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Abstract

AIM: To analyze hepatocellular carcinoma (HCC)
patients with portal vein tumor thrombosis (PVTT) using
the tumor-node-metastasis (TNM) staging system.

METHODS: We retrospectively analyzed 372 patients
with HCC who underwent hepatectomy between 1980
and 2009. We studied the outcomes of HCC patients
with PVTT to evaluate the American Joint Committee on
Cancer TNM staging system (7" edition) for stratifying
and predicting the prognosis of a large cohort of HCC
patients after hepatectomy in a single-center. Portal
vein invasion (vp) 1 was defined as an invasion or
tumor thrombus distal to the second branch of the
portal vein, vp2 as an invasion or tumor thrombus
in the second branch of the portal vein, vp3 as an
invasion or tumor thrombus in the first branch of the
portal vein, and vp4 as an invasion or tumor thrombus
in the portal trunk or extending to a branch on the
contralateral side.

RESULTS: The cumulative 5-year overall survival
(5yrOS) and 5-year disease-free survival (5yrDFS)
rates of the 372 patients were 58.3% and 31.3%,
respectively. The 5yrDFS and 5yrOS of vp3-4 patients
(7 = 10) were 20.0%, and 30.0%, respectively, which
was comparable with the corresponding survival rates
of vpl-2 patients (P = 0.466 and 0.586, respectively).
In the subgroup analysis of patients with macroscopic
PVTT (vp2-4), the OS of the patients who underwent
preoperative transarterial chemoembolization was
comparable to that of patients who did not (P = 0.747).
There was a significant difference in the DFS between
patients with stage I HCC and those with stage 11 HCC
(5yrDFS 39.2% vs 23.1%, P < 0.001); however, the
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DFS for stage II was similar to that for stage Il (5yrDFS
23.1% vs 13.8%, P = 0.330). In the subgroup analysis
of stage II-II HCC (n = 148), only alpha-fetoprotein
(AFP) > 100 mg/dL was independently associated with
DFS.

CONCLUSION: Hepatectomy for vp3-4 HCC results in
a survival rate similar to hepatectomy for vp1-2. AFP
stratified the stage II-II HCC patients according to
prognosis.

Key words: Hepatocellular carcinoma; Hepatectomy;
Portal vein tumor thrombosis; Tumor-node-metastasis
staging system; Alpha-fetoprotein

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatectomy for selected patients with
hepatocellular carcinoma (HCC) with portal vein
invasion (vp) 3 or vp4 may result in a survival rate
that is similar to that for hepatectomy in vpl or vp2
patients. Alpha-fetoprotein (AFP) can stratify the stage
II-TI patients according to prognosis. If serum AFP
is elevated in patients with stage II-I HCC, clinical
trials involving neoadjuvant/adjuvant therapy should be
considered.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors worldwide, especially in East
Asian countries'™”. HCC usually spreads intrahepatically
via portal vein branches, and the incidence of portal vein
involvement has been found to be approximately 40% in
surgically resected series”. When tumor thrombi extend
to the major portal vein, the prognosis has been reported
to be poor'”. However, hepatic resection is currently still
the only therapeutic option in these patients who may
have a chance for a cure, and some studies have recently
reported improved survival rates after hepatectomy for
selected HCC patients with thrombosis to the portal
vein™, Yet, the therapeutic strategy for patients with
HCC invading the portal vein remains controversial.

The tumor-node-metastasis (TINM) staging system
of the American Joint Committee on Cancer (AJCC),
which is identical to that of the Union for International
Cancer Control (UICC), was revised in 2010. Some
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modifications have been made in the new 7" edition of
the TNM staging system). A recent study by Xu ez a/”
reported that the current T' classification is unnecessarily
complex and fails to stratify patients adequately without
prognosis. Several clinical staging systems are currently
available for predicting the prognosis of HCC patients
after hepatectomy, such as the Cancer of the Liver Italian
Program scoring systemm, Japan Integrated Staging
score! Tokyo score"! or Okuda staging systernm]. The
TNM staging system is currently the most widely used
system wotldwide, but a global consensus has not been
reached on how to satisfactorily predict the prognosis of
HCC patients after surgery' .

The aim of this study was to analyze the results of
HCC patients with portal vein tumor thrombosis (PVTT)
and to evaluate the AJCC TNM staging system (7"
edition) for stratifying and predicting the prognosis of
a large cohort of HCC patients after hepatectomy in a
single-center.

MATERIALS AND METHODS

Patients

In total, 372 patients underwent macroscopic curative
hepatectomy for the treatment of HCC between 1980
and 2009 in the Department of Surgery, Division of
Digestive Surgery at the Kyoto Prefectural University
of Medicine. All of these patients were analyzed in this
study. Curative resection is defined here as the complete
removal of a macroscopic tumor that is not exposed on
the cut surface.

There were 295 men and 77 women in the patient
cohort. The mean £ SD age was 61.5 £ 9.7 years.
Underlying liver diseases included cirrhosis in 203 patients
(54.6%) and non-cirrhosis in 169 patients (45.4%).
According to Child’s classification, modified by Pugh
et al™¥, 361 patients (97.0%) belonged to group A, nine
(2.4%) to group B, and two (0.5%) to group C. The mean
* SD tumor diameter was 4.1 * 3.0 cm. Hepatectomy
and tumor location were defined according to Couinaud’s

.. 15 . .
definition” of liver segmentation.

Treatment

Preoperative transarterial chemoembolization (TACE)
was performed in 151 patients. The indications for
hepatectomy and the types of operative procedures were
usually determined based on each patient’s liver function,
which was primarily assessed by the Makuuchi Criteria,
which includes preoperative measurements of ascites,
serum bilirubin levels, and indocyanine green retention
rate at 15 min (ICGR15)"". Preoperative portal vein
embolization was performed in four patients to prevent
postoperative liver insufficiency. In total, 294 patients
underwent anatomical resection, and 78 underwent non-
anatomical resection.

Pathological examination
All resected liver specimens were cut at a thickness of
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Table 1 Characteristics of patients who underwent hepatectomy

for the treatment of hepatocellular carcinoma by portal vein
invasion

vp1-2 vp3-4 P value
(n =73) (n =10)

Host-related factors

Age (yr) 60.1+9.7 59.0 £10.5 0.790

Gender (Male/Female) 67/6 8/2 0.236

Albumin (g/dL) 3.88+0.52 3.81+045 0.698
Indocyanine green retention rate  17.1+11.6  17.5+11.3 0.977
at 15 min (%)

Liver cirrhosis 31 6 0.295
Treatment-related factors

Preoperative transarterial 35 7 0.191

chemoembolization

Method of resection 65/8 9/1 0.927

(Anatomical/Non-anatomical)

Operation time (min) 296 + 240 343 + 387 0.735

Blood loss (mL) 2623 £1740 3886 + 3390 0.538

Blood transfusion 29 4 0.941

Positive surgical margin 10 1 0.746
Tumor-related factors

Alpha-fetoprotein (ng/mL) 9006 + 34819 11211+27261  0.802

Tumor size (mm) 54.7 £33.8 62.6 +30.0 0.234

Number of tumors 41/32 5/5 0.713

(Single/Multiple)
Capsule (Present/ Absent) 57/16 8/2 0.890
Bile duct invasion 11 3 0.237
Serosal invasion 11 6 0.001
Stage (UICC) <0.001

I 0 0

II 59 0

I 13 9

I\ 1 1

vp: Portal vein invasion; UICC: Union for International Cancer Control
(seventh-edition criteria).

approximately 5 mm, and the microscopic sections were
viewed after staining with hematoxylin and eosin. The
pathological diagnosis and classification of resected
HCC tissues were performed according to the General
Rules for the Clinical and Pathological Study of Primary
Liver Cancer. Tumors wete staged using the definition
of TNM classification provided by the International
Hepato-Pancreato-Biliary Association and the UICC".
Portal vein invasion (vp) was classified into four groups
according to the classification system of the Liver Cancer
Study Group of ]apanm. The vp stages were defined as
follows: vpl as an invasion or tumor thrombus distal to
the second branch of the portal vein; vp2 as an invasion
or tumor thrombus in the second branch of the portal
vein; vp3 as an invasion or tumor thrombus in the first
branch of the portal vein; vp4 as an invasion or tumor
thrombus in the portal trunk or extending to a branch on
the contralateral side. In this study, PVTTs infiltrating the
second branch or beyond the portal vein were defined as
macroscopic PVTT.

Follow-up
The patients wete followed up with hepatic ultrasonography,
computed tomography, and the assessment of serum
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alpha-fetoprotein (AFP) levels and serum protein induced
by vitamin K absence II levels every 3-6 mo. Disease-free
survival (DFS) was defined as the interval between surgery
and the date of diagnosis of the first recurrence or the date
of the last follow-up. Overall survival (OS) was defined as
the interval between surgery and the date of death caused
by HCC recurrence, or the date of the last follow-up. The
median follow-up duration was 50.3 mo.

Treatment for the hepatic recurrence of HCC

Local treatment for the initial hepatic recurrence of
HCC consisted of local ablation therapy and repeat
hepatectomy. TACE was performed using the Seldinger
technique“gl, with iodized oil or gelatin sponge cubes
used as embolus material and adriamycin (10-30 mg) and
mitomycin C (10-20 mg) used as anticancer drugs.

Statistical analysis

We performed univariate analyses of the clinical and
pathological factors that were potentially associated
with DFS. Survival was calculated using the Kaplan-
Meier method and was compared between groups
using the log-rank test. A multivariate analysis using
the Cox proportional hazards model was performed to
identify independent predictors of survival. All factors
determined to be significant by the univariate analysis
were entered into a multivariate regression analysis to
identify independent factors. A P value of < 0.05 was
considered statistically significant. All statistical analyses
were performed using the SPSS for Windows 11.5
software program (SPSS Inc., Chicago, IL, United States).

RESULTS

Clinicopathologic features

A test for the presence of serum hepatitis B surface
antigens was positive in 85 patients, and serum anti-
hepatitis C antibodies were present in 164 patients. One
patient died within 30 d of the operation because of
acute renal failure. The cumulative 5-year OS (5yrOS)
and 5-year DES (5ytDFES) rates of all 372 patients were
58.3% and 31.3%, respectively.

Results for hepatectomy in patients with portal vein
involvement

vpl was found in 63 patients, while 10 patients had vp2,
six had vp3, and four had vp4. Figure 1A shows the
surgical procedures used for PVTT. Five patients with
vp3 underwent only ligation of the portal veins. One
of these patients underwent a closure of the portal vein
stump with a running suture as it was impossible to ligate
the portal vein with an adequate margin. There were no
patients in whom the thrombus adhered to the portal
vein wall, which would have led to combined resections.
Four patients with vp4 underwent a thrombectomy
and closure of the stump by a running suture of the
portal vein. Table 1 shows a comparison of patient
characteristics between the vpl-2 and the vp3-4 groups.
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Figure 1 Results in patients with portal vein tumor thrombosis. A: Surgical procedures for portal vein tumor thrombosis; B: Comparison of the disease free
survival rates between patients with vp1-2 HCC and those with vp3-4 HCC; C: Comparison of the overall survival rates between patients with vp1-2 HCC and those
with vp3-4 HCC; D: Comparison of the overall survival rates between patients who underwent only hepatectomy and those who underwent hepatectomy combined
with preoperative transarterial chemoembolization in the subgroup of HCC patients with macroscopic portal vein tumor thrombosis (vp2-4). HCC: Hepatocellular
carcinoma; DFS: Disease free survival; OS: Overall survival; TACE + HR: Hepatectomy combined with preoperative transarterial chemoembolization; HR:

Hepatectomy; vp: Portal vein invasion.

There were no significant differences in any of the host-
related factors, treatment-related factors, or tumor-related
factors with the exception of serosal invasion between
the vp1-2 and vp3-4 groups. 5yrDES and 5yrOS of vp3-4
patients (# = 10) were 20.0% and 30.0%, respectively,
which were comparable with the corresponding rates
in vpl-2 patients (P = 0.466 and 0.586) (Figure 1B
and C). In the subgroup analysis of the patients with
macroscopic PVTT (vp2-4), the OS of the patients who
underwent preoperative TACE was comparable with that
of patients who did not undergo preoperative TACE
(5yrOS: 29.3% vs 11.3%, P = 0.747) (Figure 1D).

Evaluation of the AJCC TNM staging system for
stratifying and predicting prognosis

There was a significant difference in DFS between
patients with stage | and stage II HCC (5ytDFS: 39.2%
s 23.1%, P < 0.001) (Figure 2A). However, there was no
significant difference in DFS between stage 11 and stage
Il patients (5ytDFS: 23.1% »s 13.8%, P = 0.330). In
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the subgroup analysis of stage II-III HCC patients (# =
148), the Cox proportional hazards model revealed that
AFP = 100 mg/dL was the only factor independently
associated with DFS (Table 2). For the subgroup with
stage II-IT HCC, the patients with AFP < 100 mg/dL
had a significantly better prognosis with regard to DFS
than those with AFP = 100 mg/dL (5yrOS: 32.2% wvs
10.8%, P < 0.001) (Figure 2B); however, this trend was
not observed in the subgroup with stage I HCC (5yrOS:
42.4% vs 29.4%, P = 0.111) (Figure 2C).

DISCUSSION

HCC patients with PVTT have been treated using a
number of techniques, including surgical resection',
TACE"™, hepatic arterial infusion (HAT) chemotherapy™,
and systemic chernotherapy[zﬂ. Only a limited number of
extensive studies have evaluated the prognostic factors
for HCC patients with PVTT™*?!. Ohkubo et a/*"

reported that for patients with tumor diameters < 10 cm
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Figure 2 Survival curves according to the stage classifications of the 7" edition tumor-node-metastasis staging system. A: Comparison of survival curves
according to the stage classifications of the 7" edition TNM staging system; B: Comparison of the DFS rates between the HCC patients with AFP < 100 mg/dL and
those with AFP = 100 mg/dL in the subgroup of stage II or I HCC; C: Comparison of the DFS rates between the HCC patients with AFP < 100 mg/dL and those
with AFP = 100 mg/dL in the subgroup of stage I HCC. HCC: Hepatocellular carcinoma; DFS: Disease free survival; AFP: Alpha-fetoprotein; TNM: Tumor-node-

metastasis.

and no intrahepatic metastasis, curative resection can lead
to a favorable prognosis in patients with HCC infiltrating
the second branch of the portal vein or beyond. Ikai ez
al™ reported that an index using the factors of ascites,
prothrombin activity, and tumor diameter is useful for
making appropriate treatment strategy decisions for
HCC patients with PVTT in the major portal vein.
Recently, Ban e al” reported that a hepatectomy and
thrombectomy for vp4 may result in a survival benefit
similar to that achieved with a hepatectomy for vp3. In
this study, a hepatectomy for patients with vp3-4 HCC
was found to provide a comparable survival benefit to
the benefits achieved through a hepatectomy for vp1-2.
This aggressive procedure is therefore considered to be
an effective treatment method in selected patients with
HCC with PVTT involving the major portal vein.

TACE is usually contraindicated for patients with
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portal obstruction, because of the high risk for hepatic
insufﬁciencym. However, Lee et al™ reported in 1997
that TACE is safe for the treatment of HCC with portal
trunk obstruction when patients have sufficient collateral
circulation around the portal trunk. Minagawa ef al”
reported better survival in HCC patients with PVTT in
or beyond the second branch of the portal vein that were
treated with hepatectomy combined with preoperative
TACE and 42% of these patients had a 5yrOS. When the
number of primary nodules is less than two, the portal
trunk is not occluded by a tumor thrombus, and the
ICGR15 is better than 20%, however, 60% of patients
with 4.3 mo of mean survival could not undergo hepatic
resection. In this study, we could not find a survival
benefit with preoperative TACE for HCC patients with
PVTT. Similarly, Ban ez a/” reported that the efficacy of
combined preoperative TACE could not be demonstrated
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Table 2 Results of the univariate and multivariate analyses of the prognostic factors associated with disease-free survival in patients

who underwent hepatectomy for the treatment of stage II or Il hepatocellular carcinoma

No. 5yrDFS (%) Median (mo) Univariate analysis P Multivariate analysis
Hazard ratio (95%CI) P value

Age (yr) 0.060
<60 76 16.7 84
=60 72 25.8 19.7

Gender 0.898
Male 123 221 13.8
Female 25 155 16.3

Albumin (g/dL) 0.080
<4.0 78 20.8 12.7
=40 50 241 22,5

Platelet count (x 10*/mm’) 0.627
<10 30 12.7 20.0
=10 118 14.4 21.5

Indocyanine green retention rate at 15 min (%) 0.709
<15 71 222 18.7
=15 77 20.2 11.7

Alpha-fetoprotein (mg/dL) <0.001 <0.001
<100 82 29.3 25.8 1
=100 66 11.3 7.7 1.950 (1.369 - 2.776)

Preoperative TACE 0.452
Performed 79 189 12.7
Not performed 69 23.7 184

Number of tumors 0.390
Single 66 25.4 11.5
Multiple 82 17.6 16.3

Growth pattern 0.688
Expanding growth 125 223 16.3
Infiltrating growth 23 19.0 8.4

Capsule 0.677
Absent 31 27.8 10.8
Present 117 19.5 14.4

Serosal invasion 0.854
Negative 128 22.0 16.3
Positive 20 15.8 8.4

Portal vein invasion 0.417
Absent 68 21.7 18.1
Present 80 20.5 10.4

Surgical margin 0.799
Negative 135 20.7 144
Positive 13 27.3 6.1

Underlying liver disease 0.266
Others 71 239 19.7
Cirrhosis 77 18.6 114

Tumor size (mm) 0.025
<30 47 32.6 254
=30 101 16.2 10.1

Bile duct tumor thrombosis 0.515
Absent 132 204 144
Present 16 26.7 8.6

Stage 0.389
I 118 23.1 16.3
il 30 13.8 6.7

5yrDFS: Cumulative 5-yr disease free survival; TACE: Transarterial chemoembolization.

compared with hepatectomy alone. Recently, the use of
sorafenib™ or HAT™ using a cisplatin-based regimen was
introduced as a therapeutic regimen for the management
of HCC with PVTT. Additional postoperative TACE,
HAI or systemic chemotherapy for treating patients who
have HCC with PVTT should be investigated further.
Some modifications have been made in the new 7%
edition TNM staging system!. Lu ¢z 2/’ also reported
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that the TNM staging system provides inadequate
information from which to determine the prognosis
of HCC patients. In this study, DFS of stage II was
comparable with that of stage IlI. One reason for
this result may be the comparable survival between
HCC patients of groups vpl-2 and vp3-4. Similar to
our analysis, Xu ez a/*' showed no significant survival
difference of between stages II and Il using the 7"
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TNM classification. In this study, in the subgroup analysis
of stage II-II HCC (#» = 148), the Cox proportional
hazards model revealed that only AFP = 100 mg/dL
was independently associated with disease-free survival.
Similar to our results, Leung e# 4 mentioned that
the accuracy of stratification is lost for the stage Il
population subgroup in the TNM classification, and an
AFP value = 200 ng/mL was found to be an additional
important factor affecting treatment outcome. To date,
there are several systematic reviews on the role of
neoadjuvant/adjuvant therapy for patients with HCC
treated with hepatectomym}ﬂ. A clinical trial to examine
the recurrence-preventative effect of sorafenib when
administered after curative treatments such as resection
or ablation (STORM trial) is in progressm. If serum
AFP is elevated in patients with stage II-IlI HCC, clinical
trials involving neoadjuvant/adjuvant therapy should be
performed.

The limitations of the present study include its
retrospective nature, the fact that all of the patients were
treated at a single center and the different follow-up times
for the eatly and late groups[%]. Moreover, a lead-time
bias was present because of recent advances in diagnostic
modalities””. However, we believe that the results of
the study to be acceptable, although the prognosis of
patients who undergo hepatectomy procedures for HCC
with thrombosis to the portal vein is still unsatisfactory.

In conclusion, aggressive hepatectomy for selected
HCC patients with vp3 or vp4 may provide a comparable
survival benefit to that achieved via hepatectomy for vpl
or vp2. AFP can be used to stratify stage I[I-Ill patients
according to prognosis. If serum AFP is elevated in
patients with stage [[-II HCC, clinical trials involving
neoadjuvant/adjuvant therapy should be considered.
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reported to be poor. However, hepatic resection is still currently the only
therapeutic option in these patients who may have a chance for a cure, and
some studies have recently reported improved survival rates after hepatectomy
for selected HCC patients with thrombosis to the portal vein.
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In this study, a hepatectomy for patients with portal vein invasion (vp) 3-4
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be an effective treatment method in selected patients with HCC with portal vein
tumor thrombosis (PVTT) for the major portal vein.
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a single-center.
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incidence of portal vein involvement has been found to be approximately 40%
in surgically resected series. When tumor thrombi extend to the major portal
vein, the prognosis has been reported to be poor. However, hepatic resection
is currently still the only therapeutic option in these patients who may have a
chance for a cure, and some studies have recently reported improved survival
rates after hepatectomy for selected HCC patients with thrombosis to the portal
vein. Yet, the therapeutic strategy for patients with HCC invading the portal vein
remains controversial.
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In this study, a hepatectomy for patients with vp3-4 HCC was found to provide
a comparable survival benefit to the benefits achieved through a hepatectomy
for vp1-2. This aggressive procedure is therefore considered to be an effective
treatment method in selected patients with HCC with PVTT involving the major
portal vein.
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