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ABSTRACT

Background: Recent studies supported the association between occupational exposure to asbestos and risk of cholan-
giocarcinoma (CC). Aim of the present study is to investigate this association using an update of mortality data from
the Italian pooled asbestos cohort study and to test record linkage to Cancer Registries to distinguish between hepato-
cellular carcinoma (HCC) and intrahepatic/extrahepatic forms of CC. Methods: The update of a large cohort study
pooling 52 Italian industrial coborts of workers formerly exposed to asbestos was carried out. Causes of death were
coded according to ICD. Linkage was carried out for those subjects who died for liver or bile duct cancer with data on
histological subtype provided by Cancer Registries. Results: 47 cohorts took part in the study (57,227 subjects). We
identified 639 causes of death for liver and bile duct cancer in the 44 cohorts covered by Cancer Registry. Of these 639,
240 cases were linked to Cancer Registry, namely 14 CC, 83 HCC, 117 cases with unspecified histology, 25 other
carcinomas, and one case of cirrhosis ( likely precancerous condition). Of the 14 CC, 12 occurred in 2010-2019, two
in 2000-2009, and none before 2000. Conclusion: Further studies are needed to explore the association between
occupational exposure to asbestos and CC. Record linkage was hampered due to incomplete coverage of the study areas
and periods by Cancer Registries. The identification of CC among unspecific histology cases is fundamental to establish

more effective and targeted liver cancer screening strategies.

1. INTRODUCTION

Cholangiocarcinoma (CC) is a malignant tumor
that arises from biliary epithelium at any portion of
the bile duct system and represents the second most
common primary liver malignancy. CC are com-
monly divided into intrahepatic (ICC) and extra-
hepatic (ECC) forms (including perihilar and distal

CCQ) [1].These two forms differ in terms of risk fac-
tors, incidence and clinical presentation [2].
Although the incidence of ECC was stable or de-
creased in the last decades in Nordic Countries [3],
an increase in the incidence of ICC was reported in
the majority of countries worldwide [4]. In 2003-
2017 in Italy, the average annual incidence rate for

ICC was 1.8 and 1.1 per 100,000 person-years in
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men and women, respectively [5]. In 2008-2012 in
the same country, the age-standardised incidence
rate of ICC was higher than ECC with a ratio of
1.2:1[6].

In Italy, an increase of ICC mortality from
0.01 per 100,000 person-years in 1980 to 0.59 per
100,000 person-years in 2003 was reported [7]. In
2010-2014, age-standardised mortality rates from
ICC reached the value of 1.00 per 100,000 person-
years for men and 0.67 per 100,000 person-years
for women [8]. Moreover, a slightly uptrend in sur-
vival from ICC has been reported in 2003-2017 [5].
With respect to ECC, mortality rates increased in
the period 1980-1994, however a decreasing trend
from 1995 to 2003 has been detected [7]. In 2010-
2014, age-standardised mortality rates for ECC
were 0.21 and 0.13 per 100,000 person-years in men
and women, respectively [8].

Known/putative risk factors for CC include viral
hepatitis B and C, liver fluke infections (e.g., Clonor-
chis sinensis, Opistorchis viverrini), primary sclerosing
cholangitis, cholelithiasis/choledocholithiasis, hepato-
lithiasis, liver cirrhosis, non-alcoholic steatohepatitis,
congenital/inherited conditions, personal habits like
heavy alcohol consumption, cigarette smoking, and
conditions such as obesity [9]. Despite this, in Western
Countries about 50% of CC cases arise ‘de novo’ and
no known risk factors are identified [10].

Recent cohort studies investigated the role of oc-
cupational exposure to chemical substances and risk of
CC [11-13]. An increased risk for CC was found in
printing workers exposed to 1,2-dichloropropane and/
or dichloromethane [11-12].

'The putative association of CC with occupational/
environmental exposure to asbestos was investigated as
well [14]. A case-control study reported a fourfold in-
creased risk of ICC among ever exposed at work com-
pared with never exposed (adjusted Odds Ratio [OR]
4.8,95% Confidence Interval [95%CI] 1.7-13.3) [15].
Suggestive evidence that asbestos exposure might be
associated with ECC was also observed [15]. A nested
case-control study in the Nordic Occupational Cancer
(NOCCA) cohort reported an increased risk of ICC
with cumulative exposure to asbestos (215.0 f/mL x
years vs never exposed: OR 1.7, 95%CI 1.1-2.6) [16].
Furthermore, a recent study carried out on ICC pa-

tients classified in small duct (sd-ICC) and large duct

morphological subtypes (1d-ICC) suggested that sd-
ICC might be more frequently associated to asbestos
exposure than 1d-ICC [17].

How asbestos inhaled or ingested fibres may reach
the biliary tract is still an open question. It can be
hypothesized that asbestos fibres might reach the
bloodstream through the pulmonary and the portal
lymphatic system [18-19]. In the liver, asbestos fibres
might be trapped in Hering’s channels and the termi-
nal bile ductules, where they may cause direct damage
on stem cell niche. At the same time, asbestos fibres
may act indirectly, causing prolonged chronic inflam-
mation in the same environment [20-21]. Of note,
two recent studies detected the presence of asbestos
fibres in the biliary tree/gallbladder and CC specimens
of patients living in a highly polluted area [18,22].

The aim of the present study is to investigate the
association between occupational exposure to asbestos
and risk of CC using an update of mortality data from
the Italian pooled cohort study of workers formerly
exposed to asbestos [23] and to test record linkage to
Cancer Registries to distinguish between hepatocel-

lular carcinoma (HCC) and ICC/ECC forms.
2. METHODS

'This study is based on the update of a large cohort
study pooling 52 Italian industrial cohorts of for-
mer exposed to asbestos including a cohort of wives
of asbestos cement workers and a cohort of Italian
crocidolite miners in Australia [23]. In 2015, the
pooled cohort study consisted of 43 cohorts mainly
involved in asbestos cement industry, rolling stock
construction and maintenance, and shipbuilding
[24-29].

'The update of the follow-up of the pooled cohort
study was carried out based on the following steps:
i) vital status and cause of death were ascertained
through local Registrar’s Offices; ii) in the case of
decedents, local Registrar’s Offices or Local Health
Authority Registries of Causes of Death provided
the cause of death, coded according to the Inter-
national Classification of Disease (ICD, 8th, 9th
and 10th revisions); and iii) the coordinating unit
pooled the information of the different cohorts,
including gender, date of birth, vital status, date of
follow-up (either date of death for decedents or date
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of the most recent observation for alive/lost sub-
jects), cause of death for decedents, start/end date
of each period of employment. For the different co-
horts, the date of follow-up varied according to the
most recent available update of mortality data and
was comprised between 2018 and 2021 [23].

For the present study, we intended to identify
those CC cases arising from the pooled cohort study
in order to distinguish between HCC and CC and
to further classify CC into ICC or ECC forms.
Considering that the cause of death regarding liver/
biliary tract neoplasms could be misclassified or clas-
sified with three-digit ICD codes, an attempt was
made to perform a linkage for those subjects who
died for liver or bile duct cancer with data on histo-
logical subtype provided by Cancer Registries. The
linkage procedures were carried out by each Cancer
Registry according to a deterministic approach based
on the following variables: name, surname, date and
place of birth. These procedures were performed for
any subjects enrolled in the study independently of
spatio-temporal coverage of Cancer Registry. Each
Cancer Registry forwarded the anonymised data to
the coordinating unit including date of incidence,
morphology and topography code.

'The study included the following causes of death
coded according to ICD codes, namely: i) 155 (Ma-
lignant neoplasm of liver and intrahepatic bile ducts,
specified as primary) and 156 (Malignant neoplasm
of gallbladder and bile ducts) for ICD-8; ii) 155
(Malignant neoplasm of liver and intrahepatic bile
ducts) and 156 (Malignant neoplasm of gallbladder
and extrahepatic bile ducts) for ICD-9; and iii) C22
(Malignant neoplasm of liver and intrahepatic bile
ducts), C23 (Malignant neoplasm of gallbladder),
and C24 (Malignant neoplasm of other and un-
specified parts of biliary tract) for ICD-10. Whereas
possible, four-digit ICD codes were used.

The histological subtype groupings provided by
Cancer Registries were based on the International
Classification of Diseases for Oncology, third edi-
tion (ICD-O-3) morphology codes or earlier edi-
tions [30]. Cancer classification was made according
to the European Network of Cancer Registries Rec-
ommendations [31].

For the present purpose, only a subset of cohorts
established in an area covered by Cancer Registries

were eligible for the study. In areas with no Can-
cer Registry coverage, a record linkage with hospital
discharge records (HDR) was considered. This was
the case of the three cohorts located in the province
of Bologna, where the record linkage was performed
using HDR classifying primary or concomitant di-
agnoses using ICD codes.

Standardized mortality ratios (SMR) were calcu-
lated according to causes of death for: i) liver and
intrahepatic bile duct cancer; and ii) gallbladder and
extrahepatic bile duct cancer [32]. For those cohorts
included in the present study, workers contributed
until their most recent date of observation. Age-,
period-, sex-, region- and cause-specific rates were
used as reference rates. Mortality rates for each re-
gion in which cohorts are located were used. The
National Institute of Health (Istituto Superiore di
Sanita, ISS) provided the set of rates based on mor-
tality and population data (available since 1970) as
supplied by the National Institute of Statistics (Isti-
tuto Nazionale di Statistica, ISTAT). Consequently,
analyses were restricted to person-years and events
occurring after January 1st, 1970. Confidence in-
tervals for SMRs were calculated according to the
Poisson distribution of observed deaths at the 95%
confidence value (95%CI) [32]. An alpha error of
0.05 was accepted. Analyses were carried out using
OCMAP-plus cohort analysis program [33] and
SAS 9.4 (SAS Institute Inc., USA).

3. RESULTS

The update of the pooled cohort study consisted
of 52 Italian industrial cohorts formerly exposed to
asbestos. Of these, 47 participated in the study, in-
cluding 44 cohorts established in an area covered by
Cancer Registry and three located in the province
of Bologna (i.e. Casaralta, Derbit, Officina Grandi
Riparazioni). These 47 cohorts included 57,227 sub-
jects (89.6% men, n=51,252). The description of the
included cohorts along with Cancer Registries cov-
erage is reported in Table 1. There is an overlap be-
tween cohorts and Registries, that is far from being
complete both in time and in space. For instance,
for Piedmont the largest cohorts (i.e. Eternit and
wives of Eternit workers) were not located in an area
covered by Cancer Registry. The vast majority of the
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Table 2. Causes of death for liver and bile duct cancer in the 47 cohorts participating in the study (44 cohorts covered by
Cancer Registry and three located in the province of Bologna) by calendar period.

Causes of death for liver and bile duct cancer*

44 cohorts, N=639

3 cohorts, N=59

Cancer Registry, n (%) HDR, n (%)
<2000 2000-2009 2010-2019 Total <2000  2000-2009 2010-2019 Total
Cases identified by 73(22.8) 83(44.9) 84(62.7) 240(37.6) 5(17.2) 12(60.0) 3(30.0) 20 (33.9)
record linkage
Cases not identified 247 (77.2) 102 (55.1) 50(37.3) 399 (62.4) 24(82.8) 8 (40.0) 7(70.0) 39 (66.1)

by record linkage

*ICD-8 codes: 155 and 156; ICD-9 codes: 155 and 156; and ICD-10 codes: C22, C23 and C24.

Abbreviations: HDR, Hospital Discharge Records.

included cohorts were involved in asbestos cement
industry (n=19, 40.4%), rolling stock construction
and maintenance (n=12, 25.5%), and shipyard/
harbour (n=6, 12.8%). We identified 639 causes of
death for liver and bile duct cancer in the 44 cohorts
covered by Cancer Registry along with 59 cases
identified in the three cohorts located in the prov-
ince of Bologna (Table 2).

On the basis of the causes of death identified in
the 47 cohorts, mortality for ‘liver and intrahepatic
bile duct cancer’ did not increase (men: SMR 1.02,
95%CI 0.94-1.11; women SMR 0.98, 95%CI 0.68-
1.35) as well as for ‘gallbladder and extrahepatic bile
duct cancer’ (men: SMR 0.93, 95%CI 0.76-1.14;
women: SMR 1.02, 95%CI 0.65-1.53).

Of the 639 causes of death referring to the 44
cohorts established in an area covered by Cancer
Registry, 240 cases were identified by record linkage
(Table 2). The proportion of cases identified by re-
cord linkage increased with Cancer Registry cover-
age 22.8% before 2000, 44.9% in 2000-2009, and
62.7% in 2010-2019. This was expected considering
the increasing coverage of Cancer Registries as de-
scribed in Table 1.

The site (topography) and the histology (mor-
phology) of the 240 liver/biliary tract neoplasms
linked to registry data were reported in Table 3.

Fourteen CC were identified, namely nine ICC,
one ECC, one neoplasm involving both intrahe-
patic and extrahepatic bile ducts, and three cases
not further classified. 83 HCC were present as well.
In addition to that, we observed 117 cancers with

unspecified histology (i.e. no morphology informa-
tion available) and 25 carcinomas other than CC or
HCC. Of note, one case of cirrhosis was identified
(likely a precancerous condition considering that
data retrieved from Cancer Registry were dated two
months before the date of death). The classification
of the 240 cases identified in the 44 cohorts covered
by Cancer Registry according to ICD-O and calen-
dar period is reported in Table 4.

No cases of CC were reported before 2000. Two
ICC were identified in 2000-2009, while seven ICC,
one ECC and four CC were reported in 2010-2019.
'The proportion of HCC was about one-third across
the three time periods.

The description of the 14 cases of CC identified
in the 44 cohorts covered by Cancer Registry is re-
ported in Table 5.

These 14 cases of CC were characterised by: 1)
mean age of 72.9+10.7 years (range 58-89); ii) aver-
age of time since first exposure (T'SFE) of 45.4+10.7
years (range 30-70); and iii) mean duration of expo-
sure of 18.1+8.6 years (range 2-34). Out of 14 cases,
13 were men. A subgroup of 21 cases with unspeci-
fied histology and with topography codes referring
to bile ducts showed the same characteristics as
those experienced by these 14 CC cases (Supple-
mentary Table 2). In the three cohorts established
in the province of Bologna, we identified 59 causes
of death for liver and bile duct cancer (Table 2). Of
these, 20 cases were linked to HDR data (either as
primary or concomitant disease). The description of

the findings is reported in Table 6.
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Table 4. Classification of the 240 cases identified in the 44 cohorts covered by Cancer Registry according to ICD-O and

calendar period.

Cases identified by Cancer Registry linkage (N=240)

<2000, n (%) 2000-2009, n (%) 2010-2019,n (%)  Total, n (%)
Classification
ICC 0(0.0) 2(2.4) 7 (8.3) 9(3.7)
ECC 0(0.0) 0(0.0) 1(1.2) 1(0.4)
CC 0(0.0) 0(0.0) 4 (4.8) 4(1.7)
HCC 24 (32.9) 29 (34.9) 30 (35.7) 83 (34.6)
Other carcinomas 11 (15.1) 6(7.2) 8(9.5) 25(10.4)
Unspecified 38 (52.0) 45 (54.2) 34 (40.5) 117 (48.8)
Cirrhosis 0(0.0) 1(1.2) 0(0.0) 1(0.4)

Abbreviations: ICD-0, International Classification of Diseases for Oncology; CC, cholangiocarcinoma; ECGC, extrahepatic cholan-
glocarcinoma; HCG, hepatocellular carcinoma; ICC, intrabepatic cholangiocarcinoma; Other carcinoma, all other specific morphology
codes; Umpecﬁed, umpecﬁed histology (no morphology infarmatz'on available).

4. DISCUSSION

'The present study includes 47 Italian cohorts of
asbestos workers and is based on the update of a
larger cohort study pooling 52 cohorts of workers
formerly exposed to asbestos. This exploratory study
was aimed to investigate the association between
occupational exposure to asbestos and risk of CC
and to distinguish between HCC and ICC/ECC
performing a record linkage for those subjects who
died for liver or bile duct cancer with data on histo-
logical subtype provided by Cancer Registry.

Considering the causes of death identified in the
47 cohorts, we did not find an excess mortality for
‘liver and intrahepatic bile duct cancer’ (SMR 1.02,
95%CI 0.94-1.11 and SMR 0.98, 95%CI 0.68-1.35
for men and women, respectively). To be noted that
these estimates combined causes of death mainly
from HCC and ICC that reported different trends
in incidence and mortality. For that purpose, a re-
cord linkage to Cancer Registries was carried out.

We identified 14 CC in the 44 cohorts cov-
ered by Cancer Registry. Most of these (12 out of
14) emerged in the last decade (2010-2019). The
HCC:CC ratio in 2010-2019 was about 2.6:1, far
from an expected 8:1 as reported by Mancini et al
[5]. Of note, a subgroup of 21 cases with unspeci-
fied histology and with topography codes referring
to bile ducts reported the same characteristics of the

aforementioned cases of CC such as frequent occur-
rence in the last 12 years, older age (mean, 79.3+8.7
years), and long TSFE (Supplementary Table 2).
More than 60% of cases with causes of death
for liver and bile duct cancer were not identified
by record linkage. This result by no means can be
taken as an evaluation of the quality of death cer-
tification; this was rather expected since the over-
lap between Cancer Registries and cohorts in the
present study was far from complete, both in time
and in space, as shown in Table 1. Main reasons
for this were related to deaths occurred before the
establishment of the registry/ HDR, and to partial
spatio-temporal coverage. Therefore, this prelimi-
nary experience cannot be taken as an evaluation
of quality of cohort follow-up or causes of death
classification. It is worth noting that the propor-
tion of cases identified by record linkage increased
with calendar period (i.e. more than 60% in the
last decade) with a peak of 94% in 2015 (15 out
of 16 cases were identified by Cancer Registry). To
be underlined that the observed heterogeneity in
Cancer Registry coverage limited the identification
of cases with causes of death for liver and bile duct
cancer, especially for those cases occurred more
than 20 years ago. This precluded the identification
of those cases of liver cancer arose from the pooled

cohort study in the past and their further classifica-
tion into HCC and CC.
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Table 6. Causes of death for liver and bile duct cancer in the three cohorts of the province of Bologna linked to hospital dis-

charge records (HDR)

Cases identified
by HDR linkage, HDR
N=20
. Primary/concomitant
Causes of death n (%) ICD code . )
diagnosis

ICD-9
155.0-Malignant neoplasm 11 (55.0) 155.0-Malignant neoplasm Primary
of liver, primary of liver, primary Concomitant

155.1-Malignant neoplasm Primary

of intrahepatic bile ducts

155.2-Malignant neoplasm Primary 3

of liver, not specified as primary

or secondary
155.1-Malignant neoplasm 1(5.0) 155.2-Malignant neoplasm Concomitant 1
of intrahepatic bile ducts of liver, not specified as primary

or secondary
155.2-Malignant neoplasm 3(15.0) 155.0-Malignant neoplasm Primary 2
of liver, not specified as primary of liver, primary Concomitant
or secondary
156.0-Malignant neoplasm 1(5.0) 156.0-Malignant neoplasm Primary 1
of gallbladder of gallbladder
156.1-Malignant neoplasm 1(5.0) 156.1-Malignant neoplasm Primary 1
of extrahepatic bile ducts of extrahepatic bile ducts
ICD-10
C22.0-Liver cell carcinoma 3(15.0) 155.0-Malignant neoplasm Primary 2

of liver, primary

155.2-Malignant neoplasm Primary 1

of liver, not specified as primary
or secondary

*Causes of death for liver and bile duct cancer coded according to ICD codes: ICD-8 codes: 155 and 156; ICD-9 codes: 155 and 156,

and ICD-10 codes: C22, C23 and C24.

For those cases identified by Cancer Registry, the
vast majority (about 60%) reported cancers with un-
specified histology and carcinomas other than CC
or HCC. Therefore, for nearly 85% of cases, we were
not able to distinguish between the two most com-
mon histological subtypes of liver cancer (i.e. HCC
and CC) and this is relevant considering that these
two forms differ in terms of aetiology and epidemi-
ology [5,34].

This preliminary linkage study was aimed to
identify cases of CC; however, the absolute numbers

were too limited to evaluate the causal association
between occupational exposure to asbestos and risk
of CC.This pooled cohort study of asbestos workers
has sufficient theoretical statistical power to study
a rare disease like CC [35], but the overlap with
Cancer Registries was too limited to evaluate all the
cases notified by causes of death.

Recently, Mancini et al described the trends in
liver cancer incidence in Italy using Cancer Reg-
istries data [5]. This study showed an increasing
trend for ICC incidence along with a downward
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and opposite trend for HCC. Moreover, the pro-
portion of “other carcinomas and unspecified neo-
plasia types” out of all the cases of liver/bile duct
neoplasms was 44% in men and 54% in women for
2003-2017. These figures were roughly in line with
those reported in the present study. The proportion
of ICC increased over the years (see Table 4). On
the other hand, the proportion of HCC was stable
across the three time periods. The majority of the
cases identified by Cancer Registry linkage were
other carcinomas/cases with unspecified histology.
A global comparison of population-based cancer
registry data reported that the proportion of un-
specified histology cases of liver cancer ranged from
the lowest levels in North America (6.2% of the to-
tal liver cases in men, 8.3% in women) to the high-
est levels in Southern Europe (40.5% and 48.8% in
men and women, respectively) [34].

In high-income countries diagnosis of HCC
and ICC through microscopic verification has de-
creased in favour of the use of ultrasound, com-
puted tomography, and MRI imaging [36]. To
some extent, this helps explaining the high propor-
tion of unspecific histology cases in our study. This
issue is related not only to the correct classifica-
tion of ICC/ECC and HCC of “observed” cases,
but also to the “expected” cases for each histological
subtype. In fact, considering that only microscopi-
cally verified cases are counted for incidence and
mortality estimates of histological subtypes of pri-
mary liver cancer, the burden of these diseases is
widely underestimated.

To further address causality issues, other ap-
proaches should be taken into account such as
case-control analysis and reevaluation of cases. For
instance, cases with unspecified histology (i.e. no
microscopic verification available) should be reeval-
uated by clinicians and pathologists based on hospi-
tal medical records along with imaging in order to
differentiate the diagnosis of ICC, ECC, HCC, and
other neoplasms. Clinical data, imaging together
with microscopic verification should be considered
to establish an accurate diagnosis.

In the framework of descriptive studies, it was
suggested to reallocate the unspecific histology
cases to HCC and ICC according to their rela-

tive proportion [34]. This scenario could be useful

to provide more reliable incidence data; however, it
would not help difterentiate HCC and ICC for the
purpose of causality assessment.

Some methodological considerations need to be
addressed in addition to those relating to record
linkage, already mentioned above. There is high
variability in data quality for liver cancer from
population-based cancer registries; high variability
was shown also by coding of CC [37]. Changes
in ICD-O classification over time have resulted
in some misclassification of ICC and ECC. For
instance, in 2000 the ICD-0O-3 allows Klatskin
tumours to be cross-referenced to either ICC
(C22.1) or ECC (C24.0) [30]. Misclassification
might also have occurred considering that it is not
recommended to perform a biopsy in case of ad-
verse clinical conditions of the patient, while the
ENCR recommendations dissuaded to use specific
morphological codes without microscopic confir-
mation [31].

Italy as well as other countries with high socio-
demographic index have been characterised by
unfavourable trend of liver cancer driven by uniden-
tified factors other than HBV, HCV, and alcohol
consumption [38]. These along with differences in
terms of aetiology and epidemiology of HCC, ICC
and ECC should be taken into account for future
investigations considering the potential role of as-
bestos exposure as well.

A variety of non-occupational risk factors con-
tributed to the onset of CC [9]. No data on per-
sonal habits and medical conditions of the subjects
included in the pooled cohort study were available.
Alcohol drinking, smoking habits, and other liver
diseases might play a role in the development of CC.
These confounders are more common among sub-
jects with low socio-economic status [39-41] like
workers formerly exposed to asbestos. This might
overestimate the risk of CC in our cohort. However,
in a recent case-control study on CC and asbestos,
Brandi et al reported slightly higher estimates (ad-
justed for smoking status and socioeconomic class)
than those reported in the univariate analysis [15].

Occupational risk factors other than asbestos
might be considered as well. IARC classified 1,2-di-
chloropropane and dichloromethane in Group

1 (carcinogenic to humans) and 2A (probably
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carcinogenic to humans), respectively [42]. How-
ever, these solvents were not commonly used in
the industrial sectors included in the present study.
Nevertheless, it is within the bounds of possibility
that these chemical substances, or other substances
whose carcinogenicity is not yet known, could have
contributed to the development of CC.

5. CONCLUSIONS

Present data show feasibility along with limits of
using record linkage of mortality records with Can-
cer Registry records to identify cases of CC and to
turther classify them into ICC or ECC forms. The
real burden of ICC and ECC related to occupa-
tional exposure to asbestos needs to be further inves-
tigated. The high proportion of unspecific histology
cases hampered to firmly support the hypothesis of
a causal association between occupational exposure
to asbestos and the risk of CC.

Further studies are needed to explore the associa-
tion between occupational exposure to asbestos and
CC, including multicentre case-control studies with
microscopically verified cases of ICC and ECC
along with estimates of occupational and non-oc-
cupational exposure to asbestos. The identification
of ICC/ECC and HCC among unspecific histol-
ogy cases is of paramount importance to better un-
derstanding the epidemiology of these diseases and
establish more effective and targeted liver cancer
screening strategies.

SUPPLEMENTARY MATERIALS: Supplementary Table 1,
Supplementary Table 2.
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