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Purpose
The intermediate stage of hepatocellular carcinoma (HCC) (Barcelona Clinic Liver Cancer
[BCLC] B) comprises a highly heterogeneous population, and the treatment strategy is still
controversial. Because of the heterogeneity, a subclassification of intermediate-stage HCCs
was put forward by Bolondi according to the ‘beyond Milan and within up-to-7’ criteria and
Child-Pugh score. In this study, we aim to analyze the prognosis of BCLC-B stage HCC 
patients who received hepatic resection according to the Bolondi’s subclassification. 

Materials and Methods
One thousand and one hundred three patients diagnosed with HCC and treated with hepatic
resection were enrolled in our hospital between 2006 and 2012. According to Bolondi’s sub-
classification, the BCLC-B patients were divided into four groups. Recurrence-free survival
(RFS) and overall survival (OS) were analyzed.  

Results
According to Bolondi’s subclassification, the BCLC-B patients were divided into four groups:
B1 (n=41, 18.7%), B2 (n=160, 73.1%), B3 (n=11, 5.0%), and B4 (n=7, 3.2%). Significant
difference was observed between B1 and other groups (B1 vs. B2, p=0.022; B1 vs. B3, p
< 0.001; B1 vs. B4, p < 0.001), but no difference for B2 vs. B4 (p=0.542) and B3 vs. B4
(p=0.542). In addition, no significant differences were observed between BCLC-A and BCLC-
B1 group for both RFS (p=0.087) and OS (p=0.643). In multivariate analysis, BCLC-B sub-
classification was not a risk factor for both OS (p=0.263) and RFS (p=0.892). 

Conclusion
In our study, HCC patients at B1 stage were benefited from hepatic resection and had similar
survival to BCLC-A stage patients. Our study provided rationality of hepatic resection for 
selected BCLC-B stage HCC patients instead of routine transarterial chemoembolization.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most prevalent
neoplasm and the third most frequent cause of cancer mor-
tality in the world [1]. Despite improvements in diagnosis
and treatment of surgical techniques and perioperative care,
the prognosis of HCC remains far from satisfactory [2]. 

The Barcelona Clinic Liver Cancer (BCLC) system is
widely used for prognosis prediction and treatment strategy

selection [3,4]. According to the criteria, hepatic resection and
liver transplantation are recommended for early stage 
tumors (stage 0 and stage A), while patients on intermedi-
ate-stage are only suitable for palliative treatment, like
transarterial chemoembolization (TACE). However, the 
intermediate stage of HCC (BCLC stage B) comprises a
highly heterogeneous population, and the treatment strategy
is still controversial [5].

According to the BCLC staging system, the hepatic resec-
tion should not be recommended to the patients with BCLC-
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B patients, while retrospective studies have demonstrated
that hepatic resection is superior to palliative treatments
(TACE) for BCLC-B patients [6,7]. A research group in Italy
analyzed the treatment selection and prognosis of 405 HCC
cases in the BCLC stage B by the Italian Liver Cancer group
[8]. Only 40% of HCC cases in the BCLC stage B underwent
TACE. However, TACE couldn’t obviously prolong overall
survival (OS) than hepatic resection (median survival, 27
months vs. 37 months). Similarly, Vitale et al. [9] conducted
a retrospective study involving 2090 HCC cases in the differ-
ent BCLC stage patients who were enrolled between 2000
and 2012 by the Italian Liver Cancer group. They revealed
that BCLC-B patients may benefit most from hepatic resec-
tion than non-surgical treatments. The focus of disputes is
the heterogeneity of BCLC-B patients over tumor load, age,
liver function, and possible comorbidities. 

Because of the heterogeneity, a subclassification of inter-
mediate-stage HCCs was put forward by Bolondi et al. [10]
in 2012 according to the ‘beyond Milan and within up-to-7’
criteria, Child-Pugh score, patient’s performance status
(tumor-related) and portal vein thrombosis. The novel con-
cept divided the BCLC-B patients into four subgroups (Table
1). Different from the recommendation of classical BCLC
staging system, this system recommends liver transplanta-
tion or hepatic resection as the first treatment option for B1
patients. It recommends sorafenib or TACE for B2-B4 
patients, which is consistent with the classical BCLC staging
system. However, the usefulness of the subclassification of
BCLC-B is also controversial. Weinmann et al. [11] analyzed
254 BCLC-B patients receiving TACE. The median OS for
stage B1-B4 were 28.5, 22.8, 12.3, and 5.9 months, but the log-
rank test showed no significant survival differences in sub-
classification. On the contrary, another study conducted by
Giannini et al. [12] assessed the prognosis of 269 untreated
HCC patients observed in the period 1987-2012. They found
the median survival progressively decreased from stage B1
(25 months) through stages B2 (16 months) and B3 (9 months),
to stage B4 (5 months, p < 0.001) and a significantly different
survival between contiguous stages. Furthermore, a recent
study reported a modified Bolondi's subclassification system
(Kinki criteria) [13] combining B2 and B3 group, but no more
studies verified the effectiveness of Kinki criteria.

In this study, we aim to analyze the prognosis of BCLC-B
stage HCC patients who received hepatic resection according
to the Bolondi’s subclassification and explore the rationality
of hepatic resection for BCLC-B HCC patients.

Materials and Methods

1. Study population

Patients diagnosed with HCC and received hepatectomy
were enrolled in our hospital between 2006 and 2012. The
final diagnosis of HCC was confirmed by pathological exam-
ination of the specimen. All patients were > 18 years of age,
with complete clinical and laboratory data. We collected the
clinicopathological variables including sex, age, hepatitis B
surface antigen (HBsAg), -fetoprotein (AFP), capsulation,
lymphatic metastasis, tumor size. As for platelet count, we
used the standard of 150/mm3 as the cutoff value [14,15]. The
following criteria were considered to help diagnose HCC : a
history of chronic hepatitis, the imaging tests (computed 
tomography [CT] or magnetic resonance imaging scan of the
abdomen) and the level of AFP. The exclusion criteria were
as follows: (1) patients with mixed HCC and cholangiocarci-
noma; (2) patients with no follow-up data; and (3) patients
receiving TACE or Sorafenib before or after operation. 

2. Subclassification of BCLC-B stage

Patients were divided into three groups: BCLC-A, BCLC-
B, and BCLC-C according to the American Association for
the Study of the Liver Guidelines (AASLD) [16]. And pati-
ents with Child-Pugh A and B liver function, multifocal HCC
(two to three tumors > 3 cm in maximal diameter or more
than three tumors regardless of size) and lacking of vascular
invasion comprise the intermediate-stage disease (BCLC-B)
[10]. Furthermore, a novel classification system proposed by
Bolondi divided the BCLC-B patients into four subgroups
from B1 to B4 (Table 1). 

In terms of the modified Bolondi's subclassification system,
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Table 1.  Proposed subclassification of BCLC-B patients published
Subclassification B1 B2 B3 B4
Child-Pugh points 5-6-7 5-6 7 8-9
Beyond Milan and within Up-to-Seven criteria In Out Out Out
ECOG (tumour-related) PST 0 0 0 0-1
Portal vein thrombosis No No No No

BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; PST, performance status test.
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the subclasses B1, B2, and B3 refer to Child-Pugh scores of 
5-7 points and ‘in’ in terms of the ‘up-to-7’ criteria; subclass
B2 refers to Child-Pugh scores of 5-7 points with ‘out’ of the
‘up-to-7’ criteria, and subclass B3 refers to Child-Pugh scores
of 8-9 points with either ‘in’ or ‘out’ of the ‘up-to-7’ criteria,
respectively. 

3. Surgical procedures

Hepatic resection, including subsegmentectomy, segmen-
tectomy, bisegmentectomy, trisegmentectomy, right trisec-
tionectomy, right hepatectomy, and left hepatectomy, was
performed as proposed by the Committee of the Interna-
tional Hepato-Pancreato-Biliary Association of Brisbane 2000
system [17]. Tumor thrombectomy or combined diaphrag-
matic resection was performed when necessary. 

4. Follow-up

Patients were regularly followed up at outpatient clinics.

Patients received a physical examination, liver ultrasound,
chest X-ray, and serum AFP test at each follow-up. Abdom-
inal CT scan was performed every 6-12 months or when 
recurrence was suspected. Recurrence was defined as the
emergence of clinical, radiological, and/or pathologic diag-
nosis of the tumor from a previous origin locally or distantly.
Once recurrence was confirmed, salvage treatments, includ-
ing further surgery, percutaneous ablation, or transcatheter
arterial chemoembolization, were selected as needed.

5. Statistical analysis

Recurrence-free survival (RFS) was calculated from the
date of surgery to the date of recurrence, and OS from the
date of surgery to the date of HCC-associated death. Survival
curves among groups were calculated by the Kaplan-Meier
method. Univariate analysis of prognostic variables was per-
formed by log-rank test and multivariate analysis by Cox
proportional-hazards model. A p-values of < 0.05 was con-
sidered to be statistically significant. All statistical analyses
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All BCLC-A  
BCLC-B (n=219)

BCLC-C
Variable (n=1,103) (n=530) BCLC-B1 BCLC-B2 BCLC-B3 BCLC-B4 (n=354)(n=41) (n=160) (n=11) (n=7)
Sex

Male 970 444 39 148 11 5 323
Female 133 86 2 12 0 2 31

Age (yr)
< 50 521 251 17 75 2 2 174
 50 582 279 24 85 9 5 180

PLT (109/L)
< 150 299 149 15 33 1 2 99
 150 804 381 26 127 10 5 255

HBsAg
Negative 157 89 3 19 1 1 44
Positive 946 441 38 141 10 6 310

AFP (ng/mL)
< 400 543 293 23 77 4 3 143
 400 560 237 18 83 7 4 211

Capsulation
Capsulated 812 421 36 131 9 7 208
Noncapsulated 291 109 5 29 2 0 146

Lymphatic metastasis
Absent 1,030 524 39 150 9 7 301
Present 73 6 2 10 2 0 53

Tumor size (cm)
< 5 385 249 41 19 1 4 71
 5 718 281 0 141 10 3 283

Table 2. Main clinical characteristics of patients

BCLC, Barcelona Clinic Liver Cancer; PLT, platelet; HBsAg, hepatitis B surface antigen; AFP, -fetoprotein.
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were performed using package of rms in R ver. 2.14.1
(http://www.r-project.org/).

6. Ethical statement

Informed consent was obtained, and procedures were car-
ried out with prior approval of the Ethics Committee of the
First Affiliated Hospital of Sun Yat-sen University (Guang-
zhou, China).

Results

1. Patients

A total of 1,103 patients were eligible for the study. The
median age at diagnosis was 50 years (range, 21 to 79 years),
and there were 970 men and 133 women. HBsAg was posi-
tive in 946 patients (85.7%). Increased AFP ( 400 ng/mL)
was found in 560 cases (50.8%), and 299 patients (27.1%) had

Cancer Res Treat. 2019;51(1):65-72

Fig. 1.  (A) Overall survival according to the Barcelona Clinic Liver Cancer (BCLC) staging system. (B) Recurrence-free sur-
vival according to the BCLC staging system. (C) Overall survival of BCLC-A and BCLC-B1. (D) Recurrence-free survival of
BCLC-A and BCLC-B1.
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a low platelet count (< 150109/L). And 718 patients (65.1%)
had tumors larger than 5 cm. As to lymphatic metastasis,
lymphatic metastasis was found in 73 patients (6.6%). Details
of features are shown in Table 2. The follow-up time ranged
from 4 to 131 months. Seventeen point six percent patients
were lost to follow-up.

2. Survival according to BCLC-stage

The median RFS and OS were 12 months and 30 months.
According to the BCLC stage, we classified the HCC patients
into three stages: BCLC-A (n=530, 48.1%), BCLC-B (n=219,
19.9%), and BCLC-C (n=354, 32.1%). The median survival
was 92 months in the BCLC-A, 30 months in BCLC-B, and 10
months in BCLC-C, respectively. Furthermore, the median
RFS was 36 months in the BCLC-A, 9 months in BCLC-B, and
4 months in BCLC-C, respectively. A significant difference
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Fig. 2.  (A) Overall survival according to the Bolondi’s classification. (B) Recurrence-free survival according to the Bolondi’s
classification. (C) Overall survival according to the modified Bolondi’s classification (Kinki criteria). (D) Recurrence-free sur-
vival according to the modified Bolondi’s classification (Kinki criteria).
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was observed between BCLC stage by log-rank test (p < 0.05)
(Fig. 1A and B). 

3. Bolondi’s subclassification 

According to Bolondi’s subclassification, the BCLC-B 
patients were divided into four groups: B1 (n=41, 18.7%), B2
(n=160, 73.1%), B3 (n=11, 5.0%), and B4 (n=7, 3.2%). Most of
the patients (n=201, 91.8%) were B1 group or B2 group. The
median survival was 75 months, 28 months, 9.5 months, and
8 months for B1-B4 group. Results from the log-rank test
showed that obvious difference was observed between B1
group and other groups (B1 vs. B2, p=0.022; B1 vs. B3, 
p < 0.001; B1 vs. B4, p < 0.001), but no difference for B2 vs.
B4 (p=0.542), B3 vs. B4 (p=0.542), and B2 vs. B3 (p=0.645)
(Fig. 2A). 

In addition, the median RFS was 21 months, 8 months, 
3 months and 4 months for B1-B4 groups. And results from
the log-rank test showed significant survival differences for
B1 vs. B2 (p=0.041) and B1 vs. B3 (p=0.024), but no difference
for the B2 vs. B3 (p=0.274) and B3 vs. B4 (p=0.483) (Fig. 2B). 

In multivariate analysis, Bolondi’s subclassification had no
significant effect for RFS (p=0.892) and OS (p=0.263). Tumor
size was the only independent risk predictor of OS (hazard
ratio [HR], 2.74; 95% confidence interval [95% CI], 1.58 to
4.74; p < 0.001) for BCLC-B patients. In addition, tumor size
(HR, 2.31; 95% CI, 1.42 to 3.74; p=0.001) and sex (HR, 0.36;
95% CI, 0.15 to 0.82) were independent risk predictors
p=0.015) for RFS (Table 3).

4. Modified Bolondi’s subclassification system (Kinki cri-
teria)

The median OS for modified subclassification is 58 months,
14 months and 9 months, and the median RFS is 29 months,

5 months and 3 months. Although obvious difference was 
observed between B1 and other groups for OS (B1 vs. B2, 
p < 0.001; B1 vs. B3, p < 0.001) and RFS (B1 vs. B2, p=0.478;
B1 vs. B3, p < 0.001), there was still no obvious difference for
RFS (p=0.722) and OS (p=0.337) between B2 and B3 accord-
ing to Kinki criteria (Fig. 2C and D).

5. BCLC-A stage vs. BCLC-B1 group

Subsequently, the 1-, 3-, and 5-year OS rate was 88, 71, and
68% for BCLC-A stage and 92%, 78%, and 66% for BCLC-B1
subclassification. Correspondingly, the 1-, 3-, and 5-year 
recurrence rate was 70%, 56%, and 48% for BCLC-A stage
and 59%, 40%, and 32% for BCLC-B1 subclassification. The
log-rank test revealed that no significant differences were 
observed between BCLC-A and BCLC-B1 group for both RFS
(p=0.087) and OS (p=0.643) (Fig. 1C and D). 

Discussion

The BCLC staging system, endorsed by European Associ-
ation for the Study of Liver (EASL) and AASLD, provides
prognostic score and guidance for therapeutic decisions for
HCC patients based on tumor staging criteria, liver function
and health status [18,19]. Intermediate stage HCC (BCLC-B)
patients are a very heterogeneous population in terms of
tumor size, tumor number and liver function [13]. On 
account of the heterogeneity, increasing researchers have
begun to create a novel subclassification system to improve
the staging-treatment association. In 2012, Bolondi et al. [10]
proposed an innovative classification system. Thereafter,
many studies had been carried out to prove the effectiveness

Cancer Res Treat. 2019;51(1):65-72

Characteristic
Overall survival Recurrence-free survival

HR (95% CI) p-value HR (95% CI) p-value
Sex 0.56 (0.24-1.32) 0.184 0.36 (0.15-0.82) 0.015 
Age 0.95 (0.62-1.45) 0.799 0.98 (0.68-1.42) 0.915 
PLT 0.77 (0.47-1.24) 0.288 1.27 (0.82-1.97) 0.289 
HBsAg 1.02 (0.53-1.93) 0.960 1.09 (0.63-1.89) 0.764 
AFP 1.37 (0.88-2.11) 0.160 1.44 (0.99-2.08) 0.052 
Capsulation 1.51 (0.90-2.55) 0.120 1.11 (0.70-1.77) 0.643 
Bolondi’s subclassification 1.31 (0.82-2.10) 0.263 0.97 (0.65-1.46) 0.892 
Lymphatic metastasis 2.01 (0.81-4.98) 0.131 1.49 (0.70-3.20) 0.299 
Tumor size 2.74 (1.58-4.74) < 0.001 2.31 (1.42-3.74) 0.001 

Table 3. Multivariable regression results for overall survival and recurrence-free survival

HR, hazard ratio; CI, confidence interval; PLT, platelet; HBsAg, hepatitis B surface antigen; AFP, -fetoprotein.
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of Bolondi’s subclassification. A recent study designed by
Ciria et al. [20], involving 80 BCLC-B patients received TACE
and hepatic resection between 2007 and 2012, revealed that
overall survival was 40% with a median follow-up of 29.5
months (0.07-96.9) and 5-year survival rates were 62.9%,
28.1%, and 15.4%, respectively (p=0.004) for B1, B2, and 
B3-4 stages.

In our study, we found the overall survival trends were 
remarkable in B1 stages, but no difference for the test B2 vs.
B3 and B3 vs. B4. In addition, Bolondi’s subclassification had
no significant effect for RFS (p=0.892) and OS (p=0.263) in
multivariate analysis. This illustrates that Bolondi’s subclas-
sification cannot totally distinguish the BCLC-B patients who
received hepatic resection, especially the subclass B2 to B4.
For this reason, a research from Kinki University School of
Medicine in Japan put forward a novel classification system
by modifying the Bolondi’s subclassification [13]. In this
modified Bolondi’s subclassification system (Kinki criteria),
the biggest change is putting B2 and B3 group together. Then
patients with intermediate-stage HCC are classified into 
3 groups. Further analysis of validity of the Kinki criteria by
Arizumi et al. [21] with 425 HCC patients who underwent
TACE, and the result revealed that the median overall sur-
vival was 3.9 years in the BCLC subclass B1 group, 2.5 years
in the B2 group, and 1.1 years in the B3 group (p < 0.001),
and survival curves were stratified with significant differ-
ences. In our study, there was no obvious difference for RFS
(p=0.722) and OS (p=0.337) between B2 and B3 according to
Kinki criteria (Fig. 2C and D). Therefore, both of the two sub-
classifications may be not suitable to distinguish BCLC-
B2-B4 patients who received hepatic resection. And these
findings stress once again that BCLC stage B is a heteroge-
neous category. 

Although TACE was considered as the main treatment for
those patients, it is not always the case in the clinical work
because of the heterogeneity. Several groups proposed that
therapeutic approach is different according to subclassifica-
tion. As it is recently stated in a study from the Italian Liver
Cancer Group in which TACE for BCLC-B was analyzed on
405 patients, "TACE cannot be considered the best approach
for BCLC stage B patients who represent a heterogeneous
population and are often suitable for more aggressive thera-
pies, which lead to a better survival” [8]. Similarly, Zhong et
al. [6] reported a wide single center experience with similar
results. In fact, with deepened understanding of liver cir-
rhotic and improved operative techniques, hepatic resection
may be a much more feasible and safe choice for some BCLC-
B patients. In our study, we found that the BCLC-B1 patients
with hepatic resection had a better prognosis than the B2-B4
patients and no significant difference in RFS and OS between
the BCLC-A and the subclass B1 group. Although many
studies believed the only TACE is indicated for intermedi-

ate-stage HCC [22,23], a recent randomized controlled trial
(RCT) conducted by Yin et al. [24], including 173 patients
with multinodular HCC, revealed that there were no signif-
icant differences in the 30-day and in the 90-day mortality
between the hepatic resection and TACE groups for BCLC-
B patients. However, the hepatic resection group had signif-
icantly better overall survive than the TACE group. In
addition, a meta-analysis including 50 retrieved papers
shows a statistically significantly higher overall survival in
hepatic resection group than in TACE group in HCC within
the BCLC stage B alone (HR, 0.48; 95% CI, 0.25 to 0.90) [25].
Furthermore, in the research of Ciria et al. [20], no significant
difference were found in the HCC patients with BCLC-B1
who underwent live resection with those who received
TACE treatment for 5-year survival rate (63.2% vs. 62.5%).
Therefore, in our opinion, Bolondi’s subclassification may be
used to the selection of part of BCLC-B patients who may
benefit from hepatic resection. On the other hand, as for 
patients in the subclass B2-B4, TACE may be a more appro-
priate treatment, which could reduce the risk of liver failure.

Some limitations have been found in our study. Firstly, the
main limitation is the retrospective nature, which may result
in selection bias. We have been carrying on a prospective
multicenter RCT comparing hepatic resection versus TACE+
radiofrequency ablation for BCLC-B stage HCC patients
(RCT: NCT02616926). Secondly, owing to the severe liver
function injury and huge tumor burden, there are only six
and five patients who received hepatic resection for subclass
B3 and B4 and 18.6% patients were lost to follow up in BCLC-
B stage HCC patients, which may cause a statistical discrep-
ancy. This is why the median survival of B4 group longer
than the B3 group in our study. 

In our study, we stress once again that BCLC stage B is a
heterogeneous category and the overall survival trends were
remarkable in B1 stages according to Bolondi’s subclassifica-
tion for HCC patients with hepatic resection. In addition no
significant difference in RFS and OS between the BCLC-A
and the B1 stages were found, suggesting that some BCLC-
B patients may benefit from hepatic resection. Therefore, our
study provided rationality of hepatic resection for selected
BCLC-B stage HCC patients instead of routine TACE. 
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