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Abstract The aim of this study was to analyze the clinico-
pathological characteristics and expression of liver stem cell
markers of hepatocellular carcinoma (HCC) involving bile
duct tumor thrombi (BDTT). A total of 35 patients with
HCC and BDTT in a consecutive series of HCC patients
who underwent surgical treatment were studied retrospective-
ly and compared with 916 patients without BDTT from the
same series. Clinicopathological characteristics, overall sur-
vival (OS), and tumor expression of liver stem cell markers
CD133, CD90, EpCAM, CK19, VEGF, and C-kit were com-
pared between the two patient groups. Analysis was per-
formed for the entire patient groups as well as for 35 pairs of
patients with or without BDTT matched by propensity score.
HCC patients with BDTT tended to have smaller tumors than
those without BDTT, as well as a higher probability of having
poorly differentiated tumor, Child-Pugh class B, liver cirrho-
sis, and microvascular invasion. Tumor tissue in patients with
BDTTshowed significantly higher expression rates of all liver

stem cell markers examined. OS was significantly lower for
patients with BDTT at 1 year (69 vs 84 %), 3 years (37 vs
64 %), and 5 years (20 vs 55 %) (P<0.001). Patients with
HCC and BDTT show lower OS than patients without BDTT.
The higher frequency of liver stem cell marker expression in
the presence of BDTTsuggests that such stem cells may play a
role in the pathogenesis of this form of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a common malignant dis-
ease associated with poor prognosis, and its incidence is in-
creasing in many countries, especially the Asia-Pacific region
[1]. Despite the continuous development of therapeutic strat-
egies, long-term prognosis remains dismal.

HCC frequently invades the portal vein, hepatic vein, or
postcava and forms venous thrombi. However, bile duct tumor
thrombi (BDTT) occur in only 1.66–13 % of patients with
HCC [2, 3]. HCC patients with BDTTare often misdiagnosed
with choledocholithiasis or cholangiocarcinoma due to a lack
of understanding of the clinicopathological features of this
uncommon form of HCC. Traditionally, BDTT is thought to
occur late in HCC when tumor cells invade the bile duct wall,
marking a terminal stage in the disease. However, recent stud-
ies suggest that BDTT may occur early in HCC, when the
primary lesion is still small or even undetectable. Tumor
thrombi can detach easily from the bile duct wall. Further-
more, there is no biological evidence of infiltration by tumor
cells [4, 5]. The mechanism of BDTT formation remains con-
troversial. A potential clue to BDTT pathogenesis came when
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our group discovered that a handful of tumor cells in BDTTof
HCC patients show the characteristics of liver stem cells [6].

To help improve the detection and diagnosis of HCC with
BDTT and explore a possible relationship with liver stem
cells, we analyzed the clinicopathological characteristics of
patients with HCC and BDTT who underwent hepatic resec-
tion at a large medical center in China.We also examined stem
cell marker expression in tumor tissues. We compared the
results with those from HCC patients without BDTT from
the same hospital population.

Materials and methods

Patients

The study protocol was approved by the Research Ethics
Committee of the Affiliated Tumor Hospital of Guangxi Med-
ical University, which waived the requirement for informed
consent for this retrospective study. Patients were considered
for inclusion if they were diagnosed with HCC based on his-
topathology of surgical samples taken between 1 January
2000 and 31 December 2012 at the Affiliated Tumor Hospital
of Guangxi Medical University. Patients within this group in
whom BDTT were detected by ultrasonography, computed
tomography, or magnetic resonance imaging before, during,
or after surgery were classified as HCC patients with BDTT
for the present study. The remaining patients were classified as
HCC patients without BDTT and served as the control group
in the present study.

Medical records and paraffin-embedded tumor specimens
were obtained for patients with and without BDTT. All pa-
tients were treated surgically as described [7, 8], without prior
chemo- or radiotherapy. Patients were followed up every 1–
2 months for the first 6 months after surgery, and every 3–
6 months thereafter. At each follow-up visit, clinical and lab-
oratory tests were performed, including chest X-ray and ab-
dominal ultrasound or computed tomography. All patients
were followed up until death or January 2015.

Clinicopathological definitions

Tumor size was determined based on preoperative im-
aging and confirmed by postoperative histology exami-
nation [9, 10]. Microvascular invasion was defined as
the presence of a tumor thrombus based on microscopy.
Liver cirrhosis was determined based on postoperative
pathology examination.

Immunohistochemistry

Tumor tissue sections were immunostained using the Power
Vision Two-Step Kit (ZSG, Beijing, China) according to the

manufacturer’s instructions. Monoclonal antibodies against
the following liver stem cell markers were used: CD133
(1:200; Miltenyi Biotec, Germany), CD90 (1:100; Abcam,
Cambridge, UK), EpCAM (1:200; Abcam), C-kit (1:200;
Maxim, Fuzhou, China), CK-19 (1:200; Maxim), and VEGF
(1:200; Maxim). Stained sections were analyzed independent-
ly by two investigators blinded to sample details. These inves-
tigators graded the percentage of positive cells (PP) on a 5-
point scale: 0 (no positive cells), 1 (positive cells ≤25 %), 2
(positive cells 26–50 %), 3 (positive cells 51–75 %), and 4
(positive cells >75%). They also graded staining intensity (SI)
on a 3-point scale: 0 (no staining), 1 (mild), 2 (moderate), and
3 (strong). The two scores for PP and SI were multiplied
together to give an overall score for each section ranging from
0 to 12. Overall scores of 0–3 were considered negative;
scores of 4–12, positive.

Propensity score analysis

HCC patients with and without BDTT can differ in numerous
characteristics, some of which may not be related to BDTT,
which increases the risk of bias in comparisons between the
two patient groups. To compensate for baseline differences,
we performed propensity score matching [11]. The propensity
model contained the following clinical variables: gender, age,
Child-Pugh class, serum bilirubin, albumin, α-fetoprotein
(AFP), prothrombin time, hepatitis B surface antigen positiv-
ity, hepatitis C antibody positivity, tumor size, tumor capsule,
lymphatic metastasis, liver cirrhosis, microvascular invasion,
portal vein invasion, and tumor differentiation. These vari-
ables were assembled into a logistic regression model, which
was used to generate propensity scores for each patient along a
continuous range from 0 to 1. The one-to-one nearest-
neighbor matching [12] was used to pair patients with or with-
out BDTT.

Statistical analysis

Statistical analysis was conducted using SPSS 16.0
(IBM, Chicago, IL, USA) and a significance threshold
of P<0.05. Continuous data were reported as mean±
standard error. Immunohistochemical differences be-
tween patient groups were assessed for significance
using the chi-squared test or Fisher’s exact test, as ap-
propriate. Overall survival (OS) was evaluated using the
Kaplan-Meier method, and intergroup differences were
assessed using the log-rank test. Possible associations
between clinicopathological characteristics and expres-
sion of liver stem cell biomarkers were assessed using
Kendall’s tau-b correlation. The statistical data were
managed by a biostatistician.
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Results

Clinicopathological characteristics

During the study period, 951 patients with HCC were treated
by surgical resection at the Affiliated Tumor Hospital, of whom
35 were diagnosed with BDTT (Table 1). Comparison of these
35 patients with the remaining 916 without BDTT showed that
BDTT was associated with smaller tumor size (P<0.001) and
higher frequency of liver cirrhosis, Child-Pugh class B, and
microvascular invasion (P<0.05). The two groups did not dif-
fer significantly in gender; age; levels of serum bilirubin, albu-
min, or AFP; prothrombin time; or frequencies of hepatitis B
surface antigen positivity, hepatitis C antibody positivity, tumor
capsule, lymphatic metastasis, or portal vein invasion. As ex-
pected, no significant clinicopathological differences were
found between patients with or without BDTT among the 35
propensity score-matched pairs (Table 1).

Overall survival

Patients were followed up for a median of 96 months
(range, 1–121). Among the 35 patients with BDTT, one

died of perioperative liver failure, ten died of tumor
recurrence, and five experienced recurrence in the rem-
nant liver. OS among patients with BDTT was 69 % at
1 year, 37 % at 3 years, and 20 % at 5 years. The
corresponding rates for 916 HCC patients without
BDTT were 84, 64, and 55 % [9]. The log-rank test
showed that OS was significantly better among patients
without BDTT (P<0.001; Fig. 1). Similar results were
obtained among the 35 pairs of propensity score-
matched patients (P<0.001, Fig. 2); OS in this subset
of patients without BDTT was 83 % at 1 year, 66 % at
3 years, and 62 % at 5 years.

Expression of liver stem cell markers

In tumor tissue from HCC patients with or without
BDTT, staining for CD133, CD90, and C-kit was ob-
served primarily in cell membrane and cytoplasm, while
staining for CK19, VEGF, and EpCAM was observed in
cell membrane (Fig. 3). Only faint staining for the six
markers was observed in adjacent non-tumor tissue (data
not shown). Comparison of tumor sections from patients
with and without BDTT from among the 35 propensity

Table 1 Comparison of demographic and clinicopathological characteristics of hepatocellular carcinoma patients with or without bile duct tumor
thrombi

Before propensity matching After propensity matching

Characteristic HCC with BDTT (n=35) HCC without BDTT (n=916) Pb HCC without BDTT (n=35) Pc

Gender, M/F 30/5 824/92 0.673 30/5 1.000

Age, year 50.1±10.2 51.8±1.4 0.235 50.8±9.7 0.752

Child-Pugh A/B, n (%) 25 (71)/10 (29) 778 (85)/138 (15) 0.024 24 (69)/11 (31) 0.537

TBIL, mg/dL 1.9±0.1 1.3±0.8 0.463 1.6±0.3 0.779

ALB, g/dL 3.2±0.7 3.9±0.9 0.745 3.5±0.5 0.865

PT, s 12.8±2.3 13.2±5.4 0.674 12.1±3.4 0.731

Serum AFP, n (%)

≥400 ng/mL 16 (46) 439 (48) 0.758 14 (40) 0.686

<400 ng/mL 19 (54) 477 (52) 21 (60)

HBsAg, n (%) 31 (89) 852 (93) 0.166 30 (85) 0.406

HCVantibody, n (%) 2 (5) 18 (2) 0.065 1 (3) 0.873

Lymphatic metastasis, n (%) 4 (11) 55 (6) 0.095 2 (6) 0.605

Tumor size, cm 3.76±1.01 8.02±1.63 < 0.001 4.08±1.01 0.691

Intact tumor capsule, n (%) 12 (34) 275 (30) 0.853 13 (37) 0.913

Liver cirrhosis, n (%) 32 (91) 659 (72) 0.033 30 (86) 0.728

Microvascular invasion, n (%) 15 (43) 247 (27) 0.032 15 (43) 1.000

Portal vein invasion, n (%) 9 (26) 219 (24) 0.650 8 (23) 0.784

Poor differentiationa, n (%) 15 (43) 183 (20) < 0.001 13 (37) 0.384

Abbreviations: AFP α-fetoprotein, ALB albumin level, BDTT bile duct tumor thrombi, HBsAg hepatitis B virus surface antigen, HCC hepatocellular
carcinoma, HCV hepatitis C virus, PT prothrombin time, TBIL total bilirubin level
a Based on Edmondson-Steiner grading
b Comparing all 35 HCC patients with BDTT to all 916 HCC patients without BDTT
cComparing 35 HCC patients with BDTT matched to 35 patients without BDTT, based on propensity scoring
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score-matched pairs revealed significantly higher expres-
sion rates for all six markers in BDTT samples
(Table 2). All six markers were co-expressed in 23 pa-
tients with BDTT (65.7 %), but in only two patients
without BDTT (5.7 %; P<0.001). Expression of
CD133, CD90, EpCAM, and CK19 negatively correlat-
ed with tumor differentiation (Table 3): expression was
higher in poorly differentiated tumors than in moderate-
ly or well differentiated ones. All BDTT were found
detached from the bile duct wall in pathological sec-
tions, and none of the 35 propensity score-matched

patients with BDTT showed macro- or microscopic ev-
idence of bile duct wall infiltration by tumor cells.

Discussion

The present retrospective study may help clarify the clinico-
pathological picture of HCC with BDTT, which in turn may
improve diagnosis and management. Incidence of BDTT in
our cohort of HCC patients was 3.68 % (35/951), and the
accuracy of initial diagnosis was 51.43 % (18/35; data not
shown), similar to the 52.94 % reported in another Chinese
study [13]. Patients with this kind of tumor often present with
jaundice and complain of cholecystalgia, shiver, and fever,
leading to misdiagnosis as cholangiocarcinoma or choledo-
cholithiasis. Based on our clinical experience, we propose that
elevated serum AFP levels together with imaging results indi-
cating a liver mass and cholangiectasis are strong diagnostic
indicators of HCC with BDTT. Of the 35 patients with BDTT
in our study, 19 (54.3 %) had a primary tumor smaller than
5 cm and five had no detectable primary tumor. This is con-
sistent with recent studies suggesting that, contrary to the
widespread opinion that BDTT occur in advanced HCC, the
condition can frequently occur when the primary tumor is very
small [5, 13].

Among our 35 patients with BDTT, 29 had macroscopic
BDTT detected during surgery, while the remaining six had
microscopic BDTT detected in postoperative histological
analysis of primary tumor sections. None of the 35 patients
showed evidence of bile duct wall infiltration by tumor cells.
These results contrast with proposed mechanisms of tumor
thrombus formation that begin with HCC invasion into the
biliary tree [13, 14]. Consistent with our study in Chinese
patients, a study of 17 Japanese HCC patients with BDTT
found no evidence of microscopic infiltration of tumor cells
into the bile duct wall [3]. In our patients, tumor thrombi were
fleshy, fragile, and grayish-white, and they did not adhere
tightly to the bile duct wall. As a result, they may separate
easily from the duct wall. These findings are consistent with
results from studies in Chinese [5] and Caucasian [15] HCC
patients with BDTT.

A key motivation for clarifying the clinicopathological
characteristics of HCC with BDTT is to guide treatment, since
it remains unclear whether patients with this form of HCC
benefit from early, active surgery. Studies of Chinese [16]
and Japanese [17] patients suggested resectability rates of
10–23 % for this form of HCC, as well as better OS for pa-
tients without BDTT. In our cohort, all 35 patients with BDTT
were judged to be resectable and consented to that procedure;
OS was significantly better among those without BDTT.
These results from three studies contrast with other studies
in Japan [3, 4] reporting no difference in OS between patients
with and without BDTT.We suggest that resection of carefully

Fig. 1 Overall survival curves for 916 patients with hepatocellular
carcinoma (HCC) without bile duct tumor thrombi (BDTT) and for 35
patients with HCC and BDTT

Fig. 2 Overall survival curves for 35 patients with hepatocellular
carcinoma (HCC) and bile duct tumor thrombi (BDTT) and 35 HCC
patients without BDTT, matched based on propensity scoring
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selected HCC patients with BDTT can still result in reason-
ably good OS. In fact, subgroup analysis by treatment type
suggests good OS even with complex interventions: 11 of our
patients with BDTT underwent resection of tumor thrombi
and bile duct and showed a median OS of 14 months (range,
1–25); 12 patients underwent primary tumor lesion resection,
and median OS was 34 months (range, 14–62); 3 patients
underwent hepatectomy with thrombectomy and T-tube drain-
age, and median OS was 51 months (range, 30–98); and the
remaining 9 patients underwent hepatectomy, and median OS
was 73 months (range, 47–121).

We found that the liver stem cell markers CD133, CD90,
EpCAM, CK19, VEGF, and C-kit were expressed at higher
levels in primary tumors from HCC patients with BDTT than
in tumors from patients without BDTT. This confirms and
extends our previous report that a handful of tumor cells in
BDTT of HCC patients show the characteristics of liver stem
cells [6]. This suggests that liver stem cells may help drive
pathogenesis of HCC involving BDTT. This would be consis-
tent with mounting evidence that HCC arises when the differ-
entiation of normal liver stem cells is blocked, causing the
stem cells to mutate into tumor cells [18]. Future studies
should directly examine the possible involvement of liver
stem cells in BDTT and aim to identify the source of these
cells. Evidence suggests that the canals of Hering, also known

as the terminal bile ductular system, are the most likely origin
of stem/progenitor cells in adult liver [19–21]. In previous
work, we found that intra-hepatic biliary epithelial cells
expressed liver stem cell markers [6], consistent with the idea
that the canals of Hering contain liver stem cells. In the present
study, we found that expression of CD133, CD90, EpCAM,
and CK19 correlated negatively with tumor differentiation. It
may be that these aggressive, poorly differentiated tumor cells
survive in the toxic microenvironment around the bile duct,
where necessary growth factors and nutrients are scarce; liver
cancer stem cells are presumed to live in such unfavorable
environments [22]. However, since the adjacent tumor tissue
and tumor stroma region also play a significant role in the
tumor cell migration and that the invasion of HCC into the
biliary tree ultimately leads to the formation of BDTT, it
would enrich the clinical significance if further studies also
investigate and analyze these liver stem cell markers in the
adjacent tumor tissue.

Our results, together with those from previous stud-
ies, lead us to speculate that liver stem cells in the
canals of Hering help drive pathogenesis of HCC in-
volving BDTT. This may explain why BDTT can devel-
op when the primary HCC tumor is still small or even
undetectable, as well as why most patients with BDTT
show no bile duct wall invasion by tumor cells. Future

Fig. 3 Power Vision Two-Step
staining to detect expression of
liver stem cell markers in
hepatocellular carcinoma patients
with bile duct tumor thrombi. a
EpCAM. b CD133. c CK19. d
CD90. e C-kit. f VEGF. Bars,
25μm (a, b, c, d, e) and 50μm (f)

Table 2 Expression of liver stem
cell markers in propensity score-
matched hepatocellular
carcinoma patients with or
without bile duct tumor thrombi

Liver stem cell marker Patients showing expression, n (%)

HCC with BDTT (n=35) HCC without BDTT (n=35) P

CD133 28 (80.0) 19 (54.3) 0.032

CD90 29 (82.9) 20 (57.1) 0.019

EpCAM 27 (77.1) 19 (54.3) 0.044

CK-19 25 (71.4) 12 (34.3) 0.002

C-kit 28 (80.0) 18 (51.4) 0.025

VEGF 30 (85.7) 23 (65.7) 0.035
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studies in the laboratory as well as large, multi-center
clinical investigations are needed in order to elucidate
whether and how liver stem cell transformation relates
to HCC and BDTT.
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