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Abstract

Background An outbreak of cholangiocarcinoma occurred
among workers in the offset color proof-printing department
at a printing company in Japan. The aim of this study
was to clarify the characteristics of the patients with
cholangiocarcinoma.

Methods This was a retrospective study conducted in 13
Japanese hospitals between 1996 to 2013. The clinico-
pathological findings of cholangiocarcinomadeveloped in 17
of 111 former or current workers in the department were
investigated. Most workers were relatively young.

Results  The cholangiocarcinoma was diagnosed at 25-45
years old. They were exposed to chemicals, including
dichloromethane and 1,2-dichloropropane. The serum
Y-glutamyl transpeptidase activity was elevated in all
patients. Dilated intrahepatic bile ducts without tumor-
induced obstruction were observed in five patients. The
cholangiocarcinomas arose from the large bile ducts. The
precancerous or early cancerous lesions, such as biliary
intraepithelial neoplasia and intraductal papillary neoplasm
of the bile ducts, as well as non-specific bile duct injuries,
such as fibrosis, were observed in various sites of the bile
ducts in all eight patients for whom operative specimens
were available.

Conclusions The present results showed that cholangi-
ocarcinomas occurred at a high incidence in relatively young
workers of a printing company, who were exposed to chemi-
cals including chlorinated organic solvents.

Keywords Biliary intraepithelial neoplasia -
Cholangiocarcinoma - Intraductal papillary neoplasm of
the bile duct - Organic solvent - Printing company

Introduction

Cholangiocarcinoma, a relatively rare cancer, arises from
the biliary epithelium of the liver (intrahepatic cholangi-
ocarcinoma) or in the extrahepatic bile ducts (extrahepatic
cholangiocarcinoma) [1]. The peak age of cholangi-
ocarcinoma diagnosis is within the seventh decade of life,
and the disease occurs slightly more frequently in men
[2-6]. Cholangiocarcinoma incidence rates vary markedly
throughout the world, which presumably reflects differences
in local risk factors and genetics. Although the incidence in
the United States is 1-2 cases per 100,000 individuals, the
highest rates of cholangiocarcinoma occur in Northeast
Thailand (96 per 100,000 men) [3, 7, 8].

Recently, Kumagai et al. reported 11 cases of cholangi-
ocarcinoma developing in former or current workers in the
offset color proof-printing department at a printing company
in Osaka, Japan [9]. However, they did not survey all of the
patients with cholangiocarcinoma in the company or inves-
tigate any clinicopathological characteristics of the patients.
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In this study, we describe the clinical findings, laboratory
test results, diagnostic imaging results, pathological find-
ings, treatments, and prognosis of all patients with
cholangiocarcinoma who were former or current workers of
the printing company because this information is necessary
to publicize to detect cholangiocarcinoma as a possible
occupational disease and to prevent subsequent occurrence.
We also discuss the possible carcinogenic progression of
cholangiocarcinoma.

Subjects and methods

The subjects were 17 men with cholangiocarcinoma who
were former or current workers at an offset color proof-
printing department at a printing company in Osaka, Japan
(Table 1). Cholangiocarcinoma was diagnosed between
November 1996 and November 2012. Various types
of chemicals, including chlorinated organic solvents
such as 1,1,1-trichloroethane, dichloromethane, and 1,2-
dichloropropane were used to clean ink residues in
this department (Table S1). The chemicals used in
this department have been changed several times. 1,1,1-
Trichloroethane was used until December 1992,
dichloromethane was used until March 1996, and 1,2-
dichloropropane was used until October 2006. Various types
of inks have also been used. This department was estimated
to have 111 former or current workers (88 men and 23
women) between 1981 and 2012. Most workers were rela-
tively young; a few workers were more than 50 years old
and they were not exposed to high concentration of chlori-
nated organic solvent. Ten of the 111 workers could not be
followed up after the resignation from the company. The
clinical findings, laboratory test results, diagnostic imaging
results, pathological findings, treatments and prognosis of
the 17 patients were investigated. The 17 patients were
treated at 13 hospitals. The information concerning clinical
findings, including history of alcohol intake and smoking,
were obtained from the medical records of each hospital
and/or interviews with the patients. The laboratory test
results were obtained from the medical records. For diag-
nostic imaging, computed tomography (CT) and ultrason-
ography were performed in all patients and magnetic
resonance imaging (MRI), including magnetic resonance
cholangiopancreatography (MRCP), was performed in 15
patients. Direct cholangiograms were obtained by endo-
scopic retrograde cholangiopancreatography (ERCP) in
nine patients and during percutaneous transhepatic biliary
drainage (PTBD) in two patients. The films of diagnostic
images were available in 13 patients, and the imaging
reports in the medical records were reviewed in the
remaining four patients because the films had been retired.
For 16 of the 17 patients, the pathological diagnosis was
made by pathologists in the individual hospitals using the
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Table 1 Clinical findings in patients with cholangiocarcinoma

Patient  Clinical findings Laboratory tests Diagnostic imaging Diagnosis of cholangiocarcinoma Treatments and prognosis after diagnosis
no.
Age/sex  Symptom or heaith Alcohol  Smoking y-GTP CEA CAl19-9  Methods for Location and type of Stage by TNM  Treatments Prognosis
examination abuse du/y  (ng/mb) (Ul clinical diagnosis cholangiocarcinoma classification”
1 34M Epigastralgia, back pain No Yes 830 359 15200 Cholangiography ICC, mass-forming IVA Extended rt. hepatectomny, 7 years, 3 months, Dead
during PTBD resection of extrahepatic bile
duct, chemotherapy
2 34/M Rt. hypochondralgia No Yes 785 38.0 114 US,CT ICC, mass-forming IVA Rt. trisectionectomy 1 year, 2 months, Dead
3 29/M Jaundice, appetite loss No Yes 264 2.0 505 MRI ECC, papillary 1B Resection of extrahepatic bile 1 year, 7 months, Dead
duct
4 25/M Liver dysfunction Yes Yes 1729 8832.0 305 US.CT ICC, mass-forming IVB Chemotherapy 1 year, 7 months, Dead
5 35/M Liver dysfunction No Yes 2457 1.6 1192 US,CT ECC, papillary VA Rt. hepatectomy, resection of 2 years, 3 months, Dead
extrahepatic bile duct®
6 45/M Rt. hypochondralgia, No Yes 1570 1994 216394  US,CT ECC, nodular IVB Conservative treatment 1 year, Dead
jaundice
7 40/M Liver dysfunction No Yes 1049 1.0 34  US,CT ICC, mass-forming ECC, IIA® Rt. hepatectomy, 6 years, 5 months, Alive
papillary carcinoma of pancreaticoduodenectomy
Papilla of Vater
8 38/M Liver tumor No No 208 29 2288  US.CT ICC, mass-forming IVA Segmentectomy 8, chemotherapy 5 years, 8 months, Alive
9 39/M Epigastralgia, weight loss  No Yes 1983 28.6 4 US, MRI ICC, mass-forming IVB Chemotherapy 9 months, Dead
10 40/M Liver dysfunction® No Yes 1037 5.5 446  MRI ICC, intraductal growth ~ IVA Lt. hepatectomy®, radiation. 3 years, 2 months, Dead
chemotherapy
11 31M Liver dysfunction No Yes 1196 5.1 1084 US.CT ECC, papillary IVA Extended rt. hepatectomy®, 3 years, 3 months, Alive
chemotherapy
12 - 39/M Liver dysfunction No No 486 54 206 ERCP ICC, intraductal growth ~ TVAP Lt. hepatectomy, radiation, 3 years, Alive
ECC, papillary chemotherapy
13 44/M Liver dysfunction, Yes Yes 1890 177 7749 US. CT ICC, mass-forming IVB Chemotherapy 9 months, Dead
liver tamor
14 37M Liver dysfunction Yes Yes 451 9.6 50.5 MRI ECC, nodular VB Chemotherapy 1 year, 3 months, Alive
15 39/M Liver dysfunction No Yes 347 82 105 ERCP ICC, intraductal growth ~ IVA Lt. hepatectomy. segmentectomy 1 year, 1 month. Alive
7, chemotherapy
16 3IM Liver dysfunction No No 75 2.1 501 US.CT ICC, mass-forming IVA Rt. hepatectomy, resection of 1 year, Alive
extrahepatic bile ducte,
chemotherapy
17 34/M Liver dysfunction No No 205 5 54 US, CT ICC, intraductal growth  JVA Extended It. hepatectomy 11 months, Alive

y-GTP v-glutamy] transpeptidase, CAJ9-9 carbohydrate antigen 19-9, CEA carcinogembryonic antigen, CT computed tomography, ECC extrahepatic cholangiocarcinoma, ERCP endoscopic retrograde chopnagiopancreatograpy, /CC
intrahepatic cholangiocarcinoma, MRI magnetic resonance imaging, PTBD percutancous transhepatic biliary drainage, US uitrasonography

? Liver dysfunction was detected during treatment for paranasal sinusitis

Y Most advanced stage

¢ Non-curative resection
The stage of the tumors in patients 7 and 12 could not be classified because the patients had intra and extrahepatic cholangiocarcinomas

se—aslee (H](7) 10§ JBAIOURY ATeIjiqoledol] [
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operative specimens in 12 patients and the biopsy specimens
in four patients. The pathology examination could not be
performed in another patient (patient no. 6); the diagnosis of
cholangiocarcinoma was made by diagnostic imaging in this
patient. The clinical findings, laboratory test results, diag-
nostic imaging results, and clinical course were re-evaluated
by the medical staff (S.K., S.T., C.S.,Y.U., AN, T.N,, MK,
G.H.) of Osaka City University Hospital. The operative
specimens were available from 8 of the 12 patients treated
surgically and were examined further by Y.N.

The pathological findings were recorded and described
according to the World Health Organization’s classifications
for intrahepatic and extrahepatic cholangiocarcinoma [1].
Intrahepatic cholangiocarcinoma was grossly classified
as mass-forming, periductal infiltrating, or intraductal
growth (IG). Extrahepatic cholangiocarcinoma was grossly
classified as papillary, nodular, or diffuse infiltrating.
Preneoplastic or early preinvasive neoplastic lesions of the
biliary tree were classified as flat dysplastic epithelium
(biliary intraepithelial neoplasia; BilIN) or grossly visible
papillary types (intraductal papillary neoplasm of the bile
duct; IPNB). BilIN lesions were histologically classified
according to their cellular and structural features as BilIN-1
(mild atypia), BilIN-2 (moderate atypia), or BilIN-3 (severe
atypia corresponding to in situ carcinoma). In this study,
BilIN-2 and BilIN-3 lesions were mainly surveyed because
whether BilIN-1 lesions contain some reactive hyperplastic
changes remains controversial. The classification of BillN is
described in Table 2. Cases of invasive carcinoma associ-
ated with IPNB (invasive IPNB) were classified as the IG

Table 2 Pathological findings in the operative specimens

Patient Chronic bile Proliferative BilIN- IPNB/  Main tumor Lymph
no. duct injury  changes 213 invasive metastasis node
in bile ducts IPNB
2 + + + + MF, poorly -
8 + + + ND MF, mode +
10 + + + + IG, well +
11 + + + + pap, well -
12 + + + + IG, pap, well -
15 + + + + IG, well -
16 + + + + MF, mode +
17 + + + + 1G, well -

ND not determined because of small noncancerous hepatic tissue

Chronic bile duct injury was a collective lesion of various injuries such as
epithelial damages, fibrosis of duct wall and periductal tissue, and chronic
inflammatory cell infiltration. Proliferative changes were characterized by non-
neoplatic biliary epithelial proliferation. BilIN, biliary intraepithelial neoplasia;
BilIN-1 lesions presented with mild atypical cellular and nuclear features such
as nuclear membrane irregularities or nuclear enlargements with only minimal
disturbances to cellular polarity. BilIN-2 had evident aberrant cellular and
nuclear features not sufficient to suggest overt carcinoma and focal disturbances
in cellular polarity. BilIN-3 presented with diffuse disturbances in cellular
polarity with or without distinct atypical cellular and nuclear features that
corresponded to carcinoma in sizu. In this study, BilIN-2/3 lesions were sur-
veyed. IPNB, intraductal neoplasm of the bile; MFE mass-forming type
intrahepatic cholangiocarcinoma; IG, intraductal growth type intrahepatic
cholangiocarcinoma; pap, papillary type extrahepatic cholangiocarcinoma;
poorly, poorly differentiated adenocarcinoma; mode, moderately differentiated
adenocarcinoma; well, well-differentiated adenoacrcinoma
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type of intrahepatic cholangiocarcinoma or papillary type of
extrahepatic cholangiocarcinoma [1, 10~12]. Other patho-
logical terms used in this study were characterized or
defined as follows. “Chronic bile duct injury” was used as a
collective term of duct injuries such as epithelial damages,
fibrosis of duct wall and periductal tissue, and chronic
inflammatory cell infiltration in various combinations. “Pro-
liferative changes of bile ducts” were used for the bile ducts
with non-neoplastic biliary epithelial proliferation. “Bile
duct sclerosis” indicates fibrous thickening of duct wall with
or without additional periductal fibrosis.

This study was approved by the ethics committee of
Osaka City University, and all of the subjects or their legally
authorized representatives (for deceased patients) provided
written informed consent. The multicenter occupational
cholangiocarcinoma study group consisted of investigators
in 13 hospitals (including four university hospitals) and two
universities.

Results
Clinical findings

The age of the patients at cholangiocarcinoma diagnosis
ranged from 25 to 45 years old (mean, 36 years old; Table 1).
They started to work at the printing company when they were
18 to 28 years old. The cholangiocarcinoma was diagnosed in
10 current and seven former workers. The period from the
start of employment until diagnosis of cholangiocarcinoma
or resignation from the company, which was considered the
period of exposure to chemicals prior to the diagnosis of
cholangiocarcinoma, ranged from 6 years, 1 month to 19
years, 9 months (median: 11 years, 4 months; Fig. S1). The
longest period between the end of the exposure and the
detection of cholangiocarcinoma was 9 years, 7 months. Of
the 17 patients, all were exposed to 1,2-dichloropropane, 11
were exposed to dichloromethane, and eight were exposed to
1,1,1-trichloroethane. The period of exposure to chlorinated
organic solvent ranged from 6 years, 1 month to 16 years, 1
month (median: 9 years, 7 months).

Of the seven patients in whom carcinomas were detected
after resignation from the company, two were employed
at a different printing company that did not use 1,1,1-
trichloroethane, dichloromethane, or 1,2-dichloropropane,
and five were employed in jobs without usage of chemicals.

Of the 17 patients, five patients suffered from abdominal
pain, jaundice, and/or appetite loss. Abnormal liver function
test results or liver tumors were detected in 11 patients
during health examinations. In another patient (no. 10), liver
dysfunction was detected during treatment for paranasal
sinusitis. Four patients were non-drinkers, three patients
were habitual alcohol consumers (=80 g of ethanol daily)
[13], and 13 patients were smokers.
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Fig. 1 Diagnostic imaging of patients with cholangiocarcinomas
(a) Intrahepatic cholangiocarcinoma of the mass-forming type (arrow), patient 16; (b) a dilated intrahepatic bile duct with a papillary tumor
(intraductal growth type, arrow), patient 12; (¢) stenosis of the intrahepatic bile duct due to cholangiocarcinoma (arrow), patient 15; (d) dilated
intrahepatic bile ducts due to cholangiocarcinoma (arrow), patient 10; (e) dilated intrahepatic bile ducts without tumor-induced obstruction (arrow),
patient 15; (f) intraoperative cholangiofiberscopy exhibiting lesions protruding into the bile duct, patient 15

Laboratory test results

At the time of cholangiocarcinoma diagnosis, the serum
concentrations of total bilirubin were elevated in eight
patients. Serum activities of aspartate and alanine amino-
transferase were elevated in 13 patients and 14 patients,
respectively. The serum y-glutamyl transpeptidase (y-GTP)
activity was elevated in all of the patients (Table 1). In the
five patients with available laboratory test results from
several years prior to the diagnosis of cholangiocarcinoma,
the serum y-GTP activity was consistently high. The serum
concentrations of carcinoembryonic antigen (CEA) and car-
bohydrate antigen 19-9 (CA 19-9) were elevated in 11 and
13 patients, respectively. The tests for serum hepatitis B
surface antigen and hepatitis C virus antibodies were nega-
tive in all of the patients. A test for the hepatitis B core
antibody was positive in one of the 11 patients examined.

Diagnostic imaging

Clinical diagnosis by imaging was made first by
ultrasonography, CT, MRI, ERCP, and/or cholangiograms
during PTBD (Table 1). Space-occupying lesions were dem-
onstrated in nine patients (no. 1, 2, 4, 6-9, 13, and 16) using
CT, MRI, and/or ultrasonography (Fig. 1a). Bile ducts with
papillary, villous, or protruding tumors were observed in five
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patients (no. 3, 5, 11, 12, and 17) on ultrasonography, CT,
and/or ERCP (Fig. 1b). Stenosis or obstructions of the bile
duct were observed in five patients (no. 1, 7, 10, 11, and 15;
Fig. 1¢)as observed on MRCP and/or direct cholangiograms.
By contrast, the dilatation of peripheral bile ducts due to
tumor-induced bile duct obstruction was observed in 11
patients (no. 1, 2, 4-7, and 9-14) in ultrasonography, CT
and/or MRI (Fig. 1d). Dilated intrahepatic bile ducts without
tumor-induced obstructions were observed in five patients
(no. 8, 12, and 15-17) on ultrasonography, CT, and/or MRI
(Fig. 1e). In these five patients, findings that were noted on
cholangiography appeared to correspond to those of primary
sclerosing cholangitis (PSC), including multiple intrahepatic
bile duct strictures with or without fusiform dilatation [14].
Intraoperative cholangiofiberscopy, which was performed on
three patients (no. 15-17), revealed epithelial irregularities of
the bile ducts, [PNB, and papillary lesions protruding into the
dilated bile ducts without tumor-induced obstruction
(Fig. 1f).

Diagnosis of cholangiocarcinoma

Intrahepatic cholangiocarcinoma was identified in 10
patients, extrahepatic cholangiocarcinoma was identified
in five patients, and both intrahepatic and extrahepatic
cholangiocaricinomas were identified in two patients during
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Fig. 2 Operative specimens

(a) intrahepatic cholangiocarcinoma of the mass-forming type (arrow), patient 16; (b) intrahepatic cholangiocarcinoma of the intraductal growth
type (arrow), patient 15; (c) extrahepatic cholangiocarcinoma (hilar cholangiocarcinoma) of the papillary type (arrow),

patient 11

Fig. 3 Histological features of
cholangiocarcinomas

(a) Intrahepatic
cholangiocarcinoma of the
mass-forming type with tubular
adenocarcinoma, patient 8,
hematoxylin and eosin (H-E)
staining, 400 X magnification;
(b) Intrahepatic
cholangiocarcinoma of the
intraductal growth type with
focal invasion (arrow) (corre-
sponding to intraductal papil-
lary neoplasm of the bile duct
with an associated invasive
carcinoma), patient 12, H-E
staining, 150 X magnification

diagnostic imaging and/or surgery (Table 1). Among the 12 cholangiocarcinoma showed well-, moderate or poor
patients with intrahepatic cholangiocarcinoma, the tumors  adenocarcinoma (no. 2, 8, 16; Fig. 3a), and five patients
were classified as mass-forming type in eight patients  with IG-type of intrahepatic cholangiocarcinoma and/or
(Fig. 2a) and as IG type in four patients (Fig. 2b). Among  papillary-type extrahepatic cholangiocarcinoma exhibited
the seven patients with extrahepatic cholangiocarcinoma,  well-differentiated papillary carcinoma (invasive IPNB)
the tumors were classified as papillary-type cholang-  (no. 10-12, 15, 17; Fig. 3b). In the latter group, the invasive
iocarcinoma (Fig. 2¢) in five patients and as nodular-type in ~ portions of the tumors were mucinous or tubular
two patients. Surgically resected specimens or biopsy speci-  adenocarcinoma. Additionally, IPNB lesions without inva-
mens revealed variably differentiated adenocarcinomas  sion were grossly and histologically detected in the various
compatible with cholangiocarcinoma in all 16 patients in  sites of the resected specimens from three patients (no. 2,

whom pathological examination was performed. Compre- 15, 16). Extensive intraductal spread of non-invasive neo-
hensive imaging studies and gross analyses of these patients  plastic biliary epithelial cells, focally intraductal papillary
demonstrated that the main and most invasive cholang-  pattern, was observed in three patients (no. 2, 15, 16).

iocarcinoma lesions were located in the common hepatic ~ BilIN-1 and also BilIN-2/3 lesions were detected in various
duct, the left or right hepatic duct, or the first to third  sites of the large intrahepatic bile ducts and/or hilar bile
branches of the intrahepatic bile duct (also known as the  ducts and the peribiliary glands in all eight patients

large bile duct [15]). (Figs. 4a—c). Peribiliary glands, when they were identified
in the specimens, showed hyperplastic changes and also
Histopathological findings atypical and preneopalstic lesions, corresponding to BilIN-

2/3 lesions (Fig. 4d,e). In all eight patients, sclerosis of the
The operative specimens were available from eight  bile duct with variable inflammatory cell proliferation,
patients in this study (Table 2). Among the eight patients,  biliary epithelial injuries/focal bile duct loss, and biliary
three patients with mass-forming type of intrahepatic  epithelial hyperplasia were also observed in various sites of
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Fig. 4 Histological features of biliary intraepithelial neoplasia (BilIN) of bile ducts. (a) BilIN-1, patient 2. H-E staining, 250 X magnification. (b)
BilIN-2, patient 12, H-E staining, 300 X magnification. (¢) BilIN-3, patient 12, H-E staining, 300 X magnification. (d) Peribiliary glands of
intrahepatic large bile duct (*) showing hyperplastic changes and foci of mild atypia, corresponding to BilIN-2 lesion, in the bile duct wall (arrow
heads) and in the surrounding tissue (arrow), patient 10, H-E staining, 150 x magnification. (e) Higher magnification of D. H-E staining, 250 x
magnification

the bile ducts in the noncancerous hepatic tissues
(Fig. 5a,b). As for the pathology of the non-neoplastic,
background liver, non-specific reactive changes or
cholestatic changes secondary to obstruction or stenosis of
bile ducts affected by cholangiocarcinoma were observed.
Lymph node metastasis in the hepatoduodenal ligament
and/or the along the common hepatic artery was found in
three patients.

In summary, the precancerous or early cancerous lesions,
such as BilIN and IPNB, as well as non-specific bile duct
injuries, such as fibrosis, were observed in various sites of
the bile ducts and peribiliary glands, particularly in the large
and hilar bile ducts, in all eight patients. Invasive carcinoma
was observed in the operative specimens.

No cirrhotic changes or other hepatobiliary diseases were
detected in the noncancerous hepatic tissues of the eight
patients. Thus, the laboratory test results, diagnostic
imaging results, and/or pathological findings indicated

that the 17 patients did not have any known risk factors
for cholangiocarcinoma, such as PSC, hepatolithiasis,
pancreaticobiliary maljunction, or liver fluke infection
(Clonorchis sinensis and Opisthorchis viverrini) [2-4,
16-191.

Treatment and prognosis

Surgical resection was performed in 12 patients (Table 1).
Curative resection could not be performed for 4 of these 12
patients because of the detection of cancer cells in the
resected stumps of the bile ducts. In 10 of the 12 patients,
dissection or sampling of the lymph nodes was performed.
Four (no. 1, 8, 10, and 16) of the 10 patients exhibited
metastases to the lymph nodes around the common bile duct
or the common hepatic artery and/or peripancreatic lesions.
Adjuvant chemotherapy with fluorouracil, gemcitabine,
and/or S-1 (tegafur/gimeracil/oteracil potassium) was
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Fig. 5 Sclerotic bile duct lesion
of intrahepatic bile duct with
BilIN2/3 lesions

(a) Bile duct prominent ductal
sclerosis with stenotic lumen.
Patient 8, H-E staining, 150 x
magnification. (b) Higher mag-
nification of (a) Stenotic lumen
covered by BilIN2/3 lesions.
Beneath the epithelial lesion,
mesenchymal reaction with
inflammatory cells is seen. H-E
staining, 150 X magnification.
staining, 300 x magnification; H

~ administered to eight patients after surgical treatment. In
two of these eight patients, radiation was administered to the
bile duct stumps. In the remaining 5 of the 17 patients,
chemotherapy or conservative treatment (stenting alone in
one patient) was administered because of the advanced stage
of the disease, as indicated by metastases to the lymph nodes
around the aorta and/or intraperitoneal dissemination.

Among the 12 patients who underwent surgical treatment,
intrahepatic recurrence or recurrence at the bile duct stump
occurred in five patients (no. 1-3, 5, and 8), and lymph node
metastasis occurred in one patient (no. 1). In one (no. 8) of the
five patients, solitary intrahepatic recurrent tumor detected at
11 months after the first operation was treated with
radiofrequency ablation therapy. Another four (no. 1-3, and
5) patients with recurrence died of carcinoma. Another
patient (no. 11) died of hepatic failure. Furthermore, four of
the five patients who underwent chemotherapy or conserva-
tive treatment died of advanced carcinoma. The median
survival time from the diagnosis of cholangiocarcinoma to
the death or the end of this study was 578 days.

Discussion

In this study, cholangiocarcinomas were diagnosed in rela-
tively young workers (25-45 years old; mean, 36 years old)
in the offset color proof-printing department of a printing
company at an extremely high incidence (17 of 111
workers). This type of cholangiocarcinoma is newly classi-
fied as an occupational disease by the Ministry of Health,
Labour and Welfare, Japan at 1 October 2013.

The peak incidence of choloangiocarcinoma occurred in
patients in their sixth or seventh decade and cholang-
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iocarcinoma is rare in relatively young patients [1-6]. Based
on the data from the Osaka Cancer Registry (1975-2007),
the mean age at diagnosis for intrahepatic cholang-
iocarcinoma in male patients (n=1797) was 66.5 £ 0.21
years old and for extrahapatic cholangiocarcinoma in male
patients (n = 3638) was 68.9 +0.19 years old, and the pro-
portions of relatively young patients (25-45 years old) with
cancer in intrahepatic and extrahepatic bile duct were 4.1%
and 2.6%, respectively [20]. Of 228 patients who were
treated for cholangiocarcinoma in the Department of
Hepato-Biliary-Pancreatic Surgery in Osaka City University
between December 1996 and December 2012 (cholang-
iocarcinoma in this study was diagnosed during this period),
the mean age at diagnosis was 66.2 £ 10.3 years old and the
proportion of patients whose age was less than 50 years old
was 5.4% (15 patients). Of the 15 patients, five patients were
the current or former workers in the printing company. Thus,
the mean age of the patients in this study (36 years old) are
quite younger, compared to that of typically observed
patients with cholangiocarcinoma. Most workers who were
exposed to high concentration of chlorinated organic solvent
were relatively young, which was related to the age of the
patients with cholangiocarcinoma.

Known etiologic factors for cholangiocarcinoma include
hepatolithiasis, PSC, pancreaticobiliary maljunction, liver
flukes, and exposure to chemical carcinogens, such as
nitrosamines [1-4, 7, 8, 16—19], although the causes of most
cholangiocarcinoma remain unclear. Other conditions, such
as hepatitis B and C viral infections, cirrhosis, alcohol
intake, and smoking, are possibly associated with cho-
langiocarcinoma [8, 21, 22]. Exposure to printing processes,
carbon black, and some nitrogenous compounds have been
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classified as group 2B (possibly carcinogenic to humans)
according to reports by the International Agency for
Research on Cancer (IARC) [23]. However, to date, no
studies have elucidated the development of cholang-
iocarcinoma triggered by exposure to printing processes or
associated agents. The 17 patients in this study did not
exhibit known risk factors for cholangiocarcinoma,
although 13 patients were smokers, three were habitual
alcohol consumers, and one had a previous history of hepa-
titis B viral infection. Large amounts of chemicals, includ-
ing organic solvents, were used in this printing department.
Of the 17 patients, all were exposed to 1,2-dichloropropane,
11 were exposed to dichloromethane, and eight were
exposed to 1,1,1-trichloroethane. An experiment using
reproduction of the working environment by the Japanese
National Institute of Occupational Safety and Health sug-
gested that the workers in this department were exposed
to high concentration of chlorinated organic solvents
[24]. 1,1,1-Trichloroethane, dichloromethane, and 1,2-
dichloropropane are classified as category 2 (suspected
human carcinogens) according to the Globally Harmonized
System of Classification and Labelling of Chemicals [25]
and dichloromethane is classified as group 2B according to
the IARC [23]. Conversely, other chemicals used in this
department were ruled out as possible causative agents
because of their lower consumption and/or shorter period of
exposure [26]. In addition, other chemicals have been used
in various types of industries without inducing cancer. Thus,
such chlorinated organic solvents play an important role in
the development of cholangiocarcinoma [26]. However, it
is impossible to identify all components of the chemicals
used previously in the department because the chlorinated
organic solvents, such as I,1,1-trichloroethane, dichlo-
romethane, and 1,2-dichloropropane, have been retired until
October 2006, and the organic solvents included impurities.
Therefore, other unidentified chemicals might affect the
development of the cholangiocarcinoma.

Some cholangiocarcinoma are associated with prior
biliary or hepatic disease such as hepatolithiasis, PSC, and
liver flukes [2—4, 7, 16~19]. In patients with hepatolithiasis,
both BilIN lesions and IPNB are sometimes encountered in
the large bile ducts containing stones and in the adjacent bile
ducts [10]. PSC is likely an immune mediated, progressive
disorder that eventually developed into cirrhosis, and some
patients with PSC exhibit only BilIN lesions and not IPNB
[18]. In patients with liver fluke infection, bile duct prolif-
eration associated with periportal fibrosis is observed,
resulting in cirrhosis [19]. These pathological findings in
patients with hepatolithiasis, PSC, or liver flukes indicate
neoplastic transformation through dysplastic changes, from
bile duct hyperplasia to cholangiocarcinoma (multistep
carcinogenesis) [1, 10-12, 18, 19]. In this study, chronic bile
duct damage, including duct sclerosis, biliary epithelial
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injuries/proliferation, and focal bile duct losses, were
observed in various lesions within the resected specimens in
all patients for whom operative specimens were available.
Furthermore, BilIN-2/3 lesions and IPNB, which are recog-
nized as the premalignant or pre-invasive stages of
cholangiocarcinoma, were also observed at various sites of
the bile duct and peribiliary glands in all of the patients. The
main and most invasive cholangiocarcinoma lesions were
located in the large bile duct. These findings indicate that the
cholangiocarcinoma detected among the printing company
workers might have developed from chronic bile duct inju-
ries into precancerous or eatly cancerous lesions at various
sites of the bile ducts, especially large bile ducts, and even-
tually developed into invasive cholangiocarcinoma, similar
to cholangiocarcinoma in patients with hepatolithiasis, PSC,
or liver flukes. In addition, the widespread occurrence of the
pathological changes without cirrhosis is an important char-
acteristic of the patients in this study.

Surgery is the only curative treatment for cholang-
iocarcinoma. In this study, five patients could not be treated
surgically because of advanced disease. Thus, to improve
patients’ long-term outcomes, regular health examinations,
including measurements of serum y-GTP activity and serum
CA19-9 and CEA concentrations, are important because the
early detection of cholangiocarcinoma is essential. With
regard to imaging analyses, both mass lesions with or
without dilatation of the peripheral bile duct as well as the
dilatation and/or stenosis of the bile ducts are important
findings for the detection of cholangiocarcinoma. It is also
important to distinguish cholangiocarcinoma from PSC
because imaging findings of cholangiography in some
patients in this study were similar to those of PSC [14]. It is
necessary to monitor the workers for a long time because
cholanciocarcinoma was diagnosed at 9 years, 7 months
after the stopping of the exposure to the chemicals including
chlorinated organic solvent.

In this study, the determination of appropriate treatments
was difficult because malignant and premalignant lesions
were often observed at various sites in the large bile ducts.
In fact, curative resection could not be performed in 5 of the
12 patients who underwent surgery. Adjuvant chemotherapy
might be necessary in such patients. Liver transplantation is
another treatment option for patients without lymph node
involvement or distant metastases.
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Fig. S1 Time course of the patients showing the duration of
employment, the time of diagnosis of cholangiocarcinoma,
and prognosisSolid line, the duration of employment with
exposure to chlorinated organic solvent; dotted line, the
duration of employment without exposure to chlorinated
organic solvent; open arrow, diagnosis of cholangio-
carcinoma; closed arrow, death.

Table S1 Chemicals used in the offset proof-printing
department.

117



811

Table S1 Chemicals used in the offset proof-printing department

1,1,1-Trichloroethane
1,2-Dichloropropane
Dichloromethane
Diclorofluoroethane
2- Buthanol
2-Methylpentane

- 3-Methylpentane

N-Hexane
Cyclohexan
Isopropyl alcohol
Ethanol

Diethylene glycol monobutyl ether
Propyleneglycol monomethyl ether
2-Methyl-2.4pentadiol
3-Methyl-3-methoxybutanol
Solvent naphtha (coal)

Xylene

Kerosene

Mineral oil

Hydrocarbons

Aromatic hydrocarbons

Inks
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Figure S1 Time course of the patients showing the duration of employment, the time of diagnosis of cholangiocarcinoma, and prognosis
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