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Background: Recurrence after hepatocellular carcinoma (HCC) resection is the major
obstacle to improved survival. The presence of vascular invasion (VI) in pathology specimens
is a well-known unfavorable prognostic factor for HCC recurrence. Though some VI-related
genes have been reported, their association with recurrence-free survival is not known. We
hypothesized that a gene expression proﬁle for VI can predict the recurrence of HCC after
liver resection.
Methods: Eighteen patients receiving complete HCC resection were included as a ‘‘training
group’’. Genome-wide gene expression proﬁle was obtained for each tumor using a microarray
technique. Datasets were subjected to clustering analysis supervised by the presence or absence
of VI to obtain 14 discriminative genes. We then applied those genes to execute pattern
recognition using the k-Nearest Neighbor (KNN) classiﬁcation method, and the best model
for this VI gene signature to predict recurrence-free survival in the training group was obtained. The resulting model was then tested in an independent ‘‘test group’’ of 35 patients.
Results: A 14-gene proﬁle was extracted which could accurately separate ten patients with
VI and eight patients without VI in the ‘‘training group’’. In the ‘‘test group’’, signiﬁcant
difference in disease-free survival was found between patients predicted to have and not to
have recurrence (P = .02823). In patients with stage_I disease, this model can also predict
outcomes (P = .000205).
Conclusions: Using the 14-gene expression proﬁle extracted from microarrays based on the
presence of VI can effectively predict recurrence after HCC resection. This approach might
facilitate ‘‘personalized medicine’’ for HCC patients after surgical resection.
Key Words: Hepatocellular carcinoma—Microarray—Gene expression—Proﬁling—Vascular
invasion—Liver resection—Recurrence.
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Hepatocellular carcinoma (HCC) is one of the
most common cancers in the world. In Taiwan, it is
the leading cause of cancer-related deaths in humans.
Without treatment, patients with HCC have a median
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survival time of 6–20 months.1 Resection provides the
best chance for cure in HCC patients. With the
improvement of surgical technique and peri-operative
care, the surgical mortality for HCC resection can be
reduced to less than 1%.2,3 Data from the International Cooperative Study Group for HCC revealed a
similar 5-year survival rate of 31–41%, regardless of
ethnic differences.4 However, within 5 years after liver resection, up to 80% of patients developed
recurrent disease. This high cancer recurrence rate
accounts for the poor survival of HCC patient after
liver resection.5
To reduce the rate of early recurrence, peri-operative adjuvant therapies may be helpful. However,
their eﬃcacy needs further investigation. Ironically,
some treatments have been reported to have a negative eﬀect on patients whose prognosis is good without adjuvant therapy.6 To achieve a better outcome
after HCC resection, choosing optimal peri-operative
management beneﬁcial for each individual patient is
of utmost importance. Of course, this depends on the
development of an effective method that can predict
clinical outcome for an individual patient. Theoretically, we should give adjuvant therapy to patients
who are at high risk of recurrence, while sparing
those at low risk.
Clinical factors, such as vascular invasion (VI),
serum a-FP level (AFP), tumor size and tumor
number, are the possible predictive factors for clinical
outcomes after HCC resection. Among them, the
presence of microscopic VI was recognized as the
most important associated factor for early HCC
recurrence.7–10 Previous reports also provided epidemiological evidence that VI has been involved in early
intra-hepatic recurrence after hepatectomy for HCC.
Treatments focusing on VI of HCC are under
development.11–13 However, the survival advantages
of these regimens are uncertain. Identifying the gene
expression patterns in HCC specimens with and
without VI might help to predict response to these
anti-VI treatments.
VI of HCC has been reported to be associated with
molecules of various biological functions. Expression
of malignant hepatocyte surface CD44, which plays
important roles in immune recognition, in lymphocyte traﬃcking, and in cell–cell and cell–matrix
interactions, is related to their tendency to VI and
may have implications relating to metastasis and
prognosis in patients with HCCs.14 Vascular endothelial growth factor (VEGF) expression was reported to be associated with VI of HCC.15 The
incidence of portal vein invasion is higher in HCC
expressing enhancer of zeste homologue 2 (EZH2),

which plays a crucial role in the regulation of
embryonic development and has been associated with
the regulation of the cell cycle.16 It was also suggested
that p53 mutations tend to be commonly associated
with microvascular invasions, which may result in
micrometastases, followed by frequent recurrences.17
Expression proﬁles with respect to VI of HCC though
have been reported;18,19 their impact on the early
recurrence of HCC patients is not known. We
hypothesized that a molecular signature associated
with VI in HCC may serve as a surrogate marker for
predicting early recurrence after HCC resection, no
matter whether VI is present in the pathology
examination or not.
Genome-wide gene expression analysis by microarray oﬀers a systematic approach to unfold comprehensive information about the transcription
proﬁle of HCC. Previous studies have used microarrays to address the changes in gene expression of
HCC.20–24 Our present study aimed at seeking a signature associated with VI from the genome-wide
expression proﬁle of HCC as generated from microarray study. With this signature, we tried to predict
early recurrence after HCC resection. Hopefully, this
will provide information for each individual patient
to guide the implementation of adjuvant therapy.
Thus, early recurrence after HCC resection can be
reduced and survival prolonged.

PATIENTS AND METHODS
Patients and Tissue Samples
Eighteen consecutive patients, who received primary liver resection for HCC at the National Taiwan
University Hospital, were included in this study as
the ‘‘training group’’, pending good samples and
good follow up. All patients underwent routine chest
X-ray, abdominal ultrasound (US), computed
tomography (CT) and hepatic angiography before
operation. Intra-operative US was also routinely
performed in all the patients. Complete tumor
resection, deﬁned as microscopically free of tumor at
the section margin and no evidence of space-occupying lesions in the remnant liver as detected by image studies, were successfully performed in all the
patients. No patients received any post-surgical
treatment. The tumor tissue samples were collected
and snap frozen in liquid nitrogen immediately after
removal from the patients, under the approval of the
Institutional Review Boards of National Taiwan
University Hospital. Written informed consents were
Ann. Surg. Oncol. Vol. 13, No. 11, 2006
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TABLE 1. Clinical and pathological characteristics in the training group
Characteristic

With vascular
invasion n = 10

Without vascular
invasion n = 8

P

Gender (men/women)
Age (mean ± SD) (years)
Viral infection (HBV/HCV/non-B, non-C)
Total bilirubin (mean ± SD)
Serum ALT (mean ± SD) (IU/l)
Serum albumin (mean ± SD) (g/l)
ICG-15 (mean ± SD) (%)
Cirrhosis (yes/no)
Tumor size (mean ± SD) (cm)
Satellite nodules (yes/no)
Tumor grade (I + II/III + IV)

8/2
51.7
8/2/0
.94
42.30
4.35
16.80
8/2
8.83
3/7
3/7

5/3
55.1
4/3/1
.72
50.50
4.16
12.89
5/3
2.71
0/8
4/4

.61
.69
.43
.319
.498
.197
.431
.61
.002
.22
.63

obtained in all participating patients. Clinical data
were retrieved from their medical records. Tumor
diﬀerentiation, VI, maximum tumor diameter, and
non-tumor part of the removed liver were examined
by an experienced pathologist without any clinical
information.
The 18 patients were separated into two groups
according to the presence or absence of VI as found
in pathology examinations. Major VI was deﬁned as
gross invasion of the right or left main branches of
the portal or hepatic veins,25 while microscopic VI
was deﬁned as the presence of tumor emboli within
the central hepatic vein, the portal, or the large capsular vessels.9,26 There were ten patients who had
major or microscopic VI. Another eight patients did
not have any evidence of VI, either major or microscopic. All patients had solitary tumors during
pathology examination. The characteristics of these
patients are listed in Table 1. Early recurrence was
deﬁned as HCC recurrence diagnosed less than 1 year
after surgical resection.
All the patients were followed up at our special
clinic at least once every 3 months. Serum AFP and
abdominal US were used as the detection methods for
tumor recurrence. Abdominal CT and/or magnetic
resonance imaging (MRI) were performed if the AFP
was elevated or a new space-occupying lesion was
detected by US. Hepatic angiography was done if
HCC recurrence was suspected. The presence of HCC
recurrence was diagnosed when a new hypervascular
lesion was detected during the arterial phase of hepatic angiography.
Preparation of Total RNA and PolyA RNA from
HCC
Total RNA was extracted by Trizol reagent (Invitrogen, USA) and was followed by RNeasy Mini Kit
(Qiagen, Germany). The RNA isolated was quantiAnn. Surg. Oncol. Vol. 13, No. 11, 2006

± 15.0
±
±
±
±

.49
17.09
.21
12.88

± 4.68

± 19.8
±
±
±
±

.40
27.07
.30
5.72

± 1.65

ﬁed at OD 260 nm and qualitatively by Bioanalyzer
(Agilent Technology, USA). To serve as the reference
in the cDNA microarray comparison, a human reference RNA pooled from nine cell lines (Stratagene,
USA) was used. By comparison with a common reference, variation in gene expression across the samples with diﬀerent clinical backgrounds could be
inferred from the observed variation in the normalized Cy-3/Cy-5 ratios across the hybridization.
cDNA Synthesis, Probe Labeling and Hybridization
The Agilent human 1 cDNA microarray (Agilent
Technology) containing 18,564 spots with 13,574
diﬀerent types of genes was used in this study. Fifteen
micrograms of puriﬁed total RNA were converted to
cDNA using a 3DNATM Array 50 Expression Array
Detection Kit (Genisphere, USA). Tumor RNA was
labeled with Cy3, and RNA from Universal Human
Reference RNA was labeled with Cy5. Correspondingly synthesized cDNA products were combined and
concentrated by ethanol precipitation and suspended
in hybridization buﬀer. Hybridization of labeled
cDNA was hybridized to Agilent human 1 cDNA
microarray (Agilent Technologies) at 65C for 17 h.
After hybridization, slides were washed in .5X SSC/
.01% SDS at room temperature for 5 min and .06X
SSC at room temperature for 2 min. Washed microarrays were then hybridized with Cy3 and Cy5 dendrimers in formamide-based buﬀer at 53C for 3 h.
After hybridization with dendrimers, slides were washed in 2X SSC/.01% SDS at 42C for 15 min, 2X
SSC at room temperature for 10 min, and .2X SSC at
room temperature for 10 min.
Scanning and Acquisition of Image Data
Washed microarrays were scanned with a Virtek
ﬂuorescence reader (Virtek, CA, USA) with the
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wavelengths 532 nm and 635 nm for Cy3 and Cy5
channels, respectively. Scanned images were analyzed
by Array-Pro image acquisition software (Media
Cybernetics, USA); an image analysis algorithm was
used to quantify signal and background intensity for
each target spot (gene). The mean intensity of the
spot area was computed as the microarray raw data.
The data were further analyzed with software package S-Plus 6.1 (Venables, 2002).

In the training group, the tumor size was signiﬁcantly bigger in patients with VI. To investigate the
side eﬀect of tumor size on the VI, at each expressed
gene, we applied both analysis of variance (ANOVA)
and analysis of covariance (ANCOVA) to the vascular invasion groups without or with the tumor size
as the covariate. The results showed that tumor size,
at each expressed gene, has no signiﬁcant eﬀect on the
VI groups (all the P values at covariate size were
greater than .05).

Data Analysis
A gene expression proﬁle was established from the
microarray raw data by a supervised learning algorithm, according to the presence or absence of VI.
For each microarray chip, expression level of each
gene was deﬁned as the logarithmic ratio (base 2) of
the spot expression value of the tumor sample (Cy3)
to that of the common reference (Cy5). Before
selecting expression genes, we needed to process the
original microarray raw data to avoid the systematic
error within each sample and the inconsistency of the
samples.
At this preprocessing level, there were two major
steps carried out on the microarray raw data. First, to
avoid the systematic error within each sample, we
used the rank invariant non-linear LOWESS method27,28 to normalize the logarithmic (with base 2)
ratio of the 13,574 spot expression values. Second, to
eliminate the noisy spots and the non-regulation
genes, we extracted the signiﬁcantly effected genes on
the basis of two ﬁltering criteria: (1) a signal-to-noise
ratio (SNR) greater than 1.5; (2) a magnitude of
normalized logarithmic ratio greater than 1 for at
least ﬁve samples among the whole samples. There
were 5,415 signiﬁcantly effected genes extracted under these ﬁltering criteria.
For the selection of VI-related genes, we executed
statistical analysis on the 5,415 signiﬁcantly eﬀected
genes extracted at the preprocessing level. First, we
applied the corrected two-group multiple test27,29,30
under the .01 family-wise error rate (FWER) to
extract most discriminative genes for VI. The multiple test is a method to control the probability of
producing incorrect test conclusions (false positives
and false negatives) for the whole gene set from
original P value to the adjusted P value by the
modiﬁed statistical algorithm. Second, to avoid the
overﬁtting problem, we further used the leave-oneout cross-validation method31 to verify the signiﬁcance of each extracted discriminative gene. The
genes extracted were displayed by the supervised
clustering method.32

Conﬁrmation of Cancer-Associated Genes by
Quantitative Real-Time Reverse TranscriptionPolymerase Chain Reaction
To conﬁrm the results of the cDNA microarray
study, we performed a quantitative real-time reverse
transcription-polymerase chain reaction (qRT-PCR)
for the extracted genes which were reported to be
associated with human malignancy. HCC total RNA
extracted from 27 HCC samples available was used
for the experiment. The qPCR was carried out with a
iCycler iQ Real-Time detection system (Bio-Rad,
Hercules, CA, USA) with SYBR-green I (stock
solution 25,000 · ) as ﬂuorescent dye enabling realtime detection of PCR products according to the
manufacturerÕs protocol. Gene-speciﬁc primers were
used (Table 2), and the speciﬁcity was conﬁrmed by
melt-curve detection following the real-time PCR
reaction. Cycling conditions were 95C for 3 min,
followed by 40 cycles of at 95C for 30 s, 60C for
30 s (except melanoma antigen 1, 65C for 30 s), and
72C for 30 s. For quantiﬁcation, the target gene was
normalized to the internal standard gene GAPDH.
Primers for real-time PCR were designed by Beacon
Designer2 software (PREMIER Biosoft International, Palo Alto, CA, USA). The Pearson product
moment correlation was used to show the correlation
between cDNA microarray and qRT-PCR.
For prediction, the genes extracted were used to
execute the pattern recognition classiﬁcation method: k-Nearest Neighbor (KNN)33 on the 18 training
samples, and a prediction model was obtained. Since
VI is a major factor for early HCC recurrence, a
patient who has the expression proﬁle classiﬁed into
the VI-positive group is expected to have early
recurrence; while a patient who has the expression
proﬁles classiﬁed into the VI-negative group is expected not to have early recurrence. To assess the
prediction power, we applied the prediction model
to an independent test group of 35 patients (Table 3). The ﬂow chart of analysis is summarized in
Fig. 1.
Ann. Surg. Oncol. Vol. 13, No. 11, 2006
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TABLE 2. Gene speciﬁc primers for quantitative real time reverse transcription-polymerase chain reaction in conﬁrming the
cDNA microarray results
Primer

Sequence (5¢ to 3¢)

GAPDH

F: GGT GGT CTC CTC TGA CTT CAA C
R: TCT CTC TTC CTC TTG TGT TCT TG
F: GTG CGA CTG CTG CGA CAA G
R: TGC GGG CGA TGT TGT TGT TG
F: GCT GGA GTG GGT GCC TGA G
R: AGG ACT GGT TCT GAG CGT TGG
F: ACA GGC GAG GAG GAG GAG AC
R: ACT TGA TGA CCC AGC AGC AGA C
F: TGA TGG ATG ACC TCT GTG AAG C
R: AAC AAA GTG CCT GGG ACA TCT G

OGG1
CSF3R
Melanoma antigen
Thrombin inhibitor

Tm (C)

Size

60

234 bp

60

76 bp

60

89 bp

65

75 bp

60

180 bp

TABLE 3. Clinical and pathological characteristics in the test group
Characteristic

With vascular invasion n = 5

Gender (men/women)
Age (mean ± SD) (years)
Viral infection (HBV/HCV/non-B,-non-C)
Total bilirubin (mean ± SD)
Serum ALT (mean ± SD) (IU/l)
Serum albumin (mean ± SD) (g/l)
ICG-15 (mean ± SD) (%)
Cirrhosis (yes/no)
Tumor size (mean ± SD) (cm)
Satellite nodules (yes/no)
Tumor grade (I + II/III + IV)

4/1
66.4 ±
2/3/0
.65 ±
50.00 ±
4.07 ±
16.86 ±
5/0
6.58 ±
1/4
4/1

RESULTS
Following the algorithm of our analysis, a gene
proﬁle consisting of 14 diﬀerentially expressed genes,
including one putative gene, were selected. This gene
proﬁle accurately separated the eight patients with
tumor VI from the ten patients with no VI, without
any outliers in the training group. The heat map and
name of the 14 selected genes from the 18 training
samples is shown in Fig. 2. Therefore, we had generated a gene proﬁle that can differentiate HCC with
VI from HCC without VI in the training group.
Correlation between the expression levels of four
human malignancy related genes obtained from
cDNA microarray and qRT-PCR is shown in Fig. 3.
Signiﬁcant correlation was found in the data set of
thrombin inhibitor (PearsonÕs correlation, r = .454;
P = .021), 8-oxoguanine DNA glycosylase (PearsonÕs correlation, r = .469; P = .017), and melanoma antigen, family A, 9 (PearsonÕs correlation,
r = .395; P = .044).
We then tried to predict recurrence in an independent ‘‘test group’’ consisting of 35 patients by
using this gene proﬁle. Pattern recognition of the
cDNA microarray proﬁle by the KNN classiﬁcation
Ann. Surg. Oncol. Vol. 13, No. 11, 2006

8.7
.09
25.00
.23
6.87
2.79

Without vascular invasion n = 30
24/6
63.5 ±
13/13/3
.83 ±
77.70 ±
4.18 ±
17.31 ±
23/7
3.64 ±
1/29
24/6

9.3
.40
68.94
.32
9.63
1.86

P
1
.56
1
.053
.143
.406
.910
.5585
.103
.2689
1

method placed 26 of the 35 test samples into the
category of patients that were not expected to have
HCC recurrence and nine into the category that were
expected to have HCC recurrence. Amount them,
three of the ﬁve patients who had pathological VI
were predicted to have VI by this gene set. Figure 4
shows the recurrence-free survival curves of the test
group patients predicted to have recurrence
(group A) and that of patients predicted not to have
recurrence (group B). The HCC recurrence rate is
signiﬁcantly lower in group B (P = .02823).
According to the AJCC pTNM staging system, not
all the patients with stage _I HCC survived without
early tumor recurrence. In the test group of our
study, four of the 27 patients with stage_I disease had
tumor recurrence within 1 year after liver resection,
though no evidence of VI was found in the pathology
examination of their initial tumor specimens. When
our model was applied to predict the recurrence of
these stage_I HCC patients, six patients were predicted to be at high risk of HCC recurrence, and 21
patients were predicted to be at low risk. The recurrence-free survival curves of these two groups of patients were signiﬁcantly diﬀerent and are shown in
Fig. 5 (P = .000205).
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FIG. 1. Procedures for selection of differentially expressed genes and prediction: rank invariant LOWESS normalization, ﬁltering, extraction
of 5,415 regulated genes, 14 signiﬁcant differentially expressed genes and KNN prediction on the test samples.
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FIG. 2. Gene-expression proﬁles of hepatocellular carcinoma and patterns of expression of the 14 genes selected from the 18 training samples.
Yes VI, presence of vascular invasion in pathology examinations, No VI, absence of vascular invasion in pathology examinations. The color
display was created with the software of S plus ArrayAnalyzer1.1, which displays the average expression of all genes. Red color represents
relatively high expression and green relatively low expression. The corresponding gene lists are the primary names.

DISCUSSION
Although progress of surgery and peri-operative
care for HCC patients has been markedly improved,
recurrence caused by intrahepatic metastasis or by
metachronously multicentric carcinogenesis has become the major obstacle for better survival rate. VI
has been recognized as an important step in the
metastasis of HCC, and treatments focusing on VI
are undergoing clinical trial.34,35 However, the survival advantages of these regimens are uncertain,
though some patients experienced a rapid decline in
alpha-fetoprotein level, and some patients showed
shrinkage in tumor size. On the other hand, the side
effects of these regimens also limit their use in the
prevention of HCC recurrence. To optimize the
beneﬁts from those adjuvant therapies, accurate
selection of appropriate patients is of utmost importance. A prediction system obtained from microarray
studies based on the recurrence of HCC though can
predict early intrahepatic recurrence with a positive
predictive value of 88% and a negative predictive
value of 95%.36 The selected genes may represent
different biological characters that lead to HCC
Ann. Surg. Oncol. Vol. 13, No. 11, 2006

recurrence. Their implication for speciﬁc adjuvant
therapy after tumor resection may be less precise. In
this study, we extracted a gene signature of VI from
the global gene expression proﬁle of HCC, as generated from a cDNA microarray, and found that the
extracted gene signature could effectively predict
recurrence in an independent test group. Patients
classiﬁed as ‘‘high risk of recurrence’’ are more likely
to develop recurrent disease. Survival beneﬁt from
adjuvant treatments for VI may be expected in this
group of HCC patients.
Other than predicting early recurrence, the multigene expression proﬁle extracted from this microarray study may provide further insights into the
complex molecular process involved in the recurrence
and metastasis of HCC after surgical resection. Several genes selected from our microarray analysis have
been reported to be associated with the invasiveness
of human cancers. The human melanoma antigen
(MAGE) gene family encodes tumor-speciﬁc antigens
recognized by autologous cytotoxic T lymphocytes.
Some of these antigens may be potentially useful for
cancer-speciﬁc immunotherapy. Melanoma antigens
were found to be expressed in some HCC cell lines

MICROARRAY OF HEPATOCELLULAR CARCINOMA
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FIG. 3. PearsonÕs correlations between gene expression levels determined by qRT-PCR and cDNA microarray for (A) thrombin inhibitor
(THIN) (B) 8-oxoguanine DNA glycosylase (OGG) (C) melanoma antigen, family A, 9 (MAFA) and (D) human granulocyte colonystimulating factor receptor (G-CSFR-1) mRNA, complete cds. (CSF3R), which were selected in this study. The mRNA levels for the gene
were determined by qRT-PCR and correlated with microarray expression. All data are shown as log2.

but not in biopsied liver tissue. Patients with tumors
expressing at least one MAGE gene showed a better
recurrence-free survival rate than those with tumors
showing no MAGE gene expression (P < .05).37
Expression of MAGE-4 was reported to be associated
with the portal vein invasion of HCC.38 However,
further investigation is required to elucidate those
correlations completely. Formation of 8-hydroxydeoxyguanine (8-OHdG) is one of the most common
types of oxidative DNA damage, while human oxoguanine glycosylase 1 (hOGG1) is responsible for
repairing 8-OHdG lesions. Previous study suggested
that patients with atrophic gastritis in conjunction
with the hOGG1 Cys allele might have a higher
susceptibility to gastric cancer.39 OGG1 R154H may
function as a low/moderate-penetrance modiﬁer for

colorectal cancer development.40 hOGG1 Ser326Cys
polymorphism also plays an important role in the risk
for lung cancer and is linked to exposure to tobacco
smoke.41 Loss of hOGG1 expression may have a role
in the development or progression of CC-RCC.42
Thrombin is a potent mitogen for many tumor
cells, suggesting that this enzyme may be involved in
tumor genesis and metastasis.43 Thrombin appears to
contribute to tumor cell dissemination through at
least one ﬁbrinogen-independent mechanism.44
Thrombin present in the lungs of patients with pulmonary metastasis is, at least in part, responsible for
their adhesive, invasive and mitogenic activity.45
Inhibition of thrombin expressed on the surface of
tumor cells may improve outcomes in some tumor
cases. Human granulocyte colony-stimulating factor
Ann. Surg. Oncol. Vol. 13, No. 11, 2006
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FIG. 4. For the test group as a whole the recurrence rate of the
patients predicted to have recurrence by our gene expression signature was signiﬁcantly higher than that of patients predicted not
to have recurrence (P = .02823).

FIG. 5. The recurrence rate of AJCC pTNM stage_I patients
predicted to have recurrence was signiﬁcantly higher than that of
stage_I patients predicted not to have recurrence (P = .000205).

receptor (G-CSFR-1) expression increases beta 1-integrin expression and adhesion and, thereby, may
promote tissue invasion of some bladder cancers.46
The other genes selected included AMPD3, which is
involved in biosynthesis processes in human liver and
muscle; TAF4B, which regulates expression of genes
controlling cell proliferation47; SLC4A7, RAB38 and
RYR1, which are related to cell growth; KIAA0010,
DKFZP727M111, KIAA1441 and TRIM8, whose
biological functions are not well known; and a
putative gene.
In the training group (Table 1), tumors lacking
vascular invasion had a mean diameter of 2.71 cm
compared with tumors with vascular invasion of
8.83 cm diameter (P = .002). This presence of VI
Ann. Surg. Oncol. Vol. 13, No. 11, 2006

may generally reﬂects a later stage of tumor progression and, therefore, also a worse outcome.
However, some ‘‘early HCCs’’ still recur early after
resective surgery. Tumors with identical histopathologies may progress differently, respond differently to therapy, and may be associated with different
clinical prognoses, suggesting that additional
parameters should be identiﬁed to predict disease
outcomes.48,49 We believe that some tumors are
programmed to have vascular invasion while others
are not and that VI is not simply a progression of
tumor growth. This is supported by the fact that VI
still presents in HCCs when they are less than 2 cm,
and it is an independent prognostic factor for survival
under multivariate analysis.50 Also in this study, our
model could not only discriminate the survival of 35
independent patients as a whole but was also helpful
in separating AJCC stage_I patients into groups with
different disease-free survival. This implies that negative vessel invasion, as revealed by pathology
examination, cannot precisely reﬂect the behavior of
an early HCC.
Traditional methods of testing for cancer require
10,000–100,000 abnormal cells in order to work. The
metastasis of tumor cells into the portal venous flow
cannot be detected microscopically. Detection of tumor-associated antigens, such as MAGE, alphafetoprotein and/or mRNA, or cancer cells in the
blood stream has been reported to predict the tumor
invasiveness and recurrence of HCC after liver
resection.51–54 However, the predictive power is not
quite satisfactory. A tumor with metastatic potential
may spread early during its growth. This can usually
be detected neither by pathology examination nor by
the molecular methods reported. The prediction
model developed in the present study might be able to
serve as a complementary tool, providing useful
information to predict disease outcome in early HCC
patients and guiding adjuvant therapy. Our approach, although far from perfect, might be the ﬁrst
step in the implementation of personalized medicine
for HCC patients after surgical resection.
In conclusion, we have developed a prediction
model for the VI of HCC based on genome-wide
microarray study. This 14-gene expression proﬁle can
eﬀectively predict the recurrence after surgical resection for HCC. The patients classiﬁed as VI positive or
at high risk of recurrence should be followed up more
closely for recurrence, and they may be the subjects
who will beneﬁt from the future eﬀective adjuvant
treatment now under development. Also, this strategy
for stratiﬁcation of HCC patients after surgical
resection might provide an avenue to more rational
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clinical trials for HCC post-operative adjuvant therapy in the future. Hopefully, this multigene proﬁle
will oﬀer further insights into the extremely complex
molecular process of cancer recurrence.
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