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Firefighters are exposed to numerous known and
potential carcinogens through their work. In 2007,
the International Agency for Research on Cancer
(IARC) classified work as a firefighter as possibly
carcinogenic.1 The most consistent associations
identified were between firefighting and prostate
cancer, based on eight mortality and eight incidence
studies; testicular cancer, based on one mortality
and five incidence studies; and non-
Hodgkin’s
lymphoma, based on two mortality and five incidence studies.1
Recent meta-analyses of studies on cancer risk
among firefighters have pointed at elevated incidence of colon,2 3 prostate,3 4 testis,3 bladder2 3
and thyroid3 cancer as well as mesothelioma2 3 and

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ Firefighters are exposed to numerous
carcinogens through their work and elevated
risk of cancer at several sites have been
reported among firefighters. However,
previous heterogeneous findings have made
interpretations regarding associations with
occupational exposures difficult.
WHAT THIS STUDY ADDS
⇒ In this study, we calculated and compared the

standardised incidence ratios and standardised
mortality ratios for cancer sites among male
employees in the Norwegian Fire Departments
Cohort, to assess whether use of the different
measures could be a source of inconsistencies
in findings. We found that assessment of
incidence or mortality did not greatly influence
the interpretation of results. The most
prominent differences in results appeared to
be related to inconsistencies between site of
morphologically confirmed cancer diagnosis
and cause of death, revealing a possible
limitation in mortality data, but mortality
data may also have demonstrated a possible
detection bias related to differential patterns of
screening for prostate cancer.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE AND/OR POLICY
⇒ Where high-quality incidence data are available,
cancer incidence probably better informs
occupational cancer risk at most sites. However,
while mortality data face possible limitations,
assessment of cancer mortality can also
provide valuable insight into potential biases
of incidence rates. As firefighters’ occupational
exposures are complex and findings on cancer
risk can be difficult to interpret, assessment of
both cancer incidence and mortality may be
beneficial in understanding their cancer risk.

cutaneous melanoma.3 These meta-
analyses have
also reported elevated mortality for rectum2 3 and
bladder2 cancer and non-Hodgkin’s lymphoma.3
However, a high level of heterogeneity has been
observed between individual studies.2 3 Differences
may be a result of many factors, such as temporal
and geographical variability in exposures from
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METHODS
The Norwegian Fire Departments Cohort

The Norwegian Fire Departments Cohort was established
between 2017 and 2019, described previously.13 In brief, 21
fire departments were invited to participate, 14 accepted, and
1 additional department self-selected. Departments were asked
to register all employees who worked between 1950 and present
with personal identification information and the title, start and
end date of all positions held during their employment. As of
2019, these 15 participating fire departments provided firefighting services for nearly 50% of the Norwegian population.14
Of the 4627 persons in the Norwegian Fire Departments
Cohort, those who died before 1960 (n=32) and those who were
employed for the first time after 31 December 2018 (n=11) were
excluded from the present study based on the follow-up period
(1 January 1960–31 December 2018). Women (n=289) were
excluded from the present analyses because of low numbers.
Thus, 4295 men were eligible for analyses.
Two sets of analyses were conducted. The first set included
all those eligible from the Norwegian Fire Departments Cohort
(n=4295). Thereafter, we assessed a subgroup with past or
present positions entailing active firefighting (n=3881). Those
excluded from the second part of analyses comprised chimney
sweeps, fire inspectors and office personnel.

Follow-up

A person entered follow-up on the latter of 1 January 1960 or
start of first employment and was followed until the earliest of
date of death, emigration or 31 December 2018 for outcomes
in national registries. The cohort was linked to registries using
the unique personal identification number given to all Norwegian citizens alive in 1960 or born later. Date of emigration
was obtained from the National Population Register. Date and
diagnosis of cancer were obtained from the Cancer Registry
of Norway (CRN) for multiple primary malignancies. There
2

has been mandatory reporting of all cancer cases in Norway
since the start of the CRN in 1952, and it has a high degree
of completeness and morphological verification.15 Cancer cases
were provided according to the 10th revision of the International Classification of Diseases (ICD-10) for the codes C00–
C97; cases that were coded in ICD V.7–9 were updated to
the corresponding ICD-10 code by the CRN and provided as
such. Underlying cause and date of death were obtained from
the Cause of Death Registry. The Cause of Death Registry is
based on data from death certificates and has a high degree of
coverage.16 Mortality data were provided in ICD V.7–10, and we
updated earlier versions to ICD-10 for the codes C00-C97 using
the IARC Cancer Dictionary.17

Statistical analysis

SIRs and SMRs were calculated as the ratio of observed and
expected number of cancer cases or deaths, respectively, with
rates for the general Norwegian male population as the reference. From the cohort, person-years in 5-year age and 1-year
period strata were multiplied with the respective reference rates
to obtain the number of expected site-specific or overall cancer
cases and deaths.
We analysed cancer incidence and mortality stratified by
period of follow-up (≤1984, 1985–1994, ≥1995) and by age
at diagnosis (≤49, 50–69, ≥70 years) to assess possible period-
related and age-related differences in incidence and mortality in
the cohort.
For all SIRs and SMRs, the exact 95% CIs were calculated
assuming a Poisson distribution of the observed number of cases.
We conducted sensitivity analyses for all SIRs and SMRs with
observation restricted to age less than 85 years, because of the
potential for increased uncertainty in cause of death with older
age as well as with observation restricted to those who began
employment in 1950 or later, to adjust for survivor bias among
those entering the cohort at an early period.
We also investigated cancer diagnoses among those identified
as having died from cancer as an indication of the quality of the
registration of cause of death.
All analyses were conducted using Stata V.17 (Stata Corp,
College Station, Texas).

Ethics

This project was approved by the Regional Committee for
Medical and Health Research Ethics (reference number: 5646).

RESULTS

During 117 458 person-years of follow-up of the 4295 men,
there were 916 incident cancer cases and 376 cancer deaths. Year
of birth ranged from 1884 to 1996 (median: 1956) and start
of employment from 1913 to 2018 (median: 1981) (table 1).
Mean age at employment was 27.6 years, and mean age attained
at the end of follow-up was 58.7 years. Demographic characteristics of the 3881 (78.7%) men who had ever held positions
entailing active firefighting were similar to that observed for the
full cohort.13
We observed elevated incidence for all sites combined (SIR
1.15, 95% CI 1.08 to 1.23); SMR from cancer was 1.08 (95%
CI 0.98 to 1.20) (table 2). Significantly elevated incidence was
observed for colon cancer (SIR 1.27, 95% CI 1.01 to 1.58),
mesothelioma (SIR 2.59, 95% CI 1.12 to 5.11) and prostate
cancer (SIR 1.18, 95% CI 1.03 to 1.34). The corresponding
SMR for colon cancer was of a similar size (SMR 1.20, 95% CI
0.84 to 1.67) but was of a smaller size for mesothelioma (SMR
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firefighting or other sources. Cancer incidence is generally
preferred in occupational cancer studies to identify risk factors
and assess the impact of preventive measures. Cancer mortality
may be used where incidence data are lacking and can also be
informative in the identification of risk factors, especially for
cancers with a dismal prognosis. Furthermore, cancer mortality
can be important in informing on effects of screening and
treatment.
Recent studies on cancer risk among firefighters have more
frequently assessed cancer incidence than mortality; among
the studies included in the largest meta-analysis on cancer risk
among firefighters, 86% (n=12) of studies published after 2010
assessed cancer incidence, while prior to 2000, 71% (n=17)
assessed cancer mortality.3 For some cohorts, both incidence and
mortality have been analysed,5–12 though follow-up periods and
classification of cancers/deaths have differed, and comparisons of
standardised incidence ratios (SIRs) and standardised mortality
ratios (SMRs) have not been made since 1992 by Demers et al.7
In a previous study, we examined cancer incidence in a subgroup
of formerly or presently active firefighters in the Norwegian Fire
Departments Cohort from an aetiological perspective, focusing
on sites with known associations with occupational exposures
encountered during firefighting.13 The purpose of the present
study was to calculate SIRs and SMRs for all cancer sites among
men in the cohort. Furthermore, we compare the SIRs and SMRs
to assess whether use of the different measures could be a source
of inconsistencies in study findings.

Workplace

Full cohort
n
Eligible for analysis

4295

Person-years at risk

117 458

Mean years of follow-up (SD)

27.3 (16.2)

%

Status on 31 December 2018
 Emigrated

31

0.7

 Dead

1218

28.4

 Alive

3046

70.9

 <1950

1696

39.5

 1950–1969

1252

29.1

 ≥1970

1347

31.4

 <30

3162

73.6

 30–49

1061

24.7

 ≥50

72

1.7

 <1950

707

16.4

 1950–1969

643

15.0

 1970–1989

1211

28.2

 ≥1990

1734

40.4

Year of birth

Age at first employment

Year of first employment

Age at end of follow-up
 <50

1482

34.5

 50–69

1552

36.1

 70–84

995

23.2

 ≥85

266

6.2

1.66, 95% CI 0.34 to 4.86) and was at unity for prostate cancer
(SMR 1.01, 95% CI 0.76 to 1.31). For urinary tract cancer, non-
significantly elevated incidence (SIR 1.22, 95% CI 0.96 to 1.54)
and mortality (SMR 1.13, 95% CI 0.64 to 1.83) were found,
based on 73 cases and 16 deaths. There were more testicular
cancer cases than expected with 18 cases (SIR 1.35, 95% CI 0.80
to 2.14) alongside zero deaths.
For oesophageal cancer, both SMR (1.94, 95% CI 1.08 to
3.20) and SIR (1.55, 95% CI 0.85 to 2.60) were elevated, based
on 15 deaths and 14 diagnoses. On investigation of cases with
deaths or diagnoses of oesophageal cancer, we found two cases
of stomach cancer with death attributed to oesophageal cancer,
and one case of oesophageal cancer with death attributed to
stomach cancer.
For gallbladder and bile duct cancer, SMR was elevated (2.79,
95% CI 1.02 to 6.08) while incidence was elevated at a lower
level (SIR 1.31, 95% CI 0.42 to 3.05), based on six deaths and
five diagnoses. We found two of these deaths occurred in cases
with diagnoses only for liver or stomach cancer.
If causes of death were recoded in accordance with morphologically confirmed incidence data reflecting the best evidence
of diagnoses and the SMRs subsequently recalculated, SMR for
oesophageal cancer would be lowered to 1.81 (95% CI 0.99 to
3.04), SMR for stomach cancer elevated to 1.26 (95% CI 0.85
to 1.80) and SMR for gallbladder and bile duct cancer lowered
to 2.33 (95% CI 0.76 to 5.43).
Eight incident cases of mesothelioma were followed by only
three deaths. Another four deaths in cases with mesothelioma
diagnoses were seen within approximately 2 years after diagnoses,
Marjerrison N, et al. Occup Environ Med 2022;0:1–8. doi:10.1136/oemed-2022-108331

registered using ICD-10 as death from cancer of the peritoneum,
asbestosis, leukaemia or unknown/unattended. When recalculated after recoding two deaths originally attributed to cancer of
the peritoneum and asbestosis to mesothelioma, SMR increased
to 2.77 (95% CI 0.90 to 6.47).
The stratified analyses, presented in tables 3 and 4, were based
on the reclassified deaths for cancer of the oesophagus, stomach,
gallbladder and bile ducts and mesothelioma.
Stratification by period of follow-up demonstrated SIRs for
all sites combined slightly decreasing from 1.20 (95% CI 1.01
to 1.40) in the earliest follow-up period to 1.13 (95% CI 1.05
to 1.23) in the more recent period, while SMRs decreased more
prominently from 1.26 (95% CI 1.01 to 1.54) in the earliest
period to unity (SMR 1.00, 95% CI 0.87 to 1.15) in the most
recent period (table 3).
Standardised estimates for incidence and mortality were
similarly elevated across the first two periods for colon and
the combined group of liver, gallbladder and bile duct cancer
(table 3). The SIR and SMR estimates for laryngeal cancer both
up periods after
suggested elevated risks in the two follow-
1984, although SMRs were less precise. There were more cases
of prostate cancer than expected in both periods of follow-up
following 1985 with a statistically significantly elevated SIR
in 1995–2018, while the SMRs for prostate cancer were less
stable.
Stratification by age at diagnosis demonstrated SIRs for all
sites combined increasing from unity with age under 50 years
(SIR 0.99, 95% CI 0.78 to 1.25) to 1.25 with age over 70 years
(95% CI 1.14 to 1.37) (table 4). SMRs also increased across age
strata, from 0.77 (95% CI 0.44 to 1.25) with younger age to
1.19 (95% CI 1.04 to 1.36) with oldest.
Both SIR and SMR were prominently elevated for liver, gallbladder and bile duct cancer and laryngeal cancer with age over
70 years (table 4). With age over 70 years, we also observed
elevated incidence of kidney and urinary tract cancer and more
deaths than expected of these cancers, based on 18 cases and 6
deaths of kidney cancer, and 45 cases and 13 deaths of urinary
tract cancer. More cases than expected of prostate cancer were
seen across all age groups with a statistically significantly elevated
SIR for age 50–69 years, while mortality ratios were below unity
except for the age group over 70 years.
Analysis of cancer diagnoses among those with cause of death
attributed to a cancer (n=376) demonstrated that 294 (78.2%)
had an exact match according to the two-digit ICD-10 code.
Among those remaining, 61 (16.2%) had a diagnosis and cause
of death that were within the same group of cancer diagnoses
(as defined in table 2). Fourteen (3.7%) did not have a prior
diagnosis of malignancy at the same site or site group, six (1.6%)
had cause of death coded as ill-defined or unspecified following
a site-specific cancer diagnosis and one (0.3%) had a cancer site-
specific cause of death following an ill-defined or unspecified
cancer diagnosis.
Censoring at age 85 did not essentially change the results
(results not shown). With analysis restricted to those who began
employment in 1950 or later, colon cancer incidence was no
longer elevated (SIR 0.87, 95% CI 0.61 to 1.20); otherwise,
this restriction did not essentially change any results (results not
shown). SIRs and SMRs for the subgroup of 3881 men who had
ever held positions entailing active firefighting were similar to
those observed for the full cohort (online supplemental tables
1–3).
3
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Table 1 Characteristics of male employees in the Norwegian Fire
Departments Cohort, follow-up from 1 January 1960 to 31 December
2018

Workplace

Incidence

Mortality

Cancer site

ICD-10

Obs.

SIR

95% CI

Obs.

SMR

95% CI

All cancers

C00-C97

916

1.15

1.08 to 1.23

376

1.08

0.98 to 1.20

Lip

C00

<5

0.51

0.11 to 1.50

0

0.00

0.00 to 12.3

Oral cavity

C02-C06

<5

0.67

0.18 to 1.72

0

0.00

0.00 to 2.81

Pharynx

C09-C14, C01

11

1.49

0.74 to 2.67

<5

0.97

0.26 to 2.49

Oesophagus

C15

14

1.55

0.85 to 2.60

15

1.94

1.08 to 3.20

Oesophagus, corrected*

 

14

1.81

0.99 to 3.04

 Stomach

C16

28

1.18

0.78 to 1.70

Stomach, corrected*

 

30

1.26

0.85 to 1.80

 Colon

C18

82

1.27

1.01 to 1.58

35

1.20

0.84 to 1.67

 Rectum, rectosigmoid

C19-C21

42

1.01

0.73 to 1.36

21

1.25

0.78 to 1.92

 Liver

C22

10

1.65

0.79 to 3.04

9

1.64

0.75 to 3.12

 Gallbladder, bile ducts

C23-C24

5

1.31

0.42 to 3.05

6

2.79

1.02 to 6.08

Gallbladder, bile ducts*

 

5

2.33

0.76 to 5.43

 Liver, gallbladder, bile ducts*

C22-C24

15

1.52

0.85 to 2.50

14

1.84

1.00 to 3.08

 Pancreas

C25

25

1.17

0.76 to 1.73

21

1.06

0.66 to 1.62

 Larynx

C32

13

1.77

0.94 to 3.03

5

2.22

0.72 to 5.17

 Lung

C33-C34

91

1.02

0.82 to 1.25

67

0.92

0.71 to 1.17

 Cutaneous melanoma

C43

50

1.28

0.95 to 1.68

13

1.43

0.76 to 2.45

 Non-melanoma skin†

C44

37

0.96

0.68 to 1.33

<5

0.88

0.02 to 4.92

 Mesothelioma

C45

8

2.59

1.12 to 5.11

<5

1.66

0.34 to 4.86

Mesothelioma, corrected*

 

5

2.77

0.90 to 6.47

 Prostate

C61

231

1.18

1.03 to 1.34

55

1.01

0.76 to 1.31

 Testis

C62

18

1.35

0.80 to 2.14

0

0.00

0.00 to 2.83

 Kidney‡

C64

32

1.31

0.89 to 1.84

12

1.07

0.55 to 1.87

 Urinary tract§

C65-C68

73

1.22

0.96 to 1.54

16

1.13

0.64 to 1.83

 Central nervous system

C70-C72

30

1.30

0.88 to 1.86

14

1.31

0.72 to 2.20

 Thyroid

C73

6

1.33

0.49 to 2.90

<5

2.22

0.27 to 8.03

 Hodgkin lymphoma

C81

<5

0.49

0.06 to 1.76

<5

0.71

0.02 to 3.97

 Non-Hodgkin lymphoma

C82-C86, C96

27

1.12

0.74 to 1.63

9

0.89

0.41 to 1.69

 Multiple myeloma

C90

10

0.82

0.39 to 1.50

8

1.03

0.44 to 2.03

 Leukaemia

C91-C95

15

0.83

0.46 to 1.36

12

1.11

0.57 to 1.94

 Ill-defined or unspecified

C76, C80

10

0.72

0.34 to 1.32

15

0.89

0.50 to 1.47

26

0.90

0.59 to 1.31

5

0.50

0.16 to 1.17

Other specified¶

41

1.34

0.96 to 1.82

*Observed number of deaths corrected to be in line with morphologically confirmed diagnoses, as described in the text (Results, paragraph 3–6).
†Excluding basal cell carcinoma.
‡Excluding renal pelvis.
§Including bladder and renal pelvis.
¶The ‘other specified’ group includes the following codes: C07-C08, C17, C26-C31, C37-C38, C40-C41, C46-C50, C56-C57, C60, C63, C69, C74-C75, C88, C97.
ICD, International Classification of Diseases; Obs, observed; SIR, standardised incidence ratio; SMR, standardised mortality ratio.

DISCUSSION

This study evaluated cancer incidence and mortality in the
Norwegian Fire Departments Cohort, comprising male
employees active at 15 fire departments across Norway between
1913 and 2018 and alive between 1960 and 2018. Through a
follow-up period of 58 years, incidence was elevated for colon
cancer, mesothelioma, prostate cancer and all sites combined
compared with the general population. Elevated mortality was
found for cancer of the oesophagus and the gallbladder and bile
ducts, though based on mortality data that were inconsistent
with incidence data, and potential errors were observed in some
of the mortality data, notably for mesothelioma cases.
13
The size of the cohort limited the power to detect small
elevations in rare cancers, such as the subgroups of lymphohaematopoietic cancers. Nonetheless, the historical character and
the long follow-up period contributed a high number of person-
years for analysis. High-quality, reliable incidence data allowed
4

us to detect elevations in cancers that are less fatal with a long
latency period and a potential occupational aetiology, such as
bladder cancer.18 19 The longer latency period of bladder cancer,
the predominant urinary tract malignancy, has previously made
identification of associations with occupational exposures
difficult.18
We observed 73 cases alongside 16 deaths of urinary
tract cancers. Largely in line with our findings, recent meta-
analyses have reported elevated bladder cancer incidence2 3
and mortality,2 with elevations in incidence of 12%3 and 18%.2
The moderate elevations may also provide an explanation for
inconsistent findings in incidence studies, as individual studies
with less power may not detect an elevated risk. Findings from
previous Nordic incidence studies have varied somewhat, with
more bladder cancer cases than expected observed in Nordic,20
Swedish21 and Danish8 studies, and fewer cases than expected in
a study of 1080 firefighters in Stockholm.22
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Table 2 Observed number of cases/deaths and standardised incidence/mortality ratios (SIRs/SMRs) with 95% CIs in men in the Norwegian Fire
Departments Cohort (n=4295), follow-up from 1 January 1960 to 31 December 2018

Workplace

Period of follow-up
≤1984 (35 977 pyr)

1985–1994 (21 017 pyr)

≥1995 (60 464 pyr)

Cancer site

ICD-10

Obs.

Ratio

95% CI

Obs.

Ratio

95% CI

Obs.

Ratio

95% CI

All cancers, SIR

C00-C97

151

1.20

1.01 to 1.40

151

1.18

1.00 to 1.39

614

1.13

1.05 to 1.23

All cancers, SMR

C00-C97

92

1.26

1.01 to 1.54

77

1.14

0.90 to 1.42

207

1.00

0.87 to 1.15

Oesophagus, SIR

C15

<5

1.97

0.41 to 5.76

<5

1.49

0.18 to 5.37

9

1.46

0.67 to 2.76

Oesophagus*, SMR

C15

<5

2.15

0.44 to 6.27

<5

1.62

0.20 to 5.86

9

1.76

0.81 to 3.35

Stomach, SIR

C16

16

1.35

0.77 to 2.20

10

1.52

0.73 to 2.80

15

1.23

0.69 to 2.02

Stomach, SMR

C16

13

1.34

0.71 to 2.29

9

1.74

0.79 to 3.29

8

0.90

0.39 to 1.78

Colon, SIR

C18

17

1.96

1.14 to 3.15

16

1.50

0.86 to 2.43

49

1.09

0.80 to 1.44

Colon, SMR

C18

11

2.35

1.17 to 4.21

9

1.66

0.76 to 3.15

15

0.79

0.44 to 1.30

Rectum, rectosigmoid, SIR

C19-C21

5

0.72

0.24 to 1.69

6

0.80

0.29 to 1.73

31

1.14

0.78 to 1.62

Rectum, rectosigmoid, SMR

C19-C21

<5

0.82

0.17 to 2.38

<5

0.53

0.06 to 1.90

16

1.73

0.99 to 2.80

Liver, gallbladder, bile ducts, SIR

C22-C24

6

3.97

1.46 to 8.64

<5

2.04

0.42 to 5.96

6

0.87

0.32 to 1.89

Liver, gallbladder, bile ducts*, SMR

C22-C24

5

3.46

1.12 to 8.08

<5

2.65

0.55 to 7.75

6

1.19

0.44 to 2.59

Larynx, SIR

C32

<5

0.54

0.01 to 3.03

5

3.31

1.08 to 7.73

7

1.75

0.70 to 3.61

Larynx, SMR

C32

<5

1.71

0.04 to 9.52

<5

2.20

0.06 to 12.3

<5

2.46

0.51 to 7.20

Lung, SIR

C33-C34

19

1.15

0.69 to 1.79

22

1.33

0.83 to 2.01

50

0.89

0.66 to 1.17

Lung, SMR

C33-C34

15

1.07

0.60 to 1.76

19

1.31

0.79 to 2.04

33

0.75

0.51 to 1.05

Cutaneous melanoma, SIR

C43

5

1.15

0.37 to 2.69

11

1.95

0.97 to 3.48

34

1.16

0.81 to 1.63

Cutaneous melanoma, SMR

C43

<5

1.30

0.16 to 4.69

<5

2.63

0.72 to 6.74

7

1.17

0.47 to 2.40

Non-melanoma skin†, SIR

C44

<5

1.05

0.22 to 3.08

<5

0.56

0.12 to 1.64

31

1.03

0.70 to 1.46

Non-melanoma skin†, SMR

C44

0

0.00

0.00 to 14.9

0

0.00

0.00 to 16.8

<5

1.33

0.03 to 7.39

Mesothelioma, SIR

C45

<5

3.88

0.10 to 21.6

0

0.00

0.00 to 5.71

7

3.04

1.22 to 6.26

0

–

<5

2.22

0.60 to 5.68

0.45 to 1.33

34

1.32

0.91 to 1.84

182

1.20

1.03 to 1.39

Mesothelioma*, SMR

C45

<5

–

Prostate, SIR

C61

15

0.81

Prostate, SMR

C61

7

0.97

0.39 to 1.99

7

0.65

0.26 to 1.33

41

1.13

0.81 to 1.53

Testis, SIR

C62

<5

1.53

0.42 to 3.92

0

0.00

0.00 to 1.27

14

1.68

0.92 to 2.82

Testis, SMR

C62

0

0.00

0.00 to 4.83

0

0.00

0.00 to 23.5

0

0.00

0.00 to 9.63

Kidney‡, SIR

C64

<5

0.98

0.27 to 2.52

9

2.51

1.15 to 4.77

19

1.13

0.68 to 1.76

Kidney‡**, SMR

C64

<5

0.39

0.01 to 2.17

5

2.32

0.75 to 5.41

6

0.93

0.34 to 2.02

Urinary tract§, SIR

C65-C68

15

1.50

0.84 to 2.48

16

1.46

0.83 to 2.37

42

1.08

0.78 to 1.46

Urinary tract§, SMR

C65-C68

<5

1.10

0.23 to 3.21

5

1.83

0.59 to 4.27

8

0.92

0.40 to 1.81

Thyroid, SIR

C73

<5

1.12

0.03 to 6.26

0

0.00

0.00 to 4.71

5

1.68

0.55 to 3.93

Thyroid, SMR

C73

<5

4.21

0.11 to 23.5

0

0.00

0.00 to 17.0

<5

2.06

0.05 to 11.5

Hodgkin lymphoma, SIR

C81

0

0.00

0.00 to 2.21

0

0.00

0.00 to 4.97

<5

0.93

0.11 to 3.35

Hodgkin lymphoma, SMR

C81

<5

1.17

0.03 to 6.51

0

0.00

0.00 to 14.6

0

0.00

0.00 to 8.70

non-Hodgkin's lymphoma, SIR

C82-C86, C96

<5

0.95

0.20 to 2.77

7

1.86

0.75 to 3.84

17

0.99

0.58 to 1.59

non-Hodgkin's lymphoma, SMR

C82-C86, C96

<5

0.54

0.01 to 3.04

<5

0.94

0.11 to 3.40

6

0.98

0.36 to 2.12

Multiple myeloma, SIR

C90

<5

1.28

0.26 to 3.73

<5

0.96

0.12 to 3.45

5

0.64

0.21 to 1.49

Multiple myeloma, SMR

C90

<5

1.25

0.15 to 4.51

<5

1.90

0.39 to 5.56

<5

0.65

0.13 to 1.91

Leukaemia, SIR

C91-C95

<5

1.09

0.30 to 2.78

<5

0.35

0.01 to 1.96

10

0.86

0.41 to 1.58

Leukaemia, SMR

C91-C95

<5

1.33

0.36 to 3.40

<5

0.52

0.01 to 2.91

7

1.19

0.48 to 2.45

Cells lacking SMR had 0 expected deaths.
Follow-up from 1 January 1960 to 31 December 2018.
*Observed number of deaths corrected to be in line with morphologically confirmed diagnoses, as described in the text (Results, paragraph 3–6).
†Excluding basal cell carcinoma.
‡Excluding renal pelvis.
§Including bladder and renal pelvis.
ICD, International Classification of Diseases; Obs., observed; pyr, person-years.

A limitation in the mortality data was identified in the form
of possible misclassifications. While population-
based cancer
registries are largely based on data from clinical and pathology
reports,23 cause of death registries is based on death certificates
that are rarely validated against clinical or pathological information.16 24 In Norway, the Cause of Death Registry has a high
degree of coverage, but few validation studies on the quality
Marjerrison N, et al. Occup Environ Med 2022;0:1–8. doi:10.1136/oemed-2022-108331

and accuracy of its data have been conducted.16 25 Furthermore,
underlying cause of death cannot always be determined, and it
can be challenging to identify a single underlying cause of death
when comorbidity, or contributing causes of death, may also be
important.16
In 1981, Percy et al26 examined variability and biases in cancer
mortality data and discussed how they may negatively impact
5
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Table 3 Observed number of cases or deaths and standardised incidence ratios (SIRs) or standardised mortality ratios (SMRs) with 95% CIs for
selected cancer sites in men in the Norwegian Fire Departments Cohort, stratified by period of follow-up (n=4295)

Workplace

Age at diagnosis
≤49 years (65 816 pyr)

50–69 years (40 232 pyr)

≥70 years (11 410 pyr)

Cancer site

ICD-10

Obs.

Ratio

95% CI

Obs.

Ratio

95% CI

Obs.

Ratio

95% CI

All cancers, SIR

C00-C97

72

0.99

0.78 to 1.25

404

1.09

0.98 to 1.20

440

1.25

1.14 to 1.37

All cancers, SMR

C00-C97

16

0.77

0.44 to 1.25

137

0.99

0.83 to 1.17

223

1.19

1.04 to 1.36

Oesophagus, SIR

C15

0

0.00

0.00 to 5.74

7

1.42

0.57 to 2.93

7

1.94

0.78 to 3.99

Oesophagus*, SMR

C15

0

0.00

0.00 to 9.25

7

1.74

0.70 to 3.59

7

2.06

0.83 to 4.25

Stomach, SIR

C16

<5

1.24

0.26 to 3.63

22

1.51

0.95 to 2.28

16

1.18

0.67 to 1.91

Stomach*, SMR

C16

<5

1.79

0.37 to 5.24

14

1.29

0.70 to 2.16

13

1.16

0.62 to 1.98

Colon, SIR

C18

<5

0.74

0.15 to 2.16

30

1.11

0.75 to 1.59

49

1.47

1.09 to 1.94

Colon, SMR

C18

<5

0.70

0.02 to 3.89

17

1.60

0.93 to 2.57

17

0.99

0.58 to 1.59

Rectum, rectosigmoid, SIR

C19-C21

<5

1.12

0.23 to 3.28

19

0.91

0.55 to 1.42

20

1.11

0.68 to 1.71

Rectum, rectosigmoid, SMR

C19-C21

0

0.00

0.00 to 3.69

6

0.85

0.31 to 1.86

15

1.68

0.94 to 2.78

Liver, gallbladder, bile ducts, SIR

C22-C24

<5

1.34

0.03 to 7.46

5

1.05

0.34 to 2.46

9

2.05

0.94 to 3.89

Liver, gallbladder, bile ducts*, SMR

C22-C24

<5

1.81

0.05 to 10.1

<5

1.17

0.32 to 2.99

9

2.47

1.13 to 4.69

Larynx, SIR

C32

0

0.00

0.00 to 5.69

<5

0.68

0.14 to 2.00

10

4.10

1.97 to 7.55

Larynx, SMR

C32

0

0.00

0.00 to 32.7

<5

0.92

0.02 to 5.13

<5

3.71

1.01 to 9.50

Lung, SIR

C33-C34

<5

0.93

0.25 to 2.38

35

0.76

0.53 to 1.06

52

1.34

1.00 to 1.75

Lung, SMR

C33-C34

<5

0.68

0.08 to 2.45

24

0.67

0.43 to 1.00

41

1.20

0.86 to 1.63

Cutaneous melanoma, SIR

C43

10

1.11

0.53 to 2.05

24

1.32

0.84 to 1.96

16

1.33

0.76 to 2.17

Cutaneous melanoma, SMR

C43

0

0.00

0.00 to 1.80

10

2.43

1.17 to 4.47

<5

0.91

0.19 to 2.67

Non-melanoma skin†, SIR

C44

<5

1.22

0.15 to 4.42

11

1.04

0.52 to 1.86

24

0.92

0.59 to 1.37

Non-melanoma skin†, SMR

C44

0

0.00

0.00 to 95.0

0

0.00

0.00 to 9.69

<5

1.26

0.03 to 7.03

Mesothelioma, SIR

C45

0

0.00

0.00 to 28.4

<5

2.86

0.78 to 7.33

<5

2.53

0.69 to 6.48

Mesothelioma*, SMR

C45

0

0.00

0.00 to 148

<5

4.36

0.90 to 12.7

<5

1.83

0.22 to 6.60

Prostate, SIR

C61

<5

2.42

0.66 to 6.20

120

1.25

1.03 to 1.49

107

1.09

0.89 to 1.32

Prostate, SMR

C61

0

0.00

0.00 to 20.6

8

0.76

0.33 to 1.49

47

1.07

0.79 to 1.43

Testis, SIR

C62

16

1.44

0.82 to 2.34

<5

1.02

0.12 to 3.68

0

0.00

0.00 to 11.7

Testis, SMR

C62

0

0.00

0.00 to 4.48

0

0.00

0.00 to 11.3

0

0.00

0.00 to 23.9

Kidney‡, SIR

C64

<5

0.71

0.09 to 2.58

12

0.90

0.46 to 1.57

18

2.17

1.29 to 3.43

Kidney‡, SMR

C64

<5

2.79

0.34 to 10.1

<5

0.77

0.21 to 1.96

6

1.14

0.42 to 2.48

Urinary tract§, SIR

C65-C68

<5

0.97

0.20 to 2.83

25

0.96

0.62 to 1.42

45

1.47

1.07 to 1.96

Urinary tract§, SMR

C65-C68

0

0.00

0.00 to 11.2

<5

0.73

0.15 to 2.12

13

1.33

0.71 to 2.27

Thyroid, SIR

C73

<5

0.69

0.02 to 3.84

<5

1.91

0.52 to 4.88

<5

1.05

0.03 to 5.86

Thyroid, SMR

C73

0

0.00

0.00 to 44.8

<5

2.60

0.07 to 14.5

<5

2.23

0.06 to 12.4

Hodgkin lymphoma, SIR

C81

0

0.00

0.00 to 1.39

<5

1.37

0.17 to 4.96

0

0.00

0.00 to 5.98

Hodgkin lymphoma, SMR

C81

0

0.00

0.00 to 5.93

<5

1.75

0.04 to 9.75

0

0.00

0.00 to 9.11

non-Hodgkin's lymphoma, SIR

C82-C86, C96

6

1.48

0.54 to 3.22

14

1.21

0.66 to 2.04

7

0.83

0.33 to 1.70

Non-Hodgkin lymphoma, SMR

C82-C86, C96

0

0.00

0.00 to 2.71

5

1.24

0.40 to 2.90

<5

0.80

0.22 to 2.06

Multiple myeloma, SIR

C90

0

0.00

0.00 to 3.51

5

0.86

0.28 to 2.00

5

0.90

0.29 to 2.10

Multiple myeloma, SMR

C90

0

0.00

0.00 to 10.4

<5

0.65

0.08 to 2.35

6

1.36

0.50 to 2.96

Leukaemia, SIR

C91-C95

<5

0.39

0.01 to 2.18

8

0.97

0.42 to 1.91

6

0.81

0.30 to 1.77

Leukaemia, SMR

C91-C95

0

0.00

0.00 to 2.43

6

1.51

0.55 to 3.28

6

1.07

0.39 to 2.33

Follow-up from 1 January 1960 to 31 December 2018.
*Observed number of deaths corrected to be in line with morphologically confirmed diagnoses, as described in the text (Results, paragraph 3–6).
†Excluding basal cell carcinoma.
‡Excluding renal pelvis.
§Including bladder and renal pelvis.
ICD, International Classification of Diseases; Obs., observed; pyr, person-years.

the value of mortality data in epidemiologic studies. Cancer
sites such as lung, prostate and bladder cancer, for which there
is a high detection and confirmation rate, were considered sites
where mortality rates could be considered reliable.26 Improved
diagnostics, treatment and survival may have changed this
picture somewhat, but even in the present study, lung cancer
deaths appeared well registered, as would be expected with a
6

cancer site where incidence and mortality rates still follow each
other closely.19
We observed only three deaths in eight incident cases of mesothelioma, which is known as an aggressive and incurable malignancy.27 On reassessment of deaths recorded in accordance with
morphologically confirmed incidence data, SMR increased and
both incidence and mortality from mesothelioma were elevated
Marjerrison N, et al. Occup Environ Med 2022;0:1–8. doi:10.1136/oemed-2022-108331
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Table 4 Observed number of cases or deaths and standardised incidence ratios (SIRs) or standardised mortality ratios (SMRs) with 95% CIs for
selected cancer sites in men in the Norwegian Fire Departments Cohort stratified by age at diagnosis (n=4295)

Workplace

Marjerrison N, et al. Occup Environ Med 2022;0:1–8. doi:10.1136/oemed-2022-108331

smoking. Unfortunately, we did not have data on lifestyle factors
for our cohort.
Many studies on cancer risk among firefighters have discussed
limitations following the lack of data on exposures, which likely
differ temporally and regionally and may contribute to inconsistent findings on cancer risk. However, the potential implications
of assessment of cancer incidence versus mortality have not been
examined since 1992, when Demers et al7 demonstrated the
advantages of assessing cancer incidence and mortality alongside
each other.
While assessment of incidence or mortality did not greatly
influence the interpretation of results in the present study, our
results again demonstrate how assessment and comparison
of both cancer measures can be valuable. Where high-quality
incidence data are available, cancer incidence probably better
informs occupational cancer risk at most sites. The most prominent differences between SIR and SMR appeared to be related
to cases with inconsistencies between site of cancer diagnosis
and cause of death. Nonetheless, despite some limitations in
mortality data, assessment of cancer mortality can provide additional insight into potential biases of incidence rates, such as that
related to possible differential patterns of screening that may
have contributed to an elevated SIR for prostate cancer in this
occupational group. As firefighters’ occupational exposures are
complex and findings on cancer risk can be difficult to interpret,
the insight provided by assessment of both cancer incidence and
mortality can be particularly beneficial in understanding their
cancer risks.
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over two-fold. As corrections cannot similarly be made for reference rates, these findings should be interpreted with caution.
Nonetheless, in line with our SIR and recoded SMR, Daniels et al5
also reported incidence and mortality from mesothelioma elevated
over two-fold among US firefighters. Most mesothelioma cases are
attributable to inhalation of asbestos fibres,27 and risk of mesothelioma has long been a concern for firefighters. The first studies to
observe elevated risk for mesothelioma were not until 2014,5 20
likely related to the long latency and rarity of the disease as well as
the lack of specific code for mesothelioma prior to ICD-10. In the
present study, two deaths coded using ICD-10 among those with
mesothelioma diagnoses were also missed in the initial mortality
analysis, demonstrating the importance of considering alternative asbestos-related and mesothelioma-related codes in studies of
mesothelioma cancer risk.
Detection bias due to differential screening practices may also
influence firefighters’ estimated cancer risk. In such situations,
mortality rates, representing the most aggressive tumours, can
offer a more unbiased estimate of the true risk.28
In Norway, general screening for prostate cancer using the
prostate-specific antigen test is not recommended,19 but introduction of the test around 1990 was associated with a rapid increase in
incidence.29 Findings on prostate cancer in firefighters are among
the more consistent, with meta-analyses reporting elevated incidence and mortality at unity.3 4 30 There is limited evidence in
humans of associations between increased prostate cancer risk and
occupational exposure to polycyclic aromatic hydrocarbons and
night-shift work.31 32 However, some have also suggested that the
elevated incidence observed may be related to the regular health
check-
ups that firefighters undergo through their work.2–4 A
pattern of elevated prostate cancer SIR and a lower and less noteworthy SMR was readily recognised in our results for the years
from 1985 on, and for ages below 70 years. In a recent census-
based study, Jakobsen et al33 reported younger age at prostate
cancer diagnosis and better prognostic factors among Norwegian
firefighters, suggesting that the elevated incidence observed may be
related to diagnostic intensity.
As firefighters are required to be in relatively good health for
their work, a healthy worker effect (HWE) may bias studies of
occupational risks downwards. Nonetheless, the HWE has been
reported to be less pronounced for studies on cancer risk,34 35
and it is thought to diminish in studies with longer follow-up
periods34 and with increased time since first employment.36
Some previous SIR8 37 38 and SMR studies9 39 on firefighters have
used external occupational groups as the reference, which has
been suggested as a method to reduce possible bias from the
HWE.34 Otherwise, few previous studies on cancer risk among
firefighters have closely considered the HWE.
The HWE appears to have the most potential to bias findings
for cancer sites where smoking is a predominant risk factor.40 41
Our finding of lung cancer incidence and mortality close to the
expected levels, despite an obvious risk of inhalation of carcinogens during firefighting, may be partly explained by presumed
lower smoking rates among Norwegian firefighters compared
with the general population. Our findings of elevated laryngeal
cancer risk (1985–1995 and age ≥70 years) and some findings on urinary tract cancer could be in line with occupational
exposure to carcinogens. Pukkala et al20 observed elevated incidence of lung adenocarcinoma among Nordic firefighters, also
with the most prominently elevated risk with age over 70 years.
However, other Scandinavian studies have reported both lung
and laryngeal cancer incidence near unity,8 21 22 and Bigert et
al42 did not find evidence of excess lung cancer risk related to
occupational exposure as a firefighter even after adjustment for

Workplace

ORCID iDs
Niki Marjerrison http://orcid.org/0000-0002-3618-8522
Jarle Jakobsen http://orcid.org/0000-0002-7687-077X

REFERENCES

1 International Agency for Research on Cancer. Painting, firefighting, and shiftwork:
IARC Monographs on the evaluation of carcinogenic risks to humans. Lyon, France:
World Health Organization (WHO), 2010: 98. 764.
2 Casjens S, Brüning T, Taeger D. Cancer risks of firefighters: a systematic review and
meta-analysis of secular trends and region-specific differences. Int Arch Occup Environ
Health 2020;93:839–52.
3 Jalilian H, Ziaei M, Weiderpass E, et al. Cancer incidence and mortality among
firefighters. Int J Cancer 2019;145:2639–46.
4 Sritharan J, Pahwa M, Demers PA, et al. Prostate cancer in firefighting and police
work: a systematic review and meta-analysis of epidemiologic studies. Environ Health
2017;16:124.
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;71:388–97.
6 Bates MN, Fawcett J, Garrett N, et al. Is testicular cancer an occupational disease of
fire fighters? Am J Ind Med 2001;40:263–70.
7 Demers PA, Vaughan TL, Checkoway H, et al. Cancer identification using a tumor
registry versus death certificates in occupational cohort studies in the United States.
Am J Epidemiol 1992;136:1232–40.
8 Kirstine Ugelvig Petersen K, Pedersen JE, Bonde JP, et al. Long-Term follow-
up for cancer incidence in a cohort of Danish firefighters. Occup Environ Med
2018;75:263–9.
9 Petersen KU, Pedersen JE, Bonde JP, et al. Mortality in a cohort of Danish firefighters;
1970-2014. Int Arch Occup Environ Health 2018;91:759–66.
10 Glass DC, Pircher S, Del Monaco A, et al. Mortality and cancer incidence in a cohort of
male paid Australian firefighters. Occup Environ Med 2016;73:761–71.
11 Ahn Y-S, Jeong K-S, Kim K-S. Cancer morbidity of professional emergency responders
in Korea. Am J Ind Med 2012;55:768–78.
12 Ahn Y-S, Jeong KS. Mortality due to malignant and non-malignant diseases in Korean
professional emergency responders. PLoS One 2015;10:e0120305.
13 Marjerrison N, Jakobsen J, Grimsrud TK, 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;48:210–9.
14 Jakobsen J, Babigumira R, Danielsen M, et al. Work conditions and practices in
Norwegian fire departments from 1950 until today: a survey on factors potentially
influencing carcinogen exposure. Saf Health Work 2020;11:509–16.
15 Larsen IK, Småstuen M, Johannesen TB, et al. Data quality at the cancer registry of
Norway: an overview of comparability, completeness, validity and timeliness. Eur J
Cancer 2009;45:1218–31.
16 Pedersen AG, Ellingsen CL. Data quality in the causes of death registry. Tidsskr Nor
Laegeforen 2015;135:768–70.
17 International Agency for Research on Cancer. Cancer dictionary. International Agency
for Research on Cancer, 2021. https://ci5.iarc.fr/CI5I-X/Pages/cancer.aspx
18 Ferrís J, Garcia J, Berbel O, et al. Constitutional and occupational risk factors
associated with bladder cancer. Actas Urol Esp 2013;37:513–22.
19 Cancer Registry of Norway. Cancer in Norway. 2019 - Cancer incidence, mortality,
survival and prevalence in Norway. Oslo: Cancer Registry of Norway, 2020.

8

20 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.
21 Bigert C, Martinsen JI, Gustavsson P, et al. Cancer incidence among Swedish
firefighters: an extended follow-up of the NOCCA study. Int Arch Occup Environ
Health 2020;93:197–204.
22 Kullberg C, Andersson T, Gustavsson P, et al. Cancer incidence in Stockholm
firefighters 1958-2012: an updated cohort study. Int Arch Occup Environ Health
2018;91:285–91.
23 Silva dosSI. The role of cancer registries. cancer epidemiology: principles and methods.
Lyon, France: International Agency for Research on Cancer, 1999: 385–403.
24 Ellis L, Woods LM, Estève J, et al. Cancer incidence, survival and mortality: explaining
the concepts. Int J Cancer 2014;135:1774–82.
25 Møller B, Jerm MB, Larønningen S, et al. The validity of cancer information on death
certificates in Norway and the impact of death certificate initiated cases on cancer
incidence and survival. Cancer Epidemiol 2021;75:102023.
26 Percy C, Stanek E, Gloeckler L. Accuracy of cancer death certificates and its effect on
cancer mortality statistics. Am J Public Health 1981;71:242–50.
27 Asciak R, George V, Rahman NM. Update on biology and management of
mesothelioma. Eur Respir Rev 2021;30:200226.
28 Hurwitz LM, Agalliu I, Albanes D, et al. Recommended definitions of aggressive
prostate cancer for etiologic epidemiologic research. J Natl Cancer Inst
2021;113:727–34.
29 Kvåle R, Auvinen A, Adami H-O, et al. Interpreting trends in prostate cancer incidence
and mortality in the five Nordic countries. J Natl Cancer Inst 2007;99:1881–7.
30 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;48:1189–202.
31 Rybicki BA, Neslund-Dudas C, Nock NL, et al. Prostate cancer risk from occupational
exposure to polycyclic aromatic hydrocarbons interacting with the GSTP1 Ile105Val
polymorphism. Cancer Detect Prev 2006;30:412–22.
32 International Agency for Research on Cancer. List of classifications by cancer sites with
sufficient or limited evidence in humans, IARC Monographs. 1-129a. Lyon, France:
International Agency for Research on Cancer, 2020. https://monographs.iarc.who.int/
wp-content/uploads/2019/07/Classifications_by_cancer_site.pdf
33 Jakobsen J, Veierød MB, Grimsrud TK, et al. Early detection of prostate cancer in
firefighters: a register-based study of prognostic factors and survival. Occup Environ
Med 2022;79:200–6.
34 Choi BC. Definition, sources, magnitude, effect modifiers, and strategies of reduction
of the healthy worker effect. J Occup Med 1992;34:979–88.
35 Strand LA, Martinsen JI, Fadum EA, et al. Temporal trends in the healthy soldier effect
in a cohort of Royal Norwegian navy servicemen followed for 67 years. Occup Environ
Med 2020;77:775–81.
36 Pearce N, Checkoway H, Kriebel D. Bias in occupational epidemiology studies. Occup
Environ Med 2007;64:562–8.
37 Harris MA, Kirkham TL, MacLeod JS, et al. Surveillance of cancer risks for firefighters,
police, and armed forces among men in a Canadian census cohort. Am J Ind Med
2018;61:815–23.
38 Demers PA, Checkoway H, Vaughan TL, et al. Cancer incidence among firefighters
in Seattle and Tacoma, Washington (United States). Cancer Causes Control
1994;5:129–35.
39 Baris D, Garrity TJ, Telles JL, et al. Cohort mortality study of Philadelphia firefighters.
Am J Ind Med 2001;39:463–76.
40 Kirkeleit J, Riise T, Bjørge T, et al. The healthy worker effect in cancer incidence studies.
Am J Epidemiol 2013;177:1218–24.
41 Pukkala E, Martinsen JI, Lynge E, et al. Occupation and cancer - follow-up of 15
million people in five Nordic countries. Acta Oncol 2009;48:646–790.
42 Bigert C, Gustavsson P, Straif K, et al. Lung cancer among firefighters: Smoking-
Adjusted risk estimates in a pooled analysis of case-control studies. J Occup Environ
Med 2016;58:1137–43.

Marjerrison N, et al. Occup Environ Med 2022;0:1–8. doi:10.1136/oemed-2022-108331

Occup Environ Med: first published as 10.1136/oemed-2022-108331 on 19 May 2022. Downloaded from http://oem.bmj.com/ on June 27, 2022 by guest. Protected by copyright.

permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

