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Purpose

Advanced hepatocellular carcinoma (HCC) is associated with various clinical conditions
including major vessel invasion, metastasis, and poor performance status. The aim of this
study was to establish a prognostic scoring system and to propose a sub-classification of
the Barcelona-Clinic Liver Cancer (BCLC) stage C.

Materials and Methods

This retrospective study included consecutive patients who received sorafenib for BCLC stage
C HCC at a single tertiary hospital in Korea. A Cox proportional hazard model was used to
develop a scoring system, and internal validation was performed by a 5-fold cross-validation.
The performance of the model in predicting risk was assessed by the area under the curve
and the Hosmer-Lemeshow test.

Results

Atotal of 612 BCLC stage C HCC patients were sub- classified into strata depending on their
performance status. Five independent prognostic factors (Child-Pugh score, o-fetoprotein,
tumor type, extrahepatic metastasis, and portal vein invasion) were identified and used in
the prognostic scoring system. This scoring system showed good discrimination (area under
the receiver operating characteristic curve, 0.734 to 0.818) and calibration functions (both
p < 0.05 by the Hosmer-Lemeshow test at 1 month and 12 months, respectively). The dif-
ferences in survival among the different risk groups classified by the total score were sig-
nificant (p < 0.001 by the log-rank test in both the Eastern Cooperative Oncology Group O
and 1 strata).

Conclusion

The heterogeneity of patients with BCLC stage C HCC requires sub-classification of advanced
HCC. A prognostic scoring system with five independent factors is useful in predicting the
survival of patients with BCLC stage C HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common
cancer and has the second cancer-related death rate world-
wide [1]. In most cases, HCC develops in patients with
underlying chronic liver disease such as cirrhosis and hepa-
titis B or C virus infection [2,3]. To reduce the mortality from
HCC, a surveillance program applied in patients at high risk
for developing HCC [4]. However, more than half of all HCC
patients are diagnosed at an unresectable stage, which time
there are limited treatment options and a low chance of cure
[5,6]. The international clinical practice guidelines have
endorsed the Barcelona Clinic Liver Cancer (BCLC) staging
system for HCC classification and treatment strategy [7-9].
However, most HCC patients present with BCLC stage C at
the time of diagnosis [1]. According to current guidelines,
sorafenib is the only proven systemic treatment option for
improving the overall survival of patients with BCLC stage
CHCC. However, sorafenib provides only a modest survival
benefit of 2 to 3 months compared to placebo [10].

BCLC stage C HCC encompasses heterogenous subgroups
that show differences in vascular invasion, extrahepatic
spread and performance status. Moreover, BCLC stage C
HCC includes various tumor types such as nodular, mono-
focal, or infiltrating tumors, and is thus, associated with wide
differences in treatment responses and survival. Therefore,
sub-classification of BCLC C is required to predict the precise
prognosis and offer more effective therapeutic strategies [11].
For example, the Hong Kong Liver Cancer system, which
was recently developed based on Asian patients, recommend
surgical resection for a subgroup of BCLC C HCC patients
[12]. Therefore, the aims of this study was to refine a prog-
nostic scoring system using independent factors as well as to
propose a sub-classification for BCLC stage C HCC based on
a large cohort.

Materials and Methods

1. Study population

This retrospective study included consecutive patients
who received sorafenib for BCLC stage C HCC between Jan-
uary 2008 and December 2014 at a single tertiary hospital
(Seoul National University Hospital, Seoul, Korea). The
diagnosis of HCC was based on noninvasive criteria or
pathologic examination according to the guidelines of the
American Association for the Study of Liver Disease or
European Association for the Study of the Liver [7,8].

Table 1. Baseline characteristics

Characteristic No. (%) (n=612)

Age, mean+SD (yr) 60.4+10.9
Log(AFP), mean+SD Bl0=510
Sex

Male 515 (84.2)

Female 97 (15.8)
Etiology

HBV 490 (80.0)

HCV 43 (7.0)

Alcohol 32(5.2)

Other 47 (7.7)
Child-Pugh class

A 463 (75.7)

B 128 (20.9)

C 21 (3.4)
Tumor type

Nodular 498 (81.4)

Infiltrative 114 (18.6)
ECOG PS

0 443 (72.4)

1 169 (27.6)
PV invasion

No 359 (58.7)

Yes 253 (41.3)
Metastasis

No 160 (26.1)

Yes 452 (73.9)

SD, standard deviation; AFP, a-fetoprotein; HBV, hepatitis
B virus; HCV, hepatitis C virus; ECOG PS, Eastern Cooper-
ative Oncology Group performance status; PV, portal vein.

The baseline information, including demographic profiles,
laboratory findings and the etiology of liver disease was
obtained at the time of HCC diagnosis. Radiologic images
were reviewed by two independent radiologists (J.M.L. and
D.H.L.) with > 10 years of experience, who were unaware of
the clinical information of the study patients. In cases of dis-
cordance, a third independent and experienced radiologist
reviewed the images and a consensus was achieved among
the three radiologists. The study was approved by the Insti-
tutional Review Board of the Seoul National University Hos-
pital; the requirement for informed consent was waived.

2. Statistical analysis
The primary endpoint was overall survival which was
measured from the date of the first sorafenib treatment to the

date of death from any cause. Death registration data from
the Korea National Statistical Office were used. The censored
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Table 2. Multivariate analysis of prognostic factors related to survival

Coefficient
Child-Pugh score 0.301
Log(AFP) 0.107
Infiltrative tumor 0.509
PV invasion 0.160
Metastasis 0.114

HR, hazard ratio; CI, confidence interval; AFP, o-fetoprotein; PV, portal vein. *p < 0.05.

date was defined as last date of follow-up, or data cutoff date
(i.e., 30 November 2016).

We used the Student’s t test to compare continuous vari-
ables and the chi-square test or Fisher exact test to compare
categorical variables. We used an analysis of variance to com-
pare continuous variables. The Kaplan-Meier method with
log-rank test was used to compare overall survival between
groups. The Cox proportional hazard model was used to
establish a scoring model for predicting the prognosis of
HCC patients.

To assess the discrimination capacity, we calculated the
area under receiver operating characteristic (AUROC) curves
at each time point. In addition, we conducted internal vali-
dation of the scoring system using a 5-fold cross-validation
procedure with the Hosmer-Lemeshow test [13,14].

Statistical analysis was performed using SPSS ver. 19.0
(IBM Corp., Armonk, NY) and R language ver. 3.2.0 (R Foun-
dation for Statistical Computing, Vienna, Austria). p-values
less than 0.05 were considered statistically significant.

Results

1. Patients

Among 756 patients who received sorafenib for HCC
between 2008 and 2014, 612 (81.0%) were classified as BCLC
stage C and were included in this study. Baseline characteris-
tics are shown in Table 1. The mean age of the patients was
60.3£10.9 years and 84.2% were male. Approximately three-
fourths of patients had underlying chronic hepatitis B. Portal
vein invasion, infiltrative tumor type, and extrahepatic metas-
tasis were present in 41.3%, 18.6%, and 73.9% of participants,
respectively. Most patients were heavily treated for HCC
according to the advice of the physician and the preference of
the patient. Among them, 82 patients received sorafenib as a
first line treatment for HCC. The treatment modalities prior to
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HR 95% CI p-value
1.352 1.266-1.444 <0.001*
1.113 1.082-1.145 <0.001*
1.664 1.299-2.130 <0.001*
1.174 0.930-1.483 0.178
1.121 0.882-1.424 0.349
Table 3. Scoring system
Risk factor Point
Child-Pugh score

5-6 0
7-9 7

Log(AFP)

0-3 0

3-6 3

6-9 6

>9 10
Tumor type

Nodular 0

Diffuse or infiltrative 5
Portal vein invasion

Absent 0

Present 1
Extrahepatic metastasis

Absent 0

Present 1
Total points 24

AFP, a-fetoprotein.

sorafenib were as follows: 475 patients with transarterial
chemoembolization, 188 with surgical resection, 101 with
radiofrequency ablation, 82 with percutaneous ethanol injec-
tion, 111 with radiotherapy, and 55 with systemic cytotoxic
chemotherapy.

2. Derivation of the prognostic model

Because the proportional hazards assumption was rejected
for the Eastern Cooperative Oncology Group (ECOG) per-
formance status, the ECOG performance status was deter-
mined as strata: ECOG 0 or 1. In the multivariate analysis, five
independent prognostic factors (Child-Pugh score, a-fetopro-
tein [AFP], tumor type [nodular vs. diffuse/infiltrative types],
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Table 4. Results of internal validation at each time point

1 Month 3 Months 6 Months 12 Months
AUC 0.818 0.759 0.738 0.734
p-value of Hosmer-Lemeshow test 0.031* 0.122 0.125 0.002*

AUC, area under time-dependent receiver operating characteristic curve. *p < 0.05.
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Fig. 1. The results of internal validation using 5-fold cross-validation at each time point.

extrahepatic metastasis, and portal vein invasion) were iden- developed (Table 3). The scoring system assigned from 1 to 10
tified (Table 2). The proportional hazards assumption was not points for the presence of each factor, resulting in a total score
rejected for these five variables utilizing coefficients derived that ranged from 0 to 24.

from multivariable analysis, a point scoring system was
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Fig. 2. Kaplan-Meier analysis of the cumulative overall survival rate according to the risk group. (A) Eastern Cooperative
Oncology Group performance status (ECOG PS) 0. (B) EGOG PS 1.

Table 5. Median overall survival in each risk group

Median OS (mo) Interquartile range Hazard ratio p-value

ECOGPSO0

Low 16.73 7.2-30.70 1 <0.001

Intermediate 9.57 4.67-19.20 1.622

High 4.50 2.57-9.13 3.598
ECOGPS1

Low 11.27 7.30-not estimated 1 <0.001

Intermediate 6.30 2.70-14.17 2.228

High 3.23 1.87-4.60 4.685

p-value by log-rank test among three groups. OS, overall survival; ECOG PS, Eastern Cooperative Oncology Group perform-

ance status.

3. Validation of the scoring system

We performed the temporal internal validation for the scor-
ing system. As a result, this scoring system showed good dis-
crimination (AUORC, 0.734 to 0.818) (Table 4) and calibration
functions by 5-fold cross-validation (p=0.030 at 1 month and
p=0.002 at 12 months by the Hosmer-Lemeshow test, respec-
tively) (Fig. 1).

According to these results, we classified patients with BCLC
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C HCC into three groups according to their scores: the low-
risk group (< 4 points), intermediate-risk group (4 to 11
points), and high-risk group (> 11 points). The three risk
groups demonstrated significantly different survival rates in
patients with ECOG status of 0 and 1 (both p < 0.001 by the
log-rank test) (Fig. 2). Among patients with ECOG 0, the
median overall survival of the low-, intermediate-, and high-
risk groups were 16.7, 9.6, and 4.5 months, respectively.
Among patients with ECOG 1, the median overall survival of
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the low-, intermediate-, and high-risk groups were 11.3, 6.3,
and 3.2 months, respectively (Table 5).

Discussion

We developed a points-based scoring system to predict the
prognosis of BCLC stage C HCC patients who received
sorafenib treatment in the Korean population based on the
tive independent variables and stratified by ECOG perform-
ance status: the Child-Pugh score, AFP, tumor type, extra-
hepatic metastasis, and portal vein invasion. Using this
scoring system, BCLC stage C HCC patients can be stratified
into three risk groups, with good discrimination perform-
ance and calibration function. To assess its robustness, we
performed internal validation. As a result, the overall sur-
vival was hierarchized by our sub-classification. The median
overall survival was 4.5 months in the high risk group while
it was 16.7 months in the low risk group for EGOG 0, sug-
gesting that BCLC C HCC is a heterogeneous group with
markedly different prognosis.

Because the coefficients were differentially weighted to
predict the prognosis among variables such as the Child-
Pugh score, extrahepatic metastasis and portal vein invasion,
which are components for classifying BCLC stage, it is better
to sub-classify BCLC C HCC than to classify these patients
into the same group. Interestingly, the tumor type, AFP level,
Child-Pugh score and ECOG performance status showed
strong effects on prognosis rather than portal vein invasion
and metastasis and this situation was reflected in our scoring
system. Although the important role of the tumor type on
the prognosis of HCC has been reported [15], the tumor type
has not been adapted as a variable in many staging systems
[16-18]. However, the prognostic implication of the tumor
type was confirmed and reflected in our scoring system. In
addition, the baseline hepatic function defined as the Child-
Pugh score and tumor biology, defined as the AFP level were
essential for predicting the prognosis of patients with BCLC
C HCC and were included in our scoring system.

Most variables included in our scoring system were similar
to those in previous studies. In the CLIP staging, the Child-
Pugh score, tumor morphology, AFP level, and portal vein
thrombosis were defined as prognostic factors [19]. A sys-
tematic review showed the most robust predictors of HCC-
related death are portal vein thrombosis, tumor size, the AFP
level and Child-Pugh score [20]. Recently, a study performed
in France established a new score system for stratify BCLC
stage C HCC using five independent prognostic values [21].
These five parameters included in the scoring system were
the Child-Pugh score, performance status, AFP level, number

of nodules and infiltrative nature of the tumor. However, the
number of patients with BCLC stage C HCC in the test cohort
was relatively small (n=161) in this previous study [21]. In
contrast, the current study was based on a large cohort of 612
patients treated with sorafenib for BCLC C stage HCC.

The characteristics of the study population are crucial for
identifying a scoring system that can predict prognosis. In
our study, the proportion of infiltrative tumor type was 18%,
as observed in another study [22], while nearly 50% of HCC
cases constituted infiltrative tumors in other studies [21,23].
Infiltrative HCC shows different clinical and radiological fea-
tures compared to nodular HCC [24], and these features are
difficult to detect, especially in the presence of background
cirrhosis. Infiltrative HCC also carries a worse prognosis
than nodular HCC because of the tumor burden in combina-
tion with vascular invasion, the presence of extrahepatic
metastasis, a high serum AFP level and symptoms at pres-
entation [15]. In our scoring system, the infiltrative tumor
type was assigned 5 points, suggesting a critical role for the
tumor type in predicting the prognosis.

Portal vein thrombosis is an important clue diagnosing of
infiltrative HCC with a high association of up to 68%-100%
[25]. Portal vein thrombosis may develop as a primary fea-
ture of infiltrative HCC [26]. In autopsy series, it was
reported that up to 44% of HCC cases have portal vein
thrombosis [27]. In our study, 41% of the patients showed
portal vein invasion, and the presence of portal vein invasion
achieved 1 point in the scoring system. A recent study
reported that HCC patients with portal vein thrombosis have
heterogeneous prognosis with respect to the serum AFP lev-
els [28], indicating that portal vein invasion is a comprehen-
sive variable that can be influenced by multiple factors
instead of a single, simple variable.

The prognostic and diagnostic value of AFP is well known
in HCC patients [17,18]. Poor differentiation, vascular inva-
sion, and a large tumor size have significant associations
with high AFP levels [29]. A recent study proposed the
incorporation of AFP into the sub-classification of BCLC C
stage HCC patients, suggesting AFP may serve as a potential
sub-classification factor [30]. In our scoring system, the AFP
level was scored from 0 to 10 points and our results confirm-
ing AFP as a marker for predicting the prognosis of BCLC
stage C HCC.

There are several potential limitations in this study. First,
the patients in the study underwent treatment with multiple
modalities prior to sorafenib treatment. However, to mini-
mize potential bias, we only selected patients who were
treated with sorafenib, which is the currently recommended
treatment option in patients with BCLC stage C HCC. Sec-
ond, we investigated patients at a single institution and did
not perform external validation. Thus, an external validation
study performed at multiple facilities is needed to confirm
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our scoring system.

In conclusion, the heterogeneity of BCLC stage C HCC
patients indicates the need for the sub-classification of
advanced HCC. The prognostic scoring system described
herein incorporates five independent factors and is useful for
predicting the survival of patients with BCLC stage C HCC.
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