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Abstract: Insufficient data are available regarding the validation of

long-term survival in patients with T2 (solitary tumor with microvas-

cular invasion [MVI] or multiple tumors, none >5 cm) hepatocellular

carcinoma (HCC) after primary hepatectomy. We aim to evaluate the

survival and relevant risk factors for T2 HCC patients. Between 2001

and 2007, 312 T2 HCC patients who underwent primary hepatectomy

were included. Survival was estimated using the Kaplan–Meier method

and compared using Cox proportional hazard model with adjusted

independent prognostic factors. The 1, 3, and 5-year overall survival

rates of patients with MVI were 85.7%, 68.7%, and 64.8%, respectively;

these were inferior to the rates in patients without MVI, which were

93.0%, 89.3%, and 73.7%, respectively (P¼ 0.037). Within the with-

MVI group, the survival rate of patients with tumor sizes �5 cm was

inferior to that of patients with tumors <5 cm (overall, P¼ 0.01;

recurrence-free, P< 0.0001). For patients with the largest tumors in

the<5-cm group, those without MVI tended to have a higher probability

of recurrence for 2 years after resection (P¼ 0.088) but a similar overall

survival rate relative to those with MVI (P¼ 0.31). The crude metas-

tasis-free survival was higher in the without-MVI group than in the with-

MVI group (P¼ 0.012). The T2 HCC category comprised hetero-

geneous patients with differences in survival rates. Extrahepatic recur-

rence occurred more frequently in patients with MVI than in those

without MVI. These results provide evidence for an updated definition

of T2 HCC.

(Medicine 93(27):e203)

Abbreviations: AFP = a-fetoprotein, aHR = adjusted hazard ratio,
D, PhD, Po-Huang D,
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INTRODUCTION

H epatocellular carcinoma (HCC) is among the most com-
mon malignancies worldwide,1 and the outcomes of HCC

patients after curative resection are far from satisfactory
because of the high recurrence rate.2–7 The accurate staging
of HCC is of paramount importance because patients classified
as having a high risk of recurrence warrant a policy of close
monitoring and aggressive treatment. In Taiwan, the most
commonly accepted pathologic staging system for HCC was
developed by the American Joint Committee on Cancer
(AJCC), which is the T (tumor), N (node), and M (metastasis)
as parameters for HCC staging.8

The category of T2 HCC, which is defined by either a
solitary tumor with vascular invasion or multiple tumors, none
>5 cm, was adopted from a study cohort of 557 patients (from
Houston, Rochester, Paris, and Kyoto) who underwent com-
plete resection of HCC between 1980 and19989; however, the
prognostic accuracy of this category has not been widely
externally validated.10–12 Potentially, this categorization would
introduce a high level of heterogeneity because solitary HCC
cases with microvascular invasion (MVI) are triaged into this
category, regardless of the tumor size. Additionally, the survival
rates of HCC patients have improved in recent decades.12

Herein, we aimed to examine the validity of the prognostic
outcomes of T2 HCC in our cohort.

PATIENTS AND METHODS

Subjects
The institutional review board of the National Taiwan

University Hospital, Taipei, Taiwan approved this study (NTUH
REC: 201104066RC). Patients who underwent primary curative
resection for pathologically proven T2 HCC at the National
Taiwan University Hospital between January 2001 and Decem-
ber 2007 were included in this study. T2 HCC was defined as a
solitary tumor with MVI or multiple tumors, none >5 cm, in
accordance with the seventh AJCC TNM staging system.8 MVI
was defined as the presence of tumor emboli within the tribu-
taries of the hepatic vein or the branches of the portal vein. HCC
patients with major vascular invasion, defined as tumor invasion
into the first branch of the portal vein or first tributary of the
hepatic vein, were staged as T3b and excluded. The follow-up
programs for HCC patients after primary resection has been
previously described.3 HCC recurrence was defined as the
detection via imaging studies of a new lesion with features
typical of HCC that was diagnosed either by pathology/cytology
or by the appearance of a typical hypervascular tumor >1 cm
venous phase in a liver with chronic
intrahepatic) or the detection of extra-
g computed tomography (CT), magnetic
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resonance imaging (MRI), or bone scintigraphy. If necessary, a
biopsy was performed for suspicious lesions.

Management of Recurrence
The treatment provided upon the detection of intrahepatic

recurrence during follow-up after primary tumor resection was
previously described.3 For extrahepatic metastases, surgical
resection was first evaluated and if declined, systemic che-
motherapy or target therapy was considered. Supportive treat-
ment was provided if no further therapeutic intervention
was undertaken.

Study Outcome
The follow-up protocol was the same as that used to

evaluate patients with primary HCC after resection; patient
death was confirmed using the mortality data bank of the
National Death Registry as previously described.3 A patient’s
death, if it occurred, was identified as the study outcome.
Cancer-related death was defined as a patient deceased with
severe uncontrolled tumor progression at the time of death,
irrespective of the immediate cause of death. The data of
patients who survived to the end of the study were censored
in December 2009.

Survival differences between the 2 groups (with-MVI and
without-MVI) and differences among the without-MVI group
and the subgroups of the with-MVI group (primary tumor
�5 cm, S1; primary tumor <5 cm, S2) were further compared.

Other Prognostic Variables
Data for the other prognostic variables of survival were

retrospectively collected by reviewing the medical records at the
time of primary HCC diagnosis and the first HCC recurrence.
Data regarding the following variables were collected at the
time of HCC diagnosis: sex; age; viral hepatitis B surface
antigen (HBsAg) status; anti-hepatitis C virus (HCV) antibody
status; liver cirrhosis; presence of tumor capsule, central necro-
sis, satellite nodules (defined by nodule(s) found at<1 cm from
the main tumor), infiltrating tumor type, or MVI; primary tumor
pathologic grade, size, and number; a-fetoprotein (AFP) serum
level; and primary resection type. Cirrhosis was defined as the
detection of compatible imaging and pathologic findings. Major
resection was defined as resection involving >3 segments. The
time to disease recurrence was defined as the period from the
date of primary surgical resection to the detection of the first
HCC recurrence; the following data were collected accordingly:
size and number of recurrent tumors, presence of intra- or
extrahepatic recurrence, the date of local treatment for first
recurrence, and treatment of recurrence. Resection included
liver reresection, liver transplantation, or any surgical resections
of tissues other than the liver, such as video-assisted thoracic
surgery (VATS) or brain resection. Systemic chemotherapy or
target therapy was classified as other.

Statistical Analysis
The Student t or x2 test was used to compare the variables

where appropriate. The cumulative survival rates of the study
groups were estimated using the Kaplan–Meier method and
compared with the log-rank test. Cox proportional hazard model
was used for multivariate analysis to adjust for the potential
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confounding of the treatment effects by other factors and
identify independent prognostic factors. Adjusted hazard ratios
(aHRs) and the associated 95% confidence intervals (95% CIs)

2 | www.md-journal.com
were based on the results of the Cox model analysis of variables
that differed significantly among the study groups. The survival
difference between the with-MVI and without-MVI groups was
compared. Furthermore, the survival difference among the
without-MVI group and the S1 and S2 subgroups was com-
pared. A 2-sided P value <0.05 was considered to indicate
statistical significance. Analyses were performed with the
Statistical Package for Social Sciences version 21.0 (SPSS
Inc, Chicago, IL).

RESULTS

Patient Groups and Clinicopathologic
Characteristics

A total of 313 patients with T2 HCC were identified among
the 980 patients who underwent primary resection for HCC
before the end of the follow-up period in December 2009. One
patient was excluded because of missing survival information.
Accordingly, 312 patients with T2 HCC were included in this
study (Figure 1). MVI was found in 254 patients, 136 of whom
experienced recurrence. Fifty-eight patients had T2 HCC with-
out MVI and among them, 36 developed recurrent disease
(Figure 1). Table 1 lists the patients’ clinicopathologic charac-
teristics. The 2 study groups (with and without MVI) did not
differ in terms of sex, HBsAg status, some characteristics of the
primary tumor status (capsule and infiltrative nature), or the
pathologic grade of the primary HCC. Compared with the
without-MVI group, the with-MVI group included younger
patients, fewer carriers of HCV, a lower incidence of cirrhotic
changes around the primary HCC tumors, higher number of
primary tumors, larger primary tumor size, increased central
tumor necrosis, higher frequencies of satellite nodules, elevated
serum AFP levels (>400 ng/mL), and a higher incidence of
major resections.

Mortality, Causes of Death, and Patient Survival
Eighty-two patients, including 72 in the with-MVI group

and 10 in the without-MVI group, died during the follow-up
period. In the with-MVI group, 15 of these deaths (20.8%) were
cancer-related and 16 (22.2%) were because of various non-
cancer related reasons (eg, sepsis, gastrointestinal bleeding,
respiratory failure, liver failure, or cerebrovascular accident);
the causes of death in the other 41 cases (56.9%) were unknown.
In the without-MVI group, 1 death (10%) was cancer-related, 5
(50%) were because of various non-HCC related reasons (eg,
heart failure, liver failure, or lung cancer), and 4 (40%) had
unknown causes. The 1-year, 3-year, and 5-year survival rates in
the with- and without-MVI groups were 85.7%, 68.7%, and
64.8% and 93.0%, 89.3%, and 73.7%, respectively (Figure 2).
The crude patient survival rate was higher in the without-MVI
group than in the with-MVI group (P¼ 0.037).

Recurrence, Recurrence-Free, and
Postrecurrence Survival

During the follow-up period, 172 patients (55.1%) devel-
oped recurrences. Most recurrent cases (82.6%, 142/172);
occurred <2 years of the primary resection; of these, 118
(out of 136 cases, 86.8%) were in the with-MVI group and
24 (out of 36 cases, 66.7%) were in the without-MVI group.
Among the recurrent cases, the with-MVI group presented with
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a higher number of recurrent tumors than did the without-MVI
group (P¼ 0.016, Table 2). The recurrence-free survival curves
are shown in Figure 3A. The median time intervals from
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primary resection to the first HCC recurrence were 23.0 months
(range, 0–66 months) in the with-MVI group and 26.0 months
(range, 4–58 months) in the without-MVI group. The 1-year
postrecurrence survival rates in the with-MVI and without-MVI

FIGURE 1. Patient selection process and inclusion/exclusion crite
T2¼ solitary tumor with MVI or multiple tumors, none >5 cm.
groups were 70.2% and 85.1%, respectively (Figure 3B). The
crude postrecurrence survival rate was higher in the without-
MVI group than in the with-MVI group (P¼ 0.007). The mean

TABLE 1. Clinicopathologic Features of T2 HCC Patients With
or Without MVI Who Underwent Primary Curative Resection

MVI (þ) (�) P

n 254 58
Mean follow-up, mo 73.8 80.2
Age, y (SD) 56.9 (12.7) 60.5 (9.4) <0.001
Male (%) 219 (86.2) 46 (79.3) 0.22
HBsAg positive (%) 178 (70.1) 39 (67.2) 0.84
Anti-HCV positive (%) 60 (23.6) 23 (39.7) 0.047
Cirrhosis (%) 95 (37.4) 32 (55.2) 0.018
Primary tumor status

Tumor size, cm (SD) 6.6 (4.3) 2.8 (1.1) <0.001
Tumor size<5 cm (%) 133 (52.4) 58 (100) <0.001
Tumor number >1 (%) 0 (0) 58 (100) <0.001
Capsule (þ) (%) 47 (18.5) 9 (15.5) 0.56
Central necrosis (%) 163 (64.2) 24 (41.4) 0.001
Satellite nodules (%) 52 (20.5) 5 (8.6) 0.038

Infiltrative tumor (%) 23 (9.1) 4 (6.9) 0.80
Pathologic grading (%) 0.055

Well differentiated 9 (3.5) 7 (12.1)
Moderately differentiated 120 (47.2) 31 (53.4)
Poorly differentiated 103 (40.6) 17 (29.3)
Undifferentiated 12 (4.7) 1 (1.7)
Unknown 10 (3.9) 2 (3.4)

AFP >400 ng/mL (%) 78 (30.7) 10 (17.2) 0.035
Major resection (%) 111 (43.7) 12 (20.7) 0.003

AFP¼a-fetoprotein, HBsAg¼ surface antigen of hepatitis B virus,
HCC¼ hepatocellular carcinoma, HCV¼ hepatitis C virus,
MVI¼microvascular invasion, SD¼ standard deviation, T2¼ solitary
solitary tumor with MVI or multiple tumors, none >5 cm.

# 2014 Lippincott Williams & Wilkins
follow-up durations after the detection of recurrence in the with-
MVI and without-MVI groups were 47.3 months (range, 1–84
months; median, 53.0 months) and 74.1 months (range, 0–86
months, median survival time was lacking as >80% patients
survived), respectively.

There were no extrahepatic recurrences in the without-
MVI group, whereas there were 24 event cases (17.6%) in the
with-MVI group. The 1-year, 3-year, 5-year, and 7-year metas-
tasis-free survival rates in the with-MVI group were 93.4%,
89.4%, 88.0%, and 85.4%, respectively (Figure 3C). The crude
metastasis-free survival rate was higher in the without-MVI
group than in the with-MVI group (P¼ 0.012).

The management of recurrence differed significantly
between the 2 groups (P¼ 0.019, Table 2). In the with-MVI
group, 26 patients underwent resection (15 liver reresections, 5
VATSs, 1 brain surgery, 1 liver transplantation, 3 liver reresec-
tions and VATSs, and 1 VATS and brain surgery), whereas in
the without-MVI group, 5 patients underwent resection (4 liver
reresections and 1 liver transplantation). Supportive or other
treatments for recurrences were more frequently administered
to patients in the with-MVI group (3 chemotherapies, 1 target
therapy [sorafenib], 1 radiotherapy, and 32 supportive treat-
ments) than to those in the without-MVI group (1 chemotherapy
and 1 supportive treatment).

Multivariate Risk Factor Analysis of Recurrence
and Patient Survival

A multivariate analysis (Table 3) was conducted according
to the Cox proportional hazard model to identify the potential
independent risk factors. In T2 HCC, the tumor size was found
to be an independent risk factor for both recurrence and patient
survival with aHR values of 1.11 (95% CI, 1.06–1.16) and 1.07
(95% CI, 1.01–1.14), respectively. The presence of anti-HCV
antibodies was another risk factor for recurrence, with an aHR
of 1.66 (95% CI, 1.15–2.41). An AFP level >400 ng/mL was
another risk factor for patient survival, with an aHR of 2.24
(95% CI, 1.33–3.79). The statistical significance of the pre-
sence of MVI decreased for both recurrence (P¼ 0.59) and

. HCC¼hepatocellular carcinoma, MVI¼microvascular invasion,
patient survival (P¼ 0.97). This finding was validated by
evidence that the HR for patient survival decreased from the
crude value of 2.06 (95% CI, 1.06–39.8; univariate analysis,
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FIGURE 2. Kaplan–Meier curves for overall survival in patients
who underwent primary curative resection for T2 HCC. HCC¼
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P¼ 0.031) to the adjusted value of 1.59 (95% CI, 0.80–3.15;
P¼ 0.18) when the additional factor of ‘‘tumor size’’ was
entered into the Cox proportional model. This adjusted value
was further decreased to 0.97 (95% CI, 0.19–4.98; P¼ 0.97)
when multiple factors were considered together.

Survival Among T2 HCC Cases Stratified by
Tumor Size

Compared with the without-MVI group (all tumors
<5 cm), the subgroups of the with-MVI group (single tumor
�5 cm, S1; single tumor <5 cm, S2) behaved differently with
respect to survival. The difference in patient survival between
the with-MVI and without-MVI groups was attributed to the S1

hepatocellular carcinoma, MVI¼microvascular invasion, T2¼
solitary tumor with MVI or multiple tumors, none >5 cm.
subgroup (without-MVI vs S2, P¼ 0.31; S1 vs S2, P¼ 0.01;
Figure 4A). S1 and S2 differed significantly in terms of
recurrence-free survival (P< 0.0001, Figure 4B). Although

TABLE 2. Recurrence Characteristics and Treatment in Patients W

MVI (þ) (n¼

Recurrent tumor number (%)
1 48 (35.3
2 17 (12.5
3 7 (5.1)
>3 52 (38.2
unknown 12 (8.8)

Largest recurrent tumor size, cm (SD) 3.3 (2.6)
Treatment after recurrence (%)

Resection 26 (19.1
RFA 7 (5.1)
TACE 66 (48.5
Others or supportive 37 (27.2

HCC¼ hepatocellular carcinoma, MVI¼microvascular invasion, RFA¼
with MVI or multiple tumors, none >5 cm, TACE¼ transarterial chemoem

4 | www.md-journal.com
the without-MVI group and S2 subgroup did not significantly
differ with respect to the recurrence-free survival duration
(P¼ 0.088), the curves of these 2 groups became widely
separated for 2 years after curative resection. Interestingly,
the without-MVI group had a higher probability of recurrence
than did the S2 subgroup for 2 years after resection (Figure 4B).
However, the postrecurrence survival duration was longer in the
without-MVI group than in the S1 and S2 subgroups (without-
MVI vs S2, P¼ 0.024; S2 vs S1, P¼ 0.13; Figure 4C).

DISCUSSION
In the present study, the analysis of our T2 HCC hospital-

based surgical cohort yielded 4 main findings. First, the overall
survival of patients with MVI was inferior to that of patients
without MVI, even though the recurrence-free survivals of the 2
groups were similar. Furthermore, within the with-MVI group,
the survival rates (overall and recurrence-free) of patients with
tumor sizes �5 cm were inferior to those of patients with tumor
sizes <5 cm. Second, for patients with the largest tumors in the
<5-cm group, the survival rates (overall and recurrence-free) of
patients in the with-MVI subgroup S2 and without-MVI group
were similar; specifically, both groups exhibited similar recur-
rence-free survival rates <2 years after resection and a trend
toward a higher probability of recurrence in the without-MVI
group (multiple HCCs initially) after 2 years. Third, the with-
MVI group had a higher probability of extrahepatic recurrence
during the follow-up period relative to the without-MVI group.
Finally, a review of the univariate and multivariate analyses
suggested that the significance of MVI had decreased and was
influenced greatly by tumor size.

In the without-MVI group and the with-MVI S1 and S2
subgroups, the 1-year, 3-year, and 5-year overall survival rates
were 93.0%, 89.3%, and 73.7%; 79.7%, 58.5%, and 55.2%; and
91.4%, 80.7%, and 73.1%, respectively. The 1-year, 3-year, and
5-year recurrence-free survival rates for the same groups were
74.2%, 55.2%, and 46.0%; 50.7%, 33.0%, and 23.6%; and
74.5%, 49.6%, and 37.9%, respectively. In the HCC surgical
cohort (1989–2005) of Hong Kong, the 1-year and 5-year
overall survival rates in patients with solitary tumors >5 cm

Medicine � Volume 93, Number 27, December 2014
and MVI (similar to our S1 subgroup) were 68.2% and 26.5%,
respectively, and the 1-year and 5-year recurrence-free survival
rates were 29.4% and 11.2%, respectively.7 The previously

ith T2 HCC

136) MVI (�) (n¼ 36) P

0.016
) 17 (47.2)
) 6 (16.7)

2 (5.6)
) 9 (25.0)

2 (5.6)
2.3 (1.1) 0.061

0.019
) 5 (13.9)

6 (16.7)
) 22 (61.1)
) 2 (5.6)

radio frequency ablation, SD¼ standard deviation, T2¼ solitary tumor
bolization.
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0.0

0 1 2 3 4 5 6 7 8 9 10

0.2

0.4

0.6

0.8

1.0

Microvascular invasion (+)

Years after curative resection 

P
ro

ba
bi

lit
y 

of
 m

et
as

ta
si

s-
fr

ee
 s

ur
vi

va
l

Microvascular invasion (–)

p = 0.012

Microvascular invasion
Patients at risk

(–)

(+)

58 58 58 58 58 58 58 58 58 58

254 181 128 91 67 43 26 25 11 0

0.0

0 1 2 3 4 5 6 7 8 9 10

0.2

0.4

0.6

0.8

1.0

Microvascular invasion (+)

Years after curative resection 

P
ro

ba
bi

lit
y 

of
 d

is
ea

se
-f

re
e 

su
rv

iv
al

Microvascular invasion (–)

p = 0.985

Microvascular invasion
Patients at risk

(–)

(+)

58 39 26 17 8 5 3 2 0 0

254 140 90 61 41 28 18 17 6 0

A

0.0

0 1 2 3 4 5 6 7 8

0.2

0.4

0.6

0.8

1.0

Microvascular invasion (+)

Years after recurrence

P
ro

ba
bi

lit
y 

of
 s

ur
vi

va
l

Microvascular invasion (–)

p = 0.007

Microvascular invasion
Patients at risk

(–)

(+)

36 25 12 5 4 3 1 0

136 59 33 26 15 5 1 0

B

C

FIGURE 3. (A) Kaplan–Meier curves for disease-free survival in patients who underwent primary curative resection for T2 HCC. (B)
nd
ary
ltip

Medicine � Volume 93, Number 27, December 2014 T2 HCC
reported 5-year overall survival rate for patients with single
tumors �5 cm and MVI (similar to our S2 subgroup) was
30.4%.10 Both previous studies demonstrated survival rate
differences within the broad T2 HCC category. The definition
of T2 HCC in the seventh AJCC was adopted without modi-
fication from the sixth edition.9 The rationale for this definition
was based on a study cohort of 557 patients (from Houston,
Rochester, Paris, and Kyoto) who underwent complete resection
of HCC between 1980 and 1998.9 As advances in the treatment
modalities for recurrence (eg., radio frequency ablation3) and
adjuvant therapy (eg., antiviral agents13–15) have continued to
revolutionize treatments in recent decades, the survival out-
comes have improved in the specific population of patients with

Kaplan–Meier curves for postrecurrence survival in patients who u
curves for metastasis-free survival in patients who underwent prim
MVI¼microvascular invasion, T2¼ solitary tumor with MVI or mu
T2 HCC.12 In our study, the pattern of recurrence (intrahepatic
or extrahepatic) likely played a major role in the observed
survival differences. Accumulating evidence suggests that

# 2014 Lippincott Williams & Wilkins
adjuvant therapy after resection for hepatitis virus-associated
HCC could reduce the recurrence rate.13–15 For example, HCV-
related HCCs were characterized by higher incidence of tumor
multicentricity16 and associated with active viral replication,
hepatic inflammation, and cirrhosis.17 Therefore, it can be
expected that the presence of anti-HCV antibodies is another
risk factor for recurrence after curative hepatic resection, which
was also supported by the study by Ariizumi et al.18 Recent
dramatic advances in anti-HCV therapies for chronic HCV
infection have led to evolutions in the treatment schema from
interferon-based to interferon-free and even ribavirin-free all-
oral and pan-genotype treatment combinations.19 It is therefore
reasonable to expect that the recurrence rates of HCC patients

erwent primary curative resection for T2 HCC. (C) Kaplan–Meier
curative resection for T2 HCC. HCC¼hepatocellular carcinoma,

le tumors, none >5 cm.
with HCV would further decrease in the future. The definition
of T2 HCC will require updating in order to better predict the
true survival differences in the future.

www.md-journal.com | 5



TABLE 3. Multivariate Analysis of Recurrence-Free and Patient Survival in Patients With T2 HCC Patients Who Underwent Primary
Curative Resection

Recurrence-Free Survival Patient Survival

HR (95% CI) P HR (95% CI) P

Age 0.99 (0.98–1.00) 0.12 1.00 (0.98–1.02) 0.88
Anti-HCV (þ) 1.66 (1.15–2.41) 0.007 1.46 (0.86–2.48) 0.17
Cirrhosis 1.12 (0.84–1.59) 0.37 1.46 (0.92–2.32) 0.11
Tumor size 1.11 (1.06–1.16) <0.001 1.07 (1.01–1.14) 0.018
Tumor number >1 1.70 (0.68–4.28) 0.26 0.66 (0.13–3.40) 0.62
MVI 1.30 (0.51–3.30) 0.59 0.97 (0.19–4.98) 0.97
Central necrosis 1.01 (0.74–1.41) 0.92 0.88 (0.53–1.47) 0.63
Satellite nodules 1.09 (0.73–1.61) 0.67 1.35 (0.79–2.30) 0.28
AFP >400 ng/mL 1.20 (0.83–1.75) 0.33 2.24 (1.33–3.79) 0.003
Major resection 0.77 (0.53–1.11) 0.16 1.28 (0.76–2.15) 0.35

AFP¼a-fetoprotein, CI¼ confidence interval, HCC¼ hepatocellular carcinoma, HCV¼ hepatitis C virus, HR¼ hazard ratio, MVI¼microvascular
invasion, T2¼ solitary tumor with MVI or multiple tumors, none >5 cm.
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FIGURE 4. (A) Comparison of the Kaplan–Meier curves for overall survival in patients who underwent primary curative resection for T2
HCC. (B) Comparison of the Kaplan–Meier curves for disease-free survival in patients who underwent primary curative resection for T2 HCC.
(C) Comparison of the Kaplan–Meier curves for postrecurrence survival in patients who underwent primary curative resection for T2 HCC.
HCC¼hepatocellular carcinoma, MVI¼microvascular invasion, T2¼ solitary tumor with MVI or multiple tumors, none >5 cm.
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Our study demonstrated that the tumor size played a more
important role than did MVI with respect to T2 HCC stratifica-
tion. Some studies have demonstrated that the presence of MVI
associated strongly with an increased tumor size.20–23 This is
biologically plausible because MVI indicates an advanced stage
of tumor growth and occurs once the HCC cell phenotype has
evolved sufficiently (eg, protease production and decreased
cell-to-cell adhesion consequent to reduced E-cadherin expres-
sion) to invade blood vessels and initiate metastasis.24 The
larger of the tumor size, which is associated with higher risk of
MVI, would, therefore, result in less favorable patient outcome.
This finding is consistent with the identification of a statistically
significant association between the preoperative CT identifi-
cation of a nonsmooth tumor margin, which signifies active
tumor growth, and MVI.25 Shirabe et al26 further proposed a
scoring system comprising the tumor size, serum des-g-carboxy
prothrombin levels, and the maximum standardized uptake
value on 2-[18F]-fluoro-2-deoxy-D-glucose positron emission
tomography for the preoperative prediction of MVI and
achieved good sensitivity and specificity with this system in
their HCC validation cohort. The factors other than tumor size
that were used by Shirabe et al, however, are not widely used in
routine practice worldwide. Shindoh et al also demonstrated
that a small HCC size (�2 cm) was associated with excellent
prognosis independently of the presence of MVI.27 The
accumulating evidence therefore suggests that the tumor size
is the most important preoperative prognostic factor.

Our study had some limitations. The study population was
a retrospective hospital cohort and therefore might have
included some biases. Compared with our T2 HCC cohort,
the whole population in the study by Vauthey et al9 seemed to
be similar in age, sex, and cirrhosis except less in hepatitis B
virus (HBV) percentage (36% vs 67%–70%). Some studies
suggested that patients with HBV-related HCCs had better
long-term disease-free survival than those with HCV-related
HCCs.17,28 Given the complex of different populations, popu-
lation bias, which was adjusted in the analysis, might still exist.
However, in the study by Ariizumi et al,18 of which T2 HCC
population had high percentage of HCV carriers, the presence
of anti-HCV antibody was associated with tumor recurrence,
consistent with our study results. Nonetheless, caution needs to
be taken when applying our results externally to other popu-
lations. Further confirmatory studies from other populations
are needed. We focused solely on T2 HCC and did not perform
a comparison of all HCC patients, which might limit a more
general application of these findings. However, this particular
T2 category (an intermediate stage between early and advanced
HCC) most likely harbors an inhomogeneous population that
requires further triage. In fact, because small multiple HCCs
(<5 cm) without MVI are grouped together with solitary large
HCC (�5 cm) with MVI, statistical modeling would place
more weight on the tumor size than on MVI if patients with
large HCCs exerted a significant impact on the survival rates.
The effects of tumor number were not analyzed because the
factor was used for grouping in the first place (single tumor
with MVI vs multiple tumor without MVI). The cause of
mortality was unknown in approximately half of the patient
deaths, which rendered determinations of causal contributions
difficult because these deaths were confirmed via the mortality
data bank of the National Death Registry without the provision
of further information. We could only imply that intrahepatic

Medicine � Volume 93, Number 27, December 2014
recurrences did not result in patient deaths in the short-term.
Further investigation will be needed to validate this
assumption.

# 2014 Lippincott Williams & Wilkins
In conclusion, the T2 HCC category includes hetero-
geneous patients with differences in survival. Among the T2
HCC cases, extrahepatic recurrence occurred more frequently in
patients with MVI than in those without MVI. These results
provide evidence to suggest updating the definition of T2 HCC.
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