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Abstract: Hepatocellular carcinoma (HCC) is one of the most common malignancies and a leading cause of cancer-related
death worldwide. Surgery remains the primary and most successful therapy option for the treatment of early- and mid-stage
HCCs, but the high heterogeneity of HCC renders prognostic prediction challenging. The construction of relevant prognostic
models helps to stratify the prognosis of surgically treated patients and guide personalized clinical decision-making, thereby
improving patient survival rates. Currently, the prognostic assessment of HCC is based on several commonly used staging
systems, such as Tumor-Node-Metastasis (TNM), Cancer of the Liver Italian Program (CLIP), and Barcelona Clinic Liver
Cancer (BCLC). Given the insufficiency of these staging systems and the aim to improve the accuracy of prognostic prediction,
researchers have incorporated further prognostic factors, such as microvascular infiltration, and proposed some new prognostic
models for HCC. To provide insights into the prospects of clinical oncology research, this review describes the commonly used
HCC staging systems and new models proposed in recent years.
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1 Introduction

Liver cancer is the sixth most frequently diag-
nosed cancer worldwide, which accounted for approxi-
mately 841000 new cases and 782 000 deaths in 2018
(Bray et al., 2018). China has one of the highest in-
cidence rates of liver cancer on a global scale, with
466 000 new cases of liver cancer and 422 000 deaths
in 2015, accounting for approximately half of the total
number of cases and deaths worldwide (Chen et al.,
2016). Hepatocellular carcinoma (HCC) is the most
commonly diagnosed primary liver cancer, which is
responsible for approximately 90% of cases (Grandhi
et al., 2016). Over the past few decades, strategies for
the diagnosis and treatment of HCC have drastically
improved. However, HCC is a heterogeneous disease
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with great variation in the clinical outcomes, resulting
in unsatisfactory patient outcomes; the 5-year over-
all survival (OS) rate of patients with HCC is less
than 10% (Grandhi et al., 2016; Wang HB et al., 2019).
Hence, it is crucial to establish effective and feasible
prognostic models for monitoring HCC patients with
poor prognosis and for guiding personalized treatments.

Surgical resection and liver transplantation com-
prise the first-line treatment modality for patients with
early and intermediate stage HCCs; however, the high
risk of recurrent metastases severely affects the quality
of survival and long-term survival of patients (European
Association for the Study of the Liver, 2018; Marrero
et al., 2018). To accurately assess the prognosis of
patients with HCC for better therapeutic outcomes,
researchers have incorporated various prognostic fac-
tors into HCC staging systems to increase their reli-
ability and efficiency. More than ten prognostic sta-
ging systems, such as Tumor-Node-Metastasis (TNM),
Cancer of the Liver Italian Program (CLIP), and Bar-
celona Clinic Liver Cancer (BCLC), have been widely
employed in clinical practice; however, no universally
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acknowledged prognostic staging system has been for-
mulated (Borzio et al., 2018; Wang L et al., 2019). The
above-mentioned common staging systems incorporate
different parameters or focus exclusively on the tumor
burden, suggesting that these systems are not inclu-
sive of other important prognostic factors, which
limits their accuracy in patient prognosis prediction.
To more accurately determine the prognosis of patients
with HCC and to develop a universal prognostic model,
several studies have evaluated the data of patients
undergoing surgical treatment through a rigorous
methodology, further incorporating other prognostic
factors and validating them in patients from different
medical centers. This review describes the currently
used prognostic models, including new models that
have been proposed in recent years.

2 Clinical staging systems for HCC

As a common practice, following the initial diag-
nosis of HCC, patients are evaluated using the clinical
staging system and are categorized based on the stage
of tumor development, to determine subsequent treat-
ment options and to evaluate the efficacy of treatment
options such as chemotherapy and immunotherapy.
This facilitates the prediction of patient prognoses to
a certain extent and speeds up the exchange of infor-
mation between medical centers. With the advance-
ment of medicine, medical scientists in different parts
of the world have developed, revised, and refined vari-
ous clinical staging systems for HCC for different
populations. Despite the efforts of numerous research
centers to create a worldwide prognostic scheme for
HCC, due to the differences in ethnicity, HCC back-
ground, and treatment levels in different regions, the
development of a universal clinical staging system
has not been accomplished (Table 1) (Tellapuri et al.,
2018).

2.1 TNM staging system

The TNM staging, which is a classic clinical
staging system, was originally proposed by Pierre
DENOIX in 1943 and has been refined by the Ameri-
can Joint Committee on Cancer (AJCC) and the Inter-
national Union Against Cancer. To date, the TNM sta-
ging has been updated to the eighth edition that has
been applied since 2018 (Amin et al., 2017). TNM sta-
ging was established based on the anatomic extent of

HCC and was based on primary tumors, regional lymph
nodes, and distant metastases. Therefore, TNM staging
has good stratification and prognostic value for pa-
tients with HCC, especially for those undergoing surgi-
cal treatment (Table 2) (Chun et al., 2018).

Based on the results of two clinical studies at the
level of evidence II/I1I, the new TNM staging system
consists of a revised primary tumor (T) classification
at the seventh stage: the former T1 was divided into
Tla and T1b; patients with isolated tumors of >2 cm in
diameter and with vascular invasion were classified as
T2; and the old T3b was classified as T4 (Chan et al.,
2013; Shindoh et al., 2013). Kamarajah et al. (2018)
retrospectively included 8918 patients with HCC who
underwent hepatic resection or liver transplantation
from the Surveillance, Epidemiology, and End Results
(SEER) database. They found that the C-index of the
eighth edition staging (0.60) was slightly higher than
that of the seventh edition (0.59), indicating that the
eighth edition staging system continues to have good
prognostic power for patients undergoing surgical treat-
ment. The study further pointed out that the survival
rates for >2 cm single tumors with vascular invasion
are better than those for <5 cm multiple tumors. In
addition, the prognosis of patients with multiple tumors
measuring <5 cm in diameter without vascular inva-
sion is better than that of patients with vascular inva-
sion. This suggests that the eighth edition of the T2
classification may need further refinement.

Chen et al. (2021) retrospectively enrolled 37 062
patients with HCC in the Taiwan Cancer Registry
(TCR) between 2007 and 2013, and found that the
Akaike information criterion (AIC) of the eighth edi-
tion staging system (0) was lower than that of the
BCLC staging system (353.832) in predicting the OS.
This demonstrated the good prognostic ability of TNM
staging. In addition, Park et al. (2020) retrospectively
analyzed 1008 patients with HCC undergoing radical
resection, and found that the area under the receiver
operating characteristic (ROC) curve (AUC) values for
predicting the 2-year recurrence-free survival and
2-year OS were similar for both the eighth edition and
the seventh edition staging systems (0.690 vs. 0.693
and 0.765 vs. 0.770, respectively). However, in contrast
to the results of Shindoh et al. (2013) and Zhang et al.
(2018), Park et al. (2020) found that, for patients with
solitary tumors of <2 cm (T1a), patients with vascular
invasion had lower OS than those without vascular
invasion. Therefore, it needs to be verified whether a
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Table 1 Comparison of different clinical staging systems for HCC

Staging

Year Advantage Disadvantage
system
TNM 1943 Good stratification and prognostic values for Over-reliance on anatomical indicators, partial T
surgically treated patients classification to be verified; does not consider

other factors (PS score and ECOG score)

Okuda 1985 Simple and easy to use, with wide applicability =~ Excessive heterogeneity of patients in Okuda stage II;
does not consider late prognostic factors such as
vascular invasion and tumor number

CLIP 1998 Well validated, with good identification and Cannot effectively differentiate between subgroups

prognostic abilities 4-6; tumor morphology criteria are too general;
most patients are classified as CLIP 1 and
CLIP 2; poor stratification ability

BCLC’ 1999 Combination of prognostic classification and BCLC-stage B is too heterogeneous, with wide variation in
treatment options into one; widely used therapeutic efficacies; BCLC-stage C does not identify
clinically (especially in Western countries) patient homogeneity, and treatment options need to be

improved

CNLC 2001 Objective and easy to access data; more suitable ~ Applicability to areas outside China needs further study
for Chinese patients

CUPI 2002 Well validated with strong prognostic performance Unsatisfactory prognostic performance for patients
in patients with HBV-related HCC and equally undergoing radical treatment
applicable to Western populations

JIS 2003 Good layering capacity and prognostic Some parameters are more subjective and need to be

performance improved; applicability to western populations needs
further study

HKLC 2014 Improves on the shortcomings of the original Does not appear to provide better predictive value of
BCLC staging system and recommends outcomes than BCLC staging for Western
more aggressive treatment, especially populations; applicability to Western
for HBV-related HCC endemic areas countries needs further validation

ITA.LL.CA 2016 Strong prognostic assessment capability, initially = Stability and applicability need further validation,
showing broad applicability to European and especially in areas where HBV-associated HCC
some Asian patients is endemic

HCC: hepatocellular carcinoma; TNM: Tumor-Node-Metastasis; PS: performance status; ECOG: Eastern Cooperative Oncology Group; CLIP:
Cancer of the Liver Italian Program; BCLC: Barcelona Clinic Liver Cancer; CNLC: China Liver Cancer; CUPI: Chinese University Prognostic
Index; HBV: hepatitis B virus; JIS: Japanese Integrated Staging; HKLC: Hong Kong Liver Cancer; ITA.LI.CA: Ttalian Liver Cancer. " The 2018
version of BCLC staging.

Table 2 Tumor-Node-Metastasis (TNM) classification”

TNM stage Tumor Metastatic Distant
lymph nodes  metastases
1A Single tumor <2 c¢m in diameter (T1a) No No
IB Single tumor >2 c¢m in diameter without vascular invasion (T1b) No No
II Single tumor >2 c¢m in diameter with vascular invasion (T2) No No

Multiple tumors, none >5 cm in diameter (T2)

1A Multiple tumors, any >5 cm in diameter (T3) No No
1B Tumor involves a major branch of the portal vein or hepatic vein (T4) No No
Tumor directly invades adjacent organs other than the gallbladder or perforates No No

the peritoneum (T4)
IVA Any tumor Yes No
IVB Any tumor Any Yes

" The eighth version. Data source: Amin et al., 2017.

further refinement of Tla is needed. Notably, TNM it does not take into account factors such as liver
staging relies mainly on anatomical indicators, but  function and the patient’s general condition (e.g.,
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performance status (PS) score and Eastern Coopera-
tive Oncology Group (ECOGQG) score). Furthermore,
some T-classifications that are subject to further valid-
ation do not provide appropriate treatment advice,
which may affect the accuracy of prediction and the
application of staging.

2.2 BCLC staging system

Given the shortcomings of TNM staging, re-
searchers have successively proposed improved sta-
ging systems, such as BCLC staging that was proposed
in 1999 and is currently the most widely used clinical
system for predicting the prognosis of HCC (Table 3)
(European Association for the Study of the Liver, 2018).
Unlike other staging systems, BCLC staging combines
the tumor burden, liver function, and physical status
to classify patients (stages 0, A, B, C, and D), and com-
bines prognostic classification and treatment options
that are important for the management of HCC. Al-
though the 2018 version of the BCLC staging system
has been recognized by the European Association for
the Study of the Liver and the American Association
for the Study of Liver Diseases and is widely used in
the West, controversies regarding BCLC stages B and
C exist (Kulik and El-Serag, 2019). The 2018 version
of BCLC staging system defines stage B as asymptom-
atic multinodular tumors (multinodular; Child-Pugh:
A-B; performance status (PS): 0) and recommends
transcatheter arterial chemoembolization (TACE) as
the preferred treatment option, but this classification
has been challenged. Many studies have pointed
out that BCLC-B patients are highly heterogeneous,
and it is necessary to classify this group, such as by
Bolondi’s subclassification, Wada’s subclassification,
and Kim’s substages (Bolondi et al., 2012; Giannini
et al., 2016; Wada et al., 2016; Kim et al., 2017). In
terms of treatment, the current research points out that
the surgical treatment of some BCLC B substages can
further extend the survival time of patients (Hou et al.,
2016; di Sandro et al., 2019; Zhang ZH et al., 2019).

Another aspect of controversy in the 2018 ver-
sion of BCLC staging system is stage C (patients
with portal invasion/extrahepatic spread (EHS); Child-
Pugh: A-B; PS: 1 and 2). Sinn et al. (2015) subdivided
BCLC stage C into four substages C1-C4 based on
portal vein thrombosis (PVT) and EHS. Jun et al.
(2017) subdivided BCLC stage C into five substages
(C0—C4) based on tumor size, distant metastasis, HCC
type, and bile duct invasion. In a recent retrospective
study of 835 patients with BCLC stage C, the investiga-
tors classified patients according to their clinical char-
acteristics (PS 1, PS 2, macrovascular invasion (MVI),
EHS, and MVI+EHS) and found significant differences
in the median OS (Giannini et al., 2018).

In December 2021, Reig et al. (2022) gave a
major update to the BCLC staging and released the
latest version, that is, the 2022 version of the BCLC
staging. Different from the old version, the new BCLC
staging incorporates albumin-bilirubin (ALBI) grade,
a fetoprotein (AFP) level, Child-Pugh, and model for
end-stage liver disease (MELD) scores as indicators
to assess the liver functional reserve or compensation.
In terms of staging, the new staging divides the most
heterogencous B stage into three subgroups. In terms
of staging the treatment plan recommendation, the new
BCLC model no longer adopts the previous single
treatment method but provides multiple treatment op-
tions. It is worth noting that two important treatment
concepts are presented in the 2022 version of BCLC
staging: treatment stage migration and untreatable pro-
gression. Treatment staging migration is used to con-
sider advanced staging treatment modalities when
specific circumstance of the patient requires switch-
ing recommendation options, and in some cases even
a shift from early initial treatment recommendation to
late treatment recommendation or even no treatment.
Untreatable progression represents the failure of pre-
viously selected treatment regimens. In addition, the
new BCLC strategy points to the need to stratify the

Table 3 Barcelona Clinic Liver Cancer (BCLC) classification”

BCLC stage Tumor Liver function Performance status Treatment
Very early stage (0) Single tumor <2 cm Preserved PSO Ablation/resection
Early stage (A) Solitary Preserved PSO Resection/transplant

2 or 3 nodules <3 cm Preserved PSO Transplant/ablation
Intermediate stage (B) ~ Multinodular Preserved PSO Chemoembolization
Advanced stage (C) Portal invasion/extrahepatic spread Preserved PS1and2 Systemic therapy
Terminal stage (D) Not transplantable End-stage PS 3 and 4 Best support care

PS: performance status. ~ Data source: European Association for the Study of the Liver (2018).



progression patterns of patients with tumor progres-
sion and engage in a multidisciplinary collaborative
discussion to develop the best approach. At present,
the view that liver resection has a higher long-term
survival rate than TACE for a number of specific
BCLC stages B and C patients has been accepted by
most scholars, but the new BCLC model does not
adopt this view (Zhong et al., 2014; Zhang ZH et al.,
2019). Besides, the accuracy and stability of the 2022
version of BCLC staging for prognosis prediction need
to be further verified.

2.3 Italian Liver Cancer (ITA.LI.CA) staging system

The ITA.LI.CA staging system is a new prog-
nostic system for HCC proposed by Farinati et al.
(2016), which incorporates the ITA.LI.CA tumor
staging (stages 0, A, B1-3, and C), the ECOG phys-
ical status score (PST), the Child-Pugh score (CPS),
and AFP into the prognostic system (Tables 4 and 5)
(Parikh and Singal, 2016). The ITA.LI.CA system
was derived from a retrospective study of 5183 pa-
tients with HCC from the ITA.LI.CA database and
was externally validated in 2651 patients from Tai-
wan, China. The results showed that the prognostic
power of this system is significantly better than those
of BCLC staging, CLIP staging, Japanese Integrated
Staging (JIS), model to estimate survival in ambulatory
HCC patients (MESIAH) score, and Hong Kong
Liver Cancer (HKLC) staging (Farinati et al., 2016).
Borzio et al. (2018) externally validated the ITA.LL.CA
system on a cohort of 1508 Italian patients with HCC
and obtained the same results. In addition, it was found
that the ITA.LI.CA system continued to perform better
than the other five prognostic systems, even after pa-
tient stratification by radical and palliative treatment.
The study further indicated that the ITA.LL.CA system
shows the best prognostic performance for patients
with HCC who have received the first treatment and
were restaging. Moreover, the ITA.LI.CA group also
considered other variables (model for end-stage liver
disease (MELD) response to first treatment and subse-
quent treatment) and established a new ITA.LI.CA
restaging model to improve the prognosis assessment
of patients (Vitale et al., 2018).

2.4 Other staging systems used in Western countries

The Okuda staging system, which was the first
system to combine tumor status with liver function,

J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2023 24(3):191-206 | 195

consists of the following four indicators: tumor size,
ascites, albumin, and bilirubin. According to this sta-
ing system, patients are categorized into three stages
(stages I, II, and III). It is a widely used staging sys-
tem because of its simplicity and ease of application
(Table 4) (Okuda et al., 1984). However, due to the
high prognostic heterogeneity of patients in stage Il of
the Okuda staging system, the CLIP study group has
expanded on it and proposed further CLIP stages in
an attempt to circumvent this problem (The Cancer of
the Liver Italian Program (CLIP) investigators, 1998).
The CLIP staging system consists of the following four
indicators: Child-Pugh staging, tumor morphology,
AFP, and PVT. This system was derived by a retro-
spective study of 435 Italian patients and was exter-
nally validated on a cohort of 196 patients (Table 4)
(The Cancer of the Liver Italian Program (CLIP) in-
vestigators, 1998, 2000). Although the CLIP score has
more discriminatory and predictive prognostic power
and has been widely used, it has also been noted for
some limitations. First, CLIP staging divides patients
into six categories based on different variables, but it
does not effectively distinguish between subgroups 4—
6. Second, the tumor morphology criteria are too gen-
eral to apply to countries such as Japan where early
detection of small liver cancers is quite common.
Tumors with a CLIP score of “0” were defined as a
single nodular type with a tumor range of less than
50% in the liver. However, since this size is already
considered large for a tumor, the prognostic predic-
tion accuracy in the optimal prognostic group (score
“0) is insufficient. Third, the vast majority of pa-
tients are classified as CLIP 1 and CLIP 2, and there-
fore, this staging system has poor stratification cap-
ability (Kudo et al., 2003).

2.5 Chinese University Prognostic Index (CUPI)
staging system

Due to regional differences in the natural disease
history, etiology, and treatment of HCC, the prognos-
tic staging systems developed in Western countries are
not fully applicable to Asian populations. Therefore,
different countries and organizations in Asia have de-
veloped their own staging systems that are applicable
to Asian populations. The CUPI system was introduced
in 2002 and was developed by analyzing the clinical
characteristics of 926 patients with predominantly
hepatitis B virus (HBV)-related HCC. The CUPI system
considers six independent prognostic factors, namely,
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Table 4 Some prognostic staging systems

Score ITA.LI.CA Okuda' CLIP CUPP JIS
-4 Asymptomatic disease on
presentation
-3 TNM I and II
-1 TNM Ila and b
0 ITA.LIL.CAO; Tumor size <50% of Unino dular and extension TNM IVa and IVb; Child-Pugh grade A;
Child-Pugh score 5;  the liver; <50%; Total bilirubin Japanese TNM
ECOG PS 0; Albumin >3 g/dL;  Child-Pugh grade A; <34 umol/L stage |
Serum AFP No ascites; AFP <400 ng/dL;
<1000 ng/mL Bilirubin <3 mg/dL.  No portal vein thrombosis
1 ITALLCAA; Tumor size >50% of Multinodular and extension Child-Pugh grade B;
Child-Pugh score 6 the liver; <50%; Japanese TNM
and 7; Albumin <3 g/dL;  Child-Pugh grade B; stage 11
ECOGPS1and2 Ascites; AFP >400 ng/dL;
Bilirubin >3 mg/dL  Portal vein thrombosis
2 ITA.LL.CABI; Massive or extension AFP =500 ng/mL Child-Pugh grade C;
Child-Pugh score 8 >50%; Japanese TNM
and 9; Child-Pugh grade C stage 111
Serum AFP
>1000 ng/mL
3 ITA.LLCAB2; Total bilirubin Japanese TNM
Child-Pugh score 34-51 pmol/L; stage [V
10-15; Ascites;
ECOG PS 3 and 4 Alkaline phosphatase
>200 TU/L

4 ITA.LLCAB3
5 ITALLCAC

Total bilirubin =52 umol/L

ITA.LI.CA: Ttalian Liver Cancer; CLIP: Cancer of the Liver Italian Program; CUPI: Chinese University Prognostic Index; JIS: Japanese
Integrated Staging; TNM: Tumor-Node-Metastasis; ECOG: Eastern Cooperative Oncology Group; AFP: o fetoprotein; PS: performance status.
! Stage I: 0; Stage II: 1 and 2; Stage I1I: 3 and 4. > Low-risk group (A): score<1; intermediate-risk group (B): score=2—7; high-risk group (C): score>8.
" Data sources: Okuda et al., 1984; The Cancer of the Liver Italian Program (CLIP) investigators, 1998; Leung et al., 2002; Kudo et al., 2003;

Farinati et al., 2016.

Table 5 Italian Liver Cancer (ITA.LI.CA) tumor stage”

ITA.LL.CA tumour stage Tumour Vascular invasion or metastases

0 Single nodule <2 cm No
A Single nodule <5 cm No
2 and 3 nodules with a maximum diameter <3 cm No
B1 Single nodule >5 cm No
2 and 3 nodules with a maximum diameter <5 cm No
B2 2 and 3 nodules with a maximum diameter >5 cm No
>3 nodules with a maximum diameter <5 cm No
B3 >3 nodules with a maximum diameter >5 cm No

Any nodules Yes (intrahepatic)

C Any nodules Yes (extrahepatic)

" Data source: Parikh and Singal, 2016.

TNM stage, total bilirubin (TB), AFP, ascites, alkaline
phosphatase (ALP), and absence of clinical symp-
toms, classifying patients into three risk groups (low,
intermediate, and high) (Table 4) (Leung et al., 2002).
The CUPI study group performed prospective valid-
ation on a cohort of 595 HCC patients with predom-
inantly chronic HBV infection. The results showed that

CUPI and CLIP staging systems had the best perform-
ance in terms of discriminatory power, homogeneity,
and gradient monotonicity, with superior overall per-
formance compared to BCLC staging system (Chan
etal., 2011). To verify whether CUPI is also applic-
able to Western populations, the researchers recruited
1048 patients with HCC from the UK (567) and Hong



Kong of China (517). The CUPI system was found to
be the most appropriate staging system for patients
with HCC receiving palliative care in both the UK and
Hong Kong (China) cohorts, as compared to BCLC
and CLIP. However, the prognostic performance of
CUPI was found unsatisfactory for patients receiving
radical treatment (Chan et al., 2014).

2.6 HKLC staging system

Based on a retrospective analysis of 3856 patients
with HCC in Hong Kong, a research team from the
University of Hong Kong developed the HKLC staging
system in 2014. This system is similar to the BCLC
staging system in that the former also incorporates
ECOG PST, CPS, tumor status, and extrahepatic vas-
cular metastases, but better stratifies patients with
intermediate and advanced BCLC into different sub-
groups, and suggests a more aggressive approach to
treatment, resulting in a greater survival benefit for
patients (Tables 6 and 7) (Yau et al., 2014). Several
studies from China, Singapore, and Korea, which are
regions with a high prevalence of HBV-related HCC,
also supported that HKLC staging is better than BCLC
staging in the prognosis prediction of patients with
HCC in Asia. However, the HKLC staging system is
not applicable to Western populations (Yan et al., 2015;
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Selby et al., 2017; Lee et al., 2018). Adhoute et al.
(2015) validated BCLC staging and HKLC staging on
a cohort of 665 patients with HCC from France; they
found no difference between HKLC staging and BCLC
staging in patient survival prediction, and HKLC sta-
ging did not have a better predictive value of outcome
than BCLC staging. This may be attributed to differ-
ences in the etiology and treatment modalities, as in
European countries, most patients do not have access
to more aggressive treatments. Another study on a
cohort of 1693 patients with HCC from Spain, the UK,
and Switzerland reported that the BCLC staging sys-
tem was better at predicting OS than the HKLC sta-
ging system (Kolly et al., 2016). Therefore, HKLC
staging remains to be further validated for Western
populations.

2.7 Other staging systems in the Asian region

The JIS score is a prognostic staging system
proposed by the Liver Cancer Study Group of Japan
(LCSGJ) in 2003 by retrospectively analyzing the
clinical data of 722 patients with HCC. The JIS score
incorporates the CPS and TNM staging systems based
on LCSGI criteria, which is superior to CLIP staging
in terms of selecting the best prognostic group and
stratification ability (Tables 4 and 8) (Kudo et al.,

Table 6 Hong Kong Liver Cancer (HKLC) tumor classification”

Tumor Diameter (cm) Nodule number Intrahepatic venous invasion
Early <5 <3 No
Intermediate <5 >3 No
<5 <3 Yes
>5 <3 No
Locally-advanced <5 >3 Yes
>5 >3 Any
Diffuse tumor
" Data source: Yau et al., 2014.
Table 7 Hong Kong Liver Cancer (HKLC) staging system”
Stage Tumor ECOG, Child EVM Treatment
I Early ECOG 0, Child A No Resection/liver transplantation/ablation
Ila Early ECOG 1/Child B No Resection/liver transplantation/ablation
1Ib Intermediate ECOG 0/1, Child A No Resection
ITa Intermediate ECOG 0/1, Child B No Transarterial chemoembolization
1Ib Locally-advanced ECOG 0/1, Child A/B No Transarterial chemoembolization
IVa Any tumor ECOG 0/1, Child A Yes Systemic therapy
IVb Any tumor ECOG 0/1, Child B Yes Systemic therapy/supportive care
Va Early ECOG 2-4/Child C No Liver transplantation
Vb Early ECOG 2-4/Child C Yes Supportive care
No early tumor ECOG 2-4/Child C Any Supportive care

ECOG: Eastern Cooperative Oncology Group; EVM: extrahepatic vascular invasion/metastasis. - Data source: Yau et al., 2014.
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2003). Since the liver function is relatively better in pa-
tients with HCC undergoing hepatectomy, Nanashima
et al. (2004) proposed a modified liver injury grade pro-
vided by LCSGIJ instead of Child-Pugh grade, for a
better prognostic classification of liver function (using
indocyanine green 15-min retention rate (ICGR15)
instead of encephalopathy). Their study showed that
the modified JIS scoring system yielded significant
differences in disease-free survival (DFS) and OS in
each score, outperforming the Japanese TNM staging
system. Similar results were obtained in another prog-
nostic study of 230 patients from Japan after liver
resection for HCC: the modified JIS score showed
the best ability to predict OS based on disease staging
and better prognosis compared to the JIS score, CLIP
staging, and modified CLIP staging (Nanashima et al.,
2006). In addition, because ascites and hepatic enceph-
alopathy are highly subjective among the five indica-
tors of Child-Pugh staging, the use of the ALBI score
has been proposed to replace the Child-Pugh staging
in the JIS score (i.e., the ALBI-based JIS (ALBI-T)
score). The results suggested that the ALBI-T score
has better prognostic performance than the JIS score
and can prevent clinicians from providing overtreat-
ment (Chan et al., 2016). Although the JIS score
and its modified JIS score have shown their applic-
ability to HBV (China)- and hepatitis C virus (HCV)
(Japan)-associated HCC, they have been rarely evalu-
ated in Western countries, and hence their applicability
to patients with HCC in Western countries needs fur-
ther research.

China is the world’s leading country for liver
cancer indicence, accounting for more than half of all

Table 8 Japanese Tumor-Node-Metastasis (TNM) stage”

Variable Score

Tumor

Single 0

Multiple 1
Size (cm)

<2 0

>2 1
Vessel invasion

No 0

Yes 1

" Tl=score 0; T2=score 1; T3=score 2; T4=score 3; NO: no regional
lymph node metastasisl; N1: regional lymph node metastasis; MO:
no distant metastases; M1: distant metastases; Stage I: T1, N0, MO;
Stage II: T2, NO, MO; Stage III: T3, NO, MO; Stage IV: T4, NO, M0/
any T, N1, MO/any T, any N, M 1. Data source: Kudo et al., 2003.

new and dying HCC patients. Due to the large number
of patients with HCC, the high mortality rate, and
differences in the etiology from Western countries,
it is crucial to establish a suitable staging system for
Chinese patients. The China Liver Cancer (CNLC)
staging system, proposed within the scope of 2019
Chinese guidelines, is based on the patient’s general
condition, liver tumor condition, and liver function,
and consists of six parameters (PS, Child-Pugh, extra-
hepatic metastasis, vascular invasion, and the number
and size of tumors). In this system, patients are divided
into four stages (Ia/b, [la/b, Ila/b, and IVa) and assigned
reasonable treatment options (Table 9) (Zhou et al.,
2020). A cohort study of 307 patients with HCC from
Shandong, China, also confirmed that CNLC is the
most appropriate staging system among the four sta-
ging systems (CNLC, TNM, BCLC, and CLIP) to
predict survival in China (Su et al., 2016).

3 Prognostic models for patients with HCC
treated by surgery

Surgery, as one of the most important treatment
options for early- to mid-stage HCCs, is highly effect-
ive in improving patients’ survival time. However,
the long-term survival of patients is still threatened by
tumor recurrence. In patients undergoing surgical re-
section, a high 5-year recurrence rate has been re-
corded, often at an early stage (over 70% occurring
within two years) (Marrero et al., 2018). Moreover,
while the rate of recurrence after liver transplantation
is low (11%-18%), when it does occur, the disease
often progresses rapidly, with a median survival time
of less than two years (Filgueira, 2019; Verna et al.,
2020). Although more than a dozen clinical stages of
HCC exist, most of them are not constructed exclu-
sively based on patients who underwent surgery. More-
over, the effectiveness of staging systems in the prog-
nosis prediction of surgery patients needs to be further
evaluated (Chan et al., 2018). In addition to the prog-
nostic factors included in the staging systems described
above, there are also indicators of prognostic value
(such as microvascular infiltration and inflammation-
related markers) that were not included, which affect
the prognostic accuracy of the model (Xu et al., 2019,
2020). Therefore, several studies have supported the
further construction of a postoperative prognostic
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Table 9 China clinical staging and treatment pathway for HCC’

Liver  Extrahepatic Blood vessel Number  Size of
Stage PS . . . Treatment
function  metastases invasion of tumor tumor (cm)
la 0-2 ChildA/B No No 1 <5 Surgical resection/ablation/liver transplantation (UCSF)
Ib 0-2 Child A/B No No 1 >5 Surgical resection/TACE/ablation or in combination
2,3 <3 with TACE/liver transplantation (UCSF)
IIa 0-2 Child A/B No No 2,3 >3 Surgical resection/TACE/combination with
ablation/liver transplantation (UCSF)
IIb 0-2 Child A/B No No =4 Any TACE/surgical resection/systematic treatment of
Sorafenib, Lenvatinib, or FOLFOX4/second-line:
Regorafenib
Illa 0-2 Child A/B No Yes Any Any TACE/systematic treatment of Sorafenib, Lenvatinib,
or FOLFOX4/second-line: Regorafenib/surgical
resection/radiotherapy
IIb 0-2 Child A/B Yes Any Any Any Systematic treatment of Sarafenib, Lenvatinib, or
FOLFOX4/second-line: Regorafenib/TACE/
radiotherapy
IV 0-2 ChildC Any Any Any Any Systematic supportive treatment/palliative treatment
3,4 Any and care/liver transplantation (UCSF)

UCSF: University of California, San Francisco; HCC: hepatocellular carcinoma; PS: performance status; TACE: transcatheter arterial
chemoembolization; FOLFOX4: oxaliplatin, 5-fluorouracil, and leucovorin. * Data source: Zhou et al., 2020.

model for HCC in conjunction with clinical features
that affect the survival of patients as another viable
strategy (Table 10).

3.1 Prognostic model for HCC patients undergoing
liver resection

For most patients with early-stage HCC, hepatic
resection is the preferred choice of treatment, increas-
ing the patient’s DFS time (Forner et al., 2018). Un-
fortunately, tumors are prone to recurrence and metas-
tasis after hepatectomy, with a tumor recurrence and
metastasis rate of 40%—70% within five years, ser-
iously threatening the long-term survival of patients
with HCC. Therefore, there is an urgent need to develop
a model that can effectively predict the prognosis
of HCC patients undergoing hepatic resection, to as-
sist clinicians with survival time (Forner et al., 2018;
Zhou et al., 2020).

A nomogram, which is a reliable tool for assess-
ing a patient’s prognosis, provides risk assessment
based on the characteristics of the patient and the dis-
ease, thus guiding appropriate clinical decision-making
(Balachandran et al., 2015). Huo et al. (2020) con-
ducted a retrospective analysis of 366 patients with
HCC who underwent liver resection. The study end-
point was set as OS time, and six independent prog-
nostic factors were included in the nomogram, such as
age, BCLC stage, tumor size, serum albumin, alanine
transaminase (ALT), and AFP, which were obtained

by Cox multi-factor regression analysis. The accur-
acy of the nomogram was then assessed using the
calibration curve and C-index. The calibration curves
showed a high degree of agreement between the pre-
dicted and actual observed 1-, 3-, and 5-year survival
curves for the column line graph, demonstrating the
good performance of the nomogram. The C-index of
the model (one, three, and five years) and the corrected
C-index (one and three years) after 500 bootstrap
resamples were all greater than 0.70. Additional
156 patients from the same medical center were sub-
sequently included to verify the stability of the model,
and the results showed that the predicted values of OS
in the calibration curve were in good agreement with
the actual results. Moreover, the C-indexes at one, three,
and five years were 0.72, 0.72, and 0.69, respectively,
which illustrated the accuracy of the nomogram (Huo
et al., 2020).

The defibrillation threshold (DFT) risk score model,
which was developed using a retrospective multicenter
study in China, could predict relapse-free survival
(RFS) in patients with hepatectomized HBV-associated
HCC. The researchers included 162 patients as a training
group and used Cox univariate and multifactorial analy-
ses to obtain three prognostic factors including fibrosis-
4 (FIB-4) score, grade of differentiation, and total tumor
volume. Patients were categorized into stages A, B, C,
and D based on these index scores, and the accuracy
of the model was assessed using ROC curve analysis.
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Table 10 Prognostic models for patients with HCC treated with surgery

Number of Primary

Type of surgery patients Model endpoint Variable Reference
Liver resection 522 Nomogram oS Age, BCLC stage, tumor size, serum Huo et al.,
prealbumin, ALT, and AFP 2020
255  DFT risk score RFS FIB-4, differentiation grade, and TTV Qin et al.,
2019
2282 EHBH-MVIscore OS, RFS AFP, tumor tegument, tumor diameter, HBeAg, Zhang XP
HBYV DNA load, tumor number, and gastric etal., 2019
fundal/esophageal varices
3903  ERASL-pre score, RFS ERASL-pre score: sex, ALBI score, AFP, Chan et al.,
ERASL-post tumor size, and tumor number 2018
score ERASL-post score: sex, ALBI score, AFP,
tumor size, tumor number, and MVI
771  Nomogram OS, DFS OS: TNM stage, albumin, and ALRI Liao et al.,
DFS: TNM stage, albumin, ALRI, and tumor size 2021
978  Nomogram PRS Antiviral treatment, time from primary Heetal.,
resection to recurrence, size and site of the 2018
recurrent tumor, number of recurrences, AFP
level at recurrence, and ALBI grade
Liver transplantation 846  Nomogram Risk of Tumor grade/differentiation, vascular invasion, Agopian
recurrence  nondownstaged tumors outside Milan etal., 2015
criteria, pretransplant NLR, radiographic
maximum tumor diameter, maximum AFP,
and total cholesterol
339  Pre-MORAL, RFS Pre-MORAL.: preoperative neutrophil ratio, Halazun
post-MORAL maximum AFP, and tumor size etal., 2017

1359  Competing-risk (6N

regression model

Post-MORAL: grade 4 tumor, vascular invasion,
tumor size, and the number of tumors
The sum of tumor number and size with IgAFP Mazzaferro
etal., 2018

HCC: hepatocellular carcinoma; OS: overall survival; BCLC: Barcelona Clinic Liver Cancer; ALT: alanine aminotransferase; AFP: a fetoprotein;
DFT: defibrillation threshold; RFS: relapse-free survival; FIB-4: fibrosis-4; TTV: total tumor volume; EHBH: Eastern Hepatobiliary Hospital; MVI:
microvascular invasion; HBeAg: hepatitis B e antigen; HBV: hepatitis B virus; ERASL: early recurrence after surgery for liver tumor; ALBI:
albumin-bilirubin; DFS: disease-free survival; TNM: Tumor-Node-Metastasis; ALRI: aspartate aminotransferase to lymphocyte ratio index;
PRS: post-recurrence survival; NLR: neutrophil to lymphocyte ratio MORAL: model of recurrence after liver transplantation.

The results showed that the values of the AUC for
DFT model 1-, 3-, and 5-year subjects were 0.7317,
0.7031, and 0.6972, respectively, which were signifi-
cantly higher than those of the HKLC (0.6993, 0.5069,
and 0.5072), BCLC (0.6421, 0.5400, and 0.5361), and
TNM (0.6775, 0.5183, and 0.5152) staging systems.
The predictive value of the model was further validated
using an internal validation cohort (n=93) and 83 pa-
tients from two other medical centers, and the results
were consistent with the training set, with all AUC
values of the DFT model outperforming those of the
other three staging systems (Qin et al., 2019).
Microvascular invasion (MVI) has been strongly
associated with early recurrence and reduced survival
in patients who underwent HCC surgery; however, no
models exist that predict the prognosis of patients with
complete (RO) resection hepatectomy for MVI HCC

(Cong et al., 2016). To address this issue, Zhang XP
et al. (2019) established the Eastern Hepatobiliary Hos-
pital (EHBH) MVI scoring system. The investigators
conducted a retrospective analysis of 1033 MVI HCC
cases with RO hepatectomy. Seven parameters, includ-
ing AFP, tumor encapsulation, tumor diameter, hepa-
titis B e antigen (HBeAg) positivity, HBV DNA load,
tumor number, and gastric fundal/esophageal varices,
were obtained by Cox univariate and multifactorial
analyses to establish the EHBH-MVI score. A score of
4 was selected as the cut-off value based on ROC analy-
sis, and the patients were categorized into high-risk
and low-risk groups. The results showed significant dif-
ferences in median survival time and survival rates at
one, three and five years between the two subgroups,
both for OS and RFS. A retrospective cohort (n=924)
and an internal prospective cohort (#n=322) from three



additional medical centers were included for valid-
ation, and the EHBH-MVI score performed well in both
OS and RFS prediction. To further demonstrate the
prognostic performance of the EHBH-MVI score, the
AUC values of the EHBH-MVI score were compared
with those of the existing commonly used clinical sta-
ging systems (BCLC, TNM 7th edition, Okuda, and
CLIP) using the EHBH-MVI score. The EHBH-MVI
score had the best predictive power for OS and RFS
at one, three, and five years in the training cohort. Not-
ably, since most patients have an HBV infection back-
ground, the score may not be applicable to areas with
different HCC etiologies (Zhang XP et al., 2019).

In a similar study, to develop pre- and post-
operative models for assessing the 2-year risk of re-
currence, Chan et al. (2018) included 3903 patients
with HCC undergoing radical surgical resection. First,
the pre- and post-operative clinical characteristics of
387 patients (HBV predominant) from Hong Kong
were subjected to univariate and multivariate analyses.
The following preoperative independent prognostic fac-
tors were identified: male gender, ALBI score, AFP,
tumor size, and tumor number. Then, additional MVI
factors were obtained as independent post-operative
prognostic factors. Subsequently, pre-operative (early
recurrence after surgery for liver tumor (ERASL)-pre
score) and post-operative (ERASL-post score) models
were developed by weighting the above factors. Pa-
tients were then divided into low-, medium-, and high-
risk groups using the 50th and 80th percentiles of the
score as the cut-off values, respectively. The results for
the internal validation cohort (n=130) and external valid-
ation cohorts from China (HBV, n=1304), Japan (HCV,
n=615), USA (mixed etiology, #»=661), and Italy (HCV,
n=742) also showed that the two models were effect-
ive in classifying patients into three subgroups with
significantly different RFS time. In addition, compari-
son by statistical methods revealed that the ERASL-
pre score and ERASL-post score models had the best
predictive power in both the training cohort and the
internal validation cohort, outperforming the TNM sta-
ging, Singapore liver cancer recurrence score, and the
Korean model. Overall, these two models are applic-
able not only in areas where HBV and HCV are en-
demic, but also in areas of mixed etiology, thus show-
ing wider applicability than other models.

Another study of 771 HCC patients undergoing
radical resection revealed that the aspartate amino-
transferase to lymphocyte ratio index (ALRI) is an
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independent prognostic factor for HCC patients, and a
new postoperative ALRI model was constructed for
prognosis prediction (Liao et al., 2021). The research-
ers first compared the predictive performance of
ALRI, systemic immune-inflammation index (SII), and
neutrophil to lymphocyte ratio (NLR) based on ROC
curve analysis. They found that ALRI had the highest
prognostic value, and determined its best cut-off value
as 22.6 (Halazun et al., 2009; Wang et al., 2020; Liao
et al., 2021). Subsequently, Cox analysis was per-
formed in the training cohort (n=416) to identify the
independent prognostic factors of OS in HCC patients:
TNM stage, albumin, and ALRI. Moreover, additional
tumor size factors were obtained as independent DFS
prognostic factors. The above factors were included in
the nomogram to predict OS and DFS in HCC patients
after one, three, and five years. The verification results
showed that the C-indexes of the OS and DFS of the
training cohort were 0.705 and 0.678, respectively,
and those of the validation cohort (#=355) were 0.711
and 0.666, respectively. In addition, the AUC values
of OS and DFS at one, three, and five years in both
training and validation cohorts were greater than 0.7.
A nomogram is mainly used to predict the RFS
and OS of patients, but less often applied to predict
post-recurrence survival (PRS). Unlike patients who
have not relapsed, the prognosis of patients with re-
lapsed HCC is related not only to tumor characteris-
tics, but also to the treatment modality received after
relapse (Tabrizian et al., 2015). Therefore, the afore-
mentioned nomogram model does not accurately prog-
nosticate the survival of relapsed patients, thus war-
ranting the development of a prognostic model suit-
able for patients with relapsed HCC. He et al. (2018)
included 638 patients who underwent recurrence after
hepatectomy as a training set, and parameters such as
antiviral treatment, time from primary resection to re-
currence, size and site of the recurrent tumor, number
of recurrences, AFP level at recurrence, and ALBI
grade were obtained as independent prognostic factors
by univariate and multifactorial analyses. The above
parameters were incorporated into the nomogram,
which was used to predict the 2- and 5-year PRS rates.
The validation results showed that the C-index of the
nomogram (0.797) was significantly higher than that
of the BCLC staging (0.713) in the training set. In add-
ition, the model predictions in the calibration curve were
highly consistent with the actual values. Similarly, the
C-index of the model was significantly higher for the
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internal validation set (n=213; 0.756) and the external
validation set (n=127; 0.747) than that in the BCLC
staging system (0.671 and 0.643).

3.2 Prognostic model for patients with HCC
receiving liver transplantation

Liver transplantation, a major treatment strategy
for patients with early-stage HCC, has been associated
with the risk of tumor recurrence. Once tumor recur-
rence and metastasis occur, the disease progresses
rapidly with an extremely poor prognosis. Although
several criteria for liver transplantation have been
proposed both nationally and internationally to maxi-
mize patient benefit, there is still controversy about
which criteria should be used for liver transplantation
(Filgueira, 2019). Therefore, many studies have at-
tempted to develop models that can accurately predict
the prognosis of patients with liver transplantation
HCC and can be used to guide the frequency of post-
transplant monitoring and adjuvant therapy (Moris
et al., 2020).

Agopian et al. (2015) constructed the first nomo-
gram for predicting recurrence in patients after liver
transplantation. A total of 865 patients who received
liver transplantation were included in the study, and
seven independent prognostic factors, including tumor
grade/differentiation, vascular invasion, nondownstaged
tumors outside the Milan criteria, pretransplant NLR,
radiographic maximum tumor diameter, maximum AFP,
and total cholesterol, were identified through multi-
variate analysis. The risk score was subsequently cal-
culated by weighting the above parameters to predict
the patient’s risk of recurrence at one, three, and five
years. Further investigation showed that the nomo-
gram (C-statistic 0.85) had a better ability to differen-
tiate patients with recurrence than the AJCC T-staging
system (C-statistic 0.80).

Halazun et al. (2017) included 339 patients who
underwent liver transplantation in a prospective study,
with the primary study endpoint being RFS. The fol-
lowing preoperative characteristics were obtained as
independent prognostic factors by Cox regression analy-
sis: preoperative NLR >5, AFP >200 ng/mL, and tumor
size >3 cm. The preoperative model of recurrence after
liver transplantation (pre-MORAL) was developed
accordingly, and patients were categorized into low-,
medium-, high-, and very high-risk groups, with sig-
nificant differences in RFS among the groups. In add-
ition, the investigators developed a post-operative model

(post-MORAL) using patients’ post-operative patho-
logical features with the following variables: grade 4
tumor, vascular invasion, tumor size >3 c¢m, and num-
ber of tumors >3. Similarly, post-MORAL categorizes
patients into low-, medium-, high-, and very high-risk
groups, with significantly different prognoses among
the groups. The pre-MORAL (C-statistic 0.82) model
and the post-MORAL (C-statistic 0.88) model featured
significantly better differentiation ability than the Milan
criterion (C-statistic 0.63) and the University of Cali-
fornia, San Francisco (UCSF) criterion (C-statistic 0.57);
however, their clinical applications have not been
reported.

The prognosis of liver transplantation HCC is
closely related not only to HCC-related factors (tumor
recurrence) but also to non-HCC-related factors such
as chronic rejection and the prevalence of other can-
cers (Noordzij et al., 2013). Therefore, a more reliable
prediction of the prognosis of liver transplantation HCC
can only be made if the risk of death from different
causes is differentiated. To assess the factors associated
with tumor-specific mortality and the risk of death in
patients with liver transplantation HCC in competing
risk settings, Mazzaferro et al. (2018) performed a
competing risk model analysis with multiple end-
point events. A total of 1359 patients with liver trans-
plantation HCC were included in their retrospective
analysis, with 1018 patients from Italy as the training
cohort and 341 patients from Shanghai as external
validation cohort. The results of regression analysis
showed that the sum of the tumor number and size
with IgAFP was an independent factor for HCC-
specific mortality. A prognostic model was then con-
structed using the above variables to predict 5-year
HCC-specific survival rate. The mean C-statistic for
the training cohort was 0.780, indicating the good prog-
nostic accuracy of the model. For the validation co-
hort, the model continued to outperform the Milan,
UCSF, Up-to-7, Shanghai-Fudan Standard, and French
models in terms of discriminatory power.

4 Conclusions

In summary, the highly heterogeneous nature of
patients with HCC has hampered the development of
a universally accepted surgical staging system. The
most widely used clinical staging system is currently
the BCLC staging system. As most of these prognostic



models have been extensively validated, they have
good stability and are commonly used for the prog-
nostic assessment of HCC. However, each of these
models has their particular limitations. First, as most
of the staging parameters are still somewhat contro-
versial, a multicenter large sample validation of these
parameters or refinement based on the highest level of
evidence is necessary. Second, some staging param-
eters are not comprehensive enough to be included as
indicators of prognostic value. Furthermore, there are
limitations for the applicability of the above prognos-
tic models to certain populations, and the best prog-
nostic model often differs between regions with vari-
ous backgrounds of development, stages of liver can-
cer, and treatment modalities. In contrast, new models
constructed by assessing all clinical characteristics of
surgically treated patients with HCC (including the
commonly used staging) and validated in different
medical centers, are more reliable and accurate in pre-
dicting the prognosis of patients with HCC. In fact, new
models (e.g., Nomogram, ERASL score, and EHBH-
MVI score) have superior prognostic performance com-
pared with common staging systems. Unfortunately,
such models have received little attention from other
researchers, and few studies have been conducted to
further validate their stabilities. Moreover, there have
been few reports of subsequent clinical applications.
Therefore, these models should be subjected to exten-
sive prospective validation through clinical trials, which
may better guide HCC treatment.

Acknowledgments

This research was supported by the Guangxi Scholarship
Fund of Guangxi Education Department, the Guangxi Med-
ical University Training Program for Distinguished Young
Scholars, the Advanced Innovation Teams and Xinghu Scholars
Program of Guangxi Medical University, the Guangxi Med-
ical and Health Key Discipline Construction Project, and the
Science and Technology Plan Project of Qingxiu District, Nan-
ning (Nos. 2020037, 2020038, 2021007, 2021010, and 2021012),
China.

Author contributions

Ziqin HE and Jiazhou YE drafted and revised the manu-
script. Xiaomin SHE, Ziyu LIU, Xing GAO, and Lu LU were
responsible for the topics, final editing, and preparation of
the manuscript for submission. Julu HUANG, Cheng LU, Yan
LIN, and Rong LIANG critically revised the manuscript. All
authors have read and approved the final manuscript.

J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2023 24(3):191-206 | 203

Compliance with ethics guidelines

Ziqin HE, Xiaomin SHE, Ziyu LIU, Xing GAO, Lu LU,
Julu HUANG, Cheng LU, Yan LIN, Rong LIANG, and Jiazhou
YE declare that they have no conflict of interest.

This review does not contain any studies with human or
animal subjects performed by any of the authors.

References

Adhoute X, Penaranda G, Bronowicki JP, et al., 2015. Useful-
ness of the HKLC vs. the BCLC staging system in a
European HCC cohort. J Hepatol, 62(2):492-493.
https://doi.org/10.1016/j.jhep.2014.08.035

Agopian VG, Harlander-Locke M, Zarrinpar A, et al., 2015. A
novel prognostic nomogram accurately predicts hepato-
cellular carcinoma recurrence after liver transplantation:
analysis of 865 consecutive liver transplant recipients. J
Am Coll Surg, 220(4):416-427.
https://doi.org/10.1016/j.jamcollsurg.2014.12.025

Amin MB, Greene FL, Edge SB, et al., 2017. The Eighth Edi-
tion AJCC Cancer Staging Manual: continuing to build a
bridge from a population-based to a more “personalized”
approach to cancer staging. C4A Cancer J Clin, 67(2):93-
99.
https://doi.org/10.3322/caac.21388

Balachandran VP, Gonen M, Smith JJ, et al., 2015. Nomo-
grams in oncology: more than meets the eye. Lancet
Oncol, 16(4):e173-e180.
https://doi.org/10.1016/S1470-2045(14)71116-7

Bolondi L, Burroughs A, Dufour JF, et al., 2012. Heterogen-
eity of patients with intermediate (BCLC B) hepatocellu-
lar carcinoma: proposal for a subclassification to facilitate
treatment decisions. Semin Liver Dis, 32(4):348-359.
https://doi.org/10.1055/s-0032-1329906

Borzio M, Dionigi E, Rossini A, et al., 2018. External valid-
ation of the ITA. LI. CA prognostic system for patients
with hepatocellular carcinoma: a multicenter cohort study.
Hepatology, 67(6):2215-2225.
https://doi.org/10.1002/hep.29662

Bray F, Ferlay J, Soerjomataram I, et al., 2018. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA
Cancer J Clin, 68(6):394-424.
https://doi.org/10.3322/caac.21492

The Cancer of the Liver Italian Program (CLIP) investigators,
1998. A new prognostic system for hepatocellular carcin-
oma: a retrospective study of 435 patients. Hepatology,
28(3):751-755.
https://doi.org/10.1002/hep.510280322

The Cancer of the Liver Italian Program (CLIP) investigators,
2000. Prospective validation of the CLIP score: a new
prognostic system for patients with cirrhosis and hepato-
cellular carcinoma. Hepatology, 31(4):840-845.
https://doi.org/10.1053/he.2000.5628

Chan ACY, Fan ST, Poon RTP, et al., 2013. Evaluation of
the seventh edition of the American Joint Committee on
Cancer tumour-node-metastasis (TNM) staging system for
patients undergoing curative resection of hepatocellular



204 | JZhejiang Univ-Sci B (Biomed & Biotechnol) 2023 24(3):191-206

carcinoma: implications for the development of a refined
staging system. HPB (Oxford), 15(6):439-448.
https://doi.org/10.1111/j.1477-2574.2012.00617.x

Chan AWH, Chong CCN, Mo FKF, et al., 2016. Applicability
of albumin-bilirubin-based Japan integrated staging score
in hepatitis B-associated hepatocellular carcinoma. J Gas-
troenterol Hepatol, 31(10):1766-1772.
https://doi.org/10.1111/jgh.13339

Chan AWH, Zhong JH, Berhane S, et al., 2018. Development
of pre- and post-operative models to predict early recur-
rence of hepatocellular carcinoma after surgical resection.
J Hepatol, 69(6):1284-1293.
https://doi.org/10.1016/j.jhep.2018.08.027

Chan SL, Mo FKF, Johnson PJ, et al., 2011. Prospective valid-
ation of the Chinese University Prognostic Index and
comparison with other staging systems for hepatocellu-
lar carcinoma in an Asian population. J Gastroenterol
Hepatol, 26(2):340-347.
https://doi.org/10.1111/j.1440-1746.2010.06329.x

Chan SL, Johnson PJ, Mo F, et al., 2014. International valid-
ation of the Chinese University Prognostic Index for sta-
ging of hepatocellular carcinoma: a joint United Kingdom
and Hong Kong study. Chin J Cancer, 33(10):481-491.
https://doi.org/10.5732/¢jc.014.10133

Chen LJ, Chang YJ, Chang YJ, 2021. Survival predictability
between the American Joint Committee on Cancer 8th
edition staging system and the Barcelona Clinic Liver
Cancer classification in patients with hepatocellular car-
cinoma. Oncologist, 26(3):e445-e453.
https://doi.org/10.1002/onco.13535

Chen WQ, Zheng RS, Baade PD, et al., 2016. Cancer statis-
tics in China, 2015. CA Cancer J Clin, 66(2):115-132.
https://doi.org/10.3322/caac.21338

Chun YS, Pawlik TM, Vauthey JN, 2018. 8th Edition of the
AJCC Cancer Staging Manual: pancreas and hepatobili-
ary cancers. Ann Surg Oncol, 25(4):845-847.
https://doi.org/10.1245/s10434-017-6025-x

Cong WM, Bu H, Chen J, et al., 2016. Practice guidelines for
the pathological diagnosis of primary liver cancer: 2015
update. World J Gastroenterol, 22(42):9279-9287.
https://doi.org/10.3748/wjg.v22.142.9279

di Sandro S, Centonze L, Pinotti E, et al., 2019. Surgical and
oncological outcomes of hepatic resection for BCLC-B
hepatocellular carcinoma: a retrospective multicenter analy-
sis among 474 consecutive cases. Updates Surg, 71(2):285-
293.
https://doi.org/10.1007/s13304-019-00649-w

European Association for the Study of the Liver, 2018. EASL
Clinical Practice Guidelines: management of hepatocel-
lular carcinoma. J Hepatol, 69(1):182-236.
https://doi.org/10.1016/j.jhep.2018.03.019

Farinati F, Vitale A, Spolverato G, et al., 2016. Development
and validation of a new prognostic system for patients with
hepatocellular carcinoma. PLoS Med, 13(4):¢1002006.
https://doi.org/10.1371/journal.pmed. 1002006

Filgueira NA, 2019. Hepatocellular carcinoma recurrence after
liver transplantation: risk factors, screening and clinical
presentation. World J Hepatol, 11(3):261-272.
https://doi.org/10.4254/wjh.v11.i3.261

Forner A, Reig M, Bruix J, 2018. Hepatocellular carcinoma.
Lancet, 391(10127):1301-1314.
https://doi.org/10.1016/S0140-6736(18)30010-2

Giannini EG, Moscatelli A, Pellegatta G, et al., 2016. Applica-
tion of the intermediate-stage subclassification to pa-
tients with untreated hepatocellular carcinoma. Am J Gas-
troenterol, 111(1):70-77.
https://doi.org/10.1038/ajg.2015.389

Giannini EG, Bucci L, Garuti F, et al., 2018. Patients with
advanced hepatocellular carcinoma need a personalized
management: a lesson from clinical practice. Hepatology,
67(5):1784-1796.
https://doi.org/10.1002/hep.29668

Grandhi MS, Kim AK, Ronnekleiv-Kelly SM, et al., 2016.
Hepatocellular carcinoma: from diagnosis to treatment.
Surg Oncol, 25(2):74-85.
https://doi.org/10.1016/j.suronc.2016.03.002

Halazun KJ, Hardy MA, Rana AA, et al., 2009. Negative im-
pact of neutrophil-lymphocyte ratio on outcome after
liver transplantation for hepatocellular carcinoma. Ann
Surg, 250(1):141-151.
https://doi.org/10.1097/SLA.0b013e3181a77¢59

Halazun KJ, Najjar M, Abdelmessih RM, et al., 2017. Recur-
rence after liver transplantation for hepatocellular carcin-
oma: a new MORAL to the story. Ann Surg, 265(3):557-
564.
https://doi.org/10.1097/SLA.0000000000001966

He W, Peng BG, Tang YQ, et al., 2018. Nomogram to predict
survival of patients with recurrence of hepatocellular car-
cinoma after surgery. Clin Gastroenterol Hepatol, 16(5):
756-764.¢10.
https://doi.org/10.1016/j.cgh.2017.12.002

Hou YF, Wei YG, Yang JY, et al., 2016. Combined hepatectomy
and radiofrequency ablation versus TACE in improving
survival of patients with unresectable BCLC stage B HCC.
Hepatobiliary Pancreat Dis Int, 15(4):378-385.
https://doi.org/10.1016/S1499-3872(16)60089-9

Huo RR, Liu X, Cui J, et al., 2020. Development and valid-
ation of a nomogram for assessing survival in patients with
hepatocellular carcinoma after hepatectomy. Biosci Rep,
40(6):BSR20192690.
https://doi.org/10.1042/BSR20192690

Jun CH, Yoon JH, Cho E, et al., 2017. Barcelona clinic liver
cancer-stage C hepatocellular carcinoma: a novel approach
to subclassification and treatment. Medicine (Baltimore),
96(17):e6745.
https://doi.org/10.1097/MD.0000000000006745

Kamarajah SK, Frankel TL, Sonnenday C, et al., 2018. Crit-
ical evaluation of the American Joint Commission on Can-
cer (AJCC) 8th edition staging system for patients with
Hepatocellular Carcinoma (HCC): a Surveillance, Epidemi-
ology, End Results (SEER) analysis. J Surg Oncol, 117(4):
644-650.
https://doi.org/10.1002/js0.24908

Kim JH, Shim JH, Lee HC, et al., 2017. New intermediate-
stage subclassification for patients with hepatocellular
carcinoma treated with transarterial chemoembolization.
Liver Int, 37(12):1861-1868.
https://doi.org/10.1111/1iv.13487



Kolly P, Reeves H, Sangro B, et al., 2016. Assessment of the
Hong Kong Liver Cancer staging system in Europe. Liver
Int, 36(6):911-917.
https://doi.org/10.1111/1iv.13045

Kudo M, Chung H, Osaki Y, 2003. Prognostic staging system
for hepatocellular carcinoma (CLIP score): its value and
limitations, and a proposal for a new staging system, the
Japan Integrated Staging score (JIS score). J Gastroenterol,
38(3):207-215.
https://doi.org/10.1007/s005350300038

Kulik L, El-Serag HB, 2019. Epidemiology and management
of hepatocellular carcinoma. Gastroenterology, 156(2):477-
491.el.
https://doi.org/10.1053/j.gastro.2018.08.065

Lee YS, Seo YS, Kim JH, et al., 2018. Can more aggressive
treatment improve prognosis in patients with hepatocel-
lular carcinoma? A direct comparison of the Hong Kong
Liver Cancer and Barcelona Clinic Liver Cancer algo-
rithms. Gut Liver, 12(1):94-101.
https://doi.org/10.5009/gnl17040

Leung TWT, Tang AMY, Zee B, et al., 2002. Construction of
the Chinese University Prognostic Index for hepatocellu-
lar carcinoma and comparison with the TNM staging sys-
tem, the Okuda staging system, and the Cancer of the
Liver Italian Program staging system: a study based on
926 patients. Cancer, 94(6):1760-1769.
https://doi.org/10.1002/cncr. 10384

Liao MJ, Sun JR, Zhang QF, et al., 2021. A novel post-operative
ALRI model accurately predicts clinical outcomes of re-
sected hepatocellular carcinoma patients. Front Oncol, 11:
665497.
https://doi.org/10.3389/fonc.2021.665497

Marrero JA, Kulik LM, Sirlin CB, et al., 2018. Diagnosis,
Staging, and Management of Hepatocellular Carcinoma:
2018 Practice Guidance by the American Association for
the Study of Liver Diseases. Hepatology, 68(2):723-750.
https://doi.org/10.1002/hep.29913

Mazzaferro V, Sposito C, Zhou J, et al., 2018. Metroticket 2.0
model for analysis of competing risks of death after liver
transplantation for hepatocellular carcinoma. Gastroenter-
ology, 154(1):128-139.
https://doi.org/10.1053/j.gastro.2017.09.025

Moris D, Shaw BI, McElroy L, et al., 2020. Using hepatocel-
lular carcinoma tumor burden score to stratify prognosis
after liver transplantation. Cancers (Basel), 12(11):3372.
https://doi.org/10.3390/cancers12113372

Nanashima A, Sumida Y, Morino S, et al., 2004. The Japa-
nese integrated staging score using liver damage grade for
hepatocellular carcinoma in patients after hepatectomy.
Eur J Surg Oncol, 30(7):765-770.
https://doi.org/10.1016/j.€js0.2004.05.003

Nanashima A, Sumida Y, Abo T, et al., 2006. Modified Japan
Integrated Staging is currently the best available staging
system for hepatocellular carcinoma patients who have
undergone hepatectomy. J Gastroenterol, 41(3):250-256.
https://doi.org/10.1007/s00535-005-1751-4

Noordzij M, Leffondré K, van Stralen KJ, et al., 2013. When
do we need competing risks methods for survival analy-
sis in nephrology? Nephrol Dial Transplant, 28(11):2670-
2677.

J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2023 24(3):191-206 | 205

https://doi.org/10.1093/ndt/gft355

Okuda K, Obata H, Nakajima Y, et al., 1984. Prognosis of pri-
mary hepatocellular carcinoma. Hepatology, 4(S1):3S-6S.
https://doi.org/10.1002/hep.1840040703

Parikh ND, Singal AG, 2016. The ITA.LI.CA staging system:
a novel staging system for hepatocellular carcinoma. PLoS
Med, 13(4):¢1002005.
https://doi.org/10.1371/journal.pmed. 1002005

Park S, Choi S, Cho YA, et al., 2020. Evaluation of the Ameri-
can Joint Committee on Cancer (AJCC) 8th edition stag-
ing system for hepatocellular carcinoma in 1008 patients
with curative resection. Cancer Res Treat, 52(4):1145-1152.
https://doi.org/10.4143/crt.2020.208

Qin W, Wang L, Hu BY, et al., 2019. A novel score predicts
HBV-related hepatocellular carcinoma recurrence after
hepatectomy: a retrospective multicenter study. J Gastro-
intest Surg, 23(5):922-932.
https://doi.org/10.1007/s11605-018-4037-x

Reig M, Forner A, Rimola J, et al., 2022. BCLC strategy for
prognosis prediction and treatment recommendation: the
2022 update. J Hepatol, 76(3):681-693.
https://doi.org/10.1016/j.jhep.2021.11.018

Selby LKF, Tay RXY, Woon WWL, et al., 2017. Validity of
the Barcelona Clinic Liver Cancer and Hong Kong Liver
Cancer staging systems for hepatocellular carcinoma in
Singapore. J Hepatobiliary Pancreat Sci, 24(3):143-152.
https://doi.org/10.1002/jhbp.423

Shindoh J, Andreou A, Aloia TA, et al., 2013. Microvascular
invasion does not predict long-term survival in hepato-
cellular carcinoma up to 2 cm: reappraisal of the staging
system for solitary tumors. Ann Surg Oncol, 20(4):1223-
1229.
https://doi.org/10.1245/510434-012-2739-y

Sinn DH, Cho JY, Gwak GY, et al., 2015. Different survival
of Barcelona Clinic Liver Cancer stage C hepatocellular
carcinoma patients by the extent of portal vein invasion
and the type of extrahepatic spread. PLoS ONE, 10(4):
€0124434.
https://doi.org/10.1371/journal.pone.0124434

Su LH, Zhou T, Zhang ZL, et al., 2016. Optimal staging sys-
tem for predicting the prognosis of patients with hepato-
cellular carcinoma in China: a retrospective study. BMC
Cancer, 16:1245.
https://doi.org/10.1186/512885-016-2420-0

Tabrizian P, Jibara G, Shrager B, et al., 2015. Recurrence of
hepatocellular cancer after resection: patterns, treatments,
and prognosis. Ann Surg, 261(5):947-955.
https://doi.org/10.1097/SLA.0000000000000710

Tellapuri S, Sutphin PD, Beg MS, et al., 2018. Staging sys-
tems of hepatocellular carcinoma: a review. /ndian J Gas-
troenterol, 37(6):481-491.
https://doi.org/10.1007/s12664-018-0915-0

Verna EC, Patel YA, Aggarwal A, et al., 2020. Liver transplan-
tation for hepatocellular carcinoma: management after the
transplant. Am J Transplant, 20(2):333-347.
https://doi.org/10.1111/ajt. 15697

Vitale A, Farinati F, Noaro G, et al., 2018. Restaging patients
with hepatocellular carcinoma before additional treatment
decisions: a multicenter cohort study. Hepatology, 68(4):
1232-1244.



206 | J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2023 24(3):191-206

https://doi.org/10.1002/hep.30185

Wada H, Eguchi H, Noda T, et al., 2016. Selection criteria for
hepatic resection in intermediate-stage (BCLC stage B)
multiple hepatocellular carcinoma. Surgery, 160(5):1227-
1235.
https://doi.org/10.1016/j.surg.2016.05.023

Wang CW, He W, Yuan YC, et al., 2020. Comparison of the
prognostic value of inflammation-based scores in early
recurrent hepatocellular carcinoma after hepatectomy.
Liver Int, 40(1):229-239.
https://doi.org/10.1111/1iv.14281

Wang HB, Lu ZM, Zhao XX, 2019. Tumorigenesis, diagnosis,
and therapeutic potential of exosomes in liver cancer. J
Hematol Oncol, 12:133.
https://doi.org/10.1186/s13045-019-0806-6

Wang L, Xian YT, Yang ZQ, 2019. Comparison of 10 prog-
nostic staging systems in patients with advanced hepato-
cellular carcinoma. J BUON, 24(1):150-157.

Xu LL, Li L, Wang P, et al., 2019. Novel prognostic nomo-
grams for hepatocellular carcinoma patients with micro-
vascular invasion: experience from a single center. Gut
Liver, 13(6):669-682.
https://doi.org/10.5009/gnl18489

Xu W, Li RN, Liu F, 2020. Novel prognostic nomograms for
predicting early and late recurrence of hepatocellular car-
cinoma after curative hepatectomy. Cancer Manag Res,
12:1693-1712.
https://doi.org/10.2147/CMAR.S241959

Yan XP, Fu X, Cai C, et al., 2015. Validation of models in pa-
tients with hepatocellular carcinoma: comparison of Hong
Kong Liver Cancer with Barcelona Clinic Liver Cancer
staging system in a Chinese cohort. Eur J Gastroenterol
Hepatol, 27(10):1180-1186.

https://doi.org/10.1097/MEG.0000000000000418

Yau T, Tang VYF, Yao TJ, et al., 2014. Development of Hong
Kong Liver Cancer staging system with treatment strati-
fication for patients with hepatocellular carcinoma. Gas-
troenterology, 146(7):1691-1700.¢3.
https://doi.org/10.1053/j.gastr0.2014.02.032

Zhang GQ, Li RF, Zhao XY, et al., 2018. Validation of the
American Joint Committee on Cancer eighth edition sta-
ging system in patients undergoing hepatectomy for hepa-
tocellular carcinoma: a US population-based study. J Surg
Res, 222:55-68.
https://doi.org/10.1016/].jss.2017.09.044

Zhang XP, Wang K, Wei XB, et al., 2019. An Eastern Hepato-
biliary Surgery Hospital microvascular invasion scoring
system in predicting prognosis of patients with hepato-
cellular carcinoma and microvascular invasion after RO
liver resection: a large-scale, multicenter study. Oncolo-
gist, 24(12):e1476-¢1488.
https://doi.org/10.1634/theoncologist.2018-0868

Zhang ZH, Shen SL, Chen B, et al., 2019. Hepatic resection
provides survival benefit for selected intermediate-stage
(BCLC-B) hepatocellular carcinoma patients. Cancer Res
Treat, 51(1):65-72.
https://doi.org/10.4143/crt.2018.038

Zhong JH, Ke Y, Gong WF, et al., 2014. Hepatic resection as-
sociated with good survival for selected patients with inter-
mediate and advanced-stage hepatocellular carcinoma. Ann
Surg, 260(2):329-340.
https://doi.org/10.1097/SLA.0000000000000236

Zhou J, Sun HC, Wang Z, et al., 2020. Guidelines for the Diag-
nosis and Treatment of Hepatocellular Carcinoma (2019
Edition). Liver Cancer, 9(6):682-720.
https://doi.org/10.1159/000509424



