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Abstract

Background

Hepatocellular carcinoma (HCC) with bile duct tumor thrombus (BDTT) in the clinic is rare,
and surgical treatment is currently considered the most effective treatment. However, the
influence of BDTT on the prognosis of HCC patients who underwent surgery remains con-
troversial in previous studies. Therefore, this paper uses meta-analysis method to elucidate
this controversy.

Methods

In this study, we conducted a literature search on databases PubMed, Embase and Web of
Science from inception until September 2016. Each study was evaluated with Newcastle-
Ottawa Scale (NOS). The pooled effect was calculated, and the association between BDTT
and overall survival (OS) or disease-free survival (DFS) was reevaluated using meta-analy-
sis for hazard ratio (HR) and 95% confidence interval (Cl).

Results

A total of 11 studies was included containing 5295 patients. The (HR) for OS and DFS was
3.21 and 1.81, 95%Cl was 2.34—-4.39 and 1.17-2.78 respectively.

Conclusions

The results showed that HCC patients with BDTT had a worse prognosis than those without
BDTT after hepatic resection or liver transplantation (LT).
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Introduction

Hepatocellular carcinoma (HCC) is a solid malignant tumor often caused by hepatitis virus
infections, cirrhosis, alcohol abuse, and obesity. It is a major health problem and the third
most common cause of cancer-related death[1]. The incidence of HCC is increasing world-
wide, especially in Asia-Pacific countries, of which China alone contributes half of the total
number of cases[2]. According to statistics, about 600,000-700,000 people yearly died for
HCC in the world[3]. Although the diagnosis, treatment and surgical techniques have been
improved greatly in the past few decades, the prognosis of HCC is still poor with 5-year sur-
vival rate around 5~6%[4]. Generally, HCC spreads through the liver via the portal vein. Thus,
portal vein tumor thrombus is commonly observed in radiological images and resected liver
samples[5]. However, HCC with bile duct tumor thrombus (BDTT) is rarely seen in clinical
practice and accounts for only 1.2-12.9% of total HCC cases [6]. When BDTT occurs in major
bile ducts, jaundice is the main clinical manifestation and can be easily misdiagnosed as a bile
duct cancer or biliary stones. At present, the diagnosis of BDTT mainly depends on clinical
symptoms, physical examinations, image studies, surgical exploration and postoperative path-
ological results. Although BDTT is known as a risk factor of the prognosis of HCC patients,
the underlying mechanisms are still not clear [7]. The palliative treatments, such as transcath-
eter arterial chemoembolization (TACE), internal biliary stenting and radiotherapy, often lead
to disappointing outcomes. The efficacy of hepatic resection or liver transplantation (LT) for
long-term survival of HCC patients with BDTT is controversial[8]. Therefore, we performed a
meta-analysis to evaluate the prognosis of HCC patients with BDTT after hepatic resection or
LT.

Materials and methods
Literature search strategy

A protocol before performing statistics was developed. In detail, systematic search was per-
formed for Pubmed, Embase and Web of Science by two researchers and the relevant studies
published from inception until January 2016 were gathered by the following terms: (BDTT OR
BDT OR bile duct tumor thrombus) AND (prognosis OR survival OR mortality OR prognos-
tic) in combination with (HCC OR hepatocellular carcinoma OR liver cancer OR hepatoma).
In addition, all references in the relevant studies were also manually examined. The citations
were managed using Endnote X7 software.

Eligible studies met the following criteria: 1) pathological diagnosis of HCC was confirmed
by immunohistochemistry after hepatic resection or liver transplantation (LT), and BDTT was
found during surgery or in postoperative histological analysis; 2) studies analyzed the relation-
ship between HCC with BDTT and the survival of HCC patients; 3) studies provided hazard
ratio (HR) for overall survival (OS) or disease free survival (DFS) and 95% confidence interval
(CI) or included effective information to calculate HR and 95% CI; 4) sample size was at least
20. In the case of studies with overlapping populations, the largest number of cases was
included for meta-analysis.

Studies with focus on non-primary liver cancer published in languages other than English
and unable to extract enough information to calculate HR or 95% CI were excluded.

Data extraction and qualitative assessment

Retrieved studies were reviewed by two independent researchers to extract raw data according
to a standard data-collection protocol including first author name, publication year, regions,
patient characteristics (number, gender and age), Child-Pugh grade, follow-up data, method
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of therapy, HR value and 95% CI. Their discrepancies were discussed and resolved seriously.
The quality of studies was independently assessed by two researchers using the Newcastle-
Ottawa Quality Assessment Scale (NOS) with a maximum score of 9.

Statistical analysis

Data analyses were performed using Stata 12.0 software. Data were pooled to analyze their
prognostic value to predict the OS of HCC patients with BDTT. The HR and 95% CI were cal-
culated from Kaplan-Meier survival curve using Engauge Digitizer version 4.1 software. Q
and I values were used to assess the degree of statistical heterogeneity using a random effect
model if P < 0.1 or I? > 50%, otherwise using a fixed-effect model. In addition, Begg’s funnel
plot test was used to examine publication bias for the studies included.

Results
Study selection and characteristics

Fig 1 shows the search and filtering process. 126 studies that met the inclusion criteria and
published from 2000 to 2015 in English were found by electronic search using the above-men-
tioned keywords. Of them, 10 studies of 4869 patients that met the requirements for meta-
analysis were further analyzed in detail[1, 3, 7-14]. Table 1 and S1 Table lists the main features
of the 10 studies included including study location, average age of patients, followup period,
etc. It is clear from the table that 1) all studies were performed in Asia; 2) the median follow up
period was reported in only 6 studies and the followup period was from 1 to 156 months in
one study. The quality scores was ranged from 4 to 8. All patients had undergone a hepatic
resection and LV was performed in one patient.

Pooled HR value for OS and DFS

In the meta-analysis, the heterogeneity among the included studies was significant (I> > 50%).
Thus, the random-effect model was employed to evaluate the summary. The results showed
that HCC patients with BDTT had a poor prognosis after hepatic resection or LT. The pooled
HR for OS and DFS was 3.21 (95% CI, 2.34-4.39) and 1.81 (95% CI, 1.17-2.78), respectively.
The degree of between-study heterogeneity was observed for OS (I* = 70.9%, P<0.001) and
DFS (I” = 52.4%, P = 0.122) (Fig 2).

[ 126 studies found by electronic search J

20 review or case report
59 not relevent

—

v

[ 47 studies asseed for eligibility ]

10 non liver resection or LT
15 full-text aiticles exclued
12 not give HR or 95% CL or
can not get it by calculate

v

[ 10 studies inclued J

Fig 1. Flow diagram of the study selection process.
https://doi.org/10.1371/journal.pone.0176827.g001
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Table 1. Baseline characteristics for studies included in meta-analysis.

Rsfs.

Yuetal[12]
Satoh et al[9]
Shiomi et al[10]
Yehetal[11]
Noda et al[7]
Shao et al[8]
Oba et al[3]
Kim et al[13]
Wong et al[14]
Pang et al[1]

Year

2010
2000
2001
2004
2011
2011
2014
2014
2014
2015

Area

China
Japan
Japan
Taiwan
Japan
China
Japan
Korea
China
China

NR: not reported, NA: not applicable

Gender Age HBV(+) |Child-Pugh Grade Follow-Up |Therapy Survival Analysis
(W/M) (Year) |(%) (A/B/C) (Month)

582/94 50 NR 600/NR/NR 1-156 Resection/LT | OS
535/136 60.6 18.5 NR NA Resection oS
111/21 59.8 20 NR NA Resection oS

NR NR NR NR 25.1 Resection OS/DFS
450/101 58 48.8 458/93/0 35 Resection (O]
256/41 51 94.3 NR 39 Resection (OF]
663/133 | 64.9 19.6 702/94/0 47 Resection (O]
63/30 55 81.7 NR NA Resection OS/DFS
208/51 56.1 80 240/23/0 24.9 Resection OS/DFS
354/97 51.7 92.8 802/149/0 96 Resection (O]

https://doi.org/10.1371/journal.pone.0176827.t001

Analysis of heterogeneity, publication bias and sensitivity

The heterogeneity of the study may be related to 1) these studies were from different countries,
2) different characteristics of the population (for example, HBV positive rate was significantly
higher in the studies from China and Korea than Japan) and 3) the technical level of the sur-
geons is different. Sensitivity analysis showed that two studies (Wong 2014 or Shiomi 2001)
might affect the pooled assessment (Fig 3). After removing one study (Wong 2014), the hetero-
geneity was reduced (OS: I? = 44.5%, P = 0.72), and the results were positive (HR: 3.65; 95%
CL, 2.89-4.46). When the two studies were excluded, there was no heterogeneity and the
pooled HR for OS became 4.01 (95% CL, 3.36-4.79). Therefore, our results are of significance.
Begg’s funnel plot was conducted to detect the publication bias (Fig 4). The results showed that
there was no significant evidence of publication bias (p = 0.693).

Study

%

[[s} HR (95% CI ) Weight
os

Yu 2010 —_—— 4.28 (2.58, 7.09) 10.75
Satoh 2000 —_— 3.48 (2.14, 5.67) 10.97
Shiomi 2001 —— 1.64 (0.97,2.77) 10.53
Yeh 2004 —_— 4.42 (2.68, 7.28) 10.82
Noda 2011 —————=—— 6.15(3.19,9.69) 1017

Shao 2011
Oba 2014
Kim 2014

3.23 (2.09, 5.00)
4.44 (2.36, 8.33)

2.60 (0.78, 8.61)

11.57
9.31
4.70

Wong 2014 _— 0.83 (0.41, 1.65) 8.61
Pang 2015 —— 3.89 (2.74, 5.52) 12.57
Subtotal (I-squared = 70.9%, p = 0.000) > 3.21 (2.34, 4.39) 100.00
DFS
Yeh 2004 —_—— 2.47 (1.50, 4.08) 34.27
Kim 2014 —_— 2.04 (1.04, 4.00) 24.90
Wong 2014 B 1.29 (0.86, 1.93) 40.84
Subtotal (I-squared = 52.4%, p = 0.122) R 1.81(1.17,2.78) 100.00
NOTE: Weights are from random effects analysis
T T
103 1 9.69

Fig 2. Forest plots of studies evaluating hazard ratios of hepatocellular carcinoma (HCC) with bile
duct tumor thrombus (BDTT) after hepatic resection or liver transplantation (LT) for overall survival or
disease-free survival.

https://doi.org/10.1371/journal.pone.0176827.9002
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Meta—analysis random effects estimates

Fig 3. Sensitivity analysis for the evaluation of heterogeneity.
https://doi.org/10.1371/journal.pone.0176827.g003

Begg’s funnel plot with pseudo 95% confidence limits
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HCC with BDTT is an uncommon disease and the first case was reported in 1947[15]. It
reported a case of obstructive jaundice caused by thrombus when HCC tumor cells invaded

o
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s.e. of: log[hr]
Fig 4. Funnel plots for the evaluation of potential publication bias.
https://doi.org/10.1371/journal.pone.0176827.9004
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into the bile ducts. Lin et al. proposed the clinical classification of icteric type hepatoma in
1975. In the following years, more case of HCC with BDDT were published[9, 10, 16-18].
According to previous reports, the incidence of HCC with BDTT was relatively low[19, 20]. A
study reported that the incidence of BDTT was 3.4%, while it was only 1.4% for macroscopic
BDTTI[3].

Previous studies have shown that BDTT can occur even when the primary tumor was at an
early stage[21, 22]. However, the mechanism underlying occurrence of BDTT remains unclear.
There are three possible mechanisms for HCC invading into biliary system. First, bile ducts
are filled with continuously growing distal tumor cells; Second, the distal common bile duct is
obstructed by floating tumor debris and blood clots; Third, the bile ducts were partially or
completely obstructed by clots from hemorrhaging tumor sites[16, 23, 24]. Edmondson and
Steiner described the tumor thrombus in the biliary system as grayish white, fragile, and
chicken fat-like[15]. BDTT in extrahepatic bile duct was discontinuous and usually grew faster
than primary tumors. Tumor thrombi rarely invaded into the sub-mucosa of large bile ducts
and generally did not adhere to the bile duct wall[8, 25]. As a result, surgeons could easily
remove the thrombus from bile duct.

Currently, the origin of tumor cells in BDTT is not yet clear. There are two hypotheses.
One holds that tumor cells are derived from mature tissue cells; The other proposes that tumor
cells are originated from stem cells. Lee et al. showed that the prognosis of HCC patients with
hepatic stem cells gene expression pattern was poorer than HCC patients with mature cells
gene expression pattern[26]. Liu et al. revealed that in vitro cultured human intrahepatic bili-
ary epithelial cells have some common characters of hepatic stem cells, such as the expression
of ALB, AFP, dry cell factor receptor (c-kit), cytokeratin and so on, and this findings support
the hypothesis that hepatic stem cells are present in intrahepatic bile duct system[27]. It has
been found that the proto-oncogene Bmil is highly expressed in hepatocellular carcinoma [28,
29]. Zhang et al. also disclosed that rat oval cells with high expression of Bmil can differentiate
into a low degree of hepatic tumor cells in nude mice, suggesting that hepatic stem cells may
transform into liver cancer stem cells. Yu et al. reported that liver stem cell markers c-kit, CD
90, CD133 and epithelial cell adhesion molecule were overexpressed in tumor thrombus in the
bile ducts of primary HCC patients. In the light of the small HCC tumors and the fast growing
tumor thrombus in the bile ducts, these tumors cells may originate from the intrahepatic bile
duct cancer stem cells[12].

HCC with BDTT is clinically featured as liver tumor with biliary dilation associated often
with hepatitis B virus infection and to some extent with cirrhosis and has increased serum
AFP and ALP levels. HCC patients with BDTT often have obstructive jaundice, bile ducts
infection, upper abdomen discomfort or right hypochondrium pain. Some patients may have
no clinical manifestations of jaundice in the visit. With disease progressing and bilirubin level
increasing, the symptoms of jaundice can also be alleviated because the tumor thrombus is
partly necrotized and detached. Patients can also be diagnosed as a high fever, abdominal pain,
or a typical Charcot triad which conceals the existence of liver tumor[30]. As HCC often asso-
ciates with liver cirrhosis or biliary obstruction, the serum levels of ALT, AST, TB and ALP are
elevated to varying degrees, and HBV serological markers are mostly positive. Moreover, AFP
and CA19-9 levels are simultaneously increased in most patients. The lower pathologically dif-
ferentiated HCC with BDTT is often associated with vascular invasion. Hepatoma cells are the
main component of tumor thrombi and often mixed with white blood cells. Bile ducts could
be blocked by cancer cells with clots when HCC cells invaded into the bile ducts and caused
bleeding[31].

Many methods have been used to treat HCC patients with BDTT, including hepatoectomy,
biliary tract drainage, percutaneous transhepatic cholangial drainage (PTCD), alcohol
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injection, hepatic arterial chemoembolization, local radiation and anti-viral therapy. Among
them, the most effective one is hepatoectomy plus thrombus removal[32]. The surgical princi-
ple is radical resection of primary tumor and biliary tract thrombus and full drainage of the
bile ducts[33]. However, the prognosis of HCC patients with BDTT after hepatic resection is
still controversial. Yeh et al. and Yu et al. reported that HCC patients with BDTT encountered
a worse prognosis than patients without BDTT[11, 12]. Other previous studies revealed no dif-
ferences in prognosis between them[9, 10]. In order to address the controversy, we analyzed
and summarized all the studies available through meta-analysis and concluded that HCC
patients with BDTT have a worse prognosis after hepatic resection or LT (HR = 3.21, 95% CL,
2.34-4.39).

In addition, LT for treatment of HCC with BDTT has also been of great concern. The high
possibility of HCC recurrence after LT was the main problem, even though HCC consisted to
Milan criteria was an indicator for LT. Ikenage et al. reported that the recurrence rates and
invasion nature of HCC patients with BDTT were significantly higher than patients without
BDTT][18]. Therefore, most surgeons are cautious about performing liver transplantation for
HCC patients with BDTT. However, as a new surgical approach, liver transplantation for HCC
patients with BDTT who have lost the chance of conventional hepatectomy deserves our fur-
ther study and exploration.

The recurrence of HCC is the main cause of death after hepatectomy([34, 35]. In spite of the
same treatment, the recurrence of HCC patients with BDTT is even earlier[36]. 53% of HCC
patients with BDTT relapsed in three months after surgery[18].

The studies included in this study are consistent with the inclusion criteria and the results
are reliable. In addition, all included studies were from Asia, so the results may be more appli-
cable to the Asian region. To obtain more comprehensive and accurate results, large-scale pro-
spective studies are needed. Although we have comprehensively evaluated the prognosis of
patients after resection, the meta-analysis has some limitations. Firstly, the study did not
include symposium reports and other unpublished articles. Second, all studies included are
published in English, and there may be a language bias.

Conclusions

This analysis showed that patients with BDTT had a worse prognosis after hepatectomy or LT
compared with HCC patients without BDTT. Although the prognosis of patients with HCC
combined with BDTT who underwent surgical treatment is discouraging, it is better than in
patients who have not undergone surgical treatment; and jaundice is not a late symptom or
surgical contraindication, and a safe choice of safe surgical procedure can prolong patient sur-
vival. Surgery is still considered a first-line treatment for those patients that is tolerant to

surgery.

Supporting information

S1 Table. HR, LL and UL for studies included in meta-analysis.
(DOCX)

Acknowledgments

We would like to thank the Schoow University of Tumor laboratory, for technology support of
this study.

PLOS ONE | https://doi.org/10.1371/journal.pone.0176827 May 4, 2017 7/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176827.s001
https://doi.org/10.1371/journal.pone.0176827

@° PLOS | ONE

Prognosis of HCC with BDTT after surgery

Author Contributions

Conceptualization: DLS Y]J.

Data curation: CLW YY.

Funding acquisition: YJ.

Investigation: CLW.

Methodology: CLW YY Y]J.

Project administration: CLW.

Resources: CLW DLS Y]J.

Software: CLW YY.

Supervision: CLW DLS Y]J.

Validation: CLW Y]J.

Visualization: CLW YY.

Writing - original draft: CLW YY.

Writing - review & editing: CLW YY Y]J.

References

1.

10.

11.

Pang Q, Qu K, Zhang JY, Song SD, Liu SS, Tai MH, et al. The Prognostic Value of Platelet Count in
Patients With Hepatocellular Carcinoma: A Systematic Review and Meta-Analysis. Medicine. Sep
2015; 94(37):e1431. https://doi.org/10.1097/MD.0000000000001431 PMID: 26376382

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer statistics, 2012. CA: a
cancer journal for clinicians. Mar 2015; 65(2):87—108.

Oba A, Takahashi S, Kato Y, et al. Usefulness of resection for hepatocellular carcinoma with macro-
scopic bile duct tumor thrombus. Anticancer research. Aug 2014; 34(8):4367—-4372. PMID: 25075073

Buonaguro L, Petrizzo A, Tagliamonte M, Tornesello ML, Buonaguro FM. Challenges in cancer vaccine
development for hepatocellular carcinoma. Journal of hepatology. Oct 2013; 59(4):897-903. https://doi.
org/10.1016/j.jhep.2013.05.031 PMID: 23714157

Moon DB, Hwang S, Wang HJ, Yun SS, Kim KS, Lee YJ, et al. Surgical outcomes of hepatocellular car-
cinoma with bile duct tumor thrombus: a Korean multicenter study. World journal of surgery. Feb 2013;
37(2):443-451. https://doi.org/10.1007/s00268-012-1845-0 PMID: 23188531

Zeng H, Xu LB, Wen JM, Zhang R, Zhu MS, Shi XD, et al. Hepatocellular carcinoma with bile duct
tumor thrombus: a clinicopathological analysis of factors predictive of recurrence and outcome after sur-
gery. Medicine. Jan 2015; 94(1):e364. https://doi.org/10.1097/MD.0000000000000364 PMID:
25569656

Noda T, Nagano H, Tomimaru Y, Murakami M, Wada H, Kobayashi, et al. Prognosis of hepatocellular
carcinoma with biliary tumor thrombi after liver surgery. Surgery. Mar 2011; 149(3):371-377. https://doi.
org/10.1016/j.surg.2010.08.006 PMID: 20869094

Shao W, Sui C, Liu Z, Yang J, Zhou Y. Surgical outcome of hepatocellular carcinoma patients with bili-
ary tumor thrombi. World journal of surgical oncology. 2011; 9:2. https://doi.org/10.1186/1477-7819-9-2
PMID: 21214943

Satoh S, Ikai |, Honda G, Okabe H, Takeyama O, Yamamoto Y, et al. Clinicopathologic evaluation of
hepatocellular carcinoma with bile duct thrombi. Surgery. Nov 2000; 128(5):779-783. https://doi.org/10.
1067/msy.2000.108659 PMID: 11056440

Shiomi M, Kamiya J, Nagino M, Uesaka K, Sano T, Hayakawa N, et al. Hepatocellular carcinoma with
biliary tumor thrombi: aggressive operative approach after appropriate preoperative management. Sur-
gery. Jun 2001; 129(6):692—-698. https://doi.org/10.1067/msy.2001.113889 PMID: 11391367

Yeh CN, Jan YY, Lee WC, Chen MF. Hepatic resection for hepatocellular carcinoma with obstructive
jaundice due to biliary tumor thrombi. World journal of surgery. May 2004; 28(5):471—-475. https://doi.
org/10.1007/s00268-004-7185-y PMID: 15085398

PLOS ONE | https://doi.org/10.1371/journal.pone.0176827 May 4, 2017 8/10


https://doi.org/10.1097/MD.0000000000001431
http://www.ncbi.nlm.nih.gov/pubmed/26376382
http://www.ncbi.nlm.nih.gov/pubmed/25075073
https://doi.org/10.1016/j.jhep.2013.05.031
https://doi.org/10.1016/j.jhep.2013.05.031
http://www.ncbi.nlm.nih.gov/pubmed/23714157
https://doi.org/10.1007/s00268-012-1845-0
http://www.ncbi.nlm.nih.gov/pubmed/23188531
https://doi.org/10.1097/MD.0000000000000364
http://www.ncbi.nlm.nih.gov/pubmed/25569656
https://doi.org/10.1016/j.surg.2010.08.006
https://doi.org/10.1016/j.surg.2010.08.006
http://www.ncbi.nlm.nih.gov/pubmed/20869094
https://doi.org/10.1186/1477-7819-9-2
http://www.ncbi.nlm.nih.gov/pubmed/21214943
https://doi.org/10.1067/msy.2000.108659
https://doi.org/10.1067/msy.2000.108659
http://www.ncbi.nlm.nih.gov/pubmed/11056440
https://doi.org/10.1067/msy.2001.113889
http://www.ncbi.nlm.nih.gov/pubmed/11391367
https://doi.org/10.1007/s00268-004-7185-y
https://doi.org/10.1007/s00268-004-7185-y
http://www.ncbi.nlm.nih.gov/pubmed/15085398
https://doi.org/10.1371/journal.pone.0176827

@° PLOS | ONE

Prognosis of HCC with BDTT after surgery

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Yu XH, Xu LB, Liu C, Zhang R, Wang J. Clinicopathological characteristics of 20 cases of hepatocellular
carcinoma with bile duct tumor thrombi. Digestive diseases and sciences. Jan 2011; 56(1):252-259.
https://doi.org/10.1007/s10620-010-1256-8 PMID: 20437099

Kim JM, Kwon CH, Joh JW, Sinn DH, Park JB, Lee JH, et al. Incidental microscopic bile duct tumor
thrombi in hepatocellular carcinoma after curative hepatectomy: a matched study. Medicine. Feb 2015;
94(6):e450. https://doi.org/10.1097/MD.0000000000000450 PMID: 25674733

Wong TC, Cheung TT, Chok KS, Chan AC, Dai WC, Chan SC, et al. Outcomes of hepatectomy for
hepatocellular carcinoma with bile duct tumour thrombus. HPB: the official journal of the International
Hepato Pancreato Biliary Association. May 2015; 17(5):401—408.

Qin LX, Tang ZY. Hepatocellular carcinoma with obstructive jaundice: diagnosis, treatment and progno-
sis. World journal of gastroenterology: WJG. Mar 2003; 9(3):385-391. https://doi.org/10.3748/wjg.v9.i3.
385 PMID: 12632482

Kojiro M, Kawabata K, Kawano Y, Shirai F, Takemoto N, Nakashima T. Hepatocellular carcinoma pre-
senting as intrabile duct tumor growth: a clinicopathologic study of 24 cases. Cancer. May 15 1982; 49
(10):2144-2147. PMID: 6280834

Peng SY, Wang JW, Liu YB, Cai XJ, Deng GL, Xu B, et al. Surgical intervention for obstructive jaundice
due to biliary tumor thrombus in hepatocellular carcinoma. World journal of surgery. Jan 2004; 28
(1):43-46. https://doi.org/10.1007/s00268-003-7079-4 PMID: 14639491

Ikenaga N, Chijiiwa K, Otani K, Ohuchida J, Uchiyama S, Kondo K. Clinicopathologic characteristics of
hepatocellular carcinoma with bile duct invasion. Journal of gastrointestinal surgery: official journal of
the Society for Surgery of the Alimentary Tract. Mar 2009; 13(3):492—497.

Ueda M, Takeuchi T, Takayasu T, Takahashi K, Okamoto S, Tanaka A, et al. Classification and surgical
treatment of hepatocellular carcinoma (HCC) with bile duct thrombi. Hepato-gastroenterology. Aug
1994; 41(4):349-354. PMID: 7959570

Lai EC, Lau WY. Hepatocellular carcinoma presenting with obstructive jaundice. ANZ journal of surgery.
Jul 2006; 76(7):631-636. https://doi.org/10.1111/].1445-2197.2006.03794.x PMID: 16813631

Peng BG, Liang LJ, Li SQ, Zhou F, Hua YP, Luo SM. Surgical treatment of hepatocellular carcinoma
with bile duct tumor thrombi. World journal of gastroenterology: WJG. Jul 7 2005; 11(25):3966—-3969.
https://doi.org/10.3748/wjg.v11.i25.3966 PMID: 15991304

Qin LX, Ma ZC, Wu ZQ, Fan J, Zhou XD, Sun HC, et al. Diagnosis and surgical treatments of hepatocel-
lular carcinoma with tumor thrombosis in bile duct: experience of 34 patients. World journal of gastroen-
terology: WJG. May 15 2004; 10(10):1397-1401. https://doi.org/10.3748/wjg.v10.i10.1397 PMID:
15133842

Chen MF, Jan YY, Jeng LB, Hwang TL, Wang CS, Chen SC. Obstructive jaundice secondary to rup-
tured hepatocellular carcinoma into the common bile duct. Surgical experiences of 20 cases. Cancer.
Mar 1 1994; 73(5):1335-1340. PMID: 8111698

Huang JF, Wang LY, Lin ZY, Chen SC, Hseih MY, Chuang WL, et al. Incidence and clinical outcome of
icteric type hepatocellular carcinoma. Journal of gastroenterology and hepatology. Feb 2002; 17
(2):190-195. PMID: 11966950

Narita R, Oto T, Mimura Y, Ono M, Abe S, Tabaru A, et al. Biliary obstruction caused by intrabiliary
transplantation from hepatocellular carcinoma. Journal of gastroenterology. Jan 2002; 37(1):55-58.
PMID: 11824802

Lee JS, Heo J, Libbrecht L, Chu IS, Kaposi-Novak P, Calvisi DF, et al. A novel prognostic subtype of
human hepatocellular carcinoma derived from hepatic progenitor cells. Nature medicine. Apr 2006; 12
(4):410-416. https://doi.org/10.1038/nm1377 PMID: 16532004

Liu C, Schreiter T, Dirsch O, Gerken G, Oldhafer KJ, Broelsch CE, et al. Presence of markers for liver
progenitor cells in human-derived intrahepatic biliary epithelial cells. Liver international: official journal of
the International Association for the Study of the Liver. Dec 2004; 24(6):669-678.

Effendi K, Sakamoto M. Molecular pathology in early hepatocarcinogenesis. Oncology. 2010; 78
(2):157—160. https://doi.org/10.1159/000312658 PMID: 20389138

Zhang R, Xu LB, Yue XJ, Yu XH, Wang J, Liu C. Bmi1 gene silencing inhibits the proliferation and inva-
siveness of human hepatocellular carcinoma cells and increases their sensitivity to 5-fluorouracil.
Oncology reports. Mar 2013; 29(3):967-974. https://doi.org/10.3892/0r.2012.2189 PMID: 23242307

Uchima-Koecklin H, Balderramo D, Cardenas A. Bile duct hepatocellular carcinoma thrombi. Gastroen-
terologia y hepatologia. May 2012; 35(5):326—329. https://doi.org/10.1016/j.gastrohep.2011.12.004
PMID: 22341674

Hwang S, Moon DB, Lee SG. Liver transplantation and conventional surgery for advanced hepatocellu-
lar carcinoma. Transplant international: official journal of the European Society for Organ Transplanta-
tion. Jul 2010; 23(7):723-727.

PLOS ONE | https://doi.org/10.1371/journal.pone.0176827 May 4, 2017 9/10


https://doi.org/10.1007/s10620-010-1256-8
http://www.ncbi.nlm.nih.gov/pubmed/20437099
https://doi.org/10.1097/MD.0000000000000450
http://www.ncbi.nlm.nih.gov/pubmed/25674733
https://doi.org/10.3748/wjg.v9.i3.385
https://doi.org/10.3748/wjg.v9.i3.385
http://www.ncbi.nlm.nih.gov/pubmed/12632482
http://www.ncbi.nlm.nih.gov/pubmed/6280834
https://doi.org/10.1007/s00268-003-7079-4
http://www.ncbi.nlm.nih.gov/pubmed/14639491
http://www.ncbi.nlm.nih.gov/pubmed/7959570
https://doi.org/10.1111/j.1445-2197.2006.03794.x
http://www.ncbi.nlm.nih.gov/pubmed/16813631
https://doi.org/10.3748/wjg.v11.i25.3966
http://www.ncbi.nlm.nih.gov/pubmed/15991304
https://doi.org/10.3748/wjg.v10.i10.1397
http://www.ncbi.nlm.nih.gov/pubmed/15133842
http://www.ncbi.nlm.nih.gov/pubmed/8111698
http://www.ncbi.nlm.nih.gov/pubmed/11966950
http://www.ncbi.nlm.nih.gov/pubmed/11824802
https://doi.org/10.1038/nm1377
http://www.ncbi.nlm.nih.gov/pubmed/16532004
https://doi.org/10.1159/000312658
http://www.ncbi.nlm.nih.gov/pubmed/20389138
https://doi.org/10.3892/or.2012.2189
http://www.ncbi.nlm.nih.gov/pubmed/23242307
https://doi.org/10.1016/j.gastrohep.2011.12.004
http://www.ncbi.nlm.nih.gov/pubmed/22341674
https://doi.org/10.1371/journal.pone.0176827

@° PLOS | ONE

Prognosis of HCC with BDTT after surgery

32.

33.

34.

35.

36.

Wang YD, Xue HZ, Jiang QF, Shen Q, Wang LC, Zhang X, et al. Surgical operation and re-operation for
hepatocellular carcinoma with bile duct thrombosis. Chinese medical journal. Aug 2010; 123(16):2163—
2170. PMID: 20819658

Molina-Jimenez F, Benedicto |, Murata M, Martin-Vilchez S, Seki T, Antonio Pintor-Toro J, et al. Expres-
sion of pituitary tumor-transforming gene 1 (PTTG1)/securin in hepatitis B virus (HBV)-associated liver
diseases: evidence for an HBV X protein-mediated inhibition of PTTG1 ubiquitination and degradation.
Hepatology. Mar 2010; 51(3):777-787. https://doi.org/10.1002/hep.23468 PMID: 20198633

Cha C, Fong Y, Jarnagin WR, Blumgart LH, DeMatteo RP. Predictors and patterns of recurrence after
resection of hepatocellular carcinoma. Journal of the American College of Surgeons. Nov 2003; 197
(5):753-758. https://doi.org/10.1016/j.jamcollsurg.2003.07.003 PMID: 14585409

ZhouY, SuiC, LiB, YinZ, Tan Y, Yang J, et al. Repeat hepatectomy for recurrent hepatocellular carci-
noma: a local experience and a systematic review. World journal of surgical oncology. 2010; 8:55.
https://doi.org/10.1186/1477-7819-8-55 PMID: 20591196

Poon RT, Fan ST, Ng IO, Lo CM, Liu CL, Wong J. Different risk factors and prognosis for early and late
intrahepatic recurrence after resection of hepatocellular carcinoma. Cancer. Aug 1 2000; 89(3):500—
507. PMID: 10931448

PLOS ONE | https://doi.org/10.1371/journal.pone.0176827 May 4, 2017 10/10


http://www.ncbi.nlm.nih.gov/pubmed/20819658
https://doi.org/10.1002/hep.23468
http://www.ncbi.nlm.nih.gov/pubmed/20198633
https://doi.org/10.1016/j.jamcollsurg.2003.07.003
http://www.ncbi.nlm.nih.gov/pubmed/14585409
https://doi.org/10.1186/1477-7819-8-55
http://www.ncbi.nlm.nih.gov/pubmed/20591196
http://www.ncbi.nlm.nih.gov/pubmed/10931448
https://doi.org/10.1371/journal.pone.0176827

