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Abstract

Background and Aims: To validate prognostic performance
of the China liver cancer (CNLC) staging system as well as to
compare these parameters with those of the Barcelona Clinic
Liver Cancer (BCLC) staging system for Chinese hepatocel-
lular carcinoma (HCC) treated with transarterial chemoem-
bolization (TACE). Methods: This multicenter retrospective
study included 1,124 patients with HCC between January
2012 and December 2020 from six Chinese hospitals. Based
on overall survival (0S), the prognostic performance out-
comes for the CNLC and BCLC staging systems were com-
pared by model discrimination [C statistic and Akaike infor-
mation criterion (AIC)], monotonicity of the gradient (linear
trend chi-square test), homogeneity (likelihood ratio chi-
square test), and calibration (calibration plots). A prospec-
tive cohort of 44 patients receiving TACE-based therapy in-
cluded between January 2021 and December 2022 was used
to prospectively validate the outcomes. Results: Median OS
was 19.1 (18.2-20.0) months, with significant differences in
OS between stages defined by the CNLC and BCLC observed
(p<0.001). The CNLC performed better than the BCLC re-
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garding model discrimination (C-index: 0.661 vs. 0.644;
AIC: 10,583.28 vs. 10,583.72), model monotonicity of the
gradient (linear trend chi-square test: 66.107 vs. 57.418;
p<0.001), model homogeneity (159.2 vs. 158.7; p<0.001).
Both staging systems had good model calibration. Similar re-
sults were observed in the prospective cohort. Conclusions:
Combining model discrimination, gradient monotonicity, ho-
mogeneity, and calibration, the CNLC performed better than
the BCLC for Chinese HCC patients receiving TACE.
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Introduction

An ideal staging system for patients with malignancy should
provide accurate treatment guidelines and prognostic infor-
mation and stratify patients to different prognostic groups.!
Establishing a worldwide-adopted staging system in hepa-
tocellular carcinoma (HCC) has been a challenge owing to
etiologic and clinical heterogeneity of patients around the
world. Staging systems for HCC differ from those of other
solid tumors, given that the prognosis is influenced by two
diseases, underlying liver disease and liver cancer.23 Tumor
growth and underlying liver disease worsen liver function and
impact prognosis directly. The prognosis of HCC is also influ-
enced by the patient’s personal status.4

Several HCC staging systems have been established in
the past 30 years, among which the Barcelona Clinic Liver
Cancer (BCLC) staging system is currently the most widely
applied around the world.>-7 The BCLC staging system was
initially established in 1999 and was the only staging system
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providing both prognostic classification and treatment rec-
ommendations for more than 10 years.8 Notably, the BCLC
staging system was based on HCC cohort in Europe, where
alcoholic steatohepatitis (ASH) and hepatitis C virus (HCV)
are the major causes of HCC.89 It is uncertain whether the
BCLC staging system is still suitable with high accuracy in
China, where hepatitis B virus (HBV) is the major cause of
HCC.10.11 The China liver cancer (CNLC) staging system was
established with the aim to combine global evidence and pa-
tient characteristics in China.12 It is now widely applied for
staging and treatment recommendations for Chinese HCC in
clinical practice.!3 Similar to the BCLC, the CNLC incorpo-
rates tumor stage, liver function, and performance status.
The predictive ability of the CNLC staging system has yet to
be validated externally.

Approximately 80% of patients are initially diagnosed with
an intermediate-to-advanced stage because of the insidious
onset of HCC.* For these patients, transarterial chemoem-
bolization (TACE) is the most widely recommended and ap-
plied approach in clinical practice.!51® To date, limited evi-
dence has been reported to validate and compare prognostic
performance between the CNLC and BCLC staging systems
for HCCs treated with TACE. The purpose of this study was to
validate the prognostic performance of the CNLC staging sys-
tem and to compare it with that of the BCLC staging system
for Chinese treatment-naive HCC receiving TACE.

Methods

With the approval by the institutional review board of the
hospital, the multicenter retrospective study was performed
in accordance with the Declaration of Helsinki. The require-
ment for informed consent was waived because of the retro-
spective nature of the study. Patients with treatment-naive
HCC treated with TACE from January 2012 to December
2020 at six participating hospitals were screened. The di-
agnosis of HCC was based on the CNLC diagnostic criteria.12
Multidisciplinary discussion was carried out prior to treat-
ment to determine whether TACE should be recommended
as the best treatment method for the patient. Advantages
and disadvantages of the TACE treatment, including treat-
ment-related morbidities, potential treatment outcomes, and
costs, were explained to the patient. The final decision on the
treatment choice was made by the patients or their relatives.

The inclusion criteria were: (1) confirmed diagnosis of HCC
with no prior HCC-related treatment and were unresectable
or unwilling to receive curative treatment; (2) Eastern Coop-
erative Oncology Group (ECOG) performance score of 0 or 1;
(3) adequate liver function [Child-Turcotte-Pugh (CTP) grade
A or B]; and (4) adequate renal, hematologic, and clotting
function. The exclusion criteria were: (1) a contraindication
to TACE; or (2) incomplete or missing follow-up data. To fur-
ther validate outcomes of the study, the study prospectively
included patients treated with TACE-based therapy between
January 2021 and December 2022 at the leading participat-
ing hospital.

The study included patients with HCC who were unresect-
able or unwilling to receive curative treatment and initially
treated with TACE. In other words, all the stages except for
the terminal stage (CNLC stage IV and BCLC stage D) were
screened for inclusion in the study. Intermediate-stage HCC
referred to CNLC stage IIa/Ilb and BCLC stage B, respec-
tively. Intermediate stage in CNLC staging system is defined
as HCC with a ECOG performance score of 0 to 2, Child-Pugh
A/B liver function, 2 to 3 tumors with a maximum diameter
>3 cm (IIa) or 24 tumors regardless of tumor diameter (IIb),
and absence of vascular invasion or extrahepatic metastasis.
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Intermediate stage in the BCLC staging system is defined as
multifocal HCC (>3 lesions and/or a diameter of the largest
one >3 cm), with preserved liver function, no cancer-related
symptoms (ECOG performance score of 0) and no vascular
invasion or extrahepatic spread.

TACE procedure

All patients received either conventional (c)TACE or TACE with
drug-eluting beads (DEBs). Details of the TACE procedure
have been described previously.l” In brief, superselective
chemoembolization was routinely applied. cTACE was per-
formed with doxorubicin (20-40 mg/m2) and/or oxaliplatin
(85 mg/m?2) mixed with ethiodized oil (2-20 mL Lipiodol Ultra
Fluid) in a 1:3 ratio. Then, injection of bead agent (gelatin
foam particles, polyvinyl alcohol particles, or Embosphere
microspheres) was performed. In the DEB-TACE procedure,
epirubicin was used. The dose mainly depended on the intra-
hepatic tumor burden and hepatic reserve, with a maximum
of 100 mg. All TACE procedures were performed by experi-
enced interventional physicians with more than 10 years of
experience in interventional oncology. Repeated TACE was
assessed according to “on demand” mode. Patients were fol-
lowed-up at 8-12 weeks by contrast-enhanced computed to-
mography (CT) or magnetic resonance imaging (MRI). Evalu-
ation for repeated TACE was performed if contrast-enhanced
CT/MRI presented progression of the treated lesion(s) or new
lesions for the patient.18 Choice of subsequent treatment af-
ter TACE was mainly based on the intrahepatic tumor burden
and extrahepatic spread, and included other local-reginal
therapies (hepatic arterial infusion chemotherapy, ablation,
or 1251 seed implantation), systemic therapies or combination
therapy.19:20 patients did not have diet and lifestyle restric-
tions, but avoiding smoking, alcohol intake, and increase of
the body mass index were recommended.

Data assessment and statistical analysis

Patients were staged using the CNLC staging system and
the BCLC staging system. The primary outcome of the study
was overall survival (0OS), which was calculated from the ini-
tial TACE to death from any cause or the last follow-up (May
31, 2022 for the retrospective cohort and April 30, 2023 for
the prospective cohort). Model discrimination, monotonic-
ity of the gradient, homogeneity, and calibration were as-
sessed to validate and compare the performance outcomes
of the CNLC and BCLC staging systems.21:22 Model discrimi-
nation associated with OS was measured with the Harrell
C statistic, a rank-order statistic that relates to the area
under curve (AUC).23 In addition, 6-, 12-, and 24-month
AUC estimations were calculated. The Akaike information
criterion (AIC) calculated from the Cox proportional hazards
model was used to further confirm model discrimination.
The model monotonicity of the gradient was compared us-
ing the linear trend chi-square test.2! Model homogeneity
was compared using the likelihood ratio chi-square test.2!
Model calibration was validated using calibration plots (R2)
of the validation cohort versus the original predictions.2*
Discrimination represents the spread ability of the model.2!
The monotonicity of the gradient represents the consist-
ency of worsening patient survival with worsening stages,
while homogeneity represents similarity in patient survival
within a given stage.2! Calibration represented agreement
between observed outcomes and predictions.2* A high C
statistic, linear trend and likelihood chi-square values. and
low AIC values were associated with better staging system
performance. Secondary outcomes included modified Re-
sponse Evaluation Criteria In Solid Tumor (mRECIST)-based
progression-free survival (PFS) and objective response rate
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HCC treated with TACE at six
participating hospitals in China
(n=1531)

Excluded n=407
Incomplete data n=35
Prior HCC-related treatment n=147
TACE combined with other treatments n=182
ECOG >1 n=12
Infiltrative-type HCC n=24
Accompanying other primary malignancies n=7

Includedin the study
(n=1124)

Fig. 1. Flowchart of patient selection. ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization.

(ORR). PFS was defined as time from initiation of TACE to
first tumor progression or death from any cause. ORR was
defined as percentage of HCCs with confirmed complete or
partial response.

Clinical parameters were reported as frequencies and per-
centages for categorical variables and means with standard
deviations or medians and 95% confidence intervals (CIs)
for continuous variables. Baseline characteristics of the six
hospitals were compared using Fisher’s exact test or the chi-
square test for categorical variables and t-test for continuous
variables. OS was calculated by the Kaplan-Meier method
and survival curves were compared with log-rank tests. Sta-
tistical significance was considered if the p-value was <0.05.
Univariate analysis for OS was performed and variables with
p<0.05 were considered as strong risk factors and were then
included in multivariate Cox proportional hazards analysis.
Variables with p<0.05 in the multivariate Cox proportional
hazards analysis were considered as independent risk factors
associated with OS. The statistical analysis was performed
with SPSS version 21.0 for Windows (IBM Corp., Armonk, NY,
USA) and R language version 3.4.3 for Windows (R Package
for Statistical Computing; www.r-project.org).

Results

Patient characteristics

The study screened 1,531 patients with HCC and initially
treated with TACE monotherapy, and 1,124 patients were in-
cluded for final analyses (Fig. 1). The patient baseline char-
acteristics in the participating hospitals are shown and com-
pared in Table 1. In brief, the the patients had a mean age
of 60 years old and the majority were men (n=938, 83.5%).
The majority (763/1,124, 67.9%) of the included patients
had HBV-related HCC, and their tumor burden and liver func-
tion were relatively higher than the other included patients.
A total of 44 patients were included in the prospective cohort.
Details summarized in the Supplementary File 1.

The median OS was 19.1 (18.2-20.0) months. Significant
differences in OS between stages defined by the CNLC and

BCLC were observed, without obvious overlap between sub-
stages in both the CNLC and BCLC staging systems (p<0.001;
Fig. 2). For patients whose recommended treatment was cu-
rative according to the CNLC and BCLC, the median OS was
shorter in the CNLC (n=573) than in the BCLC (n=369) [23.4
(21.3-25.5) months vs. 26.2 (22.4-30.1) months]. Notably,
for patients whose recommended treatment was TACE ac-
cording to the CNLC and systemic therapy according to the
BCLC (n=168), the median OS was 9.1 (7.7-10.5) months,
which was longer than in the entire BCLC C cohort [8.8 (7.8-
9.9) months]. The median PFS was 8.9 (3.5-18.1) months
and the ORR was 30.6%.

Prognostic validation and comparison

The prognostic performance outcomes of the CNLC and BCLC
staging systems are shown in Table 2. The CNLC had bet-
ter prognostic performance outcomes than the BCLC did. For
model discrimination, the CNLC had a higher C-index (0.661
vs. 0.644) and a lower AIC (10,583.28 vs. 10,583.72) com-
pared with the BCLC. In addition, the CNLC had a greater
AUC estimate at 6, 12, and 24 months (Fig. 3). The AUCs at
6 months were 0.744 (0.699-0.788) for the CNLC and 0.727
(0.682-0.772) for the BCLC (p<0.001). The corresponding
values were 0.738 (0.705-0.771) and 0.731 (0.697-0.764)
at 12 months (p<0.001) and 0.679 (0.647-0.712) and
0.666 (0.633-0.699) at 24 months (p<0.001). For model
monotonicity of the gradient, the CNLC had higher linear
trends of chi-square tests than the BCLC (66.107 vs. 57.418;
p<0.001). For model homogeneity, the CNLC had higher like-
lihood ratios of chi-square tests than the BCLC (159.2 vs.
158.7; p<0.001). For model calibration, both staging sys-
tems achieved matching of OS in the validation and original
cohorts (Fig. 4). R2 was slightly better in the CNLC than in the
BCLC (0.916 vs. 0.912). Similar outcomes were observed for
the performance comparison between the CNLC and BCLC in
the prospective cohort. Details are shown in the Supplemen-
tary File 1. After univariate analysis, six variables, the CNLC
staging system, the BCLC staging system, Child-Pugh grade,
serum alpha fetoprotein level, intrahepatic tumor number,
and maximum intrahepatic tumor diameter, were identified
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Table 1. Patient characteristics
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Characteristic Overall, n=1,124 HBV cohort, n=763 Others, n=361 p-value*
Sex 0.003
Male 938 (83.5%) 654 (85.7%) 284 (78.7%)
Female 186 (16.5%) 109 (14.3%) 77 (21.3%)
Age in years 60 (11) 58 (11) 65 (12) <0.001
ECOG 0.01
0 1,042 (92.7%) 718 (94.1%) 324 (89.8%)
1 82 (7.3%) 45 (5.9%) 37 (10.2%)
Child-Pugh grade 0.11
A 1,024 (91.1%) 688 (90.2%) 336 (93.1%)
B 100 (8.9%) 75 (9.8%) 25 (6.9%)
Tumor size in cm 0.01
<5 462 (41.1%) 330 (43.3%) 132 (36.5%)
5-10 399 (35.5%) 259 (33.9%) 140 (38.8%)
>10 263 (23.4%) 174 (22.8%) 89 (24.7%)
No. of nodules 0.004
1 398 (35.4%) 248 (32.5%) 150 (41.5%)
2-3 335 (29.8%) 247 (32.4%) 88 (24.4%)
>4 391 (34.8%) 268 (35.1%) 123 (34.1%)
Cirrhosis 620 (55.2%) 449 (58.8%) 171 (47.4%) <0.001
Macroscopic portal vein invasion 0.41
Absent 917 (81.6%) 617 (80.9%) 300 (83.1%)
Present 207 (18.4%) 146 (19.1%) 61 (16.9%)
BCLC 0.006
A 369 (32.8%) 228 (29.9%) 141 (39.1%)
B 478 (42.5%) 345 (45.2%) 108 (36.8%)
C 277 (24.7%) 190 (24.9%) 154 (24.1%)
CNLC 0.02
Ia 155 (13.8%) 94 (12.3%) 61 (16.9%)
Ib 214 (19.0%) 134 (17.6%) 80 (22.2%)
Ila 204 (18.1%) 149 (19.5%) 55 (15.2%)
IIb 274 (24.4%) 196 (25.7%) 78 (21.6%)
Illa 168 (15.0%) 121 (15.9%) 47 (13.0%)
IIIb 109 (9.7%) 69 (9.0%) 40 (11.1%)
TACE Type 0.02
CTACE 1,042 (92.7%) 717 (94.0%) 325 (90.0%)
DEB-TACE 82 (7.3%) 46 (6.0%) 36 (10.0%)
AFP in ng/dL 0.001
<200 647 (57.6%) 413 (54.1%) 234 (64.8%)
>200 477 (42.4%) 350 (45.9%) 127 (35.2%)

*Chi-square test or one-way analysis of variance. AFP, alpha fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CNLC, China liver cancer; cTACE, conventional transarterial
chemoembolization; DEB-TACE, drug-eluting beads transarterial chemoembolization; ECOG, Eastern Cooperative Oncology Group; TACE, transarterial chemoembolization.

as significant risk factors. Considering the overlapped influ-
ence between the CNLC and BCLC staging systems, multi-
variate analysis was performed separately for these two risk
factors. For the CNLC-based multivariate analysis, the CNLC

staging system, Child-Pugh grade, serum alpha fetoprotein
level, and intrahepatic tumor number were identified as in-
dependent risk factors associated with OS (Supplementary
Table 1). Similarly, for the BCLC-based multivariate analysis,
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Fig. 2. Kaplan-Meier survival curves. (A, B) Patients were stratified by the CNLC (A) and the BCLC (B) staging systems. BCLC, Barcelona Clinic Liver Cancer; CNLC,

China liver cancer.

the BCLC staging system, Child-Pugh grade, serum alpha fe-
toprotein level, and intrahepatic tumor number were identi-
fied as independent risk factors associated with OS (Supple-
mentary Table 2).

Discussion

The study evaluated the prognostic performance of the
CNLC and BCLC staging systems in Chinese patients with
HCC with TACE as the initial treatment. The CNLC performed
better than the BCLC in terms of model discrimination, mo-
notonicity of the gradient, homogeneity, and calibration.
In addition, the CNLC staging system was able to select
patients classified as BCLC stage C to receive aggressive
treatment and achieve a better prognosis. Considering the
promising future of TACE combined with immunotherapy
and molecular targeted therapies for unresectable HCC, the
CNLC system may have a significant impact on patients with
HCC, especially on those with HBV-related HCC, for clinical
decision and research design.

Considering that staging systems often perform better in
the development cohort, external validation and comparison
have an important role in assessing the prognostic perfor-
mance of staging systems.2> Chinese and Western HCC co-
horts have major differences in etiology and socioeconomics.
Hence, the treatments recommended by the staging systems
used in those cohorts are also different.8:12 The major dif-
ferences between the CNLC and BCLC staging systems are
as follows. First, the CNLC staging system was established
with targeting specific to Chinese HCC, whereas the BCLC
staging system was established mainly for use in Western
HCC cohorts. The major etiology for Chinese HCC is chronic
HBV infection, whereas it is HCV infection and alcohol in-
take for Western HCC.® In addition, the socioeconomic differ-
ence between these two cohorts also warrants different HCC
management strategies. Second, the CNLC staging system

Table 2. Prognostic performance of the CNLC and BCLC staging systems

recommends radical therapies and TACE for more advanced
HCC. Specifically, the CNLC staging system recommends
TACE not only for intermediate HCC but also a first-line choice
for patients with portal vein tumor thrombosis (PVTT), but
the BCLC staging system recommends TACE just for inter-
mediate HCC. PVTT has an important role in the staging and
prognosis of HCC, because the occurrence of PVTT is closely
associated with portal hypertension and its complications.26
Clear differences exist in the treatment of HCC with PVTT
in the east and west.26 Physicians in west mainly follow the
BCLC staging system, which recommends systemic therapies
for HCC with PVTT. By contrast, physicians in east, including
China prefer more aggressive and multidisciplinary therapies
such as surgical resection, TACE, and systemic therapy for
PVTT.2” The major advantages and differences of the CNLC
compared with the BCLC for Chinese HCCs are as follows.
First, compared with the BCLC, the CNLC caters more to the
epidemiological characteristics of Chinese HCCs, as the ma-
jor cause for Chinese HCC is HBV infection. Second, the CNLC
recommends more aggressive treatment of patients with vas-
cular invasion, which occurs more frequently in Chinese HCC.
For patients with vascular invasion, the CNLC recommends
TACE as a first-line choice, which more precisely targets the
treated lesions and vascular invasion. The CNLC staging sys-
tem broadens the application of TACE as the first-line choice
for patients with vascular invasion and without extrahepatic
metastasis for whom systemic therapies is the standard ap-
proach recommended by the BCLC staging system. Previ-
ous studies found that more than two-thirds of patients with
HCC died because of intrahepatic tumor progression or liver
failure rather than extrahepatic progression.28 Hence, TACE
targeting intrahepatic lesion(s) should be recommended as
feasible for those patients. The median OS of the CNLC stage
IIIa patients in this study was longer than that of the entire
BCLC C cohort. The superior benefit of the CNLC staging sys-
tem was apparent for locally advanced HCC according to the

Staging system C-index (SD) AIC Linear trend Likelihood ratio R2
CNLC 0.661 (0.019) 10,583.28 66.107 159.2 0.916
BCLC 0.644 (0.019) 10,583.72 57.418 158.7 0.912

CNLC, China liver cancer; BCLC, Barcelona Clinic Liver Cancer; SD, standard deviation; AIC, Akaike information criterion.
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BCLC staging system.

In this study, palliative treatment was recommended for
551 patients (49.0%) by the CNLC staging system and for
755 (67.2%) by the BCLC staging system. The median OS
was shorter for the former cohort [13.6 (12.3-14.9) months]
than for the latter cohort [15.8 (14.5-17.0) months], which
indicates that the BCLC recommendation was conservative
for unresectable HCC compared with the CNLC. Several pre-
vious studies reported that efficacy and the safety profile of
DEB-TACE were superior to cTACE for patients with higher
tumor burdens (i.e. maximum diameter =5 cm). Notably, no
high-quality evidence has demonstrated that DEB-TACE was
significantly superior to cTACE in those patients, and neither
the BCLC nor the CNLC staging system recommends DEB-
TACE for certain condition. Therefore, both cTACE and DEB-
TACE are widely recommended and used including including
for patients with high tumor burdens.

Several study limitations should be acknowledged. First,
the retrospective nature of the study could lead to several
biases. Further study in a prospective setting would be ben-
eficial. Second, the prognostic performance of the CNLC and
BCLC staging systems were validated and compared only for
patients treated with TACE, which limited the applicability of
the study conclusion. Prognostic performance of the staging
systems for other treatments remains unknown. For exam-
ple, for patients with PVTT and without extrahepatic spread,
comparison of TACE following the CNLC system and systemic
therapies following the BCLC system is needed to explore
which staging system is more suitable for such patients. Fur-
ther studies that include cohorts with different treatments
are to be encouraged. Last but not least, the study consecu-
tively included patients with HCC treated with TACE, without
grouping CNLC-based and BCLC-based patients. The patients
included in this study were staged by either the CNLC and
the BCLC system and comparison of their prognostic per-
formance found that the CNLC was a better choice. Further
work on this topic should be carried out using this approach.
In conclusion, combining model discrimination, gradient
monotonicity, homogeneity, and calibration, found that the
CNLC staging system outperformed the BCLC staging system
regarding prognostic performance for Chinese treatment-
naive HCC patients receiving TACE.
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