing and respiratory equipment.

CONCLUSION
We found no excess risk of lung cancer overall or for a

specific cell type among male firefighters in Europe, Canada, New
Zealand, and China, when lifetime history of smoking and exposure
to other occupational lung carcinogens was taken into account.
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pooling the data.

REFERENCES
1. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans.

Painting, firefighting, and shiftwork. IARC Monogr Eval Carcinog Risks
Hum. 2010;98:9–764.

2. Austin CC, Wang D, Ecobichon DJ, Dussault G. Characterization of volatile
organic compounds in smoke at municipal structural fires. J Toxicol Environ
Health A. 2001;63:437–458.

3. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans.
Diesel and gasoline engine exhausts and some nitroarenes. IARC Monogr
Eval Carcinog Risks Hum. 2014;105:9–699.
 Medicine. Unauthorized reproduction of this article is prohibited 

6 American College of Occupational and Environmental Medicine



Copyri

JOEM � Volume 58, Number 11, November 2016 Lung Cancer Risk Among Firefighters
4. Elci OC, Akpinar-Elci M, Alavanja M, Dosemeci M. Occupation and the risk
of lung cancer by histologic types and morphologic distribution: a case
control study in Turkey. Monaldi Arch Chest Dis. 2003;59:183–188.

5. Daniels RD, Kubale TL, Yiin JH, et al. Mortality and cancer incidence in
a pooled cohort of US firefighters from San Francisco, Chicago and
Philadelphia (1950-2009). Occup Environ Med. 2014;71:388–397.

6. Baris D, Garrity TJ, Telles JL, Heineman EF, Olshan A, Zahm SH. Cohort
mortality study of Philadelphia firefighters. Am J Ind Med. 2001;39:
463–476.

7. Pukkala E, Martinsen JI, Weiderpass E, et al. Cancer incidence among
firefighters: 45 years of follow-up in five Nordic countries. Occup Environ
Med. 2014;71:398–404.

8. Tsai RJ, Luckhaupt SE, Schumacher P, Cress RD, Deapen DM, Calvert GM.
Risk of cancer among firefighters in California, 1988-2007. Am J Ind Med.
2015;58:715–729.

9. Daniels RD, Bertke S, Dahm MM, 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;72:699–706.

10. Demers PA, Checkoway H, Vaughan TL, Weiss NS, Heyer NJ, Rosenstock L.
Cancer incidence among firefighters in Seattle and Tacoma, Washington
(United States). Cancer Causes Control. 1994;5:129–135.

11. Tornling G, Gustavsson P, Hogstedt C. Mortality and cancer incidence in
Stockholm fire fighters. Am J Ind Med. 1994;25:219–228.

12. Ma F, Fleming LE, Lee DJ, et al. Mortality in Florida professional fire-
fighters, 1972 to 1999. Am J Ind Med. 2005;47:509–517.

13. Ma F, Fleming LE, Lee DJ, Trapido E, Gerace TA. Cancer incidence in
Florida professional firefighters, 1981 to 1999. J Occup Environ Med.
2006;48:883–888.

14. Bates MN1. Registry-based case-control study of cancer in California fire-
fighters. Am J Ind Med. 2007;50:339–344.

15. Kang D, Davis LK, Hunt P, Kriebel D. Cancer incidence among male
Massachusetts firefighters, 1987-2003. Am J Ind Med. 2008;51:329–335.

16. Ahn YS, Jeong KS, Kim KS. Cancer morbidity of professional emergency
responders in Korea. Am J Ind Med. 2012;55:768–778.

17. Ide CW. Cancer incidence and mortality in serving whole-time Scottish
firefighters 1984–2005. Occup Med (Lond). 2014;64:421–427.

18. Amadeo B, Marchand JL, Moisan F, et al. French firefighter mortality:
analysis over a 30-year period. Am J Ind Med. 2015;58:437–443.

19. Glass DC. Australian Firefighters’ Health Study. MONASH Centre for
Occupational and Environmental Health. School of Public Health & Pre-
ventive Medicine. Faculty of Medicine, Nursing and Health Sciences.
Final Report December 10, 2014. Dec 2014. Available at: http://www.coeh.
monash.org/downloads/finalreport2014.pdf. Accessed September 3, 2016.

20. Ahn YS, Jeong KS. Mortality due to malignant and non-malignant diseases
in Korean professional emergency responders. PLoS One. 2015;10:
e0120305.

21. Hansen ES. A cohort study on the mortality of firefighters. Br J Ind Med.
1990;47:805–809.

22. Heyer N, Weiss NS, Demers P, Rosenstock L. Cohort mortality study of
Seattle fire fighters: 1945-1983. Am J Ind Med. 1990;17:493–504.

23. LeMasters GK, Genaidy AM, Succop P, et al. Cancer risk among firefighters:
a review and meta-analysis of 32 studies. J Occup Environ Med. 2006;
48:1189–1202.

24. Pesch B, Kendzia B, Gustavsson P, et al. Cigarette smoking and lung cancer:
relative risk estimates for the major histological types from a pooled analysis
of case-control studies. Int J Cancer. 2012;131:1210–1219.
ght © 2016 American College of Occupational and Environmental

� 2016 American College of Occupational and Environmental Medicin
25. Olsson AC, Gustavsson P, Kromhout H, et al. Exposure to diesel motor
exhaust and lung cancer risk in a pooled analysis from case-control studies in
Europe and Canada. Am J Respir Crit Care Med. 2011;183:941–948.

26. Bigert C, Gustavsson P, Straif K, et al. Lung cancer risk among cooks when
accounting for tobacco smoking: a pooled analysis of case-control studies
from Europe, Canada, New Zealand, and China. J Occup Environ Med.
2015;57:202–209.
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