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Background: Hepatocellular carcinoma (HCC) is a common cancer in China, an area of high hepatitis B virus (HBV) infection. Although
several staging systems are available, there is no consensus on the best classification to use because multiple factors, such as etiology,
clinical treatment and populations could affect the survival of HCC patients.

Methods: This study analyzed 743 HBV-related Chinese HCC patients who received surgery first and evaluated the predictive values of
eight different commonly used staging systems in the clinic.

Results: The overall 1-, 3-, 5-year survival rates and a median survival were 91.5%, 70.3%, 55.3% and 72 months respectively. Barcelona
Clinic Liver Cancer (BCLC) staging systems had the best stratification ability and showed the lowest Akaike information criterion (AIC)
values (2896.577), followed by tumor-node-metastasis 7" (TNM 7%) (AIC = 2899.980), TNM 6" (AIC =2902.17), Japan integrated staging
score (AIC = 2918.085), Tokyo (AIC = 2938.822), Cancer of the Liver Italian Program score (AIC = 2941.950), Chinese University
Prognostic Index grade (AIC = 2962.027), and Okuda (AIC =2979.389).

Conclusions: BCLC staging system is a better staging model for HBV infection patients with HCC in Chinese population among the
eight currently used staging systems. These identifications afford a large group of Chinese HCC patients with HBV infection and could
be helpful to design a new staging system for a certain population.
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also help to make therapeutic decisions. Staging systems
for most solid cancers are available and consistently used in
clinic, but the system for HCC is more difficult and remains
unknown®! because there are much biological variability
related to different etiologies and incomplete understanding

INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide with increasing annual incidence
worldwide.['*! Although the incidence of HCC increases
in recent years due to hepatitis C virus (HCV) infection,

alcohol-related cirrhosis and possibly nonalcoholic fatty
liver disease in western countries, more than half of the new
cases still occur in China which is an area of high hepatitis
B virus (HBV) infection.™ In spite of many other patterns
of treatment, such as radiofrequency, transarterial therapy,
chemotherapy or radiotherapy, and so on, are frequently
recommended and have been used to treat the HCC patients,
surgery is still the main first-treatment to HCC patients in
clinic. Clinical staging systems are important which are not
only able to provide evidence for disease assessment, but
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of its natural history.

Currently, eight HCC staging systems used in clinic mainly
include two tumor-node-metastasis classification 6™ and
7% (TNM),*7 the Okuda staging,® Cancer of the Liver Italian
Program score (CLIP),”! the Barcelona Clinic Liver Cancer
staging system (BCLC),!'” the model for the Chinese University
Prognostic Index grade (CUPI),!'" the Japan integrated staging
score (JIS)!'¥ and Tokyo score.['* Nevertheless, clinical trials
and comparative studies revealed that no appropriate staging
system could be applied in all the population due to the different
etiologies of HCC, clinical performance, and treatments.
(1416 Among these staging systems, BCLC and CLIP staging
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systems had been proved more effective than others in western
countries where the main etiologies are HCV infection and
alcohol abuse, and for Asian-Pacific region, TNM and JIS
staging systems seemed to be more applicable. Recently, CUPI
system, the biggest clinical research program focusing Chinese
populations, was mainly applied for the HCC patients in late
stage and had the complicated calculation method, which might
limit its clinical application. Considering the clinic treatment,
hepatic resection is the primary treatment method for patients
with resectable HCC, who have adequate liver function.!'” In
this study, we included 743 HB V-related Chinese HCC patients
who received surgery first and evaluated the predictive values
of eight different staging systems, which were commonly used
in the clinic.

MeTtHoDS

Patients

In this study, 743 patients with HCC underwent surgery
were recruited from January 1999 to December 2010 at the
Hepatobiliary Surgery Center, Cancer Hospital, Chinese
Academy of Medical Sciences, Beijing, China. All the
patients were confirmed histopathologically by at least two
pathologists in our hospital. Characteristics and medical
information, including age, sex, etiology of chronic liver
disease, pathology results, serum biochemistries, and
treatment were obtained from patients’ medical records.
The distributions of selected characteristics among patients
are shown in Table 1. Overall survival time of patients
was measured from the date of surgery to the date of
last follow-up or death. Whether and when a patient had
died was obtained from inpatient and outpatient records,
patients’ families or local Public Security Census Register
Office through follow-up telephone calls. The last date of
follow-up was December 31, 2011, and no patients were
lost to follow-up. Patients alive on the last follow-up date
were considered censored. The median follow-up time was
62 months. Written informed consent was obtained from
all patients and this study was approved by the Institutional
Review Board of the Chinese Academy of Medical Sciences
Cancer Institute.

Treatment

All the 743 patients underwent surgery first in our center.
The etiology of HCC of all the patients was HBV infection,
whose serological detection of hepatitis B surface antigen
was positive. During the surgery process, four types of
surgery methods, curative hepatectomy, radiofrequency
ablation (RFA), percutaneous ethanol injection (PEI), palliative
hepatectomy were given to the patients. Curative hepatectomy
and RFA were used to remove or ablate all lesions with a
tumor-free margin; palliative hepatectomy and PEI were
applied to stanch the blood by tumor rupture or reduce tumor
burden. Other adjuvant therapies including transarterial
therapy, chemotherapy/target therapy/placebo therapy, or
radiotherapy were given to selected patients with preserved
liver functions and distant tumor metastasis after surgery.

Table 1: Distributions of Selected Characteristics of
743 Patients with HCC in this Study

Number (%)

Status

Death 253 (34.1)

Survival 490 (65.9)
Gender

Male 643 (86.5)

Female 100 (13.5)
Age

<60 median age 531 (71.5)

>60 212 (28.5)
Alcohol drinking

Drinker 153 (20.6)

Nondrinker 590 (79.4)
Family history

Yes 148 (19.9)

No 595 (80.1)

Tumor size (cm) (median, range) 4.1 (0.50-18.0)

Numbers of tumor sites

Single 614 (82.6)

Multiple 129 (17.4)
Tumor position

Left 169 (22.7)

Right 548 (73.8)

Caudate lobe 4(0.5)

Both 22 (3.0)
Serum biochemistry (median, range)

Albumin (g/dl) 4.18 (3.87-4.48)

Bilirubin (pmol/L) 14.00 (10.50-18.80)

AFP (ng/ml) 30.83 (5.07-505.75)
Child-Pugh stage

A 724 (97.4)

B 19 (2.6)
Edmandson stages

I-11 147 (19.8)

-1V 596 (80.2)
Vascular involvement by pathology 70 (9.4)
Major vascular invasion 19 (2.6)
Regional lymph node metastasis 7(0.9)
Direct invasion of adjacent organs 27 (3.6)
other than gallbladder or with
perforation of visceral peritoneum
Surgery methods

Curative hepatectomy 700 (94.2)

Palliative hepatectomy 9(1.2)

PEI 15 (2.0)

RFA 19 (2.6)
Hepatic inflow occlusion 110 (14.8)
Adjuvant treatment

Yes 348 (46.8)

No 395(53.2)

HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein;
PEI: Percutaneous ethanol injection; RFA: Radiofrequency ablation.

Classification of staging systems
All the patients were retrospectively assigned to
different stages according to the criteria of classification
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of eight different staging systems, respectively as
followed: (1) TNM classification system, (2) the Okuda
staging, (3) CLIP, (4) the BCLC, (5) the model for the
CUPI, (6) the JIS (7) and Tokyo score.!'3 All the classifications
were stringently based on the patients’ clinical information.

Statistical methods

For each of the selected staging system, we performed Cox
proportional hazards regression adjusted by age and sex to
evaluate the association between patients in various stages
and their overall survival in different staging systems,
respectively. Hazard ratios and their 95% confidence
intervals were calculated. Kaplan—Meier survival estimates
were plotted, and P values were assessed using log-rank
tests. In order to neutralize the potential bias in comparing
prognostic scores with different numbers of stages,
Akaike information criterion (AIC) was calculated by the
results of Cox’s regression. The AIC analysis represents
an overall assessment of a certain staging system and is
the most important statistic method for the comparison
across different staging systems. The lower AIC values,
the more accurate and informative explained by a certain
stage. All the P < 0.05 were considered as statistically
significance. All statistical analyses were performed using
the packages in R.

ResuLts

Patient characteristics

The characteristics of 743 patients are shown in Table 1. The
median age of all the patients was 55 years old (range = 19-85)
and the majority of them were male (n = 643, 86.5%). All the
patients were receiving surgery as their first clinical treatment:
700 patients (94.2%) received curative hepatectomy,
19 patients (2.6%) received RFA, 15 patients (2.0%) received
PEI and 9 patients (1.2%) received palliative hepatectomy,
respectively. Considering the treatment after the surgery,
348 patients (46.8%) received adjuvant therapies including
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transarterial therapy (n = 331), chemotherapy/target therapy/
placebo (rn = 62) or radiotherapy (n = 17). The median
size of the tumor is 4.0 cm, and 614 patients (82.6%) have
a single tumor. Vascular involvement was identified in
70 patients (9.4%) by pathology while major vascular invasion
was detected in 19 patients (2.6%) by imaging studies. The
median AFP value of serum biochemistry was 30.83 pg/ml.

By the last date of follow-up, 253 (34.1%) patients were
dead and 490 (65.9%) patients still survived. The overall 1-,
3-, S5-year survival rates and median survival were 91.5%,
70.3%, 55.3% and 72 months.

Comparison of different staging systems

Eight staging systems were used to stratify the HCC patients
into different stages, respectively. The comparisons of survival
distributions according to different stages are illustrated in
Figure la (BCLC), Figure 1b (TNM 7%), Figure 1¢c (TNM
6™M), Figure 1d (JIS), Figure le (Tokyo), Figure 1f (CLIP),
Figure 1g (CUPI), Figure 1h (Okuda), respectively. Significant
survival difference was found across all groups of these
staging systems (P <0.05) except for the comparison between
TNM 7% Stage IV versus III (P =0.1574), TNM 7* Stage IV
versus III (P = 0.5366), Tokyo score 1 versus 0 (P =0.3930),
Tokyo score 4 versus 3 (P = 0.5691), Tokyo score 5 versus 4
(P=0.0823), CLIP score 3 + 4 versus 2 (P = 0.9283), Okuda
Stage I versus Stage 0 (P = 0.1107), Okuda Stage II versus
Stage [ (P =0.7077) [Table 2].

Using additive model, all the staging systems except Okuda
staging system stratified overall survival rates of HCC
patients and furthermore, we measured the AIC values
from Cox’s regression analysis to compare the major
HCC staging systems [Table 2]. BLCL staging systems
showed the lowest AIC values (2896.577), followed by
TNM 7% (AIC = 2899.980), TNM 6" (AIC = 2902.17),
JIS (AIC = 2918.085), Tokyo (AIC = 2938.822),
CLIP (AIC = 2941.950), CUPI (AIC = 2962.027), and
Okuda (AIC = 2979.389).
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Figure 1: Kaplan-Meier curves by different stages in eight staging systems. (a) Barcelona Clinic Liver Cancer, (b) Tumor-node-metastasis
(TNM) 7t (c) TNM 6™, (d) Japan integrated staging, (e) Tokyo, (f) Cancer of the Liver Italian Program, (g) Chinese University Prognostic Index,

(h) Okuda.
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Table 2: Associations of Different Staging Systems with
Overall Survival of HCC Patients

Number MST HR (95% C/) P AIC

(%) value
BCLC 2896.58
0 48 (6.5) 94 1.00 (reference)
A 574(77.3) 84 2.89(1.19-7.03) 0.0195
B 89 (12.0) 36 2.17(1.55-3.04) 6.36x10°°
C 32(43) 13 549(3.11-9.68) 4.19x107°
P 1.50x107%
TNM 7 2899.98
Stage I 535(72.0) 94 1.00 (reference)
Stage 11 109 (14.7) 45 2.00(1.43-2.78) 4.27x10°°
Stage 11T 92 (124) 22 2.09(1.41-3.09) 0.0002
Stage IV 7(0.9) 145 1.95(0.77-4.94) 0.1574
P 3.10x10%
TNM 6 2902.17
Stage [ 535(72.0) 94 1.00 (reference)
Stage 11 109 (14.7) 45 2.00(1.43-2.78) 4.27x10°°
Stage 111 97 (13.1) 22 2.15(1.46-3.17) 0.0001
Stage IV 2(0.3) 205 1.56(0.38-6.47) 0.5366
P 1.63x10722
JIS score 2918.085
0 47(6.3) 94 1.00 (reference)
1 539(72.5) 90 3.56(1.32-9.61) 0.0122
2 142 (19.1) 35 2.28(1.72-3.03) 1.36x10°®
3+4 15(2.0) 13 2.99(1.54-5.80) 0.0012
rend 3.97x107'
Tokyo score 2938.82
0 32(43) 94 1.00 (reference)
1 277(37.3) 92 1.49(0.60-3.70) 0.3930
2 265(35.7) 72 1.46(1.07-2.00) 0.0173
3 111 (14.9) 36 1.77(1.26-2.48)  0.0009
4 41(5.5) 44 086(0.51-1.45) 0.5691
5 17(2.3) 22 1.96(0.92-4.18) 0.0823
P 4.70x107"2
CLIP score 2941.95
0 429 (57.7) 94 1.00 (reference)
1 239(32.2) 64 1.64(1.25-2.15) 0.0004
2 56(7.5) 27 2.21(1.49-3.30) 9.30x10°
3+4 19(2.6) 36 097(0.45-2.07) 0.9283
P 6.94x10712
CUPI 2962.03
Low risk 708 (95.3) 74 1.00 (reference)

Intermediate 35 (4.7) 18 3.36(2.14-5.28) 1.34x1077
risk
Okuda 2979.39

Stage 0 673 (90.6) 72 1.00 (reference)

Stage | 64(8.6) 70 1.41(0.92-2.16) 0.1107

Stage 11 6(0.8) 27 1.33(0.30-5.81) 0.7077
0.0685

trend

MST: Median survival time. HR (95% CI) and P were calculated using Cox
proportional hazards regression adjusted by age and sex and the lower stage
or score was as the reference when the risk progressed from lower stage or
score to the higher one. AIC: Akaike information criterion was calculated
using the additive model of each staging system; HCC: Hepatocellular
carcinoma; HR: Hazard ratio; CI: Confidence interval; BCLC: Barcelona
clinic liver cancer; TNM: Tumor-node-metastasis; JIS: Japan integrated
staging; CLIP: Cancer of the Liver Italian Program; CUPIL: Chinese
University Prognostic Index.

Discussion

A superior liver cancer staging system was still needed
to divide patients clearly into different groups based on
their risk factors, objective, quantitative data, and simple
calculation methods. Therefore, clinical doctors can
easily make a decision on further treatment or recruitment
of clinical research based on these factors and predict
patients’ prognosis. The discrepancies of HCC staging
systems among studies might be attributed to several
factors that potentially influenced results, including
tumor related variables, etiologies, first-line treatment,
different populations, samples sizes, and so on. It has been
demonstrated that HBV-related HCC and HCV-related
HCC have different mechanisms in hepatocarcinogenesis
and clinical manifestations and the relation between the
etiologies of HCC and its prognosis remains controversial.
The aim of this study is to find a superior staging system
for predicting survival of patients with HCC after surgery
for HBV-related Chinese populations. Two strengths of
our study are that all the patients were HBV-infected and
received the same treatment model of surgery as their
first-line treatment. We compared eight different staging
systems for 743 Chinese HCC patients who are all HBV
infection. All staging systems except Okuda staging system
stratified overall survival rates of HCC patients and BCLC
staging system showed the best prognostic ability for
cancer staging in terms of long-term survival outcome.

The BCLC staging classification has been widely accepted
for stratification of HCC patients in clinical practice
guidelines, as it not only incorporates Child-Pugh stages,
presence of portal hypertension, tumor morphology, and
performance status as variables but has also been validated
by renowned scientific societies as a useful tool able to
differentiate the prognosis of HCC patients.['®2% The
prominent character of BCLC staging is that it includes
evidence-based clinical treatment, and its surgical
indications have also been recognized as a guideline for
surgical treatment of HCC in a number of countries.*!
BCLC has been externally validated more effective than
others in western countries where main etiologies are
HCYV infection and alcohol abuse®” and for Asia area,
some studies also proved it be a superior staging system.
Recently, a study of 1717 HCC candidates (72.1% for
HBYV related-HCC) showed BCLC was the best prognostic
model in a large-scale Korean cohort.?*! In our study, BCLC
proved to be the best staging system for HBV-related
HCC (AIC = 2896.58) as well. Although some studies
showed that BCLC staging system performed poorly in
predicting the survival of patients with early HCC after
liver resection,?! our study demonstrated that BCLC
staging has a superior discriminable ability for early stage
HCC between Stage 0 and Stage A (P = 0.0195).

Six other staging systems all have the discriminatory ability
for death in long-term survival prediction after surgery.
TNM staging system (American Joint Committee on Cancer
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staging [AJCC]) for HCC has been modified several times
to the recent seventh edition in 2009." The major change
between the 6" and the 7" AJCC staging system is that
the new system imposes heavier prognostic weight on
major vascular invasion as a potential predictive factor for
poor prognosis.* Our results showed that the prognostic
performance of TNM 7% and TNM 6" staging system are
the second and third best staging system associated with
overall survival of HCC patients among all staging systems,
respectively. This is consistent with the traditional view
that TNM staging is suitable for Asian-Pacific population
who received resection.* However, the limitation of TNM
staging was without the consideration of the category of liver
function to classify the patients, which is well accepted as
a prominent factor for HCC overall survival and more and
more scholars highlighted the importance of liver function
factor in HCC patients staging categories. However, all the
patients included in our study had relatively well-preserved
liver function and could receive surgery as their first clinical
treatments, more than 90% of patients under the same curative
hepatectomy, so the impact of cirrhosis factor on survival
could be minimized. Therefore, it is reasonable two TNM
staging systems have better prognostic performances over
others. The JIS score is consisted of the Japanese TNM
staging and the Child-Pugh Sore and appears to be one of
the most promising classification systems in the Asia-Pacific
region.”’ It has been noted that the JIS system may be limited
in its ability to stratify patients with advanced scores because
it uniformly assigns tumor stage and live function. Although
JIS score did not show superiority in prediction performance
over BCLC staging system in our study, it remains the forth
suitable staging system and all the four stages could be
clearly stratified (all P <0.05). Tokyo score was established
from the study of consecutive patients with HCC treated
by percutaneous ablation in 2005.03 The advantage of this
staging is its simplicity only including albumin, bilirubin,
tumor size and tumor number as the variants. The original
aim developing this staging system was to evaluate the
prognosis of patients at early-stage who receive radical
treatment. Our study also showed that Tokyo staging had
poor stratification ability for late-stage (sore 3 versus 4; sore
4 versus 5), which was also consistent with its disadvantage
in late-stage candidates. CLIP system was established
from the study of 435 patients with HCC from 16 Italian
institutions.! It was widely proven to be a better prognostic
model for late-stage HCC population,* and a good staging
system in some cohort studies from Europe populations,”
Japanese,*” populations in middle-east regions,?'"! and the
region of Taiwan of China,!"! and so on. However, there are
still some limitations of CLIP staging: Firstly, the definition
of tumor morphology in CLIP staging category is relatively
too broad to distinguish staging subgroups correctly due
to the development of imaging technology in recent years;
secondly, all studies to date showed a high proportion of
patients were categorized as CLIP score 0-2,2% which
means its low discriminatory ability for late-stage candidates
with CLIP scores of 4-6.1°% The results of our study were

consistent with previous literature results, only 19 (2.6%)
HCC patients were classified into score 3—4 group and did
not show discriminatory ability for late-stage candidates with
the P value of score 3 + 4 versus score 2 being 0.9283. The
CUPI score was developed by the Chinese University in Hong
Kong in 20029 and the only system used widely for Chinese
HCC patients with HBV infection. However, some studies in
Chinese populations showed that CUPI had limited efficacy
in predicting survival of HCC patients undergoing surgical
resection.’*3] CUPI score was based on the fifth edition of the
TNM, but the TNM 6™ and TNM 7" was broadly reported
superior in discriminating survival among patients in different
stages, so it needs to be further modified. The CUPI staging
calculation seems relatively complicated, and it contains only
three risk subgroups, and both of them limit its clinical use.
In our study, only two CUPI stages, low risk and intermediate
risk, were included and patients in late-stage using TNM or
BCLC staging systems could not be precisely classified to
high-risk group in CUPI system and this relatively decreased
the analysis power of our study. Furthermore, only a small
proportion (10.4%) of early-stage HCC patients received
surgery original enrollment of CUPI study,!'"! so its prognostic
ability for early HCC was restricted.

The Okuda classification was the first staging system
combining tumor size and liver function by Japanese study
in 1999.81 However, as it contains fewer tumor factors and
high threshold of bilirubin level, this staging system has
been gradually losing favor with the emergency of newer
staging systems.*¥ Our study has proved that Okuda staging
was the only staging system which had no significant
prognostic ability in determining overall survival, which
was in accordance with previous studies.?%3!

Our study has several strengths. First, all the HCC patients
included in this study were Chinese Han populations with
HBYV infection that exclude the effect of other etiologies
or population heterogeneities on the survival of patients.
A homogeneous group of patients may enhance our ability to
find a suitable staging system. Second, all the patients received
surgical resection as their first clinical treatment which not
only provided a correct pathology diagnosis for all the patients
but also could decrease the effect of different treatments to the
overall survival of HCC patients. Third, we collected more
than 20 variables which might associate with overall survival
of HCC patients, which help us comprehensively compared
eight different staging systems based on the same populations.
Fourth, reviewing previous literature, sample volume of
743 cases for homogenous HBV-related HCC ethnic Chinese
population is relatively large.

There are also some limitations in our study. Firstly, the
proportion of patients in late-stage was relative small which
could decrease the analysis power. However, all the patients
had the same etiology, and first clinical treatment could help
us to identify a suitable staging system in a homogeneous
patients. Secondly, this is a single-center experience, and the
study design is retrospective, it remains to be warranted to
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validate the prognostic value of this staging system in other
well-designed cohorts.

In all, we identify the BCLC staging system is a better staging
model for HBV infection patients with HCC in Chinese
population among the eight currently used staging systems.
These identifications afford a large group of Chinese HCC
patients with HBV infection and could be helpful to design
a new staging system for a certain population.
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