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The link between asbestos exposure and the onset of thoracic malignancies is well established. However
epidemiological studies have provided evidences that asbestos may be also involved in the development of
gastrointestinal tumors, including intrahepatic cholangiocarcinoma (ICC). In line with this observation, asbestos
fibers have been detected in the liver of patients with ICC. Although the exact mechanism still remains unknown,
the presence of asbestos fibers in the liver could be explained in the light of their translocation pathway following
ingestion/inhalation. In the liver, thin and long asbestos fibers could remain trapped in the smaller bile ducts,
particularly in the stem cell niche of the canals of Hering, and exerting their carcinogenic effect for a long time, thus
inducing hepatic stem/progenitor cells (HpSCs) malignant transformation. In this scenario, chronic liver damage
induced by asbestos fibers over the years could be seen as a classic model of stem cell-derived carcinogenesis,
where HpSC malignant transformation represents the first step of this process. This phenomenon could explain the
recent epidemiological findings, where asbestos exposure seems mainly involved in ICC, rather than extrahepatic

cholangiocarcinoma, development.

intrahepatic cholangiocarcinoma asbestos hepatic stem/progenitor cells

| 1. Introduction

Cholangiocarcinoma (CC) encompasses a heterogeneous group of malignancies developing from the biliary
epithelial tree within (ICC) and outside (ECC) the liver I, In the past three decades a progressive increase in ICC
incidence has been registered worldwide, while ECC appears stable or slightly decreasing [2. Notably, ICC
increase seems to have not reached a plateau and, basing on the global epidemiological trend, it has been
estimated that about 50% of primary liver cancer deaths will be ascribable to this disease within 2035 . The wide
geographic variations between ICC and ECC incidence is thought to reflect a different distribution of host genetic
and local risk factors. Currently some pathological conditions, such as primary sclerosing cholangitis,
hepatolithiasis, bile duct cysts, Caroli's disease, liver fluke infections and non-alcoholic steatohepatitis (NASH)
have been recognized as risk factors for ICC (Table 1) [&: however in Western countries the aetiology of about 50%
of diagnosed ICCs still remains unknown. This observation, along with the wide molecular heterogeneity of this
disease 4, strongly suggests that other risk factors may be involved in ICC development and in its global increase
of incidence. Among the emerging risk factors, recent epidemiological studies have provided compelling evidences

about a link between asbestos exposure and ICC.

Table 1. Risk factors for intrahepatic cholangiocarcinoma (ICC).
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Risk Factor Association with ICC
Bile duct cysts/Caroli’'s disease very strong
Primary sclerosing cholangitis/cholangitis very strong *
Hepatolithiasis strong/very strong
Cholelithiasis/choledocholithiasis moderate/strong
Cirrhosis strong/very strong
HBV/HCV infection moderate/strong
Hemochromatosis moderate
Inflammatory bowel disease/chronic pancreatitis moderate
Duodenal/gastric ulcer weak/modest
O. viverrini/C. sinensis infection strong *
Diabete type Il weak/modest
Obesity weak/modest *
NAFLD/NASH strong
Alcohol moderate
Cigarette smoking weak/modest
Thorotrast very strong *
1,2-dichloropropane very strong *

Refeigmee sV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, non-alcoholic fatty liver disease; NASH, non-
alcoholic steatohepatitis. Weak/modest association (OR: 1-1.7); moderate association (OR: 1.7-3); strong
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I Europegl Network fér the Study of Cholangiocarcinoma (ENS-CCA). Nat. Rev. Gastroenterol.

2. Agbgstas Garginogenesis

Theean ,aShastdaisalarieiialBrassiin &l G lrojengi adarainaiyaicEpiteiolagystiodteskhfatiars bereragely
em@0$&] 30 riSnyfpttdind @8 Iconstruction during the past century, due to their heat and chemical resistance,
IS MAEREER . PRITRR RN : Bk, R MSIE R E AR R iSCRIBITRe SRR Rso IRt Projeatons

SRS RS LS 52 P N LI MA 81 Spipegines and amphiboles (Eigure 14), Chrysotle

(also known as ‘white asbestos’) is the only member of the serpentine group and consists of an octahedral
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physicochemical characteristics of the fibers (dimension, surface reactivity and chemical composition), time and

dose of exposure, and finally host genetic determinants.
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Host genetic background may play an important role in influencing cancer susceptibility in asbestos-exposed

individuals. Germline mutations of the BRCAL1 Associated Protein 1 (BAP1), the only gene that has been proposed
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and region of residence to historical hospital and population controls. Occupational exposure to asbestos was
retrospectively assessed considering job titles obtained from work histories. An OR = 4.81 (95% CI 1.73-13.33) for

ICC risk was reported among subjects occupationally exposed to asbestos for over 30 years, whereas a limited
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SondliespepokinonS Rsetastdaydizestédcia ¢hed\iatity OutupaGMR! G armardatestniN@ligAptohort 22, In this study
1458 ICC and 3972 ECC cases occurring in Finland, Iceland, Norway and Sweden starting from January 1920
were analyzed. Each case was individually matched by birth year, sex, and country to five population controls. The
cumulative exposure to asbestos [measured in fibers (f)/mL x year] was assessed applying the NOCCA job
exposure matrix to data on occupations collected during national population censuses (conducted in 1960, 1970,
1980-1981, and 1990). An increased risk for ICC, but not for ECC, was observed by cumulative exposure to
asbestos: 0.1-4.9 f/mL x years, OR = 1.1 (95% CI 0.9-1.3); 5.0-9.9 f/mL x years, OR = 1.3 (95% CI 0.9-2.1);
10.0-14.9 f/mL x years, OR = 1.6 (95% CI 1.0-2.5); =15.0 f/mL x years, OR = 1.7 (95% CI 1.1-2.6). Overall these
two studies suggest that exposure to asbestos may represent a risk factor for ICC development; conversely the
association with ECC seems null or weak.

To provide further evidence about an association between asbestos exposure and ICC development, we recently
conducted a prospective case-control study (Cholangiocarcinoma Aetiology: Role of Asbestos, CARA study) in
collaboration with the Occupational medicine Unit of S. Orsola-Malpighi University Hospital of Bologna (ltaly). The
results obtained have been shown at the Il biennal congress of the European Network for the Study of
Cholangiocarcinoma (ENS-CCA) (Rome, 2018). A total of 168 CC cases (116 ICCs and 52 ECCs) and 185 controls
(inpatients referring to our hospital for non-neoplastic diseases) were recruited. Data on established or suspected
CC risk factors were extracted from the clinical records of the cases and controls. Exposure to asbestos was based
on categories derived from the ReNAM questionnaire categorization: unlikely (reference category), possible and
likely. The results obtained in this study on incident cases not only confirm the results obtained in the two studies
on prevalent cases (2811291 pyt even reinforce the link between asbestos exposure and ICC risk. Moreover, it is
worth to underline that in our clinical experience more than 40% of ICC patients who are diagnosed in absence of
any known risk factors for this disease result exposed to asbestos according to ReNaM questionnaire. This
observation suggests that among the ethiologic factors linked to ICC development, asbestos is likely one of most

responsible for ICC increasing incidence worldwide, at least in Western countries.

Basing on these findings, in order to identify putative molecular biomarkers of asbestos exposure in ICC patients,
we performed next generation sequencing analysis in patients exposed and not-exposed to asbestos (EtherBil
study, NCT02184871). Notably, patients exposed were found to display a distinctive molecular profile compared to
the group of not exposed. These findings are in line with some studies in lung tumors showing a different molecular
profile between asbestos-exposed and non-exposed patients, suggesting that asbestos could induce typical
molecular alterations in target cells [28I49(50151]
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