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in those without BDTT. The presence of BDTT should therefore be

considered when evaluating a patient’s HCC prognosis after curative

hepatectomy.
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Abstract: In patients with hepatocellular carcinoma (HCC), the pre-

sence of bile duct tumor thrombi (BDTT) in the major bile ducts

indicates poor prognosis compared with that of HCC patients without

BDTT. However, the prognostic significance of incidental microscopic

BDTT in the peripheral bile ducts after curative liver resection is not

known. We compared the outcomes of HCC patients with and without

microscopic BDTT in the peripheral bile ducts who underwent hepa-

tectomy.

The electronic medical records of 31 patients with microscopic

BDTT (BDTT group) were retrospectively reviewed. To compare the

surgical outcomes, 62 patients (No BDTT group) were randomly chosen

from the remaining HCC patients without BDTT based on age, sex,

etiology of HCC, tumor size, tumor number, and modified Union for

International Cancer Control T staging.

The 1-year, 2-year, and 3-year disease-free survival rates and overall

survival rates were 54.8%, 34.0%, 34.0% and 90.1%, 69.2%, 61.0% in

the BDTT group and 66.8%, 59.2%, 42.3% and 86.4%, 84.4%, 84.4% in

the No BDTT group (P¼ 0.089 and P¼ 0.014, respectively). The

overall survival curve in the No BDTT group was higher than that in

the BDTT group. Multivariate analysis revealed that predisposing

factors for tumor recurrence after curative liver resection included

increased levels of the protein induced by vitamin K antagonist-II

(PIVKA-II), tumor grades 3 and 4, and the presence of BDTT.

This study demonstrates that HCC prognosis is worse in patients

with incidental microscopic BDTT in the peripheral bile ducts than it is
oon H. Lee, MD, P im, MD, PhD,
D, PhD, and Byung C. Yoo, MD, PhD

(Medicine 94(6):e450)

Abbreviations: HCC = hepatocellular carcinoma, BDTT = bile

duct tumor thrombi, Modified UICC = modified Union for Inter-

national Cancer Control, TACE = transarterial chemoembolization,

RFA = radiofrequency ablation, EMR = electronic medical record,

ICG = indocyanin green, AST = aspartate transaminase, ALT =

alanine transaminase, ALP = alkaline phosphatase, INR =

international normalization ratio, AFP = alpha-fetoprotein,

PIVKA-II = protein induced by vitamin K antagonist-II, CUSA =

Cavitron Ultrasonic Surgical Aspirator, GGT = gamma-glutamyl

transpeptidase.

INTRODUCTION

P ortal vein tumor thrombi are poor prognostic factors in
patients with hepatocellular carcinoma (HCC).1 However,

bile duct tumor thrombi (BDTT) due to HCC are rare and poorly
characterized. Patients with BDTT in the major bile ducts often
present with jaundice and are sometimes misdiagnosed as
having cholangiocarcinoma or choledocholithiasis. When a
tumor thrombus involves a major bile duct in HCC, patients
have a poorer prognosis than they do when they have HCC
without BDTT.2,3

BDTT can be the result of a fragment of necrotic tumor that
breaks off of a proximal intraductal growth, or a tumor hemor-
rhage that partially or completely fills the biliary tract with
blood clots.4

Most prior literature addresses HCC with BDTT in the
major biliary branches, which produces obstructive jaundice.2–11

However, incidentally discovered microscopic BDTT in periph-
eral bile ducts after curative liver resection has not been pre-
viously studied. There is little information regarding the
prognosis after HCC resection with microscopic BDTT.

In this study, we retrospectively reviewed the clinical and
pathological characteristics of HCC patients with microscopic
BDTT in peripheral bile ducts who underwent surgical treat-
ment at our hospital. The outcomes of these patients were
compared with those of patients without microscopic BDTT
who were matched for age, sex, HCC etiology, tumor size,
tumor number, and modified Union for International Cancer
Control (UICC) T staging.

MATERIALS AND METHODS
tients who underwent surgical resection
uary 2005 and December 2010 were
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included. Exclusion criteria included: pathology revealing
mixed HCC and cholangiocarcinoma; younger than 18 years;
previous locoregional therapy such as hepatectomy, radiation,
transarterial chemoembolization (TACE), radiofrequency abla-
tion (RFA), percutaneous ethanol injection, or intraoperative
RFA; preoperative obstructive jaundice caused by bile duct
occlusion from macroscopic bile duct tumor thrombus; or
loss to follow-up after hepatectomy. The demographic charac-
teristics, preoperative laboratory data, and pathologic data from
31 patients with microscopic BDTT were collected from the
electronic medical record (EMR). To compare the surgical
outcomes, 62 patients were randomly chosen from the remain-
ing HCC patients without BDTT and were matched 2:1 with
patients with BDTT by age, sex, HCC etiology, tumor size,
tumor number, and modified UICC T staging. None of the
patients in either group received postoperative adjuvant therapy
prior to recurrence. Our study was approved by the institutional
review board of Samsung Medical Center in Seoul (SMC
2014-07-132).

Surgery and Pathology
Liver function was evaluated using the Child-Pugh classi-

fication system. Patients were considered for tumor resection if
they had a single mass in one liver lobe that was visualized on
preoperative imaging without evidence of extrahepatic or
nodal disease. Patients were required to have Child-Pugh class
A liver function, although selected patients with Child-Pugh
class B liver function were also included. Patients were not
considered for resection if they had a serum total bilirubin level
�1.5 mg/dL, indocyanin green (ICG) scores �20%, or ascites.
Patients with gross vascular invasion on imaging were only
considered for resection if the main portal vein and the portal
branch to the remaining liver lobe were patent. Other parameters
that were recorded include the platelet count, serum albumin
level, total bilirubin level, aspartate transaminase, alanine
transaminase, alkaline phosphatase, creatinine, international
normalization ratio, alpha-fetoprotein (AFP) level, and protein
induced by vitamin K antagonist-II (PIVKA-II) level.

Standard operative techniques for hepatectomy were used.
Adequate mobilization was achieved based on the part of liver
to be resected. When possible, the portal vein and hepatic vein
were selectively clamped. If this clamping was not feasible, the
intermittent Pringle maneuver was performed. A Cavitron
Ultrasonic Surgical Aspirator (CUSA) was used to perform
parenchymal transection under low central venous pressure.
Tumorous livers were carefully resected to minimize tumor
spillage into the peripheral duct. Major hepatectomy was
defined as the resection of �3 Couinaud segments and minor
hepatectomy was defined as the resection of <3 segments.
Anatomic resections involved resection of the tumor with its
related portal vein branches and corresponding hepatic territory.
Both peripheral tumors and central tumors were treated with
nonanatomic resections. Peripheral tumors and tumors with
extrahepatic growth were treated by partial hepatectomy
because this method achieved sufficient surgical outcomes.
Central tumors near the hepatic hilum or major vessels were
all treated by enucleation. In these cases, only removing enough
of the liver to obtain adequate margins was too difficult or
too dangerous.

Postoperatively histological assessment and reporting

Kim et al
included the evidence of fibrosis, lobular activity, tumor
diameter, number of tumors, encapsulation, portal vein inva-
sion, BDTT, microvascular invasion, intrahepatic metastasis,
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multicentric occurrence, and serosal tumor involvement. In our
study, BDTT was defined when it was present in the peripheral
ducts beyond the secondary duct division, regardless of bile duct
lumen obstruction. Intrahepatic metastasis and multicentric
occurrence were defined based on guidelines from the Liver
Cancer Study Group of Japan.12

The Edmonson-Steiner was used to grade the HCC13 as well
differentiated (grade I), moderately differentiated (grade II), or
poorly differentiated (grade III, IV). Modified UICC staging was
used to stage the HCC.14 The Ludwig-Batts scoring system was
used to assess and grade the hepatic fibrosis (stage) on a scale of
0–4 with F0¼ absent, F1¼ portal fibrosis, F2¼ periportal fibro-
sis, F3¼ bridging fibrosis, and F4¼ cirrhosis. Tumor recurrence
and survival data were also recorded.

Surveillance After Surgical Resection
Patients were followed postoperatively every 2 to 3 months

after surgery. Follow-up evaluation included physical examin-
ation, AFP, PIVKA-II, liver function tests, and chest X-rays.
Abdominal computed tomography was performedevery 3 months
or when recurrence was suspected. If the computed tomography
did not show definitive evidence of recurrence, magnetic reson-
ance imaging and/or positron emission tomography scans were
performed. Detailed information on patients found to have a
recurrence was recorded. Patients with intrahepatic recurrences
were treated with RFA, TACE, or sorafenib according to their
functional liver reserve and recurrence pattern. Follow-up time
was defined as the time from surgery to the time of the last follow-
up or death. No patients were lost to follow-up and all 93 patients
were included in the survival analysis.

Statistical Analysis
Patient data were collected retrospectively from the

electronic medical records (EMRs). Patients were matched
based on multivariate logistic regression using age, sex, HCC
etiology, tumor size, tumor number, and modified UICC T
staging. We performed 1:2 fixed ratio nearest neighbor match-
ing between HCC patients with and without microscopic BDTT.
Categorical variables were expressed as percentages and were
compared using the x2 test or Fisher exact test. Continuous
variables were expressed as medians and ranges. They were
compared using the Mann-Whitney U test. Patient survival and
recurrence were calculated using the Kaplan-Meier method and
were compared using the log-rank test. Clinical and pathologi-
cal variables found to have prognostic significance in univariate
analysis were entered into a Cox multivariate proportional
hazards model to determine factors that independently predicted
HCC recurrence. Statistical significance was defined by P
values <0.05. Data analysis was performed using SPSS 20.0
(SPSS, Chicago, IL, USA).

RESULTS
All patients had a single tumor and were Child-Pugh class

A. None of the patients had preoperative obstructive jaundice. A
comparison of the baseline HCC features in patients with
(BDTT group) and without microscopic BDTT (No BDTT
group) is shown in Table 1. There were no significant differ-
ences between the 2 groups with regard to sex, age, HCC
etiology, AFP or PIVKA-II levels, or preoperative laboratory

Medicine � Volume 94, Number 6, February 2015
findings except for serum albumin and gamma-glutamyl trans-
peptidase (GGT). The serum albumin levels in the BDTT group
were lower than those in the No BDTT group (3.9 vs 4.2,
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TABLE 1. Baseline Patient Characteristics (Median and Range)

No BDTT (n¼ 62) BDTT (n¼ 31) P Value

Male sex 42 (67.7%) 21 (67.7%) 1.000
Age (years) 56 (20–74) 53 (31–73) 0.480
Etiology 0.366

HBV 50 (80.6%) 26 (83.9%)
HCV 0 (0%) 1 (3.2%)
Alcoholic 1 (1.6%) 1 (3.2%)
NBNC 11 (17.7%) 3 (9.7%)

White blood cells (cells/mL) 5540 (2410–10,790) 5800 (2900–10,720) 0.782
Hemoglobin (g/dL) 14.1 (9.8–18.6) 13.6 (9.5–16.2) 0.185
Platelet counts (cells/mL) 170,000 (56,000–333,000) 160,000 (90,000–346,000) 0.845
INR 1.07 (0.86–1.34) 1.09 (0.97–1.28) 0.127
Albumin (g/dL) 4.2 (2.6–5.0) 3.9 (3.1–4.8) 0.040
Total bilirubin (mg/dL) 0.7 (0.2–1.5) 0.7 (0.2–1.4) 0.709
AST (U/L) 36 (14–146) 39 (20–141) 0.180
ALT (U/L) 33 (8–108) 42 (13–118) 0.234
ALP (U/L) 84 (41–218) 81 (44–210) 0.536
Creatinine (mg/dL) 0.84 (0.58–1.89) 0.89 (0.60–5.87) 0.964
GGT 44 (12–818) 163 (20–1322) 0.001
ICG-R15 (%) 11 (1.0–25.4) 12.4 (3.2–24.9) 0.551
AFP �200 ng/dL 24 (39.3%) 13 (41.9%) 0.826
PIVKA-II �200 (mAU/mL) 28 (48.3%) 13 (50.0%) 0.884

AFP¼ alpha-fetoprotein, ALP¼ alkaline phosphatase, ALT¼ alanine aminotransferase, AST¼ aspartate aminotransferase, BDTT¼ bile duct
tumor thrombi, GGT¼ gamma-glutamyl transferase, HBV¼ hepatitis B virus, HCV¼ hepatitis C virus, ICG¼ indocyanine green, INR¼ interna-
international normalized ratio, NBNC¼ non-B, non-C, PIVKA-II¼ protein induced by vitamin K antagonist-II.

TABLE 2. Perioperative Characteristics (Median and Range)

No BDTT (n¼ 62) BDTT (n¼ 31) P Value

Tumor size (cm) 5.0 (0.6–20) 4.8 (1.0–14.1) 0.912
Type of operation – anatomical 35 (56.5%) 19 (61.3%) 0.824
Extent of operation – major 24 (38.7%) 11 (35.5%) 0.823
Resection free margin (mm) 12 (1–50) 12 (1–40) 0.513
Grade 3 and 4 7 (11.3%) 1 (3.2%) 0.261
Modified UICC T stage 3 and 4 36 (58.1%) 18 (58.1%) 1.000
Encapsulation 54 (87.1%) 23 (74.2%) 0.149
Microvascular invasion 50 (80.6%) 28 (90.3%) 0.370
Portal vein invasion 10 (16.1%) 7 (22.6%) 0.570
Intrahepatic metastasis 16 (26.2%) 8 (25.8%) 0.965
Fibrosis 0.866

None 7 (12.1%) 2 (6.5%)
Portal 1 (1.7%) 0 (0%)
Periportal 3 (5.2%) 1 (3.2%)
Septal 18 (31.0%) 18 (58.1%)
Cirrhosis 29 (50.0%) 10 (32.3%)

Lobular activity 0.972
Minimal 14 (24.1%) 7 (22.6%)
Mild 41 (70.7%) 23 (74.2%)
Moderate 3 (5.2%) 1 (3.2%)

Periportal activity 0.093
None 7 (12.1%) 2 (6.5%)
Minimal 14 (24.1%) 5 (16.1%)
Mild 31 (53.4%) 17 (54.8%)
Moderate 5 (8.6%) 6 (19.4%)
Severe 1 (1.7%) 1 (3.2%)

Hospitalization (days) 9 (5–53) 9 (7–26) 0.782

BDTT¼ bile duct tumor thrombi, UICC¼Union for International Cancer Control.
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survival in the No BDTT group were higher than those
in the BDTT group, although the difference in disease-free
survival was not significant (P¼ 0.089). The overall survival
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0.8 P = 0.089
P¼ 0.040). In contrast, the serum GGT levels in the BDTT
group were higher than those in the No BDTT group (163 vs 86,
P¼ 0.016).

The perioperative and pathologic features of HCC patients
with or without BDTT are shown in Table 2 and Figure 1.
Tumor size did not differ significantly between the No BDTT
and the BDTT groups (5.0 cm vs 4.8 cm, P¼ 0.912). The
procedure performed, including either major liver resection,
anatomical liver resection, or resection-free margins, did not
differ between the 2 groups. There were no significant differ-
ences in tumor grade, encapsulation, microvascular invasion,
portal vein invasion, or intrahepatic metastasis between the
2 groups. No multicentric occurrence or serosal tumor involve-
ment was observed. The fibrosis, lobular activity, and periportal
activity in the normal liver also did not differ from that of the
resected specimens from both groups. In the BDTT group, there
was no grossly close contact between the thrombi and the bile
duct wall. In addition, there was no microscopic bile duct
infiltration on any of the tumor slides.

Kim et al
Study participants were not matched by their resection
date. The median follow-up durations were 30 and 31 months
for the No BDTT and BDTT groups, respectively (P¼ 0.754).

Background normal liver

Background normal liver

Bile duct

Bile duct

HCC

HCC HCC invasion in the bile duct

Destruction of bile duct

HCC tumor thrombus in bile ductA

B

FIGURE 1. HCC bile duct thrombus in the bile duct lumen. (A)
Bile duct mucosa was intact (hematoxylin-eosin staining, original
magnification 40�). (B) HCC invasion and destruction of the bile
duct wall and tumor thrombi in the bile duct lumen (hematoxylin-
eosin staining, original magnification 100�). HCC¼hepatocel
lular carcinoma
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In the BDTT group, disease-free survival rates were 54.8% at 1
year, and 34.0% at 2 and 3 years and overall survival rates
were 90.1% at 1 year, 69.2% at 2 years, and 61.0% at 3 years.
For the No BDTT group, disease-free survival rates were
66.8% at 1 year, 59.2% at 2 years, and 42.3% at 3 years and
overall survival rates were 86.4% at 1 year and 84.4% at 2 and
3 years (Figure 2). Thus, disease-free survival and overall
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P = 0.014

FIGURE 2. (A) Disease-free survival and (B) overall survival.
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TABLE 3. Tumor Recurrence After Liver Resection (Median and Range)

No BDTT (n¼ 62) BDTT (n¼ 31) P Value

Intrahepatic recurrence 14 (22.6%) 8 (25.8%) 0.798
Systemic recurrence 4 (6.5%) 4 (12.9%) 0.434
Concurrent intrahepatic and systemic recurrence 8 (12.9%) 8 (25.8%) 0.149
Treatments after recurrence

Liver resection 0 (0%) 2 (6.5%) 0.109
Liver transplantation 2 (3.2%) 0 (0%) 0.551
Radiofrequency ablation 8 (12.9%) 4 (12.9%) 1.000
Transarterial chemoembolization 22 (35.5%) 12 (38.7%) 0.821
Sorafenib 6 (9.7%) 8 (25.8%) 0.063
Radiation 1 (1.6%) 2 (6.5%) 0.257
Chemotherapy 2 (3.2%) 2 (6.5%) 0.598

(3–

Medicine � Volume 94, Number 6, February 2015 HCC With Incidental Microscopic BDTT
difference between the 2 groups was significant (P¼ 0.014).
The intrahepatic, systemic, and concurrently intrahepatic and
systemic recurrences were not different between the 2 groups
(Table 3).

We analyzed the known risk factors for tumor recurrence.
Multivariate analysis showed that the predisposing factors for
tumor recurrence after curative liver resection included
increased PIVKA-II levels (odds ratio [OR] 3.223; 95% con-
fidence interval [CI] 1.155–8.993; P¼ 0.042), grade 3 and 4
(OR 4.219; 95% CI 1.050–16.942; P¼ 0.025), and the presence
of BDTT (OR 3.135; 95% CI 1.136–8.649; P¼ 0.027)
(Table 4).

DISCUSSION
Most previous studies have only addressed tumor invasion

into large bile ducts, such as the common bile duct up to the first
branches of the hepatic duct.5,6,8 Peripheral bile duct invasion,
in contrast, has not been well studied. One study reported that
macroscopic bile duct invasion was associated with a favorable
prognosis in patients treated with extensive and curative surgi-
cal resection; these patients also had satisfactory hepatic func-
tion reserve without intrahepatic metastases.15 Most studies
have shown that HCC with macroscopic BDTT is character-
istically aggressive and has a poor prognosis.2–4,10 A recent
study showed that most tissues in HCC tumors with macro-
scopic BDTT expressed high levels of liver stem cell markers.4

Despite recent improvements in imaging techniques, it is
difficult to detecting BDTT in the peripheral bile ducts in HCC.
We evaluated HCC patients with peripheral microscopic BDTT.
The clinical prognostic factors that are generally accepted as
unfavorable including the presence of microscopic vascular
invasion or portal vein invasion, tumor capsule absence, tumor
grade, AFP, and PIVKA-II were not significantly different
between the BDTT and No BDTT groups. We found that
peripheral microscopic BDTT has a negative impact on the
prognosis of HCC patients. Subgroup analysis for modified
UICC T1 and T2 staging and tumor size <5 cm showed that
peripheral microscopic BDTT was associated with tumor recur-
rence after curative liver resection.

There is inconsistent evidence regarding resection of and

Follow-up duration after surgery (months) 30

BDTT¼ bile duct tumor thrombi.
survival after HCC with or without associated BDTT. The
treatment strategies for HCC were sequential. Unfortunately,
patient survival after liver resection in HCC patients could not

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
be measured because recurrent HCC patients underwent
multiple treatment strategies. Some studies reported that there
is no significant survival difference between patients with and
without BDTT after hepatic resection. This finding suggests that
bile duct thrombi might be of little importance in terms of
prognosis.5,6 In contrast, other studies have reported that HCC
patients with biliary tumor thrombi after surgery have signifi-
cantly lower overall survival than do similar patients without
thrombi (5-year survival, 6.7% with thrombi vs 33.0% with-
out).2,10 In our study, the 1-year, 2-year, and 3-year disease-free
survival and overall survival rates of HCC patients with micro-
scopic BDTT were 54.8%, 34.0%, 34.0% and 90.1%, 69.2%,
61.0%, respectively. The corresponding 1-year, 2-year, and 3-
year disease-free survival and overall survival rates of matched
HCC patients without microscopic BDTT were 66.8%, 59.2%,
42.3% and 86.4%, 84.4%, 84.4%, respectively. These results
indicated that the HCC patients with microscopic BDTT had
poorer prognosis than patients without microscopic BDTT.

Another study reported that there was no microscopic
infiltration of tumor cells into the bile duct wall found.5 In
addition, most BDTT in the large bile ducts is easy to remove
because the thrombi do not usually adhere tightly to bile duct
wall.11 Most cases of HCC with microscopic BDTT in the
present study were not infiltrative. However, in few cases, there
was infiltration and destruction of the peripheral bile ducts. We
found that the disease-free survival and overall survival in the
No BDTT group were higher than those in the BDTT group. In
addition, multivariate analysis showed that microscopic BDTT
was associated with tumor recurrence after surgery.

Several studies have reported clinical and pathologic
differences between HCC with and without BDTT to those
patients without HCC altogether.2,3,7,9 Some studies found that
all cases of HCC with BDTT lacked capsular formation.7,9 The
proportion of encapsulation in our study was 74.2% because we
included cases with microscopic BDTT. BDTT can occur when
the primary tumor is very small.16 However, the mechanism of
BDTT formation is unclear and its clinical and pathological
characteristics remain to be defined. Portal vein invasion has
been previously identified as an independent marker of poor
prognosis in HCC with BDTT.3 However, we found that portal
vein invasion was not associated with HCC recurrence after

66) 31 (4–61) 0.754
curative hepatic resection. In addition, HCC with tumor thrombi
is generally associated with poor prognosis, most likely because
it reflects early intrahepatic recurrence.17 However, we found
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TABLE 4. Risk Factors for HCC Recurrence in Patients After Liver Resection

OR 95% CI P Value

Univariate
Sex – female 0.417 0.141–1.235 0.114
Age 0.983 0.944–1.024 0.409
AFP �200 0.697 0.283–1.719 0.433
PIVKA-II �200 3.594 1.291–10.005 0.014
White blood cells 1.096 0.891–1.347 0.387
Hemoglobin 0.912 0.702–1.183 0.487
Platelet 1.004 0.997–1.010 0.246
INR 2.596 0.012–578.285 0.729
Albumin 0.662 0.260–1.685 0.387
Total bilirubin 1.634 1.008–2.648 0.046
AST 1.008 0.994–1.023 0.248
ALT 1.001 0.984–1.018 0.909
ALP 1.007 0.998–1.016 0.145
Creatinine 0.543 0.087–3.377 0.512
GGT 1.001 0.999–1.003 0.230
ICG-R15 1.084 1.004–1.171 0.039
Nonanatomical resection 0.481 0.188–1.232 0.127
Minor hepatectomy 0.798 0.340–1.870 0.603
Tumor size 1.011 1.000–1.022 0.056
Grades 3 and 4 3.181 1.064–9.504 0.038
Encapsulation 0.413 0.167–1.022 0.056
Microvascular invasion 4.863 0.652–36.252 0.123
Portal vein invasion 2.810 1.176–6.716 0.020
Bile duct tumor thrombi 2.761 1.180–6.461 0.019
Intrahepatic metastasis 1.688 0.707–4.033 0.238
Resection-free margin 1.019 0.979–1.060 0.368
Cirrhosis 0.797 0.334–1.903 0.609

Multivariate
PIVKA-II �200 3.223 1.155–8.993 0.042
Grade 3 and 4 4.219 1.050–16.942 0.025
Bile duct tumor thrombi 3.135 1.136–8.649 0.027

AFP¼ alpha-fetoprotein, ALP¼ alkaline phosphatase, ALT¼ alanine aminotransferase, AST¼ aspartate aminotransferase, CI¼ confidence
rcin
tein

Kim et al Medicine � Volume 94, Number 6, February 2015
that the incidence of intrahepatic recurrence was not signifi-
cantly different in HCC patients with and without microscopic
BDTT. HCC patients with microscopic BDTT had a high
incidence of tumor recurrence after curative liver resection.
Therefore, HCC patients with BDTT should have frequent
follow-up after surgery to detect recurrence as early as possible.

In the Japanese TNM staging system, the presence of
BDTT increases the T classification by 1 grade.12 In contrast,
the American Joint Committee on Cancer/International Union
Against Cancer does not even consider bile duct invasion when
assigning stage with its TNM staging system.16 Our results
suggest that microscopic BDTT in the small peripheral ducts
should be considered during staging, just as biliary tumor
thrombi in the large branches are considered.

Our study demonstrates that HCC patients with micro-
scopic BDTT in the peripheral bile ducts had a higher incidence
of HCC recurrence than did patients with HCC without BDTT.
HCC patients were matched for sex, age, HCC etiology, tumor
size, tumor number, and modified UICC T staging. Given its

interval, GGT¼ gamma-glutanlytransferase, HCC¼ hepatocellular ca
INR¼ international normalized ratio, OR¼ odds ratio, PIVKA-II¼ pro
effect on prognosis, patients with incidentally discovered
microscopic bile duct tumor thrombi in the peripheral bile
ducts should be carefully monitored for recurrence. However,
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this study included a small number of cases from a single center;
therefore, larger multicenter clinical studies are needed to
define the clinical and pathological characteristics of HCC
with BDTT.

ACKNOWLEDGMENTS

The authors have no affiliations with or involvement in any
organization or entity that has a financial interest in the subject
matter or materials discussed in this manuscript. The manu-
script was written with assistance.

REFERENCES

1. Kim JM, Kwon CH, Joh JW, et al. C-reactive protein may be a

prognostic factor in hepatocellular carcinoma with malignant portal

vein invasion. World J Surg Oncol. 2013;11:92.

2. Ikenaga N, Chijiiwa K, Otani K, et al. Clinicopathologic character-

istics of hepatocellular carcinoma with bile duct invasion.

J Gastrointest Surg. 2009;13:492–497.

oma, ICG-R15¼ indocyanine green retention test at 15 minutes,
induced by vitamin K antagonist-II.
3. Noda T, Nagano H, Tomimaru Y, et al. Prognosis of hepatocellular

carcinoma with biliary tumor thrombi after liver surgery. Surgery.

2011;149:371–377.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



4. Yu XH, Xu LB, Liu C, et al. Clinicopathological characteristics of

20 cases of hepatocellular carcinoma with bile duct tumor thrombi.

Dig Dis Sci. 2011;56:252–259.

5. Satoh S, Ikai I, Honda G, et al. Clinicopathologic evaluation of

hepatocellular carcinoma with bile duct thrombi. Surgery.

2000;128:779–783.

6. Shiomi M, Kamiya J, Nagino M, et al. Hepatocellular carcinoma

with biliary tumor thrombi: aggressive operative approach after

appropriate preoperative management. Surgery. 2001;129:692–698.

7. Tseng JH, Hung CF, Ng KK, et al. Icteric-type hepatoma: magnetic

resonance imaging and magnetic resonance cholangiographic fea-

tures. Abdom Imaging. 2001;26:171–177.

8. Peng SY, Wang JW, Liu YB, et al. Surgical intervention for

obstructive jaundice due to biliary tumor thrombus in hepatocellular

carcinoma. World J Surg. 2004;28:43–46.

9. Qin LX, Ma ZC, Wu ZQ, et al. Diagnosis and surgical treatments of

hepatocellular carcinoma with tumor thrombosis in bile duct:

experience of 34 patients. World J Gastroenterol. 2004;10:

1397–1401.

Medicine � Volume 94, Number 6, February 2015
lular carcinoma with obstructive jaundice due to biliary tumor

thrombi. World J Surg. 2004;28:471–475.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
11. Peng BG, Liang LJ, Li SQ, et al. Surgical treatment of hepatocel-

lular carcinoma with bile duct tumor thrombi. World J Gastroenterol.

2005;11:3966–3969.

12. Japan LCSGo. General Rules for the Clinical and Pathological Study

of Primary Liver Cancer. 2nd ed. Tokyo: Kaneharap; 2003.

13. Edmondson HA, Steiner PE. Primary carcinoma of the liver: a study

of 100 cases among 48,900 necropsies. Cancer. 1954;7:462–503.

14. Korean Liver Cancer Study G, National Cancer Center K. [Practice

guidelines for management of hepatocellular carcinoma 2009].

Korean J Hepatol. 2009;15:391–423.

15. Esaki M, Shimada K, Sano T, et al. Surgical results for hepatocel-

lular carcinoma with bile duct invasion: a clinicopathologic compar-

ison between macroscopic and microscopic tumor thrombus. J Surg

Oncol. 2005;90:226–232.

16. AJCC. AJCC cancer staging manual. 7th ed. New York: Springer;

2010.

HCC With Incidental Microscopic BDTT
17. Park JH, Koh KC, Choi MS, et al. Analysis of risk factors associated
10. Yeh CN, Jan YY, Lee WC, et al. Hepatic resection for hepatocel-
with early multinodular recurrences after hepatic resection for

hepatocellular carcinoma. Am J Surg. 2006;192:29–33.

www.md-journal.com | 7


	Incidental Microscopic Bile Duct Tumor Thrombi in Hepatocellular Carcinoma after Curative™Hepatectomy
	INTRODUCTION
	MATERIALS AND METHODS
	Patients
	Surgery and Pathology
	Surveillance After Surgical Resection
	Statistical Analysis

	RESULTS
	DISCUSSION
	Acknowledgments


