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Abstract

Portal vein invasion (PVI) and extrahepatic spread (ES) are two tumor-related factors that
define advanced stage in the Barcelona Clinic Liver Cancer (BCLC) staging system (BCLC
stage C), and the recommended first line therapy in this stage is sorafenib. However, the ex-
tent of PVI and the type of ES may affect patient prognosis as well as treatment outcome.
This study analyzed survival of BCLC stage C HCC patients in order to see whether sub-
classification of BCLC stage C is necessary. A total of 582 treatment naive, BCLC stage C
HCC patients [age: 54.3 + 10.8 years, males = 494 (84.9%), hepatitis B virus (458, 78.7%)],
defined by PVI and/or ES, were analyzed. Extent of PVI was divided into none, type I-seg-
mental/sectoral branches, type lI-left and/or right portal vein, and type Ill-main portal vein
trunk. Type of ES was divided into nodal and distant metastasis. The extent of PVI and type
of ES were independent factors for survival. When patients were sub-classified according to
the extent of PVI and type of ES, the median survival was significantly different [11.7
months, 5.7 months, 4.9 months and 2.3 months for C1 (PVI-O/I without distant ES), C2
(PVI-II/1II without distant ES), C3 (PVI-0/1 with distant ES), and C4 (PVI-1I/Ill with distant
ES), respectively, P = 0.01]. Patients’ survival was different according to the treatment mo-
dality in each sub-stage. Sub-classification of BCLC stage C according to the extent of PVI
and type of ES resulted in a better prediction of survival. Also, different outcome was ob-
served by treatment modalities in each sub-stage. Sub-classification of BCLC stage Cis re-
quired to minimize heterogeneity within the same tumor stage, that will help better predict
survival and to select optimal treatment strategies.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common causes of cancer-related mortality
worldwide [1]. Many factors are associated with survival of patients with HCC, and selection of
optimal treatment strategy can improve patient survival [2]. The choice of treatment modality
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should consider the size and number of the tumor, tumor location, anatomical considerations,
and liver functions [2]. Tumor staging is intended to help estimate patients prognosis and guide
decision making for treatment [3]. There are several staging system proposed for HCC, but the
Barcelona Clinic Liver Cancer (BCLC) staging system is unique among the other staging systems
used for HCC that each stage simultaneously links treatment strategy [3].

The advanced stage, BCLC stage C, is defined for the group of patients with adverse predic-
tors, which includes patients with cancer-related symptoms, portal vein invasion (PVI), extra-
hepatic spread (ES), or a combination of these factors, in patients with preserved liver function,
defined by Child-Pugh Class A or B [3]. Of those, PVI and ES are two tumor-related factors
that define advanced stage. However, PVI can involve only segmental or sectoral branch, or
may extend to left or right main portal vein, or to main trunk and beyond. These different
types of PVI cannot be considered to have same disease course [4]. Also, ES can be divided into
nodal and distant metastasis, and the American Joint Committee on Cancer (AJCC)/Interna-
tional Union Against Cancer (UICC) tumor-node-metastasis (TNM) staging system separately
assesses nodal and distant metastasis [5].

Sorafenib is the only proven, current standard treatment for BCLC stage C [3]. However, a
wide range of treatment modalities, including resection [6, 7], transarterial chemoembolization
(TACE) [8], radiation, hepatic arterial infusion chemotherapy [9], radioembolization [10], sys-
temic cytotoxic chemotherapy [11], TACE plus radiation [12], TACE plus sorafenib [13], sora-
fenib plus radiation [14], and liver transplantation after the combined use of locoregional
therapy [15], are still being employed in the real world on an empirical basis. Furthermore, the
reported median survival of patients with advanced HCC after resection (27.8 months) [6],
drug-eluting bead TACE (13.5 months) [8], or radioembolization (13.0 months) [16], was lon-
ger than the median survival of patients with advanced HCC after sorafenib therapy in Sorafe-
nib HCC Assessment Randomized Protocol Trial (SHARP) (10.7 months) [17], and in the
Asia-Pacific Study (6.5 months) [18]. In our previous study, patients with locally advanced
HCC without distant metastasis who were treated with TACE plus radiation showed longer
overall survival than patients who were treated with sorafenib [12]. In the study by Choi et al.,
TACE plus sorafenib was superior to sorafenib alone in patients with advanced HCC [13].
These findings indicate that advanced stage (BCLC stage C) includes a heterogeneous popula-
tion that optimal treatment modality may not be sorafenib monotherapy for some patients.

Under these circumstances, sub-classification of the BCLC stage C may be necessary in
order to better predict the patient outcome as well as to better guide optimal treatment modali-
ty. Therefore, this study was performed to analyze the survival of BCLC stage C HCC patients,
sub-classify them according to tumor characteristics that determine survival, and finally com-
pare the efficacy of different treatment options in each sub-stage.

Methods

Data source

The HCC registry of Samsung Medical Center, Seoul, South Korea, between January 2007 and
December 2011 was reviewed. The HCC registry of Samsung Medical Center is a prospective
registry that records clinical characteristics, tumor characteristics, as well as treatment informa-
tion of every HCC patient diagnosed at Samsung Medical Center since January 2005. HCC was
diagnosed by either histological or clinical evaluation based on the typical imaging findings
and elevated serum alpha-fetoprotein levels [19]. After the patient was diagnosed with HCC,
well-trained abstractors collected the patient’s data including age at diagnosis, gender, date of
diagnosis, etiology, liver function (e.g., Child-Pugh class), tumor characteristics (e.g., number
of tumors, maximal tumor size, presence and extent of PVI, and type of ES), tumor stage (both
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AJCC/UICC and BCLC stage), and initial treatment modality, in a prospective manner. During
the study period, a total of 582 patients were classified into BCLC stage C because of PVI or ES.
The study was reviewed and approved by the Institutional Review Board of Samsung Medical
Center (IRB No: 2013-12-030). Because the study is based on the retrospective analysis of exist-
ing administrative and clinical data, the requirement of obtaining informed patient consent
was waived by the Institutional Review Board of Samsung Medical Center. Patient records/in-
formation was anonymized and de-identified prior to analysis.

Classification of PVl and ES, treatment and patient survival

For this study, the extent of PVI was classified as none, type-I (segmental or sectoral PVI),
type-II (left and/or right main PVI), and type-IIT (main trunk invasion or beyond), based on
radiological exam. Type of ES was classified as none, nodal, and distant metastasis. Nodal and
distant metastasis was defined according to the AJCC 7™ editions [5]. Radiologically, nodal
metastasis was defined positive if the lymph node short axis is > 20 mm, according to the mod-
ified Response Evaluation Criteria in Solid Tumors (mRECIST) criteria [20].

Initial treatment modality was chosen by respective doctor. For this study, treatment was
grouped into best supportive care, sorafenib and other modalities. Sorafenib was started using
400 mg of sorafenib twice daily, with dose modification according to toxicity as needed. Other
modalities were composed of resection, transplantation, chemoembolization, systemic chemo-
therapy, radiation and experimental therapy (e.g. Brivanib). Surgical procedures were per-
formed by experienced surgeons using standard surgical techniques for hepatectomy or
transplantation. Chemoembolization was done using mixture of doxorubicin hydrochloride
(Adriamycin; Dong-A Pharm, Seoul, Korea) and iodized oil (Lipiodol; Guerbet, Aulnay-sous-
Bois, France). The doses of adriamycin and lipiodol were dependent on the tumor size and vas-
cularity, with a maximum of 70 mg of adriamycin and 25 ml of lipiodol per session. Additional
particulate embolization with 1- to 2-mm-diameter gelatin sponge pledgets (Cutanplast; Mas-
ciaBrunelli, Milan, Italy) was done when insufficient blockage of the tumor feeding arteries
was evident.

Patient survival data was collected from the National Statistics Service, hence, all death at
the time of survival assessment could be certified. All of the patients were followed up till death
or July 31, 2013.

Statistical analysis

Statistical analysis was performed using the chi-square test to compare discrete variables and
the t-test for continuous variables. The survival rate was calculated and plotted using the
Kaplan-Meier method. Differences in the incidence rate between the groups were analyzed
using a log-rank test. To identify the factors associated with survival, multivariable analysis was
performed using the Cox proportional hazard model for variables with P values of <0.05 on
the univariable analysis. A P value of less than 0.05 was considered to be significant.

Results
Clinical characteristics and survival

The baseline characteristics of patients are shown in Table 1. The reason for BCLC stage C was
the presence of PVI in 354 patients, the presence of ES in 106 patients, and a combination of
these two factors in 122 patients. The median survival of patients in BCLC stage C was 6.4
months, and the range of survival was very wide (0 to 79 months). The survival rate was 51%,
33% and 13% at 6 months, 1 year and 3 years, respectively.
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Table 1. Baseline characteristics.

Characteristics N =582
Male (n,%) 494 (84.9%)
Age (years, mean * S.D) 54.3+10.8
Diagnostic tools
Imaging diagnosis 508 (87.3%)
Pathologic diagnosis 74 (12.7%)
Etiology
Hepatitis B 458 (78.7%)
Hepatitis C 33 (5.7%)
Hepatitis B and C 10 (1.7%)
Others 81 (13.9%)
Child-Pugh class
A 455 (78.2%)
B 127 (21.8%)
Tumor number
Single 297 (51.0%)
Multiple 285 (49.0%)
Maximal tumor size
<10cm 309 (53.1%)
>10cm 273 (46.9%)

Alphafetoprotein levels (ng/ml)*
Extent of portal vein invasion

1,379 (56-19,903)

None 106 (18.2%)
| (segmental/sectoral) 260 (44.7%)
II (left and/or right main) 66 (11.3%)
Il (main trunk or beyond) 150 (25.8%)
Extrahepatic spread
None 354 (60.8%)
Node metastasis 68 (11.7%)
Distant metastasis’ 160 (27.5%)

"Initial alphafetoprotein level was missing in 38 patients.
TOf the 160 patients with distant metastasis, 33 patients (20.6%) had concomitant nodal metastasis.

doi:10.1371/journal.pone.0124434.1001

Prognosis based on the extent of PVI

There was a significant survival difference based on the extent of PVI (Fig 1). Patients with
type-I PVI had the best median survival of 9 months. The median survival of patients with
type-1I PVI [5.5 months; unadjusted hazard ratio (HR) (95% confidence interval (CI)): 1.47
(1.10-1.96), P = 0.01] and type-III PVI [4.6 months; unadjusted HR (95% CI): 1.73 (1.40-
2.15), P < 0.01] was significantly worse than that of patients with type-I PVI. The survival of
patients without PVI, but with ES [6.8 months; unadjusted HR (95% CI): 1.17 (0.91-1.51),

P =0.19] was not significantly different from the survival of patients with type-I PVL

Prognosis based on the type of ES

Survival differed according to the type of ES (Fig 2). The median survival of patients with PVI
but without ES was 7.7 months, which was not different from the median survival of patients
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Fig 1. Survival of patients based on the extent of portal vein invasion. There was a significant survival
difference based on the extent of portal vein invasion. The extent of PVI was classified as none (green), type-I
(segmental or sectoral PVI, black), type-II (left and/or right main PVI, blue), and type-Ill (main trunk invasion
orbeyond, red). "P=0.19; TP = 0.01; *P < 0.01.

doi:10.1371/journal.pone.0124434.g001

with nodal metastasis [7.0 months; unadjusted HR (95% CI): 1.02 (0.77-1.36), P = 0.84]. How-
ever, survival was significantly worse for patients with distant metastasis [median survival: 4.2
months; unadjusted HR (95% CI): 1.74 (1.42-2.13), P < 0.01].
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Fig 2. Survival of patients based on the type of extrahepatic spread. There was a significant survival
difference based on the type of extrahepatic spread. Type of ES was classified as none (black), nodal
metastasis only (N, blue) and distant metastasis with or without nodal metastasis (M and/or N, red). "P = 0.84;
P<0.01.

doi:10.1371/journal.pone.0124434.9002
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Fig 3. Survival of patients based on the sub-classification. Patient survival was significantly different
based on sub-classification of BCLC stage C patients. Sub-stage C1 includes the patients with portal vein
invasion limited to the segmental or sectoral branch and extrahepatic spread limited to the nodal area (black).
Sub-stage C2 includes the patients with portal vein invasion that extends beyond the right and/or left main
branch without distant metastasis (green), and sub-stage C3 includes the patients with distant metastasis,
but portal vein invasion limited to the segmental or sectoral branch (blue). Sub-stage C4 includes the patients
with portal vein invasion that extends beyond the right and/or left main branch with distant metastasis (red).
"P<0.01.

doi:10.1371/journal.pone.0124434.9003

Prognosis based on the extent of PVI and the type of ES

Child-Pugh Class, tumor size, extent of PVI and type of ES, AFP level were independent fac-
tors associated with survival (Table 2). Based on these two independent tumor related factors
that define BCLC stage C, we sub-classified patients into sub-stages C1~C4 (Table 3). Sub-
stage C1 includes the patients with PVI limited to the segmental or sectoral branch and ES
limited to the nodal area. Sub-stage C2 includes the patients with PVI that extends beyond
the right and/or left main branch without distant metastasis, and sub-stage C3 includes the
patients with distant metastasis but PVI limited to the segmental or sectoral branch. Sub-
stage C4 includes the patients with PVI that extends beyond the right and/or left main branch
with distant metastasis. Based on the liver function (Child-Pugh class), each sub-stage was
further classified into Cxa or Cxb, which indicates the Cx stage with Child-Pugh class A or
Child-Pugh class B, respectively.

Patient survival was significantly different according to sub-stages within the BCLC stage C
(Fig 3). The median survival of patients in sub-stage C1 (11.7 months) was significantly longer
than the median survival of patients in sub-stage C2 [5.7 months; unadjusted HR (95% CI):
1.73 (1.40-2.13), P < 0.01], sub-stage C3 [4.9 months; unadjusted HR (95% CI): 1.89 (1.49-
2.39), P < 0.01], and sub-stage C4 [2.3 months; unadjusted HR (95% CI): 5.18 (3.53-7.59),

P < 0.01]. Additionally, within each sub-stage, survival was significantly longer in patients
with better liver function (Table 3).
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Table 2. Factors associated with survival.

Factor Univariate HR (95% Cl) P-value Multivariate HR (95% Cl) P-value
Age (per age) 0.99 (0.99-1.00) 0.74
Male (vs. female) 1.18 (0.92—1.50) 0.17
HBV (vs. non-HBV) 1.23 (0.98-1.55) 0.064 1.12 (0.88-1.43) 0.34
Child-Pugh class B (vs. A) 2.05 (1.66—2.52) <0.001 2.05 (1.64-2.55) <0.001
Multiple tumor (vs. single) 1.09 (0.92-1.31) 0.29
Tumor size (> 10 vs. < 10cm) 1.75 (1.47-2.09) <0.001 1.32 (1.08-1.60) 0.005
Portal vein invasion

None or type | Reference Reference

Type Il or type llI 1.57 (1.31-1.88) <0.001 1.63 (1.34-1.99) <0.001
Extrahepatic spread

None or lymph node Reference Reference

Distant metastasis 1.73 (1.43-2.11) <0.001 2.06 (1.65—2.55) <0.001
AFP (per logAFP) 1.26 (1.18-1.34) <0.001 1.22 (1.14-1.30) <0.001

HR, hazard ratio; HBV, hepatitis B virus; AFP, alphafetoprotien.
Multivariate model included etiology (HBV vs. non-HBV), tumor size, portal vein invasion, extrahepatic spread and AFP levels.

doi:10.1371/journal.pone.0124434.t002

Treatment modalities and survival

Treatment modalities that were used in the patients are shown in Table 4. Sorafenib was used
as the first line treatment in 7% of patients. Most of the patients (78%) were treated with other
modalities, mainly TACE. When compared to patients treated with sorafenib, the median sur-
vival was significantly worse for patients managed by best supportive care, and the median sur-
vival was significantly better for patients treated with other modalities (Table 4).

Patient survival according to the treatment modalities used in each BCLC sub-stage, with
sorafenib as the reference, is shown in Table 5. In sub-stage C1, only three patients received
sorafenib treatment as the first-line therapy, hence it could not be used as the reference. Treat-
ment with other modalities in sub-stage C1 showed a relatively good outcome, and the median
survival was 14.8 months. In sub-stages C2 and C3, treatment with other modalities resulted in
a significantly longer survival than sorafenib. Sorafenib treatment resulted in longer survival
compared to the best supportive care, however, the difference did not reach a statistical signifi-
cance in sub-stages C2 and C3. In sub-stage C4, treatment with sorafenib resulted in longer

Table 3. Definition and survival of sub-classified Barcelona Clinic Liver Cancer stage C.

Sub-stage N Extent of portal vein invasion  Type of extrahepatic spread  Child-Pugh class = Median survival (months) P value
Cla 198  None or segmental/sectoral None or nodal A 13.8 <0.001
Cib 41 None or segmental/sectoral None or nodal B 5.8

C2a 141 Beyond right or left main None or nodal A 6.6 0.006
C2b 42 Beyond right or left main None or nodal B 3.2

C3a 98 None or segmental/sectoral Distant A 5.2 0.001
C3b 29 None or segmental/sectoral Distant B 2.3

Cda 18 Beyond right or left main Distant A 3.6 0.001
C4b 15 Beyond right or left main Distant B 1.3

doi:10.1371/journal.pone.0124434.1003
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Table 4. Survival by treatment modalities.

Treatment No Median survival 1-year 3-years P- Adjusted” Hazard ratio (95% Confidence P-
(months) value interval) value
Treatment modalities <0.001
Best supportive care 87 (15%) 2.0 58% 0% 1.49 (1.03-2.17) 0.032
Sorafenib 43 (7%) 3.7 6.9% 0% Reference
Other modalities 452 8.5 41.8% 17.2% 0.39 (0.28-0.55) <0.001
(78%)
Other treatment modalities <0.001
Resection 57 Not reached 69.6% 55.6% 0.12 (0.07-0.20) <0.001
Transplantation 3 Not reached 66.6% 66.6% 0.07 (0.01-0.52) 0.009
Chemoembolization 345 8.3 41.0% 12.8% 0.39 (0.27-0.54) <0.001
Systemic 13 3.0 83% 0% 1.12 (0.58-2.16) 0.71
chemotherapy
Radiation 15 3.7 0% 0% 1.21 (0.66-2.20) 0.53
Experimental 19 5.7 21.0% 0% 0.66 (0.38-1.16) 0.15
“Adjusted for age, gender, Child-Pugh class.
doi:10.1371/journal.pone.0124434.1004
Table 5. Survival by treatment modalities in each sub-stage.
Treatment No Median survival (months) 1-year P-value Adjusted” HR (95% CI) P-value
C1 (n = 235) <0.001
Best supportive care 23 (10%) 2.2 9.0% Reference -
Sorafenib 3 (0.1%) 4.2 0% Not tested
Other modalities’ 209 (90%) 14.8 54.5% 0.25 (0.15-0.41) <0.01
TACE 169 12.3 51.0% 0.28 (0.17-0.47) <0.01
C2 (n=178) <0.001
Best supportive care 27 (15%) 2.3 3.7% 1.18 (0.58-2.36) 0.63
Sorafenib 12 (7%) 4.1 0% Reference
Other modalities’ 139 (78%) 6.9 33.8% 0.34 (0.18-0.65) 0.01
TACE 124 6.9 34.6% 0.27 (0.14-0.52) <0.01
C3(n=118) <0.001
Best supportive care 23 (19%) 2.2 9.1% 1.68 (0.91-3.09) 0.10
Sorafenib 21 (18%) 4.2 14.2% Reference
Other modalities’ 74(63%) 6.3 29.7% 0.54 (0.32-0.91) 0.02
TACE 44 5.6 25.5% 0.52 (0.35-1.08) 0.095
C4 (n=32) <0.001
Best supportive care 14 (44%) 1.0 0% 4.23 (1.43-12.45) 0.01
Sorafenib 7 (22%) 3.6 0% Reference
Other modalities’ 11 (34%) 3.6 9.0% 0.89 (0.27-2.91) 0.84
TACE 8 3.6 12.5% 0.37 (0.06-2.15) 0.27
HR, hazard ratio; Cl, confidence interval; TACE, transarterial chemoembolization.
"Adjusted for age, gender, Child-Pugh class.
TPatients who received experimental therapy were excluded.
doi:10.1371/journal.pone.0124434.1005
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survival compared to the best supportive care. However, survival was not different between pa-
tients treated with sorafenib and patients treated with other modalities. Among 345 patients
who received chemoembolization, survival was significantly different according to the sub-
stage (median: 12.3, 6.9, 5.6 and 3.6 for C1, C2, C3 and C4, respectively, P < 0.001).

Discussion

In this large prospective cohort of patients with BCLC stage C, patient survival varied widely.
In some patients, the survival was dismal (median survival of 1.0 month in sub-stage C4 pa-
tients who had the best supportive care), while some patients showed a relatively good survival
(median survival of 14.8 months in sub-stage C1 patients who were treated with modalities
other than sorafenib). The main objective of staging systems is to categorize the patients into
subgroups with significantly different outcomes [1]. In this respect, the wide range of survival
in BCLC stage C patients indicates the need for sub-classification.

Importantly, this data shows that the extent of PVI should be assessed and staged different-
ly. First, this study observed survival differences based on the extent of PVI. Consistent to this
study, previous studies also showed that not just the presence of PVI, but also the extent of PVI
is important in determining survival. In the study by Park ef al., in which 904 patients with
HCC were analyzed, the extent of PVI (none, 1°* and 2™ branch, and main portal vein) was an
independent factor for survival [4]. Shi et al. also reported differences in survival based on the
extent of macrovascular invasion patterns [7]. The extent of PVI was associated with survival
in the report by Mazzaferro et al., as well [16]. Second, in the past, the spatial resolution of CT
scans did not allow the detection of most segmental PVI. However, the refinements in imaging
techniques that have been introduced in recent years allowed the detection of segmental PVI,
and may induce stage migration in patients with segmental portal vein invasion [21]. Indeed,
Bolondi et al. suggested stage B5 (or quasi-C) to define group of patients with undeterminated
peripheral PVI who may be considered as an overlap between intermediate and advanced
stages [21]. These findings suggest that minor PVT (limited to sectoral/segmental branch)
should not be considered to be the same as macrovascular invasion, indicating that sub-classifi-
cation of BCLC stage C is needed.

The type of ES was also an independent factor for survival of BCLC stage C patients. In the
AJCC/UICC TNM 7™ staging system, regional lymph node metastasis (N1) and distant metas-
tasis (M1) is classified separately, while the BCLC staging system does not differentiate between
these two types of ES. It is very difficult to assess the effect of ES on survival, because most of
these patients die of progressive intrahepatic HCC, and not due to extrahepatic metastasis [22].
Nevertheless, several evidences indicate that nodal and distant metastasis should be classified
separately, as patients have different survival according to the type of ES [5]. In the study by
Hasegawa et al., patients with pathologically proven LN metastasis (any T, N1, M0) had a simi-
lar survival to that in patients with advanced T stage (T4, N0, M0), while patients with distant
metastasis (any T, any N, M1) had a significantly shorter survival [23].

Therefore, when patients were sub-classified based on these two tumor-related factors (PVI
and ES), patients in each sub-stage (C1~C4) showed significantly different outcomes. Signifi-
cantly different survival based on the extent of PVI and the type of ES indicates that sub-classi-
fication of the BCLC stage C will help better predict patient survival.

Staging system should not only assess the prognosis, but it should also help direct therapy.
The BCLC staging system is the only staging system used for HCC that has a therapeutic algo-
rithm [3]. The currently recommended treatment for BCLC stage C is sorafenib [3]. However,
only 7% of patients were initially treated with sorafenib in this study, due to the late introduc-
tion of sorafenib, high costs and strict medical reimbursement policy in Korea, and possibly
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the physicians’ personal preference. Since this is not a prospective comparative study, selection
bias as well as un-identified bias associated with poorer survival in patients treated with sorafe-
nib may exist. Therefore, survival based on treatment modality needs careful interpretation as
well as prospective validation. Nevertheless, this study provides some evidences that support
the need for sub-classification of BCLC stage C.

First, in sub-stage C1 (patients with segmental/sectoral PVI but without distant metastasis),
in which sorafenib was rarely used (0.1%), patients treated with modalities other than sorafenib
showed a relatively good survival (median 14.8 months). TACE or radioembolization are not
contraindicated in Child-Pugh class A patients with minor PVI [21], and good survival has
been reported after TACE [8], and radioembolization with yttrium 90 [16], in this setting.
Even further, resection can still be considered, and long-term survival has been reported in pa-
tients with minor PVI [24]. Therefore, in patients with segmental/sectoral PV, relatively long-
term survival can be expected after treatment other modalities (radioembolization, chemoem-
bolization, resection etc.), and sorafenib may not be a first-line option.

Secondly, a wide range of treatment modalities other than sorafenib are being used for pa-
tients with PVI in daily practice in the real-world setting [25]. Furthermore, some selected pa-
tients with ES receive a combination of locoregional therapies for both the intrahepatic HCC
and symptomatic ES, or a combination of locoregional therapies with sorafenib, and they have
a relatively good survival [22, 26]. The present study, based on survival analysis, demonstrated
the advantage of other treatment modalities over sorafenib in sub-stages C2 and C3. However,
and advantage of other treatment modalities was not observed in sub-stage C4 compared to
sorafenib treatment. Although, prospective comparative studies including head to head com-
parison of sorafenib with other modalities (resection, radioembolization or TACE and/or sora-
fenib) are needed to validate this finding, this suggests that careful selection of patients for a
multidisciplinary treatment approach may result in a change in the prognosis in some BCLC
stage C patients toward a relatively favorable long-term survival. There is also a concern that
due to the lack of prospective comparative studies, both heterogeneity and role of each thera-
peutic modality in advanced BCLC stage are incompletely captured and translated into recom-
mendations in the BCLC guidelines [24]. Therefore, in real clinical practice, different
treatment algorithms for BCLC stage C are being used in many tertiary centers [27]. By sub-
classifying advanced HCC patients, comparison between studies can be easier, and may help to
guide the clinicians in selecting the most appropriate therapy.

There are some limitations in this study. In this study, when patients were further classified
based on Child-Pugh class (A or B), better prognostic information was acquired. We observed
a survival difference by further sub-classifying patients according to the liver function (e.g.,
Cla or C1b). However, due to the relatively small number of patients in each arm, we could
not analyze whether this approach will help in deciding further treatment plans. Patients in
this study are mostly hepatitis B virus-related HCC, and all Asian. Nodal and distant metastasis
was mostly defined radiologically, and not all cases were pathologically proven cases.

In summary, BCLC stage C includes a heterogeneous patient population in terms of tumor
burden and liver function, and poses a unique challenge for therapeutic management. Patient
survival is significantly different according to the extent of PVI and the type of ES in the same
stage. Although there is proven benefit from sorafenib treatment in this setting [17], various
other treatments are used in the real world on an empirical basis, and show a better outcome
than sorafenib in selected patients. Therefore, our data suggest that BCLC stage C needs to be
sub-classified to better predict the prognosis and to guide most appropriate treatment.
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