Screening and surveillance for occupational
cholangiocarcinoma in workers exposed to
organic solvents

552: English

H & Springer

~BEH: 2019-03-15

F—7—NK (Ja):

F*—7— K (En): Occupational cholangiocarcinoma,
Screening and surveillance, Health examination,
Organic solvent

ERE: AR, IEZ, MM, =—, B, BE, @A, 5%,
AT, EZ, B, X5, Fik 918, LA, &R, 80T, &,
B, & P, =, &/, 88, =4, 358, KiF, FX, Bk,
1558, BREY, 5=

X—=IJL7 FL R:

ATiE: Osaka City University, Osaka City University,

Osaka City University, Osaka City University, Osaka City
University, Osaka City University, Osaka City University,
Ishikiriseiki Hospital, Miyagi Cancer Center, Nihon
University, Tohoku University, Aichi Cancer Center
Hospital, National Hospital Organization, Osaka
National Hospital, Osaka Red Cross Hospital, Osaka
City University, University of Occupational and

Environmental Health

https://ocu-omu.repo.nii.ac.jp/records/2020497




In April 2022, Osaka City University and Osaka Prefecture University marge to Osaka Metropolitan University

Screening and surveillance for occupational
cholangiocarcinoma in workers exposed to

organic solvents

Shoji Kubo, Shigekazu Takemura, Shogo Tanaka, Takayoshi Nishioka,
Masahiko Kinoshita, Genya Hamano, Tokuji Ito, Takatsugu Yamamoto,
Makoto Abue, Masaru Aoki, Kei Nakagawa, Susumu Hijioka, Atsushi
Miyamoto, Yukio Osaki, Ginji Endo, Shinji Kumagai

Citation | Surgery Today, 46(6); 705—712

Issue Date | 2016-06

Type Journal Article

Textversion | author

This is a post-peer-review, pre-copyedit version of an article published in Surgery Today.
Rights The final authenticated version is available online at:

https://doi.org/10.1007/s00595-015-1229-9

DOI 10.1007/s00595-015-1229-9

Self-Archiving by Author(s)
Placed on: Osaka City University

KUBO, S., et al. (2016). Screening and surveillance for occupational cholangiocarcinoma in workers
exposed to organic solvents. Surgery Today. 46, 705-712.



https://doi.org/10.1007/s00595-015-1229-9

Screening and surveillance for occupational cholangiocarcinoma in workers exposed to

organic solvents
Shoji Kubo!, Shigekazu Takemura', Shogo Tanaka!, Takayoshi Nishioka', Masahiko
Kinoshita!, Genya Hamano', Tokuji Ito!, Takatsugu Yamamoto?, Makoto Abue’, Masaru

Aoki*, Kei Nakagawa®, Susumu Hijioka®, Atsushi Miyamoto’, Yukio Osaki®, Ginji Endo’,

Shinji Kumagai'®

"Department of Hepato-Biliary-Pancreatic Surgery, Osaka City University Graduate School
of Medicine, Osaka, Japan

*Department of Surgery, Ishikiriseiki Hospital, Higashiosaka, Japan

3Department of Gastroenterology, Miyagi Cancer Center, Natori, Japan

*Department of Digestive Surgery, Nihon University School of Medicine, Tokyo, Japan

*Division of Hepato-Biliary-Pancreatic Surgery, Department of Surgery, Tohoku University

Graduate School of Medicine, Sendai, Japan
Department of Gastroenterology, Aichi Cancer Center Hospital, Nagoya, Japan

"Department of Surgery, National Hospital Organization, Osaka National Hospital, Osaka,

Japan
8Department of Gastroenterology and Hepatology, Osaka Red Cross Hospital, Osaka, Japan

‘Department of Preventive Medicine and Environmental Health, Osaka City University

Graduate School of Medicine, Osaka, Japan

'Department of Occupational and Environmental Management, University of Occupational

and Environmental Health, Kitakyushu, Japan

Corresponding author: Shoji Kubo, M.D.
Department of Hepato-Biliary-Pancreatic Surgery
Osaka City University Graduate School of Medicine
1-4-3 Asahimachi, Abeno-ku, Osaka 545-8585, Japan



Tel: +81-6-6645-3841 Fax: +81-6-6646-6057
E-mail: m7696493@msic.med.osaka-cu.ac.ip

Short title: Screening for occupational cholangicarcinoma

Original article

Word count
Abstract 199 words
Text 2918 words
4 Figures and 1 Table


mailto:m7696493@msic.med.osaka-cu.ac.jp

Abstract
Purpose
This study aimed to establish an efficient strategy for screening and surveillance for

occupational cholangiocarcinoma.

Methods

We evaluated the consecutive changes in laboratory findings during regular health
examinations and in abdominal ultrasonography findings before the diagnosis of occupational
cholangiocarcinoma in nine patients. The results of laboratory tests and abdominal

ultrasonography at the time of diagnosis were also examined.

Results

In all patients, the serum y-glutamyl transpeptidase (y-GTP) activity increased several years
before the diagnosis of cholangiocarcinoma. The serum alanine aminotransferase (ALT)
activity also increased several years before the diagnosis, following an increase in the serum
aspartate aminotransferase (AST) activity in most patients. Abdominal ultrasonography
before the diagnosis revealed regional dilatation of the bile ducts, which continued to enlarge.
At the time of diagnosis, the y-GTP, AST, and ALT activities were increased in nine, seven,
and seven patients, respectively. The regional dilatation of bile ducts without tumor-induced
stenosis, dilated bile ducts due to tumor-induced stenosis, space-occupying lesions, and/or
lymph node swelling were observed. The serum concentrations of carbohydrate antigen 19-9

(CA 19-9) and/or carcinoembryonic antigen (CEA) were increased in all patients.

Conclusions
Regular health examinations with a combination of ultrasonography and laboratory tests
including the y-GTP, AST, ALT, CA 19-9, and CEA levels are useful for screening and

surveillance for occupational cholangiocarcinoma.

Keywords: occupational cholangiocarcinoma, screening and surveillance, health examination,

organic solvent
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Introduction

An outbreak of cholangiocarcinoma among workers at a printing company was recently
reported [1, 2]. Although the mechanism underlying the development of cholangiocarcinoma
is still unknown, long-term exposure to chemicals that include high concentrations of
dichloromethane (DCM) and/or 1,2-dichloropropane (DCP) is strongly suspected to be a
cause of the disease [1-3]. The Ministry of Health, Labour and Welfare of Japan classified
this type of cholangiocarcinoma as “occupational cholangiocarcinoma” on October 1, 2013
[3]. Thirty-six patients, some of whom have been described in previous reports [2, 4], had
been diagnosed with occupational cholangiocarcinoma as of February 2015.

Early detection of cholangiocarcinoma is essential, because the treatment outcomes for
cholangiocarcinoma are still unsatisfactory [5-10]. Of 17 patients diagnosed with
occupational cholangiocarcinoma following employment in the aforementioned printing
company in Osaka, 11 patients were diagnosed on further examination after a regular health
examination revealed abnormal findings on either laboratory tests or ultrasonography [2].
This demonstrates the importance of regular health examinations for screening and
surveillance for occupational cholangiocarcinoma. In addition, previous studies reveled that
abnormal liver function test results were observed several years before the diagnosis of
cholangiocarcinoma [11,12]. However, an efficient strategy for the detection of occupational
cholangiocarcinoma during the health examinations of workers with long-term exposure to
high concentrations of organic solvents remains to be elucidated. The aim of this study was to
establish an efficient strategy for screening and surveillance for occupational
cholangiocarcinoma through the evaluation of changes in the results of laboratory tests in
nine patients with occupational cholangiocarcinoma. These patients were selected because the
consecutive results of laboratory tests performed prior to the diagnosis of
cholangiocarcinoma could be obtained for this group. The consecutive results of abdominal
ultrasound studies performed before the diagnosis of cholangiocarcinoma were also available

and evaluated in two patients.

Patients and methods

The subjects included in this study were nine patients with occupational
cholangiocarcinoma (Table 1). Of the nine patients, six worked at a single printing
company in Osaka (Company A) [2], two worked at another company (Company B), and one
worked a third company (Company C) [4]. Of the nine patients, seven patients (patients 1, 3-
8) were exposed to a high concentration of DCP, one (patient 9) was exposed to a high
concentration of DCM and one (patient 2) was exposed to high concentrations of both DCP
and DCM. In four patients, cholangiocarcinoma was diagnosed while they were currently
working at the printing companies, while the cholangiocarcinoma was diagnosed after the

end of the exposure in the remaining patients. The interval between the end of the exposure



and the diagnosis of cholangiocarcinoma ranged from three years and 10 months to 12 years.
The consecutive results of laboratory tests that were performed at regular health examinations
before the diagnosis of cholangiocarcinoma were available for all nine patients. The changes
in the serum activities of y-glutamyl transpeptidase (y-GTP), aspartate aminotransferase
(AST), and alanine aminotransferase (ALT) were evaluated because abnormal results on
these tests have often been observed at the diagnosis of occupational cholangiocarcinoma [2,
4]

In two patients, the consecutive results of abdominal ultrasound studies were obtained
from two hospitals where these two patients were followed up because of abnormal liver
function tests. We evaluated tumor lesions, such as space-occupying lesions in the liver,
papillary or protruding tumorous lesions in the bile duct, dilatation of the bile ducts, and
lymph node swelling detected by ultrasonography.

This study was approved by the ethics committee of Osaka City University (No. 2368), and
all subjects or their legally authorized representatives (for deceased patients) provided written

informed consent.

Results
Changes in laboratory test results

The consecutive results of tests of the serum activities of y-GTP, AST and ALT are shown
in Figures 1A, B, and C. In all nine patients, the serum y-GTP activity was increased several
years before the detection of cholangiocarcinoma. The serum ALT activity also increased
several years before the detection of cholangiocarcinoma, following an increase in the serum
AST activity in most patients. In patients 3, 4 and 5, the serum activities of y-GTP, AST and
ALT increased gradually after the end of the exposure. In patient 5, cholangitis occurred
one month before the diagnosis of cholangiocarcinoma. Patient 6 retired from printing
company A because of extremely increased activity levels of y-GTP, AST and ALT, and the

activity levels gradually decreased after retirement.

Changes in abdominal ultrasonographic images

In patient 5, regional dilatation of the bile ducts in the posterior segment and the lateral
segment was detected five months before the diagnosis of cholangiocarcinoma, and these
were subsequently enlarged (Fig. 2). At the diagnosis of cholangiocarcinoma, regional
dilatation of the bile ducts without tumor-induced stenosis and tumorous lesions in the bile
duct with thick walls in the lateral segment was observed. In patient 6, regional dilatation was
first detected five years and three months before the diagnosis of cholangiocarcinoma, and
the ducts continued to enlarge gradually (Fig. 3). At the diagnosis of cholangiocarcinoma,
regional dilatation of the bile ducts, dilatation of the intrahepatic bile ducts due to

tumor-induced stenosis, space-occupying lesions, and/or lymph node swelling were observed



in the nine patiens.

The results of laboratory test results and abdominal ultrasonography

At the time of diagnosis of cholangiocarcinoma, the serum activities of AST and ALT were
elevated in seven of the nine patients. The serum y-GTP activity was elevated in all nine
patients (Table 1). The serum concentrations of carbohydrate antigen 19-9 (CA 19-9) and
carcinoembryonic antigen (CEA) were elevated in eight and three patients, respectively; the
serum concentrations of CA 19-9 and/or CEA were elevated in all nine patients. Among the
nine patients, ultrasonography detected tumorous lesions in six patients, space-occupying
lesions in the liver (Fig. 3k) in three patients (patients 1, 6, and 7) and tumorous lesions in the
bile ducts (Fig. 2f) in four patients (patients 2, 3, 5, and 9). Ultrasonography also showed wall
thickening of the bile ducts (hyperechoic wall) (Fig. 2f) in one patient (patient 5). Dilated
intrahepatic bile ducts with tumor-induced stenosis (Fig. 3f) were detected by
ultrasonography in six patients (patients 1, 3, 4, 6, 8, and 9). Regional dilatation of the
intrahepatic bile ducts without tumor-induced obstruction (Figs. 2 and 3), which is a
characteristic of patients with occupational cholangiocarcinoma [2, 4], was detected in two
patients (patients 5 and 6). Lymph node swelling (Fig. 3e) was observed in one patient
(patient 6). Abnormal findings indicating the possibility of malignant disease were detected

by ultrasonography in all nine patients.

Discussion

Early detection of cholangiocarcinoma, while it is still in the resectable stage, is
essential ,because complete resection is the most effective and curative treatment. However,
the early diagnosis of cholangiocarcinoma is difficult, because the signs and symptoms of the
disease are often nonspecific. Of 17 patients who were diagnosed to have occupational
cholangiocarcinoma following employment at a printing company in Osaka, 11 patients were
diagnosed on further examination after a regular health examination revealed abnormal
findings on either laboratory tests or ultrasonography [2]. This demonstrates the importance
of regular health examinations for screening and surveillance for occupational
cholangiocarcinoma.

Exposure to organic solvents induced liver dysfunction in the patients diagnosed with
occupational cholangiocarcinoma. In previous studies, pathological examinations of resected
specimens demonstrated chronic bile duct injury and/or cholestasis due to
cholangiocarcinoma [2, 4, 13]. In the current study, the serum y-GTP activity was found to
have increased several years before the diagnosis of cholangiocarcinoma. The serum ALT
activity was also increased several years before the detection of cholangiocarcinoma,
following an increase in the serum AST activity in most patients. As a result, the serum

v-GTP activity was elevated in all nine patients with occupational cholangiocarcinoma. These



findings suggest that the observed liver dysfunction might be related to chronic bile duct
injury and that the development of precancerous lesions and/or cholangiocarcinoma was due
to the exposure to chlorinated organic solvents. Therefore, consecutive assessment of the
liver function with tests for AST, ALT and y-GTP is useful for the evaluation of bile duct and
liver injury, and for estimating the risk of cholangiocarcinoma during regular health
examinations. However, these tests cannot detect cholangiocarcinoma itself, and are not a
definitive method for diagnosing cholangiocarcinoma.

The serum concentration of CA 19-9 is elevated in 60-80% of patients with intrahepatic
cholangiocarcinoma [5-7, 14-16]; testing the serum concentrations of CA 19-9 is currently
widely used to detect cholangiocarcinoma, particularly in patients with primary sclerosing
cholangitis (PSC), which is a risk factor for cholangiocarcinoma [14, 17-21]. It is also known
that the serum concentrations of CEA are often elevated in patients with cholangiocarcinoma
[5, 15, 16] and high serum concentrations of CEA suggest intrahepatic cholangiocarcinoma in
patients with hepatolithiasis [22, 23]. In the current study, the serum concentrations of CA
19-9 and CEA were increased at the time of diagnosis of cholangiocarcinoma in three patients
and eight patients, respectively. The serum concentrations of CA 19-9 and/or CEA were

elevated in all nine patients at the time of diagnosis. This demonstrates that measurement of

the serum concentrations of CA 19-9 and CEA is useful in indicating the possibility of
cholangiocarcinoma.

In this study, abdominal ultrasonography revealed the gradual enhancement of the regional
dilatation of the bile ducts before the diagnosis of cholangiocarcinoma in two patients in
whom consecutive ultrasonography results were available. Ultrasonography detected
abnormal findings (tumorous lesions and/or dilated bile ducts) in all nine patients at the time
of diagnosis of cholangiocarcinoma. Thus, although it is difficult to use ultrasonography to
obtain a definitive diagnosis of cholangiocarcinoma, ultrasonography is useful for screening
and surveillance for occupational cholangiocarcinoma because of its high rate of detection of
abnormal findings and its noninvasive nature.

For the surveillance for cholangiocarcinoma in patients with PSC, a combination of the
measurement of the serum concentrations of CA 19-9 and ultrasonography or magnetic
resonance imaging/magnetic resonance cholangiopancreatography (MRI/MRCP) is
recommended [24]. Endoscopic retrograde cholangiopancreatography (ERCP) is reserved for
patients with an increased serum concentration of CA 19-9 or imaging evidence of dominant
strictures. For regular health examinations, noninvasive and cost-effective methods are
preferred. The results of the current study demonstrate that a combination of ultrasonography
and laboratory tests including the y-GTP, AST, ALT, CA 19-9 and CEA levels is useful for
screening and surveillance for occupational cholangiocarcinoma in workers who are exposed
to chlorinated organic solvents.

For patients with PSC, measurement of the serum concentrations of CA19-9 and



ultrasonography at 12-month intervals is recommended for the screening and surveillance for
cholangiocarcinoma [17, 24]. The incidence of cholangiocarcinoma seems to be higher in
printing company workers (17 out of 101 workers in the offset color proof-printing
department at the printing company in Osaka [2]) than in patients with PSC (their risk of
subsequent development of cholangiocarcinoma was 0.5 - 1.5% per year [25, 26]). Therefore,
health examinations with laboratory tests and ultrasonography at least every six months may
be recommended for workers who are exposed to high concentrations of chlorinated organic
solvents. When ultrasonography or laboratory test results are abnormal, computed
tomography, MRI, and/or MRCP should be performed to detect possible cholangiocarcinoma.
Furthermore, ERCP with biopsy and/or cytology, or a liver biopsy, is recommended to obtain
a definitive diagnosis (Fig. 4). However, it is necessary to evaluate this strategy in a
prospective cohort study.

The longest period between the end of the exposure to the chlorinated organic solvents and
the diagnosis of cholangiocarcinoma was 12 years. Thus, it is necessary to monitor the
workers long-term even after they switch jobs or retire.

In conclusion, regular health examinations with a combination of ultrasonography and
laboratory tests including the y-GTP, AST, ALT, CA 19-9 and CEA levels is useful for
screening and surveillance for occupational cholangiocarcinoma in workers who are exposed
to high concentrations of chlorinated organic solvents. Health examinations at least every

six months, and for the long-term even after the discontinuation of exposure are warranted.
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Figure legends

Figure 1. The changes in the laboratory test results before the diagnosis of
cholangiocarcinoma.

A-C. Closed triangles show y-GTP; closed circles show aspartate aminotransferase; closed
squares show alanine aminotransferase. The arrows show the term of the exposure to
1,2-dichloropropane (DCP) and dichloromethane (DCM).
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Figure 2. The changes in the findings of abdominal ultrasound studies before the diagnosis of
cholangiocarcinoma in patient 5.

The times indicate the duration before the detection of cholangiocarcinoma. Short arrows
show the regional dilatation of the bile ducts without tumor-induced stenosis. The long arrow

shows a tumorous lesion in the bile duct with wall thickening (hyperechoic wall).
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Figure 3. The changes in the findings of abdominal ultrasound studies before the diagnosis of
cholangiocarcinoma in patient 6.

The times indicate the duration before the detection of cholangiocarcinoma. Short arrows
show the regional dilatation of the bile ducts without tumor-induced stenosis. Long arrows
show a space-occupying lesion in the liver. The dotted arrow shows dilatation of the bile duct

due to tumor-induced stenosis. The arrow head shows lymph node swelling.
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Figure 4. The proposed program for the screening and surveillance for cholangiocarcinoma in
workers exposed to chlorinated organic solvents.

Figure 4 Screening and Surveillance of cholangiocarcinoma in
workers with exposure to organic solvents
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