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Abstract

Background: The outcomes of hepatic resection in intrahepatic cholangiocarcinoma (ICC)
patients with diabetes mellitus (DM), hypertension (HT), and dyslipidemia (DL) (metabolic
components) remain unclear. Methods: The outcomes of 43 ICC patients without known risk
factors for ICC who underwent hepatic resection were retrospectively reviewed. These pa-
tients were divided into three groups: those followed-up for metabolic components at least
every 6 months (follow-up group, n=16), those not followed-up for metabolic components
(no follow-up group, n=14), and those without metabolic components (control group, n=13).
Results: In the follow-up group, 13 (81%) patients were further examined for ICC during
follow-up because of abnormal screening results, such as elevated serum gamma-glutamyl
transpeptidase and carbohydrate antigen 19-9 (CA19-9) concentrations or detection of he-
patic tumor on ultrasonography and/or computed tomography, whereas most patients in
the other two groups exhibited ICC-related symptoms. No patient in the follow-up group
exhibited lymph node metastasis, whereas 43% of those in the no follow-up group and 46%
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in the control group had lymph node metastasis (p=0.005 and 0.004 vs. the follow-up group,
respectively). All 16 patients in the follow-up group were diagnosed as International Union
Against Cancer pathologic stage I or II (early stage). There were no significant differences in
the incidence of postoperative recurrence between the three groups; however, the incidence
of extrahepatic recurrence was lower in the follow-up group than in the no follow-up group
and the control group (13% vs. 78% vs. 63%, p=0.0232). The 1-, 3-, and 5-year overall survival
rates in the follow-up group were better than those in the no follow-up and control groups
(93/93/66% vs. 77/34/34% and 85/24/0%, p=0.034 and 0.001, respectively). Conclusions:
Routine measurement of serum gamma-glutamyl transpeptidase and/or CA19-9 levels and
imaging examinations every 12 months (or 6 months, if possible) are recommended during
follow-up for DM, HT, and DL to detect ICC at an early stage. Copyright © 2016 S. Karger AG, Basel

Introduction

Diabetes mellitus (DM), hypertension (HT), and dyslipidemia (DL), hereafter referred to
as metabolic components, have close associations with obesity and are well known risk fac-
tors for hepatocellular carcinoma (HCC) in which non-alcoholic fatty liver disease (NAFLD)-
induced chronic hepatitis has been suggested to play an important role [1, 2]. Therefore, in
Japan, surveillance and follow-up of patients with metabolic components for the occurrence
of HCC are routinely performed according to the Clinical Practice Guidelines for HCC [3].
Recently, the results of a large cohort study submitted to the Surveillance, Epidemiology, and
End Results (SEER)-Medicare database found that metabolic syndrome (the presence of at
least three of the following conditions: obesity, DM, HT, and DL) is a significant risk factor for
the development of intrahepatic cholangiocarcinoma (ICC), and that ICC patients had a high-
er incidence of individual components than did a control population (patients without prior
cancer) [4]. It is considered that the worldwide epidemic of metabolic syndrome presents
an opportunity for the detection of ICC during follow-up of patients with metabolic compo-
nents [5, 6]. However, the surgical outcomes of ICC patients with metabolic syndrome who
had been followed-up for metabolic components remain unclear. Therefore, the aim of the
present study was to compare the clinicopathological characteristics and postoperative out-
comes of hepatic resection for ICC among patients with and without follow-up for metabolic
components and those without metabolic components, and to investigate the significance of
routine follow-up for metabolic components in terms of treatment outcomes for ICC.

Methods

Subjects

Of a total of 94 patients with ICC who underwent hepatic resection at the Department of Hepato-
Biliary-Pancreatic Surgery at Osaka City University Hospital (Osaka, Japan) between January 1990 and
July 2014, 51 (55%) had known risk factors for ICC, including hepatitis C virus infection in 27 (29%),
heavy alcohol consumption (=80 g of ethanol daily [7]) in 7 (8%), hepatolithiasis in 7 (8%), hepatitis B
virus infection in 6 (7%), and a history of exposure to chlorinated organic solvents in 4 (4%). The clinico-
pathological findings of the remaining 43 patients (46%) without known risk factors for ICC were retro-
spectively reviewed (fig. 1). This study was conducted in accordance with the mandates of the Helsinki
Declaration and the guidelines of the Ethics Committee of our institution (Ethical Committee of Osaka
City University, registration No.: 1646).
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Fig. 1. Distribution according to underlying diseases of the 94 patients with ICC who underwent
hepatic resection at our hospital. HCV=hepatitis C virus infection; HBV=hepatitis B virus infection.

Metabolic Components

Diagnoses of DM, HT, and DL were determined according to the guidelines of the Japan Diabetes So-
ciety [8], the Japanese Society of HT [9], and the Japan Atherosclerosis Society [10], respectively. DM was
defined as a fasting plasma glucose level of 2126 mg/dL, a hemoglobin Alc level of 26.5%, or the use of
hypoglycemic drugs or insulin. HT was defined as systolic blood pressure of 2140 mmHg, diastolic blood
pressure of 290 mmHg, or the use of hypotensive drugs. DL was defined as a serum triglyceride concentra-
tion of 2150 mg/dL or the use of lipid-lowering drugs. In this study, patients who had at least one of these
three diseases (DM, HT, and DL) were defined as having metabolic components [4]. Patients who received
medical treatment or underwent a physical, and/or laboratory, and/or imaging examination, such as ab-
dominal ultrasonography (US), for follow-up of DM, HT, and DL at least every 6 months were included in
the follow-up group. Other known metabolic components, including obesity and smoking, were excluded
because of the lack of consensus for treatment in Japan. We divided the 43 patients into three groups: those
with metabolic components who had been routinely followed-up (follow-up group, n=16), those with meta-
bolic components who were not followed-up (no follow-up group, n=14), and patients without metabolic
components (control group, n=13, fig. 1).

Surgery

In most patients who underwent resection of one Couinaud’s segment [11] (segmentectomy [12]) or
extensive resection, following Glissonean pedicle transection or clamping [13], an ultrasonic dissector
was used to perform hepatic dissection during total [14] or unilateral clamping of the hepatic vascular
inflow [15]. The major branch of the portal vein and the hepatic artery were dissected and cut separately.
The major branch of the bile duct was cut after dissection of the liver. In most patients who underwent
limited hepatic resection (resection of less than one segment), an ultrasonic dissector was used to per-
form hepatic dissection during total clamping of the hepatic vascular inflow. Until 2002, regional lymph
node dissection was routinely performed, and, after 2003, sampling of the lymph nodes was generally per-
formed. For patients with a preoperative diagnosis of HCC or in whom lymph node metastasis was absent
on the basis of pre- and intra-operative findings, lymph node sampling was eliminated. In our department,
concomitant resection of the extrahepatic bile duct was not performed for lymph node dissection, but was
performed for cases in which lymph node metastasis extended along the bile duct or tumor extended into
the extrahepatic bile duct.

The hepatic anatomy and type of hepatic resection were classified according to the Brisbane 2000
Terminology of Liver Anatomy and Resections [12]. In this study, the surgical procedures were charac-
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terized according to the extent of hepatectomy: major hepatectomy was defined as one sectionectomy
(bisegmentectomy) or greater, and minor hepatectomy was defined as less than a sectionectomy. Cura-
tive resection was defined as complete removal of all recognized ICC areas diagnosed preoperatively or
intraoperatively and histologically confirmed.

Postoperative Complications
The severity of postoperative complications was classified according to the Clavien-Dindo classifi-
cation (C-D) system [16].

Histology

The clinical and histological ICC stages were stratified according to the tumor, node, metastasis
(TNM) classification of malignant tumors established by the International Union Against Cancer (UICC)
[17]. Pathologic stage I or Il was defined as early stage and stage 1l or IV as advanced stage. Non-cancer-
ous liver tissue specimens obtained during surgery were subjected to pathological examination.

Diagnosis of Non-Alcoholic Fatty Liver (NAFL) and Non-Alcoholic Steatohepatitis (NASH)

A diagnosis of NAFLD was based on (1) a history of no or limited daily alcohol intake (<20 g for wom-
en and <30 g for men), (2) the presence of hepatic steatosis confirmed by histological examination, and
(3) exclusion of other liver diseases. NAFL was defined histologically by the presence of bland, primarily
macrovesicular, hepatocellular fatty change, whereas NASH was defined by fatty change with inflam-
mation and evidence of hepatocyte injury, such as ballooning degeneration [18]. The activity grade and
fibrosis stage of NASH were classified according to the Brunt classification system [19]. Steatosis was
scored as an estimate of the percentage of parenchyma replaced by fat: grade 1 (mild), up to 33%; grade
2 (moderate), 34%-66%; or grade 3 (severe), >66%. Hepatocellular ballooning, lobular inflammation,
and portal inflammation were also graded on a scale of 0 (none), 1 (mild), 2 (moderate), or 3 (severe). The
NASH grade was determined by comprehensive information from these four factors. Fibrosis was staged
as follows: stage 0, no fibrosis; stage 1, perisinusoidal or periportal fibrosis; stage 2, perisinusoidal and
portal/periportal/periportal fibrosis; stage 3, bridging fibrosis; and stage 4, cirrhosis.

Follow-up

All surviving patients were followed-up at least every 3 months after discharge. The follow-up eval-
uations included physical examinations, liver function tests, chest radiographs to check for pulmonary
metastases, and US, computed tomography (CT), or magnetic resonance imaging (MRI) to check for re-
currence in the remnant liver or other abdominal organs. Moreover, bone metastasis was diagnosed by
MRIand/or bone scintigraphy. The mean and median follow-up periods of the 43 patients were 30 and 21
months, respectively (range, 3-140 months).

Statistical Analysis

Continuous variables are expressed as medians (range) and were analyzed among the three groups
using the Kruskal-Wallis test. Differences in categorical variables were analyzed using Fisher’s exact
test. For variables with a probability (p) value of <0.10, data were re-analyzed by the Mann-Whitney U
test or Fisher’s exact test between two groups to identify significant differences between groups. The
Kaplan-Meier method was used to calculate the overall survival (0S) rate, and differences in OS rates
between groups were evaluated using the log-rank test. A p value of <0.05 was considered statistically
significant. All statistical analyses were performed using the SPSS software package v.21.0 (SPSS, Chi-
cago, IL, USA).

Results

In the follow-up group, only one patient had all three metabolic components, seven had
two of the three components, and the remaining eight patients had only one component. In
the no follow-up group, 2 patients had two of the three metabolic components, while the
remaining 12 had only one. All 16 patients in the follow-up group received oral medicine,
diet therapy, or ergotherapy. The prevalences of obesity (body mass index =25 kg/m?), HT,
and DL were higher in the follow-up group and the no follow-up group than in the control
group (p=0.002, 0.004, and 0.001, respectively, table 1). The prevalence of DM was higher in
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the follow-up group than in the control group (p=0.048). No patient in the control group was
obese. The prevalence of male patients was significantly higher in the follow-up group than
in the other two groups (p=0.007).

In terms of background liver tissue, NAFLD was present in 20 patients (47%): 13 (81%)
in the follow-up group, 5 (36%) in the no follow-up group, and 2 (26%) in the control group
(p=0.001). The proportion of patients with NAFLD was 21% among all 94 ICC patients. Two
patients in the follow-up group had NAFL and the remaining 11 had NASH. No patient had
cirrhosis. In the follow-up group, 3 (19%) patients had ICC-related symptoms (jaundice, ab-
dominal pain, or weight loss; each patient had one symptom). The remaining 13 patients
were further examined for ICC after the detection of abnormal liver function, i.e., elevated se-
rum levels of y-glutamyl transpeptidase (y-GTP) and carbohydrate antigen 19-9 (CA19-9) in
six patients and the detection of hepatic tumor(s) on US or CT in the other seven. In contrast,
69% of patients in the no follow-up group and 77% in the control group had ICC-related
symptoms, including jaundice or tumor-related abdominal pain (p=0.0086 and 0.0095 vs.
the follow-up group, respectively). The remaining patients in the no follow-up and control
groups were found to have abnormalities at annual routine health checkups or follow-ups
for other diseases. Preoperative jaundice was present in one patient in the follow-up and two
in the no follow-up group. All three patients underwent preoperative biliary drainage. The
preoperative laboratory tests showed that serum total bilirubin concentration was lower
in the control group than in the follow-up group and the no follow-up group (p=0.008 and
0.061 vs. the control group, respectively), although the median concentration was within the
normal range in all three groups. Serum triglyceride concentrations were significantly high-
er in the follow-up group and the no follow-up group than in the control group (p=0.004),
whereas glucose concentrations were higher in the follow-up group than in the control
group (p=0.017).

The proportion of patients who underwent minor hepatectomy was higher in the fol-
low-up group than in the other two groups (37% vs. 7% vs. 0%, p=0.086 vs. the no follow-up
group, and p=0.02 vs. the control group, table 2). There were no significant differences in
the types of lymphadenectomy (regional lymph node dissection, sampling only, or no dissec-
tion) among the three groups. Nine patients with invasion to the hilar bile duct were treated
with concomitant resection of the extrahepatic bile duct. In two patients in the no follow-up
group, reconstruction of the portal vein was performed. The incidence of overall morbidity
was higher in the no follow-up group than in the control group (57% vs. 15%, p=0.046);
however, there were no significant differences in the incidence of morbidity between the
other groups. One patient in both the no follow-up group and the control group died of post-
operative liver failure.

Regarding factors associated with tumor formation, there were no differences in the
locations or morphologic features of tumors (table 3). The median tumor size was smaller
in the follow-up group than in the control group (3.4 cm vs. 7.0 cm, p=0.028), and the preva-
lence of serosal invasion was lower in the follow-up group than in the control group (19% vs.
62%, p=0.027). Moreover, no patient in the follow-up group exhibited lymph node metasta-
sis, whereas approximately half of the patients in the no follow-up group and control group
had lymph node metastasis (0% vs. 43% vs. 46%, p=0.005 and 0.004 vs. the follow-up group,
respectively). According to the UICC TNM-based staging system, the proportion of patients
with pathological stage I or II (early stage) disease was significantly higher in the follow-up
group than in the no follow-up group and control group (p=0.005 and 0.001 vs. the follow-up
group, respectively).

During the follow-up period, 8 (50%) patients in the follow-up group, 9 (64%) in the no
follow-up group, and 8 (62%) in the control group developed postoperative recurrence. The
incidence of extrahepatic recurrence was lower in the follow-up group; however, 7 (88%)

KARGER

112



113

e
W m. W ‘(e8uel) uerpaw se passaadxa a.Je sanjea SNONUIIU0Y) "GO'0> anjea d,
S8
g B 9€5°0 (%8) T (%) T (%0) 0 ((%) w) Ayrertow 2aneradolsod
mm ,w GZT0 (%ST1) (%08) £ (%S2) ¥ (%) w) axow 1o []] opeaS 0-D
02 9%0°0 8EZT0  ¥9T0 180°0 (%s1) 2 (%.8) 8 (%8¢€) 9 ((%) w) &upiqlo
g 6580 (%z6) 21 (%98) z1 (%88) ¥1 ((%) u) uonpasar aaneIn)
£ ((%) ) 3onp aq1q d1edayerixy
ol § 6¥2°0 (%s1) 2 (%9€) s (%e1) 2 Jo uondISY
S m m (%ea) € (%62) ¥ (%99) 6 ((%) ) uondassIp oN
Tl (%8€) S (%L9) 8 (%61) € ((%) u) Ajuo Buridures
I ST0 (%8¢€) § (%¥1) € (%Ss2) ¥ (%) W) uondassiq
m., mn_m m apou ydwA1
m wm m Z1L0 (05¥5-5S) 019 (000z-001) S¥8 (012£-59) €29 (;wo) Buipaarg
& mm g G870 (929-€.2) s8¢ (165-291) 98% (sz£-9%1) z1¢ (urw) swny uonyesadQ
853|% (%0) 0 (%L) T (%) 9 Awoydareday toury
Sleal= 00T .20°0 9800 .800°0 (%001) €1 (%¢g6) €1 (%¢£9) ot Awoydayeday Jolepy
((%) u) Awozoareday jo adA],
2'saq d'sae  qsAe (e1=1) (F1=1) (91=1)
(sdnoa8 z) (sdnoi8 g) (0) dnou8 [013u0) (q) dnoa8 mojjoj oN (e) dnoa3 dn mogjo4
anjea d anfea d (-) sausuodwod o1j0qeIDN (+) sausuodwod o1j0qeIDN 10308y

Liver
Cancer

D01 y3m syusized ¢f ur suonedrjduwod aanjetadolsod pue sio0joej aanetadg -z a|qel

KARGER



114

© 2016 S. Karger AG, Basel

www.karger.com/lic

Liver Cancer 2016;5:107-120
DOI: 10.1159/000367752

Liver

Published online: March 17, 2016

Cancer

Nishioka et al.: Metabolic Components and Intrahepatic Cholangiocarcinoma

900 .100°0 ,600°0 L£00°0 L/9 9/8 0/91 (W AI-111/11-1 @8e3sd
(W (gaa1/vAal/ui/u/n
7150 1200 100 L£20°0 Z/vit/els 0/s/1/9/¢ 0/0/0/9/01 (D210n) #8easd
G180 ¥/6 S/6 ¥/21 sdnnuw/a[3urs
00T 7000 .500°0 ,L00°0 (%9%) 9 (%¢er) 9 (%0) 0 (%) u) siserserow apou ydwA
821°0 .L20°0 SL9°0 L9700 (%79) 8 (%62) ¥ (%61) € ((%) u) uoiseaut [eso.9g
2690 700 ¥0Z°0 ¥60°0 (%9%) 9 (%9¢) s (%e1) ((%) u) uoiseaur3onp ay1g
LST'0 8890 €900 600 (%8¢€) S (%%9) 6 (%S2) ¥ ((%) u) uorseAUr TB[NISEAOIIIN
969°0 (%ST1) 2 (%%1) ¢ (%9) 1 ((%) u) pareryuaagzIp [[PM
s3urpuij [eo130[03STH
8900 ,820°0 8670 8500 (o11-¢2 £ (s'6-91) ¥ (06-2°1) ¥'¢ (o) az1s towng,
€0€°0 z/0/11 1/2/11 0/1/S1 (W 1d/91/4N
LSE0 L/9 9/8 1t/s (ressydrrad/1eiy) uoryesor
sguipuyy o1doasoaoey
£92°0 (995¢v-€) <8 (P¥z61-1°0) 62 (£28%8-2) 1¢ (Tw/n) 6-61VD
L9T°0 (%69) 6 (%9¢) s (%8¢€) 9 (%) W) Tw/n L£26-61VD
60%°0 (%¥S) £ (%62) ¥ (%8¢€) 9 (%) w) Tw/3u §2VID

2°'sAq dsae q-sae (e1=w) (P1=0) (91=U)

(sdnoa8 g) (sdnois ¢g) (0) dnou3 [o13uo) (q) dnou8 mojjoj oN (e) dnoa8 dn mojjoq
anfea d anfea d (-) sausuodwod o1joqeIDN (+) syusuodwiod o1j0qEIBIN JnsLIgldeIRYy)

D01 Y3m syusnred ¢ Jo sonIsLIaloeIeyd Jown], *€ djqeL

KARGER



115

© 2016 S. Karger AG, Basel

www.karger.com/lic

Nishioka et al.: Metabolic Components and Intrahepatic Cholangiocarcinoma

Published online: March 17, 2016

Liver Cancer 2016;5:107-120
DOI: 10.1159/000367752

Liver
Cancer

‘ad£) Sunyeay[iyur rezonpriad=1q
‘ad£1 yimoud [ejonpenui=n| ‘0d£A) Suruioj-ssewl=JJ ‘uadnaue dluoAiquaourdied=yyg) ‘(e8uel) uelpaw Se passaldxs ale San[eA snonuiuo) 'go'Q> anjea d,

(%S2) 9 (%8L) £ (%eT) 1 Al
(%0) 0 (%0) 0 (%0) 0 111
(%s2) ¢ (%) ¢ (%¢£9) § 1
00T $€900  ,¥910°0 ,9620°0 (%0) 0 (%0) 0 (%s2) ¢ I
((9%) u) @ouaaIndal [e3IUL J€ 23EIS
6670 (%S2) ¢ (%z2) ¢ (%0) 0 ((%) u) sau1s 7 3sea[ 38 snouoyouss
00T (%0) 0 (%0) 0 (%0) 0 (%) u) suedio 10Y30
11€°0 (%S2) ¢ (%¥Y) ¢ (%0) 0 ((%) w) uoneurwassiq
00T (%eD) 1 (%z2) ¢ (%eD) 1 (%) u) apou ydwA
(%€9) S (%8L) £ (%e1) T (%) u) onedayeayxy
290 6IT°0  ZST00 LZET00 (%8¢) ¢ (%z2) (%88) £ (%) u) oredayeayug
9]IS 9dUua.dandad _m_u_:_
15°0 (%79) 8 (%¥9) 6 (%0S) 8 (%) u) @dus1mda1 sanRIDdOISO]
2'sAq d'sae qsae (e1=1) (P1=0) (91=U)
(sdnoug z) (sdnous8 g) (9) dnoua3 joa13uo) (q) dnoa3 mojjoj oN (e) dnoud dn mojgjoq
anfea d anfea d (-) syusuodwod o1joqeIs|N (+) syusuodwiod o1j0qeISN J1IsLI9)oRIRY )

(penunuoo) -gsjqey

KARGER



L]
leer Liver Cancer 2016;5:107-120
Cancer DOI: 10.1159/000367752 © 2016 S. Karger AG, Basel
Published online: March 17, 2016 www.karger.com/lic

Nishioka et al.: Metabolic Components and Intrahepatic Cholangiocarcinoma

100 | = 5 e
_{? 93% 93%
bp-edy 85%
S
< 7% f,l 66%
Y L
© 50} 1i
0 Llssizicenss
o ; 34% 34%
Follow-up group i
------ No follow-up group
Patients oL~ Control group !
at risk - ; ' 5 ' =
Time after operation (years)
Follow-up group 16 13 10 8 5 4
No follow-up group 14 10 4 2 2 1
Control group 13 9 3 1 0 0

Fig.2. OSrate after surgery among the three groups of patients with ICC without known
risk factors. The follow-up group = patients with ICC who were routinely followed-up
for DM, HT, and DL (metabolic components); the no follow-up group = those who were
not followed-up for metabolic components; the control group = those without metabolic
components. Follow-up = patients who received medical treatment or underwent a phys-
ical and/or laboratory and/or imaging examination, such as abdominal US, for follow-up
of DM, HT, and DL at least every 6 month.

of the recurrent patients in the follow-up group developed recurrence in the remnant liver,
with only one involving the lymph nodes. Of the seven patients with intrahepatic recurrence
in the follow-up group, two underwent repeat hepatic resection. One of these two patients
died of heart failure 8 years after initial hepatic resection, whereas the second was still alive
5 years after initial hepatic resection. The remaining 23 patients with recurrence among
all three groups underwent systemic chemotherapy, radiation, or best supportive care. The
stage of the initially detected recurrence was earlier in the follow-up group than in the other
two groups.

During the follow-up period, four patients in the follow-up group died: two because of
liver metastasis and the other two because of heart failure resulting from metabolic disease.
In contrast, seven patients in the no follow-up group and six in the control group died of re-
current cancer. The 1-, 3-, and 5-year OS rates were 93%, 93%, and 66%, respectively, in the
follow-up group, which was significantly greater than in the no follow-up group (77%, 34%,
and 34%, respectively, p=0.034) and the control group (85%, 24%, and 0%, respectively,
p=0.001). There was no significant difference in OS rates between the no follow-up group
and the control group (p=0.807, fig. 2).
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Discussion

In addition to the two main conditions associated with chronic liver disease (i.e., cirrhosis
and chronic bile duct disease induced by primary sclerosing cholangitis and hepatolithiasis
[20, 21]), alcohol abuse and infection with hepatitis C and/or B virus are also reported to be
risk factors for ICC [21-23]. Recently, exposure to chlorinated organic solvents was reported
as a possible risk factor for cholangiocarcinoma [24-26]. Patients with the following known
risk factors for the development of ICC are followed-up for liver disease: hepatitis B and/
or C virus infection, hepatolithiasis (approximately 9% of patients [20]), and alcohol abuse
[27, 28]. Moreover, the presence of these risk factors can obscure the clinical significance
of DM, HT, and DL. Based on this evidence, we excluded patients with the above-mentioned
known risk factors from the current study. In addition to these risk factors, metabolic syn-
drome or its individual components, including DM, HT, and DL, were recently reported as risk
factors for ICC [4, 29-31]. In particular, a recent umbrella review of meta-analyses of observa-
tional studies regarding the association of DM as a risk factor for all types of cancer onset at 20
anatomical sites indicated that the prevalence of DM was strongly associated with the devel-
opment of ICC, but not of HCC [32]. Moreover, these metabolic components are closely associ-
ated with obesity and, histologically, with NAFLD [2, 33]. In the current study, 46% (43/94)
of ICC patients had no history of established risk factors. The results of a large cohort study
from SEER-Medicare database found that 43.3% of patients with ICC had no risk factors other
than metabolic components [4], which was similar to our result. In the large cohort study,
the incidences of DM, HT, DL, and obesity were significantly higher in ICC patients than in
controls (patients with no prior cancer diagnosis). In our study, among the ICC patients with
no known risk factors, 70% (30/43) had at least one metabolic factor. Based on this evidence
and the ongoing increase in the number of patients with metabolic components, establish-
ment of routine screening modalities will be needed to assess the risk of ICC, as is now done
for HCC. In this study, 13 of 16 patients in the follow-up group were further examined for
ICC after the detection of abnormal liver function during follow-up, as indicated by elevated
serum levels of y-GTP and CA19-9 in six patients and the detection of hepatic tumor(s) on
imaging in the other seven. Serum levels of y-GTP and CA19-9 are known prognostic markers
for ICC [30, 34-36]. Thus, routine measurement of y-GTP and CA19-9 levels and/or US or CT
every 6 months would help to detect the development of ICC in all patients with metabolic
components.

NAFLD is a known independent risk factor for HCC among patients with chronic liver dis-
ease [2, 37]. The development of ICC in patients with NAFLD, including NASH, has also been
recently reported at an incidence of 17.1%-25% [38, 39], levels that are similar to the results
of our study (22%, 20/94). NAFLD was the second most common underlying disease in the
current study, after hepatitis C virus infection (27%). Durnez et al. [40] indicated similar mo-
lecular alterations in ICC as in mixed HCC-ICC and biliary marker-positive HCC, even in non-
cirrhotic livers. More than 50% of HCC patients without cirrhosis reportedly have macrovesic-
ular steatosis and steatohepatitis in non-cancerous liver tissue [41]. In addition, studies using
hepatocyte markers showed that some ICC cases were associated with hepatic progenitor cell
origin [42]. Based on this evidence, NAFLD could be a predisposing factor for ICC in patients
with metabolic components, in a similar manner to that of HCC, and may be a possible risk
factor for ICC. However, further studies are necessary to obtain a definitive conclusion.

In the current study, the incidence of obesity, DM, DL, and NAFLD was relatively low, and
the serum triglyceride and glucose concentrations tended to be lower in the no follow-up
group compared with those in the follow-up group. Hence, the severity of metabolic com-
ponents in the no follow-up group was likely milder than that in the follow-up group, which
may explain why no previous consultation for metabolic components had taken place. In this
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study, only three patients in the follow-up group had initially complained of abdominal pain:
the remaining 13 were found to have ICC by routine laboratory testing and diagnostic imag-
ing, which may have contributed to the detection of ICC at an early stage (pStage I or II) in
this group. Moreover, the small tumor size may have led to a higher proportion of patients
who underwent minor hepatectomy in the follow-up group than in the other two groups.
Tsilidis et al. [32] suggested an increased probability of cancer in patients with DM, par-
ticularly in the early stage, which was in accordance with our results. In the current study;,
the proportion of patients undergoing major hepatectomy and concomitant resection of the
extrahepatic bile duct was high in the no follow-up group, which likely explains the high in-
cidence of postoperative morbidity.

Lymph node metastasis is a well-known prognostic factor of ICC after surgery [43, 44].
Thus, on the results of this study, we propose that routine follow-up for metabolic compo-
nents could contribute to detection of ICC before lymph node metastasis has occurred. More-
over, the stage at initial detection of recurrence was earlier in the follow-up group than in the
other two groups (the incidence of extrahepatic recurrence was also lower in the follow-up
group), which might have contributed to the longer survival in the follow-up group than in
the other two groups. However, postoperative prevention of aggravation of cardiovascular
diseases caused by metabolic components [45] is also important, because two patients in
the follow-up group died of heart failure during the postoperative follow-up period.

Overall, we conclude that it is important to screen for ICC as well as for HCC in patients
with metabolic components, including DM, HT, and DL, to facilitate detection of disease at
earlier stages. In addition, for patients with primary sclerosing cholangitis, which is a well-
known risk factor for the occurrence of ICC and extrahepatic cholangiocarcinoma, measure-
ment of serum CA19-9 levels and USevery 12 months is recommended for screening and sur-
veillance of cholangiocarcinoma [46, 47]. In particular, routine measurement of serum y-GTP
and/or CA19-9 levels and/or US or CT every 6 months are recommended during follow-up
of ICC patients with DM, HT, and DL. Primary sclerosing cholangitis is a much higher risk
factor for ICC than DM, HT, and DL are [4, 48]. Consequently, we cannot be certain whether
follow-up every 12 months (or 6 months, if possible) is adequate; thus, the optimal interval
for routine screening should be investigated in future larger prospective cohort studies.
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