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magnification, 150x

adenocarcinoma was confirmed by needle biopsy of the
liver. Of the remaining four patients (patients 2, 4, 6, and 8),
adenocarcinoma was confirmed by surgical specimens. An
autopsy was performed on one patient (patient 1).

With regard to the histological subtypes, well- to poorly
differentiated adenocarcinoma (Fig. 3b) was identified in
the four patients diagnosed with the mass-forming type of
intrahepatic cholangiocarcinoma, and tubular adenocarci-
noma was identified in two patients with hilar cholangio-
carcinoma (patients 2 and 8).

BilIN-2/3 lesions with or without invasion were detected
at various sites of the large intrahepatic bile ducts and/or
hilar bile ducts and the peribiliary glands in three available
surgical specimens (patients 2, 4, 6) and in one autopsy
specimen (patient 1, Fig. 3c,d). IPNB lesions with severe
dysplasia were detected in one patient (patient 1; Fig. 3e). In
these same four patients (patients 1, 2, 4, 6), sclerosis of the
bile duct with variable inflammatory cell proliferation,
biliary epithelial injuries/focal bile duct loss. and biliary
epithelial hyperplasia were also observed at various

Fig. 3 Histological features of cholangiocarcinoma. (a) Biopsy specimens from hilar
cholangiocarcinoma in patient 1. Well-differentiated papillary neoplasm, compatible with
intraductal papillary neoplasm (IPNB), is seen. Hematoxylin and eosin (H&E) staining; magni-
fication, 300x. (b) Intrahepatic cholangiocarcinoma of the mass-forming type in patient 4.
Tubular adenocarcinoma with desmoplastic reaction is seen. H&E staining; magnification, 250%.
(c) Biliary intraepithelial neoplasia (BilIN)-3 lesions with invasion (arrows) in the bile duct of
patient 1, H&E staining; magnification, 300x. (d) BilIN-2/3 lesions in the bile duct of patient 6.
H&E staining; magnification, 300x. (e) Intraductal papillary neoplasm of the bile duct (IPNB)
with severe dysplasia in patient 1. H&E staining; magnification, 300x. (f) Sclerotic bile duct
lesion of the intrahepatic small bile duct in patient 4. H&E staining; magnification, 250x.
(g) Hyperplastic changes of the bile duct and peribiliary glands in patient 4. H&E staining;

sites of the bile ducts in the noncancerous hepatic tissues
(Fig. 3f,g). With regard to the pathology of the non-
neoplastic liver tissue, we observed non-specific reactive
changes or cholestatic changes secondary to obstruction or
stenosis of the bile ducts affected by cholangiocarcinoma
or radiation.

No cirrhotic changes or other hepatobiliary diseases were
detected in the noncancerous hepatic tissues of the four
patients (patients 1, 2, 4, 6).

Risk factors for cholangiocarcinoma

The laboratory test results, diagnostic imaging results,
and/or pathclogical findings indicated that the nine patients
did not have any known risk factors for developing
cholangiocarcinoma, such as primary sclerosing cholan-
gitis, hepatolithiasis, pancreaticobiliary maljunction, or
infection with liver flukes (e.g., Clonorchis sinensis or
Opisthorchis viverrini) [4, 9-13].
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Table 4 Treatments and prognoses after diagnosis

Patient no. Treatments Prognosis

1 Chemotherapy, stenting, hyperthermia, radiotherapy, proton beam radiotherapy 3 years 3 months, dead

2 Extended right lobectomy, resection of extrahepatic duct, resection and reconstruction 3 years 5 months, alive
of portal vein, chemotherapy, radiation

3 Proton beam radiotherapy, resection of metastatic lymph node (recurrence), chemotherapy 6 years 10 months, alive

4 Extended left lobectomy, resection of extrahepatic ducts 1 year 4 months, dead

5 Chemotherapy, stenting 8 months, dead

6 Partial resection of the liver 2 years, dead

7 Chemotherapy, stenting 5 years 7 months, alive

8 Extended left lobectomy, resection of extrahepatic ducts, resection and reconstruction 4 years 7 months, alive
of portal vein, chemotherapy

9 Chemotherapy, stenting 1 year 6 months, dead

Treatment and prognosis

Surgical resection was performed in four patients (Table 4).
Dissection or sampling of lymph nodes was performed in
three patients (patients 2, 4, 8); one (patient 2) of the three
patients exhibited metastasis to the lymph nodes around the
common bile duct or the common hepatic artery. Portal
invasion was diagnosed in two patients (patients 2, 8) by
pathological examination. Neoadjuvant chemoradiotherapy
with gemcitabine and adjuvant chemotherapy with
gemcitabine and S-1 (tegafur/gimeracil/oteracil potassium)
was administered to one patient (patient 2). In one patient
(patient 6), chemotherapy with cisplatin and 5-fluorouracil
was administered before surgery. Another patient (patient 3)
received proton beam radiotherapy followed by chemo-
therapy (gemcitabine and cisplatin), according to his
wishes. In the remaining four (patients 1, 5, 7, and 9) of the
nine patients, chemotherapy (S-1, gemcitabine, and/or
cisplatin) with stenting to treat the obstruction of the bile
duct was performed because of the advanced stage of the
disease, as indicated by multiple tumors in the liver and
metastasis to the lymph nodes. One patient (patient 1)
received hyperthermia, radiation, and proton beam radiation
therapy in addition to chemotherapy.

Among the four patients who underwent surgical treat-
ment, intrahepatic recurrence or local recurrence occurred in
three patients (patients 4, 6, and 8). In these three patients,
radiation (patient 4), second liver resection (patient 6), and
chemotherapy (patient 8) was performed, respectively. In
one patient who underwent proton beam radiotherapy and
chemotherapy, surgical resection of the lymph node recur-
rence was performed (patient 3).

Two (patients 4, 6) of the four patients who underwent
surgical treatment died of cholangiocarcinoma recurrence.
Three (patients 1, 5, 9) of the remaining five patients died of
cholangiocarcinoma. The survival time from the diagnosis

of cholangiocarcinoma to death or the end of the study
(February 2014) ranged from 255 to 2517 days (median,
825 days).

Comparison in clinicopathlogical findings between 17
patients at a printing company in Osaka and in nine
patients at other printing companies

The mean age was significantly higher in the nine patients at
other printing companies than in the 17 patients at a printing
company in Osaka (Table 5). The proportions of patients
with elevated serum activity of y-GTP and elevated serum
concentration of CA19-9 were not different between the
groups. When the regional dilatation of intrahepatic bile
ducts without tumor-induced obstruction were investigated
in patients without hilar cholangiocarcioa or upper bile duct
cancer (because the dilatation of intrahepatic bile duct due
to tumor-induced obstruction tends to obscure this charac-
teristic), the proportion of patients with the regional dilata-
tion of intrahepatic bile ducts without tumor-induced
obstruction were not different between the groups. The pro-
portion of patients with intrahepatic cholangiocarcinoma
and/or extrahepatic cholangiocarcinoma was not different
between the groups. The preneoplastic or early preinvasive
neoplastic lesions such as BilIN or IPNB, and chronic bile
duct injury were detected in all patients examined in both
groups.

Discassion

We previously reported on 17 patients with occupational
cholangiocarcinoma who were former or current workers in
an offset color proof-printing department at a printing
company in Osaka, Japan [2]. These patients had been
exposed to a high concentration of chlorinated organic
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Table 5 Characteristic findings in 17 patients with occupational cholangiocarcinoma at a printing company in Osaka and in nine patients at other

printing companies

Findings Company in Osaka Other companies P
n=17) (n=9)

Age (years old, mean) 25-45 (36) 31-57 (44) 0.0046
Elevated y-GTP 17 9 >0.999
Elevated CA 19-9 13 6 0.661
Regional dilated bile ducts® 5710 2/4 >0.999
ICC:ECCICCH+ECC 10:5:2 4:5:0 0.312
BilIN and/or IPNB® 8/8 4/4 >0.999
Chronic bile duct injury® 8/8 4/4 >0.999

¥GTP vy-glutamyl transpeptidase, BilIN biliary intraepithelial neaoplasia, CA 19-9 carbohydrate antigen 19-9, ECC extrahepatic
cholangiocarcinoma, JCC intrahepatic cholangiocarcinoma, IPNB intraductal papillary neoplasm of the bile duct

* The lesions were examined in patients without hilar cholangiocarcinoma or upper bile duct carcinoma

® The pathological findings were revealed upon examination of the operative or autopsy specimens

solvents, including TCE, DCM, and DCP, over a long period
of time (from 6 years and 1 month to 19 years and 9
months). DCM is classified under group 2B (possibly car-
cinogenic to humans) according to the International Agency
for Research on Cancer [14]. As a result of the meticulous
analysis of patients with this type of. cholangiocarcinoma
who have had a long history of the exposure to DCP and/or
DCM, cholangiocarcinoma was recognized as a new occu-
pational disease by the Japanese Ministry of Health, Labour
and Welfare as of 1 October 2013 [3]. Until the end of 2013,
the cholangiocarcinoma cases identified in 26 patients (17
original patients from one company and nine patients who
worked at seven other printing companies) were classified
as this new type of occupational cholangiocarcinoma.

The 17 original patients with occupational cholangio-
carcinoma had the following characteristics: in addition to
being relatively young, they had elevated serum activity of
¥-GTP and serum concentration of CA19-9, regional dilata-
tion of intrahepatic bile ducts without tumor-induced
obstruction, precancerous or early-cancerous lesions at
various parts of the bile ducts (BilIN and IPNB), and
chronic bile duct injury (Table 5). Typically, cholangio-
carcinoma occurs in the sixth or seventh decade of life, and
the disease is rarely seen in younger patients. In the current
patient series, patient ages ranged from 31 to 57 years
(mean, 44 years). Although the mean age was significantly
higher in the current series than in the previous series, the
mean age in the current series also seemed to be young,
similar to the reports in previous series (mean, 36 years). At
cholangiocarcinoma diagnosis, the serum activity of y-GTP
was elevated in all 26 patients in both the previous and
current studies (Table 5). In one patient in the previous
series and two patients in the current series, we observed
that the serum activity of y-GTP increased gradually, with or
without elevated AST and ALT activity, during regular

health examination before the cholangiocarcinoma detec-
tion [15, 16]. These findings suggest that the observed liver
dysfunction might be related to the patient’s exposure to
chlorinated organic solvents. The presence of regional dila-
tation of intrahepatic bile ducts without tumor-induced
obstruction is a characteristic finding on diagnostic imaging
[2]. The regional dilatation of intrahepatic bile ducts without
tumor-induced obstruction was observed in five of the 10
patients in the previous series and in two of the four patients
in the current series. In the current series, the primary and
most invasive cholangiocarcinoma lesions were located in
the large bile ducts, similar to the previous series. In the
previous series, pathological examination revealed that
BilIN-2/3 lesions and/or IPNB lesions with or without inva-
sive portions were observed at various sites of the large
intrahepatic bile ducts and/or hilar bile ducts and peribiliary
glands. In addition, chronic bile duct injury, proliferative
changes of the bile ducts, and bile duct sclerosis, those are
characteristics of the pathological findings of the patients of
the previous series [2, 17], were observed at various sites of
the bile ducts in the noncancerous hepatic tissue. In the
current series, operative or autopsy specimens were avail-
able for four patients. BilIN-2/3 and/or IPNB lesions with or
without invasion, and chronic bile duct injury were observed
at various sites of the bile ducts in all four patients. Thus, the
pathological findings in the cuirent series were similar to
those of the previous series, although pathological exami-
nation could not be performed for all patients in either
series. Taken together, most of the patients in the current
study had characteristic findings of cholangiocarcinoma
patients who had been exposed to chlorinated organic
solvents.

Although five of the nine patients died of cholangio-
carcinoma, four patients survived for more than 3 years after
diagnosis. In all four of these patients, surgery, chemo-
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therapy, radiotherapy, proton beam radiotherapy, and/or
hyperthermia were performed. Thus, multidisciplinary treat-
ment may promote long-term survival in these patients.

The patients in this study had a history of prolonged
exposure to chlorinated organic solvent including DCM and
DCP. Such chlorinated organic solvents might have played
an important role in the development of cholangio-
carcinoma. The current study indicates that chlorinated
organic solvent-related cholangiocarcinoma developed in
workers at several printing companies in Japan in addition to
the prototype cases in Osaka [2]. Therefore, occupational
cholangiocarcinoma is not limited to a single printing
company in Osaka. The previous and current studies have
demonstrated that a portion of cholangiocarcinoma cases
appear to be caused by chemical exposure. As previously
reported, it is necessary to monitor workers who are exposed
to chlorinated organic solvents, and regular health examina-
tions may contribute to early detection of occupational
cholangiocarcinoma. Further analyses with larger sample
sizes are necessary to clarify the mechanism by which occu-
pational cholangiocarcinoma can arise.
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Abstract

A 39-year-old male with elevated serum transferases consulted our hospital in September 2010.
Since 1999, he had worked at a printing company using organic solvents. Cholangiography revealed
stenosis of the left hepatic duct with peripheral dilation, stricture of the right hepatic duct, and
irregularity of the extrahepatic bile duct. As a preoperative diagnosis of sclerosing cholangitis and
cholangiocarcinoma was made, extended left hepatectomy with resection of the extrahepatic bile duct
and anastomosis of the anterior and posterior branches of the bile duct and the jejunum (Roux-en Y
reconstruction) were performed. A histological examination showed papillary carcinoma of the medial
hepatic bile duct with intraductal growth, and biliary intraepithelial neoplasia-2/3 lesions from the
medial hepatic bile duct to the right hepatic and the common bile ducts. Chronic cholangitis was
shown around the tumors. Postoperatively, the patient was treated with adjuvant chemo-radiation,
and he is doing well 30 months after the operation, without recurrence. Unknown causes, including
exposure to organic solvents, might have induced chronic bile duct injury and contributed to the
development of cholangiocarcinoma.

Key Words: Biliary intraepithelial neoplasia; Intraductal papillary neoplasm of bile
duct; Printing job; Thirties

Introduction
Cholangiocarcinoma (CC) is a malignant tumor that arises from the biliary epithelium in any part
of the bile duct system, from the bile ductules to the ampulla of Vater”. There are several risk factors
for CC, including primary sclerosing cholangitis, biliary-duct cysts (abnormal pancreatico-biliary
junction), hepatolithiasis, parasitic infections (liver flukes), and hepatitis C and B virus infections®®.
However, even if these risk factors are present, CC rarely occurs before the age of 40™®. In this report,

we describe the case of a patient in his 30s who developed CC.
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Case Report ,

A 39-year-old Japanese male visited our hospital in September 2010 after detection of elevation of
his serum transferases during a routine examination at his company. He had no symptoms or prior
history and he did not drink alcohol or smoke. Since April 1999, he had worked at a printing factory
and had been exposed to organic solvents, including 1,2-dichloropropane, which is classified as a
category 2 agent (suspected human carcinogen) in the Globally Harmonized System of Classification
and Labelling of Chemicals (GHS). These organic solvents had been used for the removal of ink for
an average of 70 hours a week for at least 6 years. Laboratory data showed elevation of his serum
aspartate aminotransferase (45 IU/L; normal <38 IU/L), alanine aminotransferase (92 IU/L; normal
<44 TU/L) and y-glutamyl! transpeptidase (486 TU/L; normal <73 IU/L). The serum concentrations of
total bilirubin and alkaline phosphatase were within the normal reference limits, and his serum was
negative for hepatitis C antibodies, hepatitis B surface antigen, and antinuclear antigen. The level of
serum carcinoembryonic antigen was slightly elevated (5.4 mg/mL; normal <4.8 ng/mL). His serum
carbohydrate antigen 19-9 level was within normal limits (20.6 U/mL; normal <35.4 U/mL).

CT showed the dilation of the intrahepatic bile duct in the left hepatic lobe. Magnetic resonance
imaging and magnetic resonance cholangiopancreatography showed stenosis of the left hepatic duct
with dilation of the peripheral bile duct, right hepatic duct and common bile duct (Fig. 1). Endoscopic
nasobiliary drainage was performed for bile sampling. Contrast injection from the endoscopic
nasobiliary drainage tube showed stenosis of the left hepatic duct, stricture of the right hepatic duct,
and irregularity of the common hepatic and common bile ducts (Fig. 2). The right intrahepatic bile
ducts were narrow with the appearance of multifocal stricture. The cytology of bile revealed the
presence of adenocarcinoma cells. Positron emission tomography revealed accumulation of F-18
fluorodeoxyglucose in the dilated bile duct in the medial segment (Fig. 3). Based on this evidence, we
diagnosed (primary or secondary) sclerosing cholangitis (of unknown cause) and cholangiocarcinoma
that originated around the left hepatic duct.

During laparotomy, the lymph nodes in the hepatoduodenal ligament, around the common hepatic
artery, and in the dorsal pancreatic head were noted to be swollen; however, frozen sections of these

lymph nodes were negative for cancer cells. After cutting of the retropancreatic bile duct (which

Figure 1. Magnetic resonance imaging (A) and cholangiopancreatography (B) showed stenosis of the left hepatic duct
(arrowhead) with dilation of the intrahepatic bile duct in the medial and lateral segments, right hepatic duct (small
arrow), and common bile duct (large arrow).
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was also cancer cell negative), an intraoperative biliary scope from the stump showed no stenosis of
the common bile duct, common hepatic duct, or right hepatic duct, and no suspected cancer lesions.
However, frozen sections of the hilar bile duct and the bifurcation of the right hepatic duct revealed
the presence of adenocarcinoma. The bifurcations of the right anterior and posterior branches were
found to be negative for cancer cells. Therefore, we performed extended left hepatectomy with a
resection of the extrahepatic bile duct, together with the anastomosis of the anterior and posterior
branches of the bile duct and the jejunum (Roux-en-Y reconstruction). The cut surface of the resected
specimen showed no suspected cancer lesions in the extrahepatic bile duct (Fig. 4). The left hepatic
duct was stenosed and an intraductal protruded lesion was present in the bifurcation of the medial
branch.

A histological examination revealed well-differentiated papillary carcinoma of the medial hepatic

Figure 2. Contrast injection from an endoscopic nasobiliary drainage tube demonstrated obstruction of the left hepatic
duct (arrowhead), stricture of the bifurcation of the right hepatic duct (small arrow), and irregularity of the common
bile duct and common hepatic duct. The right intrahepatic bile ducts were narrow with apparent multifocal stricture.
Anterior position (A) and right anterior oblique position (B).

Figure 3. Positron emission tomography showed
accumulation of F-18 fluorodeoxyglucose (FDG) in the
left hepatic duct and dilated medial branch. Delayed
image was obtained 2 hours after intravenous FDG
injection.

image SUVmaxdl
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Figure 4. A cut surface of the resected specimen showed a slightly protruding lesion at the bifurcation of the medial
bile duct branch (arrowhead) (A). The mucosa of the common bile duct and common hepatic duct was whitish and
rough, but there was no clear cancerous lesion. The left hepatic duct was stenosed (large arrow). The small arrow
indicates the first cut line of the stump of the right hepatic duct for preparation of a frozen section (B).

Figure 5. Histological examinations. A protruding tumor at the bifurcation of the medial hepatic bile duct was
found to be well differentiated papillary carcinoma with the intraductal growth type (objective lens, X10) (A). Biliary
intraepithelial neoplasia-2/3 (high grade dysplasia and carcinoma in situ) lesions in the large intrahepatic bile duct
with its glands. There was glandular proliferation with infiltration of lymphocytes around the lesions (objective
lens, X4) (B). Biliary intraepithelial neoplasia-2/3 (high grade dysplasia and carcinoma in situ) lesions in the large
intrahepatic bile duct (objective lens, X20) (C). Lymphocyte infiltration was diffusely present in the bile duct at the
hepatic hilum (objective lens, X4) (D).
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bile duct with the intraductal growth type, which corresponds to an intraductal papillary neoplasm
of bile duct (IPNB) with invasive carcinoma according to the 2010°'WHO classification of intrahepatic
cholangiocarcinoma® (Fig. 5A). Biliary intraepithelial neoplasia (BilIN)-2 (high grade dysplasia)/3
(carcinoma in situ) lesions” spread from the medial hepatic bile ducts to the hilar bile duct and the
common bile duct, including their intramural glands (Figs. 5B and 5C). Chronic bile duct injury was
shown around the carcinoma and BilIN lesions (Figs. 5B and 5D). No significant reactive changes of
the hepatocytes were noted. Lymphatic, venous and perineural invasion, and lymph node metastasis
were absent. Postoperatively, the patient was treated with radiation for the hepatic hilum (total 50
Gy), and thereafter has been receiving adjuvant chemotherapy (gemcitabine). The patient is doing

well 30 months after the operation without recurrence.

Discussion

From an anatomical point of view, CC is classified as intrahepatic or extrahepatic, with the latter
form being further divided into proximal or perihilar (Klatskin tumor) and distal, depending on the -
location of the cancer within the extrahepatic biliary system®. In our case, the cancer cells were
spread widely from the intrahepatic bile duct to the right hepatic duct and common bile duct, which
would be broadly classified as Type IV according to the Bismuth-Corlette classification of Klatskin
tumors'®, but a curative operation was performed using an extended left hepatectomy with resection
of the extrahepatic bile duct. Recent histological and molecular characterizations have highlighted
the heterogeneity of CC, which may emerge in different sites of the biliary tree and with different
macroscopic or morphologic features™. Moreover, histologically, flat-type “BilIN” and papillary-type
“IPNB” were previously proposed to be precursors of invasive, perihilar intrahepatic CC®. These
findings correspond with the different macroscopic appearance and histologic findings in our case.
We suggested that our patient had experienced chronic bile duct injury due to an unknown cause,
which might have induced the wide-spread BilIN lesions and IPNB with invasive carcinoma.

There are several established risk factors for CC, including parasitic infections, primary sclerosing
cholangitis, biliary-duct cysts, hepatolithiasis, and toxins*®. Other less-established potential risk
factors include inflammatory bowel disease, hepatitis C virus infection, hepatitis B virus infection,
cirrhosis, diabetes, obesity, alcohol, smoking, and host genetic polymorphisms?*®. In our case, a
preoperative diagnosis of CC would have been difficult without cytology because the patient did
not have any of the risk factors described above and was relatively young (39 years old). The
typical age at presentation of CC is in the seventh decade of life"®. In our case, the findings from
cholangiography appeared to correspond to those of primary or secondary sclerosing cholangitis
(pruned tree sign, multifocal stricture, and shaggy sign)™, especially in the right intrahepatic
bile duct where CC was absent. This suggests that CC might have been induced by secondary
sclerosing cholangitis. However, our patient also did not have any of the risk factors for this diséase,
which include ascending cholangitis, oriental cholangiohepatitis, acquired immunodeficiency
syndrome-related cholangitis, chemotherapy-induced cholangitis, ischemic cholangitis after liver
transplantation, eosinophilic cholangitis, and metastasis®®.

In Japan, an epidemic of CC at the printing plant at which our patient worked was reported in a
news release in May 2012. An investigation by the Ministry of Health, Labor and Welfare showed
that 14 patients who worked in the factory had developed CC since 1996, and that seven had died
of CC. Moreover, the mean age of the patients who died of CC was less than 40 years. Exposure to

— 128 —



Tanaka et al

suspected carcinogenic chemicals, including 1,2-dichloropropane, in the factory may have been one

of the factors responsible for the carcinogenesis™®. Currently, we cannot be certain that the CC in

our patient was induced by carcinogenic chemicals, but the findings from cholangiography and the

histological findings indicated possible chronic inflammation of the bile duct. Further epidemiological

and environmental investigations are needed to establish risk factors for CC.
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Abstract: Changes in Laboratory Test Results and
Diagnostic Imaging Presentation before the Detec-
tion of Occupational Cholangiocarcinoma: Shoji
Kueo, et al. Department of Hepato-Biliary-Pancreatic
Surgery, Osaka City University Graduate School of
Medicine—Objectives: A cholangiocarcinoma
outbreak among workers of an offset color proof-printing
department in a printing company was recently reported.
It is important to understand the clinical course leading
to occupational cholangiocarcinoma development for
. investigation of the carcinogenesis process and for
surveillance and early detection. We evaluated the
changes in laboratory test results and diagnostic imag-
ing presentation before the detection of cholangiocar-
cinoma. Methods: We investigated the changes in
laboratory test results and diagnostic imaging presenta-
tion before the detection of cholangiocarcinoma in 2
patients because the data were available. Results:
The clinical courses observed in the 2 participating
patients showed persistent elevation of serum y-gluta-
myl transpeptidase levels with or without elevated serum
levels of alanine aminotransferase and/or aspartate
aminotransferase before cholangiocarcinoma detection.
Dilatation of the bile ducts without tumor-induced steno-
sis was observed several years before cholangiocarci-
noma detection and progressed gradually in both
patients. The serum concentration of carbohydrate 19-9
also increased prior to cholangiocarcinoma detection in
both patients. Eventually, observation of stenosis of the
bile duct and a space-occupying lesion strongly
suggested cholangiocarcinoma. Pathological examina-
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tion of the resected specimens showed chronic bile duct
injury and neoplastic lesions, such as “biliary intraepi-
thelial neoplasia” and “intraductal papillary neoplasm of
the bile duct” in various sites of the bile ducts, particularly
in the dilated bile ducts. Conclusions: The changes
in laboratory test results and diagnostic imaging might
be related to the development of cholangiocarcinoma.
It is important to monitor diagnostic imaging presentation
and laboratory test results in workers with extended
exposure to organic solvents.

(J Occup Health 2014, 56: 317-322)

Key words: Carbohydrate 19-9, Dilated bile ducts, -
Glutamyl transpeptidase, Occupational cholangiocarci-
noma, Organic solvent

Recently, a cholangiocarcinoma outbreak among
former and current workers of an offset color proof-
printing department of a printing company was
reported in Japan'?. The discase was diagnosed in
relatively young workers from 25 to 45 years old with
a mcan age of 36 years, and the observed incidence
was unusually high in the abovementioned department
(17 of 111 workers diagnosed)?. In that department,
various chemicals including organic solvents, such as
1,1,1-trichloroethane, dichloromethane, and 1,2-dichlo-
romethane (DCP), were used to clean ink residues.
An experimental reconstruction of the working envi-
ronment conducted by the Japanese National Institute
of Occupational Safety and Health suggested that
these workers were exposed to high concentrations of
organic solvents?. Dichloromethane is classified as
group 2B (possibly carcinogenic to humans) according
to the International Agency for Research on Cancer?.
The Japanese Ministry of Health, Labour and Welfare
reported that biliary tract cancer was most probably
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caused by long-term exposure to high DCP concentra-
tions and that this type of cholangiocarcinoma was
recently classified as an occupational disease”.

It is important to understand the clinical course
leading to the development of such an occupational
cholangiocarcinoma for investigation of the carcino-
genesis process and to optimize clinical surveillance
for early detection. Of the 17 patients with occupa-
tional cholangiocarcinoma in the previously mentioned
printing company, complete information describing
the changes in laboratory test results and diagnos-
tic imaging presentation before cholangiocarcinoma
detection was available for 2 patients. In the pres-
ent report, we described these changes to understand
the clinical characteristics of these 2 patients. This
study was approved by the ethics committee of Osaka
City University, and both patients provided written
informed consent.

Case Presentation

Case 1
Cholangiocarcinoma was diagnosed when the
patient was 39 years old. He was not a habitual

1,2-Dichloropropane

J Occup Health, Vol. 56, 2014

alcohol consumer and did not receive prior treatment.
The diagnosis was made 13 years and 3 months after
he started working at the printing company, where
he was exposed to DCP for 7 years and 4 months.
He received treatment for acute hepatitis 1 month
after starting at the company (data not available).
At 9 years and 4 months before cholangiocarcinoma
detection, his laboratory test results were within the
reference range (Fig. 1A). However, at 8 years and
4 months prior to cholangiocarcinoma detection, an
elevated level of serum y-glutamyl transpeptidase
(y-GTP, 101 U/I; reference value <86 U/l) was first
noted, and it continued to increase gradually. At 3
years and 9 months before diagnosis, his serum levels
of aspartate aminotransferase (AST, 50 U/[; refer-
ence value <38 U/l) and alanine aminotransferase
(ALT, 62 U/l; reference value <43 U/l) were elevat-
ed. Magnetic resonance cholangiopancreatography
(MRCP) taken at 2 years before diagnosis showed
multiple localized dilatations of the peripheral bile
ducts without tumor-induced stenosis of the bile ducts
in the posterior segment (Fig. IB). The patient was
suspected to have primary sclerosing cholangitis (PSC).

1200
1000
soo
“ —— AST
5 %0 B ALT
400 —h— ¥ -GTP
200 *— CA19-9
0 - .
-9 -8 -7 -6 -4 -3 -2 -1 Diagnosis
Years before diagnosis of cholangiocarcinoma
AST 23 23 21 23 28 25 3122 50 30 23 116 27 30
ALT 27 38 27 25 40 30 4130 62 44 30 470 61 90
y-GTP 74 101 87 115 130 133 137 156 266 279 151 1131 267 347
CAlg-9~ - - - - - - - - 87.2 536 82

Fig. 1. Changes in laboratory test results and diagnostic imaging presentation before the
diagnosis of cholangiocarcinoma in case 1. (A) Laboratory test results. (B) Magnetic
resonance cholangiopancreatography (MRCP) 2 years before cholangiocarcinoma
diagnosis. (C) MRCP 4 months before detection®. (D) Computed tomography (CT) at
the time of cholangiocarcinoma diagnosis. (E) Endoscopic retrograde cholangiopancre-
atography (ERCP) at the time of cholangiocarcinoma diagnosis. Arrows show localized
dilatation of the bile ducts. Arrowheads show stenosis of the bile duct (B2).
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At 4 months before the cholangiocarcinoma diagnosis,
he visited a hospital for abdominal pain, jaundice and
acholic stool. His serum levels of y-GTP, ALT and
aspartate aminotransferase (AST) were elevated due
to acute cholangitis. MRCP showed that the previ-
ously noted localized dilatation of the bile ducts was
progressing, and a stenosis of the bile duct (B2) was
suspected (Fig. 1C). His serum level of carbohydrate
19-9 (CA 19-9, reference value, <37 U/ml) was first
measured and elevated (87.2 U/ml) 4 months before
the diagnosis of cholangiocarcinoma. Ultrasonography
showed the dilated bile ducts in the posterior segment
(B7) and high echoic change of the bile duct walls in
the lateral segment. Dynamic computed tomography
(CT) showed dilatation of the bile ducts in various
parts of the liver (Fig. ID). Endoscopic retrograde
cholangiopancreatography (ERCP) showed stenosis
of the bile duct (B2) and dilatation of the bile ducts
in the posterior segment (Fig. |E). Brushing cytol-
ogy of bile obtained from the stenotic site suggested
adenocarcinoma, and cholangiocarcinoma was eventu-
ally diagnosed. At admission, laboratory test results
showed elevated serum levels of ALT (57 U/l; refer-
ence value, <33 U/), y-GTP (347 U/I; reference value,
<60 U/l), and CA19-9 (105 U/ml; reference value,
<37 U/ml). The liver functional reserve was normal.
The results of hepatitis B surface antigen and hepatitis
C virus antibody titer tests were negative. His body
mass index at admission was 24.3.

During surgery, intraoperative ultrasonography
showed dilatation of the bile ducts (B7) with papillary
tumors inside the bile ducts. Therefore, left lobecto-
my and segmentectomy (segment 7) were performed.
Pathological examination of the resected specimens
was performed. Precancerous or early-staged cancer
lesions such as biliary intraepithelial neoplasia
(BilIN)-2/3 and intraductal papillary neoplasm of the
bile ducts (IPNB) were evaluated®”. Pathological
examination showed chronic bile duct injury including
sclerosis of large and medium-sized bile ducts (Fig. 2A)
and intraepithelial neoplastic changes corresponding
to BilIN-2/3 lesions at the various sites of the dilated
and non-dilated bile ducts (Fig. 2B) and in the peribil-
iary glands. Focally, papillary lcsions corresponding
to IPNB were observed in the dilated intrahepatic bile
ducts (Fig. 2C), and some parts of the IPNB showed
cancer cell infiltration into the portal tract and peri-
neural invasion (invasive IPNB or intraductal growth
type of intrahepatic cholangiocarcinoma, Fig. 2D).
The pathological examination of segment 7 showed
such papillary changes in the dilated bile ducts (Fig. 2E),
and some of them showed considerable mucin secre-
tion with infiltration into the surrounding tissue and
focal rupture. Pathological examination of the back-
ground liver showed nonspecific reactive changes such
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as mild portal inflammatory cell infiltration and fibro-
sis.

Case 2

Cholangiocarcinoma was diagnosed when the
patient was 31 years old. He was not a habitual
alcohol consumer and did not receive prior treatment.
The diagnosis was made 12 years and 6 months after
he started working at the printing company, where he
was exposed to DCP for 6 years and 6 months. He
retired from this position because extremely elevated
levels of serum y-GTP (1,182 U/l), AST (84 U/l), and
ALT (144 U/l) were noted (although accurate refer-
ence values were unclear, the results were abnormally
high) 6 years before the diagnosis of cholangiocar-
cinoma. His serum levels of y-GTP, AST and ALT
gradually decreased after his retirement (Fig. 3A). He
started to receive ursodeoxycholic acid (600 mg/day)
for liver dysfunction 3 years and 6 months before
the diagnosis of cholangiocarcinoma. A CT scan
performed at 5 years before cholangiocarcinoma diag-
nosis showed localized dilatation of the bile ducts in
the posterior segment without tumor-induced steno-
sis of the bile duct (Fig. 3B). MRCP at 3 years and
6 months and at 8 months before cholangiocarcinoma
diagnosis indicated that the number of localized bile
duct dilatations and the degree of dilatation were
increasing (Fig. 3C, 3D). Further, a protruded lesion
was discovered in the hepatic duct (Fig. 3D, 3E). The
patient’s serum level of CA19-9 was first measured
at 4 years and 10 months before cholangiocarcinoma
diagnosis. Although his serum level of CA 19-9
increased at 4 years and 7 months (40 U/l, reference
value, <37 U/ml) and at 3 years and 7 months (70 U/
m/) before diagnosis, his serum leve] then decreased
to the reference range. The serum level of CA19-9
started increasing again at 1 year and 5 months (43 U/
[) before diagnosis (Fig. 3A). He started to receive
ursodeoxycholic acid (600 mg/day) for liver dysfunc-
tion 3 years and 6 months before the diagnosis of
cholangiocarcinoma. At admission, laboratory test
results showed elevated scrum levels of y-GTP (75 U/,
reference value, <60 U/l), and CA19-9 (501 U/ml;
reference value, <37 U/ml). A space-occupying lesion
then appeared in the posterior segment of the liver
(Fig. 3F). ERCP showed obstruction of the bile ducts
in the posterior segment and a protruding lesion in
the hepatic duct (Fig. 3G). The patient was diagnosed
with a mass-forming type of intrahepatic cholangiocar-
cinoma and papillary type of extrahepatic cholangio-
carcinoma at the hepatic duct. The results of hepatitis
B surface antigen and hepatitis C virus antibody titer
tests were negative. The patient’s body mass index
at admission was 16.2. He underwent right lobec-
tomy and resection of the common hepatic and bile
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Fig. 2. Pathological findings of the resected specimens.

A, The large bile duct shows fibrous thichening of the duct wall and periductal tissue and crosion of
the linig epithelia. L, bile duct lumen. HE. B, BilIN-2 lesion. L, Bile duct lamen. HE. C, The dilated
bile duct contains neoplastic lining epithelia and a papillary neoplastic lesion corresponding to IPNB
(*). HE. D, Cancer cell infiltrations and perineural invasion are evident in the portal tract. N, Nerve
fiber. HE. E, Large bile ducts in the S7 shows papillary projection with atypical features, correspond-
ing to IPNB with severe atypia in the lomen (L). HE. F, The large bile ducts contains a papillary.
neoplasm in the dilated bile ducts and this neoplasm shows infiltration into the surrounding tissue. L,
Bile duct lumen. HE. G, The infiltrated part shows papillotubular adenocarcinoma. HE. H, The lin-
ing epithelium shows micropapillary features and stratification of nuclei, corresponding to BilIN-3.

HE.

ducts with anastomosis of the left hepatic duct and
the jejunum (Roux-en-Y procedure). Pathological
examination of the resected specimens showed lumi-
nal dilatation, and papillary carcinoma was observed
in the ductal lumen (Fig. 2F). This well-differentiated
carcinoma infiltrated into the periductal tissue (Fig. 2G),
forming a mass (mass-forming type of intrahepatic
cholangiocarcinoma). In the dilated bile ducts, BilIN
2/3 lesions were observed (Fig.2H). The medium
and large-sized bile ducts showed chronic bile duct
injury including nonspecific degenerative epithelial
lesions and fibrosis, and the background liver showed
nonspecific reactive changes similar to case 1.

The clinical courses of both patients showed persistent
elevation of serum levels of y-GTP with or without
elevated serum levels of AST and/or ALT. Dilatation
of the bile ducts without tumor-induced stenosis was
detected several years before the diagnosis of chol-
angiocarcinoma in both patients. The serum level

of CA19-9 also increased before cholangiocarcinoma
diagnosis in both patients. Eventually, the stenosis of
the bile duct, space-occupying lesion and protruding
lesion in the bile duct strongly suggested cholangio-
carcinoma. Pathological examination showed chronic
bile duct injury and neoplastic lesions, such as BilIN
and IPNB, in the various sites of the bile ducts,
particularly in the dilated bile ducts.

Discussion

Among former and current workers of the offset
color proof-printing department of a Japanese print-
ing company, cholangiocarcinoma developed at an
extremely high incidence!?. These workers were
exposed to high concentrations of chlorinated organic
solvents for a prolonged period. Thus, exposure to
chlorinated organic solvents, including DCP, is thought
to be a highly probable cause of cholangiocarcinoma
development. In the 2 patients described here, liver
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Fig. 3. Changes in laboratory test results and diagnostic imaging presentation before the
diagnosis of cholangiocarcinoma in case 2. (A) Laboratory test results. (B) CT at
5 years before diagnosis. (C) MRCP at 3 years and 6 months before diagnosis. (D)
MRCP at 8 months before diagnosis. (E) MRCP at 3 months before diagnosis. (F)
CT at the time of cholangiocarcinoma diagnosis?. (G) ERCP at the time of diagnosis.
Short arrows show localized dilatation of the bile ducts. Long arrow shows obstruc-
tion of the bile ducts in the posterior segment. The dotted arrow shows a mass-form-
ing cholangiocarcinoma. Arrowheads show the protruded lesion in the hepatic duct.
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dysfunction, including an elevated serum level of
y-GTP, was detected during a regular health exami-
nation performed several years before the diagnosis
of cholangiocarcinoma. The serum levels of y-GTP,
AST, and ALT increased gradually during employment
at the company in patient 1. On the other hand, the
levels gradually decreased after the second patient’s
retirement from the company. International chemi-
cal safety cards® indicate that DCP may affect the
liver. These findings suggest that the observed liver
dysfunction might be related to DCP exposure.
Pathological examination of the 2 patients showed
chronic bile duct injury, including bile duct sclerosis,
and neoplastic lesions, such as BilIN 2/3 and IPNB,
in various sites of the bile ducts in the noncancerous
hepatic tissues of both patients. In a study includ-
ing all 17 patients with occupational cholangiocarci-
noma, the serum levels of y~-GTP were elevated in all

patients, and chronic bile duct injury was observed
in all 8 patients for which pathological examination
could be performed®. These findings indicate that
an elevated serum level of »-GTP might be related to
chronic bile duct injury rcsulting from cxposure to
DCP. Therefore, at regular health cxaminations for
workers exposed to organic solvents, it is important
to monitor the serum levels of y-GTP, AST and ALT,
which may indicate chronic bile duct injury.
Conversely, localized dilatation of the bile ducts
without tumor-induced stenosis was an important
characteristic observed in the diagnostic imaging of
the 2 patients. Similar findings were observed in
other patients with occupational cholangiocarcinoma?®.
Pathological examination showed that the dilated
bile ducts were related to chronic bile duct injury
and neoplastic lesions, such as BilIN and IPNB.
These imaging findings, especially of MRCP, in the
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2 patients were similar to those observed in PSC?,
incloding multifocal, intrahepatic bile duct strictures
alternating with normal-caliber ducts, which some-
times produce a beaded appearance. It is important
to distinguish changes in the bile ducts induced by an
organic solvent from PSC. In the 2 patients in this
study, diagnostic imaging, including CT and magnetic
resonance imaging, eventually showed bile duct steno-
sis, space-occupying lesions and a protruding lesion in
the bile duct. A previous study indicated that occupa-
tional cholangiocarcinoma might result from chronic
bile duct injuries progressing into precancerous or
early cancerous lesions (BilIN and/or IPNB) at vari-
ous sites of the bile ducts and eventually developing
into invasive cholangiocarcinoma?®, which is similar
to cholangiocarcinoma in patients with hepatolithia-
sis, PSC or liver flukes'®'?. Thus, it is important to
monitor changes in the shape of the bile ducts. With
regard to imaging analyses, the progression of local-
ized dilatations of the bile ducts should be closely
monitored becausc they probably have malignant
potential or malignancy. Further, both mass lesions
with or without dilatation of the peripheral bile duct
and dilatation and/or stenosis of the bile ducts are
important findings for detecting cholangiocarcinoma.

Early cholangiocarcinoma detection is essential
because surgery is the only potential curative treat-
ment'* . Therefore, it is necessary to monitor diag-
nostic imaging and laboratory test results, including
the levels of »~-GTP, AST and ALT and the serum
level of CA19-9, for workers with extended exposure
to high concentrations of organic solvents.
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Abstract: Severe acute hepatitis in a printing
company worker: A case study: Shoji Kuso, et al.
Department of Hepato-Biliary-Pancreatic Surgery,
Osaka City University Graduate School of Medi-
cine—Objectives: It has been reported that chlorinated
organic solvent is a cause of hepatitis. Methods: we
investigate clinical and pathological findings of a patient
with severe acute hepatitis who was exposed to chlori-
nated organic solvents. Results: A 34-year-old man
who was exposed to chlorinated organic solvents includ-
ing dichloromethane, 1,2-dichloropropane, and trichlo-
roethylene, presented with general fatigue, vomiting,
and diarrhea. At admission, his laboratory test results
showed extremely elevated aspartate aminotransferase
(4,872 1U/N), alanine aminotransferase (3,000 IU/), and
lactate dehydrogenase (11,600 IU/l) levels and a
prothrombin level below normal (41%). No encepha-
lopathy was noted. These findings were indicative of
severe acute hepatitis. Viral hepatitis, autoimmune
hepatitis, alcoholic disease, bile duct disease, and viral
infection were excluded as causes of hepatitis by clini-
cal, laboratory, and imaging findings. After diagnosis,
the patient was administered fresh frozen plasma and
glucagon-insulin therapy. Liver function recovered
within a few weeks, and a liver biopsy performed 25
days after admission showed the recovery phase after
acute liver damage. Conclusions: These clinical and
pathological findings indicate that exposure to chlori-
nated organic solvents may have induced severe acute
hepatitis in this patient.

(J Occup Health 2015; 57: 87-90)
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The toxicities of various chemicals, including
organic solvents, have been reported, and methods
for protection and occupational exposure limits have
been established. Most organic solvents are mainly
absorbed into the body via inhalation, ingestion, and
the skin, and they often directly affect the eyes, skin,
and respiratory tract. Absorbed organic solvents are
toxic to the nervous system, liver, kidney, and heart'?,
Hepatic damage after exposure to certain organic
solvents has been described*®. Here, we report a
case of severe acute hepatitis in a printing company
worker who was exposed to various chemicals, includ-
ing organic solvents such as 1,2-dichloropropane
(DCP), dichloromethane (DCM), and trichloroethylene
(TCE). This study was performed according to the
Declaration of Helsinki (2008), and the patient provid-
ed written informed consent.

Case Report

The patient started work in an offset color proof-
printing department of a company in 1986. The pres-
ent building was constructed in 1991. The printing
room was located in the first basement floor of the
building, with a front room adjacent to the printing
room. The ventilation rates of these rooms were very
low becausc of the basement location. and the low
capacity of the installed ventilation equipment. The
patient made printing plates in the (ront room. In the
process, he used high-purity TCE to remove stains
from glass plates for about one year just before devel-
oping severe acute hepatitis. The amount of TCE
he used per day was estimated to be 1-2 | based on
his memory. Because no respiratory- protection was
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provided, he have been exposed to high levels of
TCE.

In the printing room, proof-printing workers used
large amount of organic solvent cleaner to remove
ink residue from a rubber transcription roller. The
cleaners was a mixture of gasoline (50% by weight)
and 1,1,1-trichloroethane (50%) before 1989; it was
a mixture of DCP (50-60%), DCM (15-25%), and
1,1,1-trichloroethane (15-25%) from approximately
1985 to 1992-1993; and it was a mixture of DCP
(40-50%), DCM (40-50%) and petroleum hydrocar-
bons (1-10%) from 1992—-1993 to March 1996; and it
was nearly pure DCP solvent (98%) from April 1996
to October 2006. Airborne solvent concentrations
in the printing room were estimated to be extremely
high, which was confirmed in an experiment conduct-
ed by the Japanese National Institute of Occupational
Safety and Health!'®.

Furthermore, because the contaminated air of the
printing room flowed into the front room duc to posi-
tive pressure in the printing room, the airborne solvent
concentrations were also estimated to have been high
in the front room. Consequently, the patient was also
exposed to these chemicals when working in the front
room. In addition to making printing plates, he also
supervised the progress of printing mainly in the front
room but frequently went into the printing room to
provide guidance and occasionally to conduct proof-
printing. When working in the printing room, he was
exposed to high levels of the abovementioned chlori-
nated organic solvents. Other chemicals such as kero-
sene and inks were also used in the department.

The patient (at 34 years of age) experienced general
fatigue, vomiting, and diarrhea and visited a hospi-
tal in December 1996. According to the period of
solvent use, he had been exposed to DCP and TCE
just before the onset of symptoms and to DCM within
| year before onset. He had drank 350 m/ of beer per
day during previous 10 years (<80 g of ethanol daily,
which is the lower limit for alcoholic liver disease'V)
and smoked 20 cigarettes/day during the previous
14 years. He had no history of blood transfusion,
sometimes took vitamins and aspirin for hcadaches,
and had a body mass index of 18.3.

At admission, the patient was lucid with no abnor-
mal neurological system or respiratory tract {indings.
The liver was palpable in the right infracostal region
at a two finger widths. No dermatitis was noted.
The laboratory test results at admission are shown in
Table 1. The aspartate aminotransferase (AST, 4,872
IU/1), alanine aminotransferase (ALT, 3,000 IU/l); and
lactate dehydrogenase (LDH, 11,160 IU/1) levels were
markedly elevated, and the prothrombin test value was
41%. The concentrations of total bilirubin and direct
bilirubin were 1.2 mg/dl and 0.2 mg/d/, respectively.
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Table 1. Laboratory test results at admission

Red blood cell (x10%/mm?) 448
Hemoglobin (g/dl) 13.6
White blood cell (/fmm?) 6,800
Prothrombin test (%) 41
Aspartate aminotransferase (U/) 4,872
Alanine aminotransferase (U/l) 3,000
Alkaline phosphatasc (U/l) 140
Total bilirubin (mg/dl) 1.2
Direct bilirubin (mg/dl) 0.2
Lactate dehydrogenase (U/l) 11,160
y-Glutamyl transpeptidase® (U/I) 45
BUN® (mg/dl) 18
Creatine®* (img/dl) 0.6
Na® (mEq/ml) 137
K* (mEqg/ml) 3.6
Cl* (mEq/ml) 105
CRP (mg/dl) 1.9

*Tests performed the day after admission.

The serum alkaline phosphatase and y-glutamy! trans-
peptidase (y-GTP) levels were within the reference
range. Eosinophilia was not detected. The results for
hepatitis viral markers (IgM-HA antibody, hepatitis
B ¢ antigen and antibody, hepatitis B surface anti-
gen and antibody, hepatitis B core antibody, hepatitis
B virus DNA polymerase, hepatitis C virus [HCV]
antibody, HCV RNA, hepatitis D virus antibody, and
GBV-C RNA) were negative. The patient was posi-
tive for cytomegalovirus IgG and Epstein-Barr (EB)
virus IgG antibody, but negative for cytomegalovirus
IgM antibody and EB virus IgM antibody, indicat-
ing previous infections with cytomegalovirus and
EB virus. Serum anti-nuclear antibody and lupus
erythematosus (LE) test results were negative. Serum
complement (CH50; 50% hemolytic unit of comple-
ment), carcinoembryonic -antigen, and carbohydrate
antigen 19-9 levels were within the reference ranges.
Ultrasonography and computed tomography showed
mild hepatomegaly but no abnormal findings in the
biliary system. From these findings, severe acute
hepatitis was diagnosed, and the patient was treated
with fresh frozen plasma and glucagon-insulin therapy.
Liver function recovered within a few weeks (Fig. ).
A liver biopsy performed 25 days after admission
showed size inequality of hepatocytes and multinucle-
ar hepatocytes (Fig. 2). Many phagocytes were pres-
ent in the hepatic lobules, and mild lymphocytes infil-
tration and fatty droplets in a few hepatocytes were
seen. Fibrous expansion of portal areas and cholesta-
sis were not observed. These findings are indicative
of the recovery phase after acute liver damage. The
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Fig. 1. Changes in alanine and aspartate aminotransferase lev-
els after admission.

clinical course and pathological findings indicate that
the patient’s severe acute hepatitis was not caused by
viral hepatitis, autoimmune hepatitis, alcoholic disease,
bile duct disease, or viral infection (cytomegalovirus
and EB virus) but instead was caused by exposure to
chlorinated organic solvents.

Use of TCE was stopped at the printing company
after this event. Since his discharge from the hospi-
tal, he has not been exposed to high concentrations of
chlorinated organic solvents. The patient is now in
good health.

Discussion

Severe acute hepatitis developed in a worker in an
offset color proof-printing department of a company.
The three criteria for the diagnosis of toxic hepatitis
include the following: (1) liver damage after occu-
pational exposure to a substance, considering the
patient’s work history and current workplace; (2)
elevated liver enzyme activity to at lecast double the
upper limit of the reference range; and (3) exclusion
of tertiary conditions such as other causes of liver
damage'>'». The patient in this study was exposed to
various solvents, including DCP, DCM, and TCE. His
serum AST, ALT and LDH levels were remarkably
elevated at the time of admission to the hospital and
improved rapidly after admission (stopping exposure)
and treatment. The patient did not have any known
cause of severe acute hepatitis, such as viral hepatitis,
autoimmune hepatitis, alcoholic liver disease, viral
infection (adenovirus, cytomegalovirus, or EB virus),
or biliary tract disease.

Acute toxicity cause by DCP, DCM and TCE
has been reported by several investigators*®. The
International Chemical Safety Cards produced of the
International Labour Organization®? warn that long-
term or repeated exposure to DCM or DCP may
affect the liver and kidneys. Repeated or prolonged
contact of skin with TCE may cause dermatitis. This
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Fig. 2. Pathological findings of liver biopsy (hematoxylin and
eosin, 20x, and inset, 40x).

solvent may affect the central nervous system, liver,
and kidneys. Recently, Chang et al.'¥ reported that
exposure to both lead and organic solvents is danger-
ous, even if exposure to each of the individual compo-
nents is within the respective permissible limit. In the
present case, the patient developed symptoms during
exposure to DCP and TCE and within 1 year of expo-
surc to DCM. There were few workers exposed to
both DCP and TCE. Therefore, DCP and TCE were
suspected to be the causative agents of the severe
acute hepatitis in the patient. DCM also might have
contributed to the development of hepatitis. In addi-
tion, mixed exposure to such organic solvents might
synergize towards the development of the hepatitis.

Toxic hepatitis after exposure to chemicals can be
divided into three types: hepatocellular, cholestatic,
and mixed type'®. Laboratory test results in this
patient showed elevated AST, ALT, and LDH levels
and a decreased prothrombin value, whereas the serum
alkaline phosphatase and y-GTP levels were within
the reference ranges. These results indicate that the
hepatitis in this patient should be classified into as a
hepatocellular type. Recently, an outbreak of chol-
angiocarcinoma occurred in this same company, and
chlorinated organic solvents, particularly DCM and
DCP, were suspected to play a causative role!s!?. In
patients with occupational cholangiocarcinoma, labora-
tory test results showed elevated y-GTP levels (with
or without elevated AST and/or ALT levels), and
pathological findings demonstrated chronic bile duct
injury and non-injured hepatocytes'”. In addition,
the patients with occupational cholangiocarcinoma
were not exposed to TCE. Therefore, the mechanism
causing severe acule hepatitis in the present patient
seemed lo be different {rom that causing occupational
cholangiocarcinoma.
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Although this patient’s liver function improved
rapidly after restricting further exposure and adminis-
tering fresh frozen plasma and glucagon-insulin ther-
apy, death due to acute liver failure was reported in a
patient with suspected TCE exposure®. Thus, regular
assessment of liver function in workers exposed to
such chlorinated organic solvents is important because
excessive exposure may induce lethal acute hepatitis.
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