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ABSTRACT
Objectives To assess the association between
occupational exposure to asbestos and the risk of
cholangiocarcinoma (CC).
Methods We conducted a case–control study nested
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extrahepatic CC (ECC) cases occurring among subjects
Correspondence to
born
in 1920 or later in Finland, Iceland, Norway and
Dr Stefano Mattioli, Department
of Medical and Surgical Sciences Sweden. Each case was individually matched by birth
(DIMEC), University of Bologna,
year, gender and country to five population controls. The
40138 Bologna, Italy;
cumulative exposure to asbestos (measured in fibres (f)/
s.mattioli@u nibo.it
ml × years) was assessed by applying the NOCCA jobexposure matrix to data on occupations collected during
Received 18 June 2017
national population censuses (conducted in 1960, 1970,
Revised 1 September 2017
Accepted 28 September 2017
1980/81 and 1990). Odds ratios (OR) and 95% CI were
estimated using conditional logistic regression models
adjusted by printing industry work.
Results We observed an increasing risk of ICC with
cumulative exposure to asbestos: never exposed, OR 1.0
(reference category); 0.1–4.9 f/mL × years, OR 1.1 (95%
CI 0.9 to 1.3); 5.0–9.9 f/mL × years, OR 1.3 (95% CI 0.9
to 2.1); 10.0–14.9 f/mL × years, OR 1.6 (95% CI 1.0 to
2.5); ≥15.0 f/mL × years, OR 1.7 (95% CI 1.1 to 2.6).
We did not observe an association between cumulative
asbestos exposure and ECC.
Conclusions Our study provides evidence that
exposure to asbestos might be a risk factor for ICC. Our
findings also suggest that the association between ECC
and asbestos is null or weaker than that observed for
ICC. Further studies based on large industrial cohorts of
asbestos workers and possibly accounting for personal
characteristics and clinical history are needed.
►► Additional material is
published online only. To view
please visit the journal online
(http://d x.doi.o rg/10.1136/
oemed-2017-104603).
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Cholangiocarcinomas (CC) are aggressive primary
malignancies of the biliary tract characterised by
a very poor prognosis.1 In clinical practice, CC is
divided into intrahepatic (ICC) and extrahepatic
(ECC); the latter also includes hilar CC.2 This
anatomical classification also reflects the different
origin of multipotent stem cells suspected to be
involved in the genesis of ICC and ECC.3 Moreover,
the available epidemiological evidence demonstrates
that ICC and ECC have different epidemiological
features (ie, incidence and aetiological factors).4
While the incidence of ECC has remained stable
over the past decades, a marked increase in the

What this paper adds?
►► The association between cholangiocarcinoma

and occupational exposure to asbestos was
hypothesised based on the findings from a
small hospital-based case–control study.
►► Our population-based case–control study
conducted in four Nordic countries supports
the hypothesis that occupational exposure
to asbestos is a risk factor for intrahepatic
cholangiocarcinoma (ICC), while no
evidence was observed for extrahepatic
cholangiocarcinoma (ECC).
►► Further studies, such as pooled analyses of
asbestos cohorts, are necessary to assess the
strength of the association between asbestos
and ICC and to clarify the observed differences
between ICC and ECC.

incidence of ICC has been reported worldwide.5 In
Western countries, the rise in the number of cases
of ICC cannot be readily explained by well-established major risk factors, which include infectious
diseases (hepatitis B and C viruses, Opisthorchis
viverrini and Clonorchis sinsensis infestations),
congenital/inherited conditions (bile duct cysts,
Caroli’s disease, haemochromatosis and Wilson’s
disease), liver inflammatory diseases (primary sclerosing cholangitis, cirrhosis, non-alcoholic fatty
liver disease) and personal habits (heavy alcohol
consumption, cigarette smoking and obesity).5–7
Thus, recent studies have focused on possible occupational and environmental determinants of ICC. In
particular, several studies documented an increased
incidence of ICC among workers in the printing
industry, possibly due to exposure to inhaled volatile organic compounds such as 1,2-dichloropropane and dichloromethane.6 8–10 Also, CC has been
associated with occupational asbestos exposure in a
retrospective case–control study, where a fourfold
increase in the risk of ICC was observed among ever
exposed subjects compared with never exposed.11
To our best knowledge, this is the only study that
has specifically investigated the role of asbestos
in the genesis of CC, although several limitations
were present, such as the crude exposure assessment (ever/never exposed), the use of an historical

Farioli A, et al. Occup Environ Med 2017;0:1–8. doi:10.1136/oemed-2017-104603

Copyright Article author (or their employer) 2017. Produced by BMJ Publishing Group Ltd under licence.

1

Occup Environ Med: first published as 10.1136/oemed-2017-104603 on 13 November 2017. Downloaded from http://oem.bmj.com/ on 14 August 2018 by guest. Protected by copyright.

OEM Online First, published on November 13, 2017 as 10.1136/oemed-2017-104603
Workplace

control group and the limited size of the study population (41
ICC and 59 ECC cases).11
We aimed to investigate further the association between occupational exposure to asbestos and the risk of ICC and ECC using
data from a large population study conducted in the Nordic
countries.

Materials and methods
Study design and population

We conducted a case–control study nested in the Nordic Occupational Cohort Study (NOCCA).12 The NOCCA cohort includes
15 million persons from Denmark, Finland, Iceland, Norway
and Sweden who participated in at least one population census
in 1960, 1970, 1980/81 or 1990. The present study, based
on individual records, is restricted to four countries (Finland,
Iceland, Norway and Sweden) as we had no access to individual
data from Denmark.
The NOCCA cohort was conceived to study occupational risk
factors of cancer. The detailed methods have been described
elsewhere.12 Briefly, census data were linked to national population registries through personal identity codes in order to identify data on cancer, death and emigration. Data on occupation
(classified based on national standard occupational codes) were
available from all four censuses in Sweden, from 1960, 1970 and
1980 in Norway, and from 1970 and a later census in Finland.
In Iceland an electronic database of census data was available
only for 1981. All participants in the aforementioned censuses
were followed up in the NOCCA cohort until death, emigration
or the end of the study (2005 in Finland and Sweden, 2004 in
Iceland, 2003 in Norway).
In the present study we considered all incident cases of CC
reported to the cancer registries of Finland, Iceland, Norway and
Sweden between the first available census and end of follow-up
of the NOCCA study. Based on the site of occurrence, we distinguished ICC, ECC and not otherwise specified CC (site of occurrence non-identifiable). Table A in online supplementary file
shows the International Classification of Diseases codes (versions
7, 8 and 10) used in each of the four participating countries to
identify CC.10
Each case was individually matched by gender, birth year and
country to five population controls randomly sampled among
those who were alive and had not been diagnosed with CC on
the date of diagnosis of the case (hereafter the ‘reference date’).
As estimates on the potential exposure to asbestos were available only from 1945 (see section below) and major changes to
the use of asbestos after World War II occurred in the Nordic
countries,13 14 we decided to restrict our study to those subjects
who had spent the majority of their working life after 1945.
We therefore excluded from the analyses all subjects born before
1920.
The NOCCA study has been approved by the ethical committees and the data inspection boards in each of the Nordic
countries.

Exposure assessment

The exposure to asbestos for each subject was estimated by
applying the NOCCA job-exposure matrix (JEM) to the available
occupational codes.15 This JEM was created by national experts
from the Nordic countries starting with the Finnish JEM16; it
covers more than 300 specific occupations, 29 exposure agents
and four periods: 1945–59, 1960–74, 1975–84 and 1985–94.
Asbestos exposure was defined as the inhalation of any form of
asbestos fibres (length >5 µm, diameter <3 µm and aspect ratio
2

of at least 3:1) or asbestos-containing material. The probability
of exposure (P, the proportion of workers exposed to asbestos
within each occupational code) and the mean level of exposure
(L) measured in fibres (f)/ml among the exposed workers were
estimated by occupational code, country and period. Only occupations where the probability of exposure was >5% were classified as exposed to asbestos (ie, the exposure was classified as
null if P was <0.05).15
Even though at least one occupational code was available for
all subjects in the research database, the national classification
schemes include some uninformative categories (eg, unknown
occupation, new workers seeking employment, workers
reporting occupations unidentifiable or inadequately described).
As occupational exposure to asbestos was relatively common in
the general population during the study period,17 we were not
confident in assuming a zero level of occupational exposure to
asbestos for individuals with unclassified occupations and we
decided to recode as missing information the occupational codes
reported in table B of online supplementary file.
We applied four different metrics to assess the effect of asbestos
exposure on the risk of CC. First, we divided the study population into never or ever exposed to asbestos. Second, we classified
each subject based on the maximum level (P × L) of exposure
to asbestos during his/her working life (as assessed using the
available occupational codes). Third, we studied the effect of the
duration of exposure to asbestos. For this purpose, we assumed
that the employment period of each subject started at the age of
20 and ended at the age of 65. If a person showed different occupational codes in the census records, we assumed that the occupation had changed in the mid-point between two censuses. We
defined the duration (D) of the exposure to asbestos as the total
number of years spent by each individual in an occupation with
a non-zero level of asbestos exposure. The last metric applied
was the cumulative exposure calculated as P × L × D (measured
in f/ml × year). For subjects with different occupations over
the studied period, the cumulative exposure was calculated by
summing up all their P × L × D values. Assuming that a solid
cancer develops over a number of years, we conducted four sets
of analyses where cumulative exposure was calculated with no
lagging or assuming a 10-, 20- or 30-year lag period (ie, not
considering the exposure occurred 10, 20 or 30 years before the
reference date).
As previous reports have suggested that the risk of CC might be
increased among workers in the printing industry,10 we hypothesised that work in the printing industry might be a confounder
of the studied association. Due to the limited number of printing
industry workers in our study population, we only created a
binary qualitative exposure variable (never/ever exposed) and we
did not attempt to create a quantitative exposure variable. The
occupational codes used to identify printing industry workers
are reported in table C in online supplementary file. 10

Statistical analysis

We first studied the effect of asbestos exposure on the risk of CC.
We then conducted separate analyses for ICC and ECC because
available evidence suggests that asbestos might be a risk factor
particularly for ICC.11
The correlations between continuous variables were assessed
using Spearman’s rank correlation coefficient (Spearman rho).
All quantitative exposure variables (maximum level, duration
and cumulative exposure) were recoded into ordinal variables.
We selected values corresponding to the 50th and 90th percentiles of the exposure variable distribution among all ever exposed
Farioli A, et al. Occup Environ Med 2017;0:1–8. doi:10.1136/oemed-2017-104603
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subjects as cut-off points for categorisation; never exposed individuals were used as the reference group. To better assess the
exposure-response between CC and cumulative exposure to
asbestos (the main exposure metric), we created a further ordinal
variable based on the observed distribution of the cumulative
exposure to asbestos in our study population to identify equal
intervals of exposure: never exposed (0 f/mL × years); 0.1–4.9 f/
mL × years; 5.0–9.9 f/mL × years; 10.0–14.9 f/mL × years;
and ≥15.0 f/mL × years.
We estimated odds ratios (ORs) and 95% CIs of CC by fitting
logistic regression models conditioned on matching variables
(gender, birth year and country); we also conducted a set of
analyses adjusted by work in the printing industry. Linear trends
for ordinal exposure variables (ie, exposure categories ranked
from the lowest to the highest) were evaluated using the Wald
test, treating the variable as a continuous variable (introduced in
the model with one degree of freedom). When studying cumulative exposure calculated assuming different lag periods, we
performed a model comparison by means of the Bayesian information criterion (BIC) proposed by Schwarz.18 The BIC for a
regression model is calculated based on the log-likelihood (lnL),
the number of parameters estimated (k) and the sample size (N)
according to the formula: BIC = −2*lnL + k*ln(N). The BIC
allows the comparison of non-nested regression models; the
lower the BIC, the better is the fit of the model to the observed

data18. We conducted analyses stratified by gender, country and
reference age to explore possible effect modifiers.
All analyses were performed using Stata 14.1 SE (Stata Corporation, College Station, Texas, USA). A two-sided p value <0.05
was defined as statistically significant.

Results
This database from four Nordic countries includes 2645 subjects
with ICC, 10 753 with ECC and 7580 with not otherwise specified CC diagnosed between 1961 and 2005. After the exclusion
of subjects born before 1920 and of those without occupational codes informative on their past exposure to asbestos, we
included in our final analysis 1458 ICC, 3972 ECC and 2801
not otherwise specified CC (figure 1).
Table 1 presents the characteristics of the study population.
Both ICC and ECC were more common among men than women
(53.8% of ICC and 55.1% of ECC). As expected, most CC cases
were aged 60 years or more. The majority of the cases were diagnosed in Sweden and Finland, while Iceland contributed only 73
diagnoses. A total of 503 subjects (1.1% of the study population)
were classified as ever employed in the printing industry. The overall
prevalence of past exposure to asbestos was higher among controls
(17.0%) than cases (16.6%); however, the prevalence increased to
19.7% when considering ICC cases solely. Among workers ever

Figure 1 Flow diagram of the study population.
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Table 1

Characteristics of the study population
All cholangiocarcinoma*

Intrahepatic cholangiocarcinoma*

Extrahepatic cholangiocarcinoma*

Cases
(n=8231)

Controls
(n=37 389)

Cases
(n=1458)

Controls
(n=6773)

Cases
(n=3972)

Controls
(n=18221)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

Gender
 Female

4317 (52.5)

18 268 (48.9)

674 (46.2)

2937 (43.4)

1783 (44.9)

7523 (41.3)

 Male

3914 (47.5)

19 121 (51.1)

784 (53.8)

3836 (56.6)

2189 (55.1)

10 698 (58.7)

 1920–1929

4416 (53.7)

19 266 (51.5)

654 (44.9)

2929 (43.3)

2156 (54.3)

9553 (52.4)

 1930–1939

2322 (28.2)

10 939 (29.3)

415 (28.5)

1971 (29.1)

1116 (28.1)

5288 (29.0)

 1940–1949

1177 (14.3)

5665 (15.1)

296 (20.3)

1426 (21.0)

549 (13.8)

2651 (14.6)

 1950–1960

316 (3.8)

1519 (4.1)

93 (6.4)

447 (6.6)

151 (3.8)

729 (4.0)

 ≤59

2736 (33.2)

12 800 (34.2)

538 (36.9)

2542 (37.5)

1412 (35.5)

6604 (36.2)

 60–69

3003 (36.5)

13 593 (36.4)

502 (34.4)

2320 (34.3)

1416 (35.7)

6507 (35.7)

 ≥70

2492 (30.3)

10 996 (29.4)

418 (28.7)

1911 (28.2)

1144 (28.8)

5110 (28.0)

Birth cohort

Reference age†

Reference period‡
 1961–1970

21 (0.3)

94 (0.3)

0 (0.0)

0 (0.0)

17 (0.4)

77 (0.4)

 1971–1980

451 (5.5)

1959 (5.2)

46 (3.2)

194 (2.9)

256 (6.5)

1141 (6.3)

 1981–1990

1796 (21.8)

8012 (21.4)

266 (18.2)

1208 (17.8)

979 (24.6)

4408 (24.2)

 1991–2005

5963 (72.4)

27 324 (73.1)

1146 (78.6)

5371 (79.3)

2720 (68.5)

12 595 (69.1)

 Finland

3395 (41.2)

15 306 (40.9)

549 (37.7)

2571 (38.0)

1353 (34.1)

6214 (34.1)

 Iceland

73 (0.9)

305 (0.8)

11 (0.7)

48 (0.7)

43 (1.1)

186 (1.0)

 Norway

1349 (16.4)

5870 (15.7)

260 (17.8)

1153 (17.0)

610 (15.4)

2699 (14.8)

 Sweden

3414 (41.5)

15 908 (42.6)

638 (43.8)

3001 (44.3)

1966 (49.5)

9122 (50.1)

Country

Ever worked in the printing industry
 No

8138 (98.9)

36 979 (98.9)

1426 (97.8)

6703 (99.0)

3933 (99.0)

18 002 (98.8)

 Yes

93 (1.1)

410 (1.1)

32 (2.2)

70 (1.0)

39 (1.0)

219 (1.2)

Occupational exposure to asbestos
 No

6861 (83.4)

31 052 (83.0)

1171 (80.3)

5548 (81.9)

3225 (81.2)

14 727 (80.8)

 Yes

1370 (16.6)

6337 (17.0)

287 (19.7)

1225 (18.1)

747 (18.8)

3494 (19.2)

*2801 cases (1860 women and 941 men) were classified as cholangiocarcinoma but the coding scheme did not allow the distinction between intra- and extrahepatic
cholangiocarcinoma. These cases are included in the ‘All cholangiocarcinoma’ column.
†Reference age defined as age at diagnosis for cases and age at sampling for controls.
‡Reference period defined as period of diagnosis for cases and period of sampling for controls.

exposed to asbestos, the cumulative exposure index was highly
correlated to the maximum intensity of exposure (Spearman’s
rho 0.97) and moderately correlated to the duration of exposure
(Spearman’s rho 0.54), while intensity and duration of exposure
were only weakly correlated (Spearman’s rho 0.39).
Table 2 and table D in online supplementary file show the
association between the selected metrics for asbestos exposure
and the risk of CC, ICC and ECC. Adjustment by work in the
printing industry did not substantially change the estimates
of interest. There were no associations between exposure to
asbestos and the risk of ECC. However, for ICC, all metrics
of exposure to asbestos were associated with the outcome. For
maximum intensity and cumulative exposure, we observed a
linear exposure–response relationship that was clearer for the
cumulative exposure variable stratified into equally spaced intervals. The OR for subjects with a cumulative exposure of ≥15.0 f/
mL × years compared with never exposed was 1.7 (95% CI
1.1 to 2.6), suggesting a moderate/strong association. There was
no statistically significant trend in risk according to duration of
exposure to asbestos: all categories of duration showed an OR of
1.2 compared with never exposed.
Table 3 shows the effect of lagging the cumulative exposure
when studying ICC. According to the BIC, the four models
(unlagged, 10-, 20- or 30-year lag) did not differ substantially
4

from each other (BIC ranged between 5036.3 and 5040.3).
The BIC was lowest with a 20-year lag; in this analysis, the OR
for subjects of the highest category of exposure (≥15.0 f/mL ×
years) compared with never exposed was 2.1 (95% CI 1.2 to
3.7).
Table E in online supplementary file shows the OR for the
association between the cumulative exposure to asbestos and
ICC estimated in the analyses stratified by gender, country and
reference age. As expected, the overall estimates were driven by
the data observed among men, as very few women had exposure
levels above 1.1 f/mL × years. Associations were observed in all
countries and the highest ORs were always observed for exposure levels ≥15 f/mL × year, although the estimates were highly
imprecise due to relatively small numbers. For the analysis stratified by reference age, there were fluctuations in the OR with
broad confidence intervals, which hampered a clear interpretation of the risk estimates.

Discussion
In this study there was an increased risk of ICC among subjects
with a past occupational exposure to asbestos. We did not observe
an association between occupational exposure to asbestos and
ECC.
Farioli A, et al. Occup Environ Med 2017;0:1–8. doi:10.1136/oemed-2017-104603
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1370

  Ever

786

321

263

 <0.11 f/mL

  0.11–0.79 f/mL

 ≥0.80 f/mL

678

545

147

 <21 years

  22–41 years

 ≥42 years

699

522

149

 0.1–1.1 f/mL × years

 1.2–14.9 f/mL × years

 ≥15.0 f/mL × years

969

142

110

149

 0.1–4.9 f/mL × years

 5.0–9.9 f/mL × years

 10.0–14.9 f/mL × years

 ≥15.0 f/mL × years

609

490

704

4534

31 052

609

2595

3133

31 052

625

2532

3180

31 052

1182

1550

3605

31 052

6337

31 052

Controls
(n=37 389)

1.2 (1.0 to 1.4)

1.1 (0.9 to 1.4)

1.0 (0.8 to 1.2)

1.1 (1.0 to 1.1)

1.0 (Ref)

1.2 (1.0 to 1.4)

1.0 (0.9 to 1.1)

1.1 (1.0 to 1.2)

1.0 (Ref)

1.2 (1.0 to 1.4)

1.1 (1.0 to 1.2)

1.1 (1.0 to 1.2)

1.0 (Ref)

1.1 (0.9 to 1.3)

1.0 (0.9 to 1.2)

1.1 (1.0 to 1.2)

1.0 (Ref)

1.1 (1.0 to 1.1)

1.0 (Ref)

OR (95% CI)

0.033

0.122

0.051

0.115

p trend

34

27

27

199

1171

34

109

144

1171

27

111

149

1171

63

77

147

1171

287

1171

Cases
(n=1458)

104

88

106

927

5548

104

480

641

5548

116

477

632

5548

204

286

735

5548

1225

5548

Controls
(n=6773)

1.7 (1.1 to 2.5)

1.6 (1.0 to 2.5)

1.3 (0.8 to 2.0)

1.1 (0.9 to 1.3)

1.0 (Ref)

1.7 (1.1 to 2.5)

1.2 (0.9 to 1.5)

1.2 (0.9 to 1.4)

1.0 (Ref)

1.2 (0.8 to 1.9)

1.2 (1.0 to 1.5)

1.2 (1.0 to 1.5)

1.0 (Ref)

1.6 (1.2 to 2.2)

1.4 (1.1 to 1.8)

1.0 (0.8 to 1.3)

1.0 (Ref)

1.2 (1.0 to 1.4)

1.0 (Ref)

OR (95% CI)

Intrahepatic cholangiocarcinoma

Estimates from logistic regression models conditioned on matching variables (year of birth, gender and country).
*Cut-offs based on quartile of the distribution of the exposure among subjects with a non-zero exposure.
†Equal intervals.
Ref, reference category.

6861

 0 f/mL × years

Cumulative exposure†

6861

 0 f/mL × years

Cumulative exposure*

6861

  0 years

Duration of exposure*

6861

  0 f/mL

Maximum intensity*

6861

  Never

Never/ever exposed

Cases
(n=8231)

All cholangiocarcinoma

Occupational exposure to asbestos and risk of cholangiocarcinoma

Metric for occupational
exposure to asbestos

Table 2

0.001

0.007

0.040

0.001

p trend

74

56

81

536

3225

74

296

377

3225

78

297

372

3225

133

171

443

3225

747

3225

Cases
(n=3972)

330

273

444

2447

14 727

330

1476

1688

14 727

337

1394

1763

14 727

667

877

1950

14 727

3494

14 727

Controls
(n=18 221)

1.1 (0.8 to 1.4)

1.0 (0.8 to 1.4)

0.9 (0.7 to 1.2)

1.1 (1.0 to 1.2)

1.0 (Ref)

1.1 (0.8 to 1.4)

1.0 (0.9 to 1.1)

1.1 (1.0 to 1.2)

1.0 (Ref)

1.2 (0.9 to 1.5)

1.0 (0.9 to 1.2)

1.0 (0.9 to 1.2)

1.0 (Ref)

1.0 (0.8 to 1.2)

1.0 (0.8 to 1.1)

1.1 (1.0 to 1.3)

1.0 (Ref)

1.1 (1.0 to 1.2)

1.0 (Ref)

OR (95% CI)

Extrahepatic cholangiocarcinoma

0.503

0.482

0.222

0.853

p trend
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Table 3

Cumulative exposure to asbestos and risk of intrahepatic cholangiocarcinoma: comparison of unlagged/lagged exposure metrics

Lag period

Cases
(n=1458)

Controls
(n=6773)

OR (95% CI)

No lag
 0 f/mL × years

1171

5548

 0.1–1.1 f/mL × years

144

641

1.2 (1.0 to 1.4)

109

480

1.2 (1.0 to 1.5)

34

104

1.7 (1.1 to 2.6)

1177

5564

10-year lag
 0 f/mL × years
 0.1–1.1 f/mL × years

143

641

1.2 (0.9 to 1.4)

108

474

1.2 (1.0 to 1.5)

30

94

1.7 (1.1 to 2.6)

1196

5663

20-year lag
 0 f/mL × years
 0.1–1.1 f/mL × years

133

586

1.2 (1.0 to 1.5)

110

477

1.2 (1.0 to 1.5)

19

47

2.1 (1.2 to 3.7)

1259

5923

30-year lag
 0 f/mL × years

5037.6

0.003

5035.4

0.023

5040.3

1.00 (Ref)

 0.1–1.1 f/mL × years

102

454

1.2 (0.9 to 1.5)

 1.2–14.9 f/mL × years

94

389

1.3 (1.0 to 1.6)

3

7

2.3 (0.6 to 8.8)

 ≥15.0 f/mL × years

0.006

1.0 (Ref)

 1.2–14.9 f/mL × years
 ≥15.0 f/mL × years

5036.3

1.0 (Ref)

 1.2–14.9 f/mL × years
 ≥15.0 f/mL × years

BIC

0.004
1.0 (Ref)

 1.2–14.9 f/mL × years
 ≥15.0 f/mL × years

p trend

Estimates from logistic regression models conditioned on matching variables (year of birth, gender and country).
BIC, Bayesian information criterion; Ref, reference category.

We observed an increased risk of ICC with all four asbestos
exposure metrics (ever/never, intensity, duration and cumulative). Regarding quantitative asbestos metrics, clear signs of an
exposure–response relationship were observed for intensity and
cumulative exposure—two metrics that were highly correlated in
our study population—but not for duration of exposure. Duration of exposure is a major determinant for most asbestos-related
cancers (eg, lung cancer19). When interpreting our findings, we
must consider that the duration of exposure was measured based
on imputed data (all subjects were assumed to have worked
between the age of 20 and 65 years and the midpoint between
two censuses was used as a cut-off in the presence of exposure
changes); hence, our risk estimates on the effect of the duration
and the cumulative exposure should be interpreted with caution.
The fact that, in all the four countries studied, the higher risk
estimates were observed for highest category exposure provides
further support for the presence of a causal association between
asbestos exposure and ICC.
These findings are broadly in line with those from a previous
case–control study carried out in Italy, where the association
between asbestos exposure and ICC was stronger (ever vs never
exposed, OR 4.8, 95% CI 1.7 to 13.3) than for ECC (OR 2.1,
95% CI 0.8 to 5.3).11 However, the relative risks estimated
in the Italian study were much higher than those observed in
the Nordic countries. Several factors could contribute to the
observed differences. The estimates from Brandi et al were
based on a small number of cases and risk estimates were imprecise.11 Moreover, these estimates might have been affected by
referral bias, as a group of cases enrolled at a tertiary centre
for the diagnosis and treatment of CC were compared with a
historical control group, including inpatients and outpatients
recruited to study the occupational aetiology of three conditions (carpal tunnel syndrome, renal carcinoma and retinal
detachment).20–22 A sensitivity analysis restricted to cases
and controls from the district where the hospital is located
6

produced slightly lower risk estimates, particularly for ECC
(ICC: OR 3.4, 95% CI 1.0 to 11.5; ECC: OR 1.4, 95% CI 0.4
to 4.7).11 Morever, the risk estimates derived from the NOCCA
data might be biased towards null due to the limited amount of
information on occupation, which could lead to non-differential misclassification of the exposure variable. Also, the use of
asbestos in Italy was more intense and prolonged than in the
Nordic countries.23 Therefore, it is possible that the average
cumulative exposure among ever exposed subjects in the Italian
study (which was the only metric reported in the study) might
be higher than that of ever exposed workers in the present
Nordic study population.
To our knowledge, the present Nordic study and the Italian
one are the only studies that have specifically addressed the
risk of CC associated with asbestos exposure. An increased
risk of liver cancer among workers exposed to asbestos has
been reported in some occupational cohorts, but these studies
grouped together all liver cancers, sometimes also adding all bile
duct neoplasms.24 25
The presence of asbestos fibres in liver tissue was first reported
more than three decades ago.26 27 In addition, a recent study
from the region of Casale Monferrato, Italy, known for its high
incidence of asbestos-related cancers, demonstrated the presence
of asbestos fibres in gallbladder removed to treat cholelithiasis
several years after the Italian ban of asbestos.28 How asbestos
fibres can reach the liver tissue is still unclear. Miserocchi and
colleagues hypothesised that the fibres, drained by the pulmonary lymphatic system, could reach the blood and then potentially translocate to all organs.29 Once in the liver, asbestos
fibres might produce a chronic inflammatory status and lead
to impaired cell proliferation and apoptosis.30 The anatomical
features of the bile ducts could explain the differences observed
between ICC and ECC; asbestos fibres might be more likely
to remain trapped in the smaller bile ducts. Moreover, current
knowledge supports the hypothesis that different pluripotent
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stem cells could be involved in the carcinogenic process of ICC
and ECC.4

Study strengths and limitations

The main strengths of our study are the large population base
and the high number of cases analysed. Also, thanks to the use
of standard diagnostic codes, we were able to distinguish the site
of occurrence (extra- or intrahepatic) for most cases (63.5%),
enabling us to present separate estimates for ICC and ECC.
Finally, the occupational exposure to asbestos was quantified
based on a job-exposure matrix that was created without any
knowledge of the aetiological hypothesis under investigation in
the present study.15
The main limitation of the present register-based study is the
absence of information on potential confounders other than
work-related ones, such as liver diseases and personal habits.
In the Nordic countries, some of the established risk factors
for CC might be more common among subjects from lower
socioeconomic classes (eg, alcohol-related liver cirrhosis31)
and might be associated with a history of asbestos exposure.
Increased mortality for liver diseases has been documented in
the Nordic countries in some groups of workers performing
occupations with potential exposure to asbestos (eg, miners and
quarry workers, construction workers, plumbers and painters).12
However, we observed very different risk estimates for ICC and
ECC; hence, the confounding pattern should differ substantially
between the two forms and be strong enough to largely inflate
the OR for ICC (the OR for exposure levels ≥15 f/mL × years
was as high as 2.1 when a 20-year lag was allowed). This seems
unlikely as alcohol-related liver diseases such as liver cirrhosis are
considered to be risk factors for both ICC and ECC (although
the magnitude of the risks is probably higher for ICC).7 For these
reasons, we do not believe that the absence of information on
established risk factors for CC might fully explain the pattern
or risk estimates that we have observed for ICC; however, we
cannot exclude a minor overestimation of the OR due to a
possible different distribution of chronic liver diseases by occupation. A second limitation is the potential for exposure misclassification, as the exposure assessment was performed based on
job titles (no direct asbestos measurement information available at the individual level). A recent analysis of the Swedish
component of the NOCCA study showed an increased risk of
mesothelioma in occupations not considered, according to the
NOCCA JEM, exposed to asbestos or other chemical carcinogens.32 Among women, the occupations of canning workers and
clearers showed an increased risk of mesothelioma not predicted
by the NOCCA JEM.32 This observation suggests that the use
of the NOCCA JEM fails to capture the risk of asbestos-related
mesothelioma occurring in occupations where the proportion
of workers exposed to asbestos is low (<5%).32 In our specific
case, also considering the high proportion of CC cases recorded
among women, it is possible that a certain proportion of workers
classified as ‘unexposed’ had actually been exposed to asbestos;
this fact is likely to have biased our estimates towards the null
hypothesis. However, our most notable finding is the raised risk
of ICC observed among men with high levels of exposure to
asbestos. In this subpopulation, the bias due to sources of exposure not captured by the JEM should be minimal. We did not
have access to the entire working history of the enrolled subjects,
and thus we had to assume similar exposures to asbestos between
censuses, which is imprecise. Moreover, the starting and ending
employment dates were not available and we assumed that all
subjects worked between the ages of 20 and 65 years. Also, some
Farioli A, et al. Occup Environ Med 2017;0:1–8. doi:10.1136/oemed-2017-104603

of the workers included in the present analysis might have been
exposed to asbestos a few years before 1945 (we included all
people born in 1920 or later); thus, the length of exposure to
asbestos might have been underestimated for a small proportion
of our study population. There is no reason to suspect that the
exposure misclassification might be differential with respect to
the case/control status; hence, this potential source of bias is more
likely to have attenuated rather than inflated our risk estimates.
In our analysis we could only evaluate the association between
CC and occupational exposure to asbestos, while we had no
information on other non-occupational sources of exposure to
asbestos.33 Also, the NOCCA JEM is based on data referring to
airborne concentration of asbestos fibres at the working places15;
hence, the JEM implicitly assumes that the main route of exposure is inhalation. However, in the case of CC, enteric absorption
of ingested asbestos fibres—possibly due to non-occupational
sources of exposure such as the consumption of contaminated
drinking water—might play a role.34 Also, due to the limited
knowledge available on the carcinogenic process linking asbestos
exposure to ICC, we cannot exclude the possibility that exposures occurring early in life might be important determinants of
the disease. An experimental study demonstrated that, in mice,
ingested asbestos fibres can cross the placenta and accumulate in
the liver of the fetus.35 This finding is in line with those from an
epidemiological study that documented the presence of asbestos
fibres in the liver of stillborn infants from mothers without a
known occupational exposure to asbestos.36 Due to the lack of
information on established personal risk factors, we could not
explore the role of asbestos in the initiation and/or promotion of
CC. Hence, our study does not provide information on the role
of asbestos as a co-carcinogen acting only in the presence of an
already initiated carcinogenic process. A final limitation of our
study is the relatively low level of exposure to asbestos observed
among both cases and controls. Asbestos use was banned in
Iceland, Sweden and Norway during the early 1980s, but in
Finland its use continued until 1993. Therefore, even the highest
asbestos exposure categories in this study are not especially high
compared with the highest exposure levels worldwide.

Conclusions
This is the first large population-based study which supports the
hypothesis that occupational exposure to asbestos is a risk factor
for ICC, but not for ECC. Further studies designed to carefully
assess the asbestos exposure history and to account for potential confounders are necessary to establish the causality of the
observed association and to define with precision the magnitude
of the risk.
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