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Abstract

AIM: To investigate the prognostic factors in patients
with hepatocellular carcinoma (HCC) accompanied by
microscopic portal vein invasion (PVI).

METHODS: Of the 267 patients with HCC undergoing
hepatic resection at Aso Iizuka Hospital, 71 had PVI.
After excluding 16 patients with HCC that invaded the
main trunk and the first and second branches of the
portal vein, 55 patients with microscopic PVI were
enrolled.

RESULTS: The patients with HCC accompanied by
microscopic invasion were divided into two groups:
solitary PVI (PVI-S: n = 44), and multiple PVIs (PVI-M:
n = 11). The number of portal vein branches invaded
by tumor thrombi was 5.4 + 3.8 (2-16) in patients with
PVI-M. In cumulative survival, PVI-M was found to be a
significantly poor prognostic factor (P = 0.0019); while
PVI-M and non-anatomical resection were significantly
poor prognostic factors in disease-free survival

(P = 0.0213, and 0.0115, respectively). In patients
with PVI-M, multiple intrahepatic recurrence was more
common than in the patients with PVI-S (P = 0.0049).
In patients with PVI-S, non-anatomical resection was
a significantly poor prognostic factor in disease-free
survival (P = 0.0370). Operative procedure was not a
significant prognostic factor in patients with PVI-M.

CONCLUSION: The presence of PVI-M was a poor
prognostic factor in patients with HCC, accompanied by
microscopic PVI. Anatomical resection is recommended
in these patients with HCC. Patients with HCC and
PVI-M may also be good candidates for adjuvant
chemotherapy.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a malignant tumor
with periportal venous metastasis. Vascular invasion,
especially portal vein invasion (PVI), is a major
determinant of outcome after hepatic resection in
patients with HCC"”,

Magnetic resonance imaging (MRI) and ultrasonogra-
phy can detect tumor invasion of the major branches of
the portal or hepatic veins, 81%-95% of the time*'".
However, the presence of microscopic PVI, limited
to the subsegmental portal vein branches, cannot be
diagnosed before hepatic resection. Recently reported
predictors of microscopic PVI include size, number,
and histological grade of tumors, as well as serum
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level of des-y-carboxy prothrombin (DCP)""". Miyata
et al'” have demonstrated that tumorous arterioportal
(A-P) shunt formation on computed tomography (CT)
during hepatic arteriography is an important predic-
tive value for PVIL. A recent study by Nishie ¢z a/"” has
shown that an area exhibiting low attenuation on CT
during arterio-portography, and high attenuation on CT
during hepatic arteriography around the tumor, is a good
predictor of PVI. Thus, recent studies have suggested
that the presence of microscopic PVI can be predicted.
Nevertheless, the prognostic factors of HCC
with microscopic PVI have remained elusive and the
operative procedures for this type of HCC have not
been determined. In the present study, we evaluated the
prognostic factors in cumulative and disease-free survival
in patients with HCC, accompanied by microscopic PVI.

MATERIALS AND METHODS

Patients
From April 1992 to December 2005, 267 patients
underwent their first liver resection for HCC at the
Department of Hepatogastro-enterological Surgery
at Aso lizuka Hospital in Japan. From a retrospective
database, 55 patients were enrolled in this study,
according to the following criteria: (1) an absence
of HCC invading the main trunk and the first and
second branches of the portal vein, upon preoperative
radiological evidence and intraoperative findings; (2)
no remnant cancer after surgery, as confirmed by
ultrasonography, CT and/or MRI; and (3) the presence
of microscopic PVI upon histological examination.
There were 41 male and 14 female patients with
an average age of 04 years (median: 66 years). Among
these patients, 35 (64 %) were infected with hepatitis
C virus, which leads to chronic liver disease. The
indocyanine green retention test at 15 min was 15.5%
t+ 10.2%. On pathological examination, the tumor size
was 5.0 £ 1.1 cm and the main grade of cancer cell was
moderately differentiated in 38 patients (69%) and pootly
differentiated in 17 (31%). Microscopic intrahepatic
metastasis was found in 24 patients (44%).

Methods

The prognostic factors were examined in cumulative
and disease-free survival, using the following variables:
age (older or younger than 67 years); gender (male versus
female); platelet numbers (greater than versus less than or
equal to 150000/mm”’); serum albumin levels (greater
than versus less than or equal to 3.8 g/dL); tumor size
(greater than versus less than or equal to 4.2 cm); serum
levels of alpha-fetoprotein (AFP) (greater than versus less
than or equal to 28 ng/mL); DCP (gteater than versus less
than or equal to 300 mAU/mL); operative procedures
(anatomical versus non-anatomical resection); histological
grading of cancer cell differentiation (moderate versus
poor); presence of intrahepatic metastases (negative versus
positive); and microscopic PVI (solitary or multiple).
The measurement of serum DCP has been described

Figure 1 Multiple microscopic PVI surrounding a tumor (arrow heads). HE
staining (Original magnification, x 20).

previously!”. The measurement of serum DCP was
started at our hospital in 1999 and was therefore only
available in the latest 36 patients.

Anatomical resection included hemi-hepatectomy,
segmentectomy, and subsegmentectomy, based on
Couinaud’s classification. Non-anatomical resection was
partial hepatectomy, including the tumor.

Histological study

All of the resected specimens were cut into serial
5-10-mm thick slices and fixed in 10% formalin. After
macroscopic examination, the slice with the greatest
dimension was trimmed for paraffin blocks and cut
into 4-pum microscopic sections. The slices were then
stained with hematoxylin and eosin (HE). When clusters
of cancer cells were present in the extra tumoral portal
vein, accompanied with bile duct and hepatic artery, it
was defined as positive for extra tumoral PVI. When
more than two clusters of cancer cells were present in
different portal vein branches, it was defined as multiple
PVI (PVI-M) (Figure 1). When only one cluster was
present in a single portal vein branch, it was defined as

solitary PVI (PVI-S).

Follow-up strategy and recurrence pattern

After discharge, all patients were examined for
recurrence by ultrasonography and tumor markers, such
as AFP and DCP every month, and by CT every 6 mo.
When recurrence was suspected, additional examinations
such as hepatic angiography were performed. The
recurrence pattern was determined by ultrasonography,
CT, MRI and hepatic angiography and was defined as
previously reportedm. Briefly, none was the absence of
HCC recurrence, nodular recurrence was fewer than
four recurrent nodules, and multiple recurrence was four
or mote recurrent nodules.

Impact of operative procedures in patients with PVI-S
and PVI-M

In patients with PVI-S and PVI-M, the impact of
operative procedures (non-anatomical persus anatomical
resection) was compared on cumulative and disease-free
survival.
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Factors Survival rate (%) P value
1yr 3yr S5yr

Age (yr)
<67 (n=27) 80.6 60.4 421 0.9546
= 67 (n=28) 96.6 75.7 50.0

Gender
Male (n = 41) 92.6 72.3 452 0.7614
Female (n = 14) 78.6 50.0 429

Platelets (10*/mm®)
<15 (n=27) 92.6 61.7 46.6 0.7341
=1.5 (n=28) 85.7 67.5 46.0

Albumin (g/dL)
<39 n=27) 100 76.9 472 0.6123
=39 (n=28) 79.0 56.8 475

Tumor size (cm)
<4.3 (n=27) 92.4 72.8 35.9 0.8752
=43 (n=28) 85.7 60.7 52.0

AFP (ng/mL)
0-27 (n = 28) 96.4 71.3 55.4 0.1001
>27 (n=27) 81.2 61.6 35.8

DCP (mAU/mL)
0-300 (n =18) 94.1 75.1 75.1 0.1834
=300 (1 =18) 83.3 55.6 55.6

Operative procedure
Anatomical resection (n = 32) 90.5 742 514 0.0620
Non-anatomic resection (n =23)  87.0 55.9 39.5

Tumor grade of differentiation
Moderate (1 = 38) 97.3 70.0 54.9 0.1076
Poor (n=17) 70.6 58.8 30.3

IM (-) (n =31) 96.8 66.7 56.5 0.2625

IM (+) (n = 24) 79.2 66.7 32.8

PVI-S (n = 44) 97.7 76.5 51.2 0.0019

PVI-M (n =11) 54.5 27.3 273

IM: Intrahepatic metastasis.

Statistical analysis

All data were expressed as mean £ SD. The Xz test
of independence was used with categorical variables.
The continuous variables were divided by their median
values. The survival and disease-free survival curves were
generalized using the Kaplan-Meier method and then
compared using the log-rank test. The Stat view software
(Version 4.11; Abacus Concepts Inc., Berkeley, CA, USA)
was used for the analysis on a Macintosh computer.
P < 0.05 was considered to be statistically significant.

RESULTS

Histological examination of PVI-S and PVI-V

Of the 267 patients, 55 (21%) had microscopic PVI. The
overall incidence of PVI-S was 16% (44 patients) and
that of PVI-M was 4% (11 patients). Of the 55 patients
with PVI, the 11 patients with PVI-M represented 20%.
The number of portal vein branches invaded by tumor
thrombi was 5.4 £ 3.8 (2-16) on the slices, stained with
HE in patients with PVI-M.

Significant prognostic factors in cumulative survival

The overall survival after hepatectomy in 55 patients
with microscopic PVI was 89.0% at 1 year, 66.6% at
3 years, 46.0% at 5 years, and 36.1% at 10 years (Figure 2).
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Figure 2 Cumulative and disease-free survival rate in patients with HCC,
accompanied by microscopic PVI. The overall cumulative and disease-
free survival after hepatectomy in 55 patients was 89.0% and 68.7% at 1 year,
66.6% and 27.3% at 3 years, 46.0% and 22.7% at 5 years.

The median survival was 4.6 £ 0.6 years. Among 11
clinicopathological factors, only the extent of PVI was
significant (Table 1). Thus, the cumulative survival curve
for patients with PVI-M was significantly worse than
that of those with PVI-S (P = 0.0019). The median
survival of patients with PVI-S and PVI-M was 5.4 = 1.8
and 1.3 * 0.7 years, respectively. In operative procedures,
the survival rate for anatomical resection tended to be
better than that for non-anatomical resection, although
the difference was not significant (P = 0.0620).

Significant prognostic factors in disease-free survival
The disease-free survival in 55 patients was 68.7% at
1 year, 27.3 % at 3 years, 22.7 % at 5 years, and 22.7 %
at 10 years (Figure 2). Among 11 clinicopathological
factors, the extent of PVI and operative procedures were
significant (Table 2). The disease-free survival curve
for patients with PVI-M was significantly worse than
that for patients with PVI-S (P = 0.0072). The median
disease-free survival in PVI-S and PVI-M was 1.5 £ 0.8
and 0.4 0.2 years, respectively. In operative procedures,
the disease-free survival rate for anatomical resection
was significantly better than that for non-anatomical
resection (P = 0.0074). The median disease-free survival
for anatomical and non-anatomical resection was 2.0 *
0.2 and 0.8 £ 0.1 years, respectively.

Comparison of PVI-S and PVI-M recurrence patterns

A comparison of the recurrence pattern is shown in
Table 3. The incidence of multiple recurrence in patients
with PVI-M was 82% and 30% in patients with PVI-S
(P = 0.0049).

Impact of operative procedures in patients with PVI-S
and PVI-M

In patients with PVI-S, non-anatomical resection
tended to be a poor prognostic factor for cumulative
survival (P = 0.0782), while non-anatomical resection
was significantly poor prognostic factor in disease-free
survival (P = 0.0370) (Table 4). In patients with PVI-M,
operative procedures were not significant in disease-free
survival (Table 5).
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Table 2 Univariate analysis of clinicopathological prognostic

factors for disease-free survival rate

Table 3 Comparison of recurrence patterns for 55 HCC

patients with single or multiple PVI » (%)

Factors Survival rates (%) P value
1yr 3yr 5yr
Age (yr)
<67 (n=27) 547 319 319 0.7438
= 67 (n=28) 725 213
Gender
Male (n = 41) 687 273 227 02716
Female (n = 14) 48.6 194 194
Platelets (10*/mm®)
<1.5(n=27) 52.8 7.9 79 01703
=15 (n =28) 742 337 337
Albumin (g/dL)
<39 (n=27) 615 226 169  0.8555
=39 (n =28) 658 294 294
Tumor size (cm)
<43 (n=27) 629 350 350 0.4474
=43 (n=28) 648 170 113
AFP (ng/mL)
0-27 (n = 28) 591 394 394  0.1692
>27 (n=27) 68.0 146 9.7
DCP (mAU/mL)
<300 (n=18) 725 435 435 0299
=300 (n =18) 630 210 140
Operative procedure
Anatomical resection (1 = 32) 823 330 33.0 0.0074
Non-anatomical resection (n =23) 409 17.0 114
Tumor grade of differentiation
Moderate (1 = 38) 693 367 314  0.0661
Poor (n=17) 52.9 74 74
IM (-) (n = 31) 671 282 235 04761
IM (+) (n = 24) 598 221 221
PVI-S (n = 44) 746 274 235  0.0072
PVI-M (n =11) 20.0 200
DISCUSSION

The incidence of microscopic PVI has been reported
to be more than 20% in resected HCC™. Even in small
HCCs, up to 2 cm in diameter, the incidence of PVI is
15%"!. In this study, the incidence of PVI was found in
55 of 267 (20%) patients.

Vascular invasion, especially PVI, is a major
determinant of the outcome after hepatic resection in
patients with HCC'"™. In the present study, the survival
rate was poorer for HCC patients with PVI than those
without (data not shown). Nevertheless, the prognosis
of patients with PVI varied. With regard to recurrence
patterns, 18 (33%) of the 55 patients with HCC
accompanied by PVI had no recurrence, and 22 patients
(40%) had multiple recurrence. Clearly, the outcome
in patients with no recurrence was better than that of
patients with multiple recurrence.

Determination of the prognostic factors in patients
with PVI is important for postoperative therapeutic
strategy. There has been no study of prognostic factors in
patients with HCC accompanied by PVIL. In the present
study, detailed histological examination of resected
specimens revealed that PVI-M was a significantly poor
prognostic factor after hepatectomy for cumulative and
disease-free survival. With regard to operative procedutes,
anatomical resection tended to improve survival rates and
significantly improve disease-free rates.

Recurrence pattern None Nodular Multiple
PVI-S (1 = 44) 16 (36) 15 (34) 13 (30)
PVI-M (n =11) 2 (18) 0 9(82)

The incidence of multiple recurrence in PVI-M was significantly higher
than that in PVI-S (P = 0.0049).

Table 4 Impact of operative procedures (non-anatomical
versus anatomical resection) was examined in patients with

PVI-S, depending on cumulative survival rate and disease-free
survival rates

Factors Survival rates (%) P value
1yr 3yr 5yr
Cumulative survival
Anatomical resection (1 = 26) 962 839 55.0 0.0782
Non-anatomical resection (1 = 18) 100 65.8 461
Disease-free survival
Anatomical resection (n = 26) 909 322 322 0.0370
Non-anatomical resection (1 = 18) 529 221 147

Table 5 Impact of operative procedures (non-anatomical
versus anatomical resection) was examined in patients with

PVI-M, depending on cumulative survival and disease-free
survival rates

Factors Survival rates (%) P value
1yr 3yr 5yr
Cumulative survival
Anatomical resection (1 = 6) 66.7 333 333  0.4497
Non-anatomical resection (1 = 5) 400 200 200
Disease-free survival
Anatomical resection (n = 6) 400  20.0 20.0 0.2651
Non-anatomical resection (1 = 5) 0

Histologically, the number of portal vein branches
invaded by tumor thrombi was 5.4 + 3.7 (2-16) in
patients with PVI-M. Although PVI was limited to the
subsegment of the liver, multiple portal vein branches
that surrounded the tumor were invaded. In these
patients, the biological behavior of HCC with PVI-M
may be similar to that of HCC, with invasion to the first
branches or main trunks of the portal vein. The survival
rate in patients with PVI-M was only 54.5% at 1 year
after hepatectomy. The mean survival and disease-free
survival after hepatectomy in patients with PVI-M was 1.3
and 0.4 years, respectively. Multiple recurrence was more
common in patients with PVI-M than those with PVI-S.
This clinical outcome was similar to that previously
shown for patients with HCC, accompanied by portal
vein thrombi of the first branches or main trunks"*'",

Anatomical resection of the liver significantly
improved the disease-free rates for HCC with PVI
in the present study. Hasegawa ez a/'* have reported
that anatomical resection, such as segmentectomy and
subsegmentectomy for HCC, is a reasonable treatment
option and yields more favorable results than non-
anatomical resection. A recent comparison of the
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outcomes of anatomical subsegmentectomy and
non-anatomical minor hepatectomy for single HCC,
based on a Japanese nationwide survey, recommends
anatomical resection, especially when the size of HCC
ranges 2-5 cm'”. In our study, non-anatomical resection
was a significantly poor prognostic factor in disease-
free survival and tended to be a poor prognostic
factor in cumulative survival in patients with PVI-S.
Therefore, anatomical resection is preferable in patients
with HCC accompanied by PVI. Recent studies have
demonstrated that HCC with PVI can be predicted by
several factors . Therefore, patients with HCC that
have high risk factors for PVI preoperatively should be
recommended for anatomical resection. To clarify this
hypothesis, further examination is necessary.

In PVI-M patients, there was no significant difference
in the outcome between anatomical and non-anatomical
resection. Recently, in patients with portal vein thrombi
in major portal branches, adjuvant chemotherapy has
been reported to be effective following hepatectomy and
thrombectomy!*' !, Patients with HCC and PVI-M
may also be good candidates for adjuvant chemotherapy.

In conclusion, in patients with HCC, accompanied
by microscopic PVI, the presence of PVI-M is a poor
prognostic factor. In PVI-S patients, anatomical resection
is preferable to non-anatomical resection. Patients with
HCC and PVI-M may be good candidates for adjuvant
chemotherapy. Further studies aimed at improving the
outcome of patients with PVI after hepatectomy are
necessaty.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is a malignant tumor with periportal venous
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