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Introduction

Hepatocellular carcinoma (HCC) is the third-leading cause 
of cancer death worldwide. Despite its enormous global 
impact, there is much disagreement about how best to stage 
and characterize this cancer. The differences in approach 
to HCC are due in part to its inherent clinical and biologic 
heterogeneity, but are also a function of the prism through 
which clinicians and clinical researchers observe the cancer. 
Despite numerous validation and comparative studies, 
and “consensus” panel recommendations generated by 
hepatologists, oncologists, surgeons and radiologists, with 
varying degrees of multidisciplinary collaboration, there is 
still no single system that could be called the “standard” for 
classifying HCC.

Like with any cancer, the goals of a tumor staging system 
in HCC are to estimate a patient’s prognosis, which allows 
for appropriate therapy to be selected. The identification 
of that appropriate therapy, in turn, requires a staging 

paradigm that standardizes the platform for researchers 
to exchange data regarding treatments and outcomes (1). 
Ideally, and most challenging with HCC, staging systems 
should assure balance of important prognostic factors across 
treatment arms within a clinical trial population to avoid 
confounding of outcomes by baseline differences.

The task of accounting for the heterogeneity of HCC 
is not only a reflection of the different viral or metabolic 
conditions at the root of the cancer, but also of the extent 
of impaired liver function. The challenge of measuring the 
contributions of the cancer and hepatic dysfunction to the 
overall prognosis was recognized with the first modern-
era liver cancer staging system, which was proposed at the 
Hepatocellular Carcinoma International Symposium in 
Kampala, Uganda in 1971 (2). Subsequent attempts at HCC 
staging have continued to employ both tumor and liver-
specific variables in the setting where there is often very 
limited diagnostic tissue, which means that there may be no 

Review Article

A review of hepatocellular carcinoma (HCC) staging systems

Somasundaram Subramaniam1, Robin K. Kelley2, Alan P. Venook2

1Stanford Cancer Institute, Stanford, California, USA; 2Helen Diller Family Comprehensive Cancer Center, University of California, San 

Francisco, USA

Corresponding to: Dr. Alan P. Venook, MD. The Heller Diller Family Comprehensive Cancer Center, University of California, San Francisco,  

1600 Divisadero St., Box 1700, San Francisco CA 94141, USA. Email: venook@cc.ucsf.edu.

Abstract: Accurately staging patients is essential to oncology practice. Cancer staging contributes to 
prognostication, guides management decisions, and informs clinical, epidemiologic, and health services 
research. In hepatocellular carcinoma (HCC), staging poses unique challenges due to the geographic and 
biological heterogeneity of the disease and lack of consensus on how to best classify patients. The features 
included in various HCC classifications systems have evolved over the last 50 years, but in general, need to 
account for both tumor characteristics as well as the burden of underlying liver disease.

In this review, we discuss the Child-Turcotte-Pugh and Model for End-Stage Liver Disease, two practical 
systems that reflect the degree of hepatic dysfunction. We then describe several HCC staging systems, 
reviewing their development, and applicability to clinical practice, with a critical look at their validation. 
Finally, we look ahead to novel systems utilizing molecular markers. It is hoped this review will provide 
context regarding the use of current staging and scoring methods and a glimpse of what we can expect with 
future systems.

Keywords: Hepatocellular carcinoma (HCC); score; staging systems; stage

Submitted Jun 20, 2013. Accepted for publication Jul 16, 2013.

doi: 10.3978/j.issn.2304-3865.2013.07.05

Scan to your mobile device or view this article at: http://www.thecco.net/article/view/2528/3943



Subramaniam et al. HCC staging systems

© Chinese Clinical Oncology. All rights reserved. Chin Clin Oncol 2013;2(4):33www.thecco.net

Page 2 of 12

information from a pathological examination. This reflects 
the fact that biopsy may not be a pre-requisite to diagnosis 
of HCC (3). Serum alpha-fetoprotein (AFP) is a commonly-
used screening biomarker in patients at risk for HCC but 
is not sufficient for surveillance or diagnosis due to lack of 
sensitivity and specificity (4). Although retrospective data 
have established high AFP at presentation as a negative 
prognostic factor, serum AFP level is included in only a 
subset of HCC staging systems (Table 1).

For a staging system to be effective and widely used, 
it has to be reliable, reproducible and simple, using data 
elements that can be obtained as part of standard clinical 
practice across a wide range of treatment sites. Most HCC 
staging systems have identified prognostic factors through 
multivariate analyses of large cohorts of patients to weight 
the different variables according to prognostic impact. Once 
proposed, a classification system must be validated across 
the spectrum of HCC cohorts.

We will first review the principal system used to score 
underlying liver function in cirrhotic patients, the Childs-
Turcotte-Pugh score (CTP). Next we consider the Model 
for End-Stage Liver Disease (MELD), which predicts short-
term prognosis and is extensively used in liver transplant 
evaluation. We then examine seven commonly-utilized 
HCC staging systems with respect to their development and 
limitations. Finally, we will look ahead to novel molecular 
and biomarker-based staging systems which we hope will 
enable us to refine our understanding and classification of 
this complex and heterogeneous cancer.

Child-Turcotte-Pugh (CTP)

The prognostic importance of liver function was first 

codified in the Child-Turcotte publication in 1964 (5), where 
patients being considered for surgery for portal venous 
shunting were risk-stratified into three categories. The 
initial Child-Turcotte staging included clinical assessments 
of encephalopathy, ascites, nutritional status and laboratory 
measurements of serum bilirubin and albumin and then 
was modified by Pugh in 1973 (6), with the replacement of 
nutritional status by prothrombin time (Table 2).

The CTP score is the simplest and most widely used 
grading system for liver function. Given that most HCCs 
arise in the milieu of cirrhosis, and surgical interventions 
have the highest potential of cure, CTP is ubiquitous in 
the evaluation of HCC. In addition to routine clinical 
and research use, the CTP score is referenced routinely 
by regulatory agencies reviewing new drug applications. 
However, the drawbacks are many, including inter-
laboratory variations, day-to-day fluctuations in the key 
parameters and the subjective nature of the clinical grading 
of encephalopathy and ascites (7). Though the CTP score 
by itself does not include any HCC-specific parameters, it 
has been incorporated into multiple contemporary scoring 
systems including Cancer of the Liver Italian Program 
(CLIP) and Barcelona Clinic Liver Cancer (BCLC).

Model for end stage liver disease (MELD)

The MELD score, initially developed to determine 
prognosis following a transjugular intra-hepatic shunt 
(TIPS) procedure for liver failure (8), is now widely used 
in the liver transplant arena to prioritize donor liver 
allocation. It is a logarithmic score that is comprised of 
International Normalized Ratio (INR), serum creatinine, 
total serum bilirubin and the etiology of cirrhosis. After 

Table 1 Comparison of HCC staging systems

System
Tumor factors Liver factors

PS
Size Nodes Met PVT AFP CTP Alb Bili ALP Ascites

TNM √ √ √

Okuda √ √ √ √

BCLC √ √ √ √ √ √

CLIP √ √ √ √

JIS √ √ √ √

CUPI √ √ √ √ √ √ √

French √ √ √ √ √

Met, metastases; PVT, portal vein thrombosis; CTP, Child-Turcotte-Pugh; Alb, albumin; Bili, bilirubin; ALP, alkaline phosphatase; 

PS, performance status.
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minor modifications, the resulting MELD model, which 
has been validated in 4 independent populations (9), can be 
generalized to all patients with end-stage liver disease.

A modification of the MELD score formula (Figure 1), 
with the variable for etiology of cirrhosis excluded, was 
adopted by the United Network of Organ Sharing (UNOS) 
in February 2002 as the standard by which transplant 
recipients are prioritized. Given that a higher score is 
associated with shorter survival, priority for receipt of a 
transplant is logical. The implementation of MELD led to 
reduction in registration for the waiting list and mortality 
while on the list (10), as well as reduced median waiting 
time to liver transplantation (11).

The strength of the MELD score is its prediction of 
short-term mortality, and is therefore able to identify the 
“sickest” patients for graft allocation. However, it fails 
to correctly classify a portion of patients with advanced 
cirrhosis (12), and several groups have offered refinements 
to the score (13-15).

Selected patients with HCC may be appropriate 
candidates for a curative orthotopic liver transplant (16,17). 
However, patients with early stage HCC but compensated 
liver disease may suffer cancer progression while waiting for 
their MELD score to move them up on the graft allocation 
priority list. This has been “remedied” by awarding extra 
points to the MELD score for a diagnosis of HCC; while 
this has been shown to improve the likelihood of timely 

MELD Score = 9.57 * ln (Serum Creatinine in mg/dL) 
                       +3.78 * ln (Serum Bilirubin in mg/dL) 
                       +11.2 * ln (INR) +6.43

Figure 1 Model for end-stage liver disease (MELD) model, 
UNOS modification.

Table 2 Child-Turcotte-Pugh score

Measurements
Score

1 2 3

Encephalopathy None Mild Moderate

Ascites None Slight Moderate

Bilirubin (md/dL) 1-2 2-3 >3

Albumin (mg/dL) >3.5 2.8-3.5 <2.8

PT (seconds prolonged) <4 4-6 >6

Stage A, 5-6 points; Stage B, 7-9 points; Stage C, 10-15 points.

transplant in these patients (18), the tilt towards allocating 
livers to patients who could succumb to the malignancy has 
been debated (19).

Overview of current staging systems

TNM

No cancer would be complete without a TNM staging 
algorithm. The criteria are developed jointly by the 
American Joint Committee on Cancer (AJCC) and the 
International Union for Cancer Control (UICC) and have 
been updated regularly since the first edition in 1977; the 
Seventh Edition took effect in 2010 (1).

The TNM system assesses primary tumor features (T), 
the, presence or absence of nodal involvement (N) and 
distant metastasis (M). Additional information which may 
be included are the histologic grade (G) and fibrosis score (F) 
based on the Ishak classification (20), but these factors do 
not affect staging (Table 3).

Recent versions of the TNM staging have been 
influenced largely by data from patients who underwent 
curative resections. In 2002, Vauthey et al. proposed a 
simplification of the TNM, after stratifying the survival of 
557 patients who underwent resections. They recommended 
that the T-component focus on vascular invasion, tumor 
number and tumor size (21). In a similar analysis of surgical 
patients in Hong Kong, with a predominance of hepatitis B, 
Poon and Fan found the key prognostic factors for 5-year 
survival are major vascular invasion, microvascular invasion 
and involvement of surrounding tissues (22).

In essence, the TNM system is based on histopathology 
and is applicable in prognosticating survival for the distinct 
minority of patients who have undergone curative surgery. 
By itself, the TNM T-stage does not offer guidance on 
resectability and therefore adds very little discriminatory 
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Table 3 American Joint Committee on Cancer (AJCC) TNM Staging for Liver Tumors (7th ed., 2010) (1)

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Solitary tumor without vascular invasion

T2 Solitary tumor with vascular invasion or multiple tumors none more than 5 cm

T3a Multiple tumors more than 5 cm

T3b Single tumor or multiple tumors of any size involving a major branch of the portal vein or hepatic vein

T4 Tumors with direct invasion of adjacent organs other than the gallbladder or with perforation of visceral peritoneum

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

Anatomic stage/prognostic groups

Stage I T1 N0 M0

Stage II T2 N0 M0

Stage IIIA T3a N0 M0

Stage IIIB T3b N0 M0

Stage IIIC T4 N0 M0

Stage IVA Any T N1 M0

Stage IVB Any T Any N M1

Histologic grade (G)

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

G4 Undifferentiated

Fibrosis score (F)

The fibrosis score as defined by Ishak recommended because of its prognostic value in overall survival. This scoring system uses 

a 0-6 scale

F0 Fibrosis score 0-4 (none to moderate fibrosis) 

F1 Fibrosis score 5-6 (severe fibrosis or cirrhosis)

value to patient assessment. It has little relevance to patients 
presenting with advanced disease because of the model’s 
inability to reflect the prognosis of underlying liver disease.

Okuda score

The Okuda system is a prognostic score introduced in 
1985 (23) and incorporates both tumor features as well as 

the degree of underlying cirrhosis. Using a cohort of 850 
patients with an unequivocal diagnosis of HCC between 
1975-1983, Okuda and colleagues devised a staging system 
based on four factors representing advanced disease. This 
includes tumor occupying greater or less than 50% of the 
liver, the presence or absence of ascites, and serum albumin 
and bilirubin levels (Table 4). In the original cohort, median 
survival was 11.5 months for Stage I, 3.0 months for Stage 
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II and 0.9 months for Stage III.
Because many in the index population (38.5-45%) died 

of liver failure, the system emphasizes underlying liver 
dysfunction.

Despite not having been prospectively evaluated, the 
Okuda system is still in use, but with the evolution of 
imaging and surveillance, it is the extraordinary patient 
whose tumor is not discovered well before it occupies more 
than half the liver. The system’s biggest shortcoming is its 
relatively crude classification of early stage patients and 
subsequent staging systems have tried to better characterize 
Okuda Stage I patients. Contemporary models have all 
adopted the practice of including liver-specific variables and 
some have even incorporated the Okuda score into newer 
formulae. Indeed, the Okuda system remains the standard 
against which newer scoring systems are compared.

BCLC staging classification

The BCLC classification was first published in 1999 (24)  
and is considered the standard HCC system by the 
American Association of for the Study of Liver Disease 
(AASLD) (4) and European Association for the Study of 
the Liver (25). These endorsements and the substantial 
contributions to HCC research by the hepatologists who 
described BCLC sometimes disguise the reality that not 
every clinician and researcher in the field agrees with the 
stance of the distinguished liver societies.

Derived from a single institution experience, BCLC 
takes into account size and extent of the primary tumor, 
liver function and physiological factors and incorporates 
the Okuda stage and Child-Pugh score (Table 5). There is a 
corresponding treatment schedule for each stage (Table 6),  
ranging from curative therapies such as resection or 
transplant for early stage patients to best supportive care 

Table 4 Okuda staging

Factors representing advanced disease

- Tumor size >50% of liver

- Ascites

- Albumin <3 g/dL 

- Bilirubin >3 mg/dL

Stage I No factors present

Stage II 1-2 factors

Stage III 3-4 factors

for end-stage patients. Prospective and retrospective 
studies on Italian cohorts (26-28), in which the majority 
of patients underwent radical therapies, found BCLC to 
be a better prognostication system compared to the other 
commonly used systems. Marrero et al. reported in 2005 
that, in a cohort of 239 consecutive American patients 
seen at the University of Michigan Medical Center’s Liver 
Clinics, BCLC had the best prognostic stratification when 
compared to 6 other commonly used staging systems (29). 
While other investigators have failed to come to the same 
conclusion (30-33), BCLC has gained widespread popularity 
since its introduction.

More controversial than the prognostic scoring system is 
the treatment algorithm that is a part of the BCLC. It lacks 
discrimination within the intermediate stage (BCLC-B) 
patients, a large proportion of the HCC population. The 
burden of liver disease which falls under BCLC stage B 
can vary greatly, from four small tumors to near complete 
replacement of the liver by tumor, provided liver function 
is preserved and there is no vascular invasion, extrahepatic 
spread, or compromised performance status, which would 
upstage to BCLC stage C or D. Consequently, in practice, 
some BCLB-B patients may no longer be eligible for liver-
directed therapies, and are generally treated following 
BCLC-C algorithms. The heterogeneity within the 
BCLC-B classification also introduces the potential for 
prognostic heterogeneity within clinical research protocols 
employing BCLC stage for eligibility or stratification.

CLIP score

The CLIP score was proposed in 1998 and by incorporating 
Child-Pugh stage, tumor morphology, AFP level and the 
presence or absence of portal vein thrombosis, takes into 
account both liver function and tumor characteristics (34) 
(Table 7). However, what constitutes “massive” is subjective, 
without specific size criteria.

To derive the score, a retrospective analysis was 
performed between 1990-1992 of 435 HCC consecutive 
patients, almost all with cirrhosis, presenting to the 16 
CLIP institutions. Univariate analysis identified significant 
predictors of overall survival, and these were included into 
a stratified Cox proportional hazards regression model, 
with loco-regional therapy as the stratification factor. 
The majority of patients (56.8%) received some form of 
loco-regional treatment and only a few (2.7%) underwent 
surgery.

The CLIP score (range from 0-5) was first validated 
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Table 5 Barcelona Clinic Liver Cancer (BCLC) staging classification

Stage  PST
Tumor status

Liver function studies
Tumor stage Okuda stage

Stage A: early HCC

A1 0 Single I No portal hypertension and normal bilirubin

A2 0 Single I Portal hypertension and normal bilirubin

A3 0 Single I Portal hypertension and abnormal bilirubin

A4 0 3 tumors <3 cm I-II Child-Pugh A-B

Stage B: intermediate HCC 0 Large multinodular I-II Child-Pugh A-B

Stage C: advanced HCC 1-2* Vascular invasion or  

extrahepatic spread

I-II Child-Pugh A-B

Stage D: end-stage HCC 3-4† Any III Child-Pugh C

PST, Performance Status Test; Stage A and B, All criteria should be fulfilled; *, Stage C, at least one criteria: PST1-2 or vascular 

invsion/extrahepatic spread; †, Stage D, at least one criteria: PST3-4 or Okuda Stage III/Child-Pugh C.

Table 6 Treatment schedule proposed for hepatocellular carcinoma (HCC) cirrhotic patients according to the BCLC classification system

Stage Treatment intention First/second choice

Stage A: early HCC

A1 Radical Surgical resection

A2 Surgical resection → OLT/percutaneous treatment

A3 OLT/percutaneous treatment

A4 OLT/percutaneous treatment

Stage B: intermediate HCC Palliative* Transarterial embolization (associated or not to percutaneous treatment) 

chemoembolization

Stage C: advanced HCC Palliative* New agents

Stage D: end-stage HCC Symptomatic Supportive treatment

*In the setting of phase II investigations or randomized control trials.

Table 7 Cancer of Liver Italian Program (CLIP) scoring system

Variables
Scores

0 1 2

Child-Pugh stage A B C

Tumor morphology uninodular and extension ≤50% multinodular and extension ≤50% massive or extension >50%

AFP (ng/dL) <400 ≥400

Portal vein thrombosis No Yes

by the original investigators on a prospective cohort of 
196 HCC patients with cirrhosis being enrolled in a 
clinical trial (35) and has subsequently been validated 
on Japanese, Canadian and German cohorts of patients  
(36-38). CLIP was found to be a good predictor of 
recurrence in a retrospective analysis of a Chinese cohort of 

174 predominantly Hepatitis B positive patients with HCC 
who underwent curative resection (39). The CLIP score 
also performed better than other prognostication systems 
when used to retrospectively analyze 131 Korean patients, 
with unresectable HCC, who were undergoing transarterial 
chemoembolization (TACE) (40).
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The CLIP score is not flawless. The paucity of patients 
undergoing curative surgery in the original cohort may 
limit its ability to prognosticate early stage patients. 
Although a retrospective analysis of patients in Canada (37), 
28% of whom underwent surgery, CLIP was found to be 
superior to Okuda in identifying early stage patients with a 
good prognosis, it is not as accurate at the JIS (see below). 
However, other investigators have suggested the CLIP is 
comparatively superior to contemporary systems (41,42) and 
may be further improved by the inclusion of performance 
status (42).

Japan integrated staging (JIS)

In 2003, the The Liver Cancer Study Group of Japan 
(LCSGJ) proposed the JIS score (43). Arguing that the CLIP 
score, previously validated in a Japanese population (36),  
did not provide sufficiently accurate prognostication for 
the early stage patients commonly diagnosed in Japanese 
centers due to screening programs and increased awareness 
of HCC, these investigators directed their efforts towards 
emphasizing the very favorable group from other early-
stage patients.

The JIS score was developed from a cohort 722 
consecutive Japanese patients and appears superior at 
prognosticating survival compared to CLIP, particularly 
in patients with early stage disease. The JIS system 
incorporates the LCSGJ’s modification of the TNM system 
and the Child-Pugh score (Table 8). Patients with a JIS score 
of 0 had a 10-year survival rate of 65% while patients with a 
CLIP score of 0 had 10-year survival rates of only 23%.

While it has been validated in Japan (44,45) and in 
other Asian populations, the JIS has not been prospectively 
validated in a Western population. There have been 
attempts to modify the JIS (46), as well as to incorporate 
biomarkers like AFP into the system (47,48); these versions 
have also not been validated and have not gained traction 
outside of Japan.

Table 8 Japan integrated staging (JIS) scoring system

Variables
Scores

0 1 2 3

Child-Pugh stage A B C

TNM stage by LCSGJ I II III IV

LCSGJ, Liver Cancer Study Group of Japan.

Table 9 Weight of six prognostic factors in Chinese University  
Prognostic Index (CUPI)

Variable Weight

TNM Stage

I and II –3

IIIa and IIIb –1

IVa and IVb (reference) 0

Asymptomatic disease on presentation –4

Ascites 3

AFP ≥500 ng/mL 2

Total bilirubin (µmol/L)

<34 (reference) 0

34-51 3

 ≥52 4

Alkaline phosphatase ≥200 IU/L 3

CUPI Stages: score ≤1 (Low risk); 2-7 (Intermediate risk); ≥8 

(High risk)

Chinese University Prognostic Index (CUPI)

The CUPI was developed at a single center in Hong Kong 
based on a retrospective analysis of 926 ethnic Chinese 
patients (49). As expected, based on the population’s 
demographics, the cohort had a high proportion with 
hepatitis B (79%). The cohort was also predominantly 
male (83%) and the majority (58.4%) of patients were too 
advanced to receive any surgery or interventional therapy. 
A Cox regression model was constructed containing TNM 
staging followed by forward stepwise addition of 18 other 
relevant clinical variables. The outcome measurement 
was death within 3 months of diagnosis. In addition to 
confirming TNM staging as a highly significant predictor 
of 3-month survival, the model identified presentation with 
asymptomatic disease, AFP level, total bilirubin, serum 
alkaline phosphatase and clinical detection of ascites as 
significant prognostic factors (Table 9).

The original investigators were able to prospectively 
validate CUPI in a group of 595 largely hepatitis-B positive 
Asians (50). The CUPI is well-designed and easy to use. 
The weighted scoring system in CUPI is more refined 
than the rather blunt assignment of points in CLIP and 
JIS. CUPI is derived from a cohort which is predominantly 
hepatitis B and performs well in similar Asian populations. 
Of note, 2 recent studies have found that CUPI, as well 
as the CLIP score, are the best models to predict survival 



Subramaniam et al. HCC staging systems

© Chinese Clinical Oncology. All rights reserved. Chin Clin Oncol 2013;2(4):33www.thecco.net

Page 8 of 12

in patients with advanced HCC enrolling in clinical trials 
for systemic therapy at Asian centers (33,51). However, 
it has not performed well in comparative studies in 
Western populations, which are characterized by a greater 
proportion of patients with hepatitis C.

Groupe d’Etude et de Traitement du Carcinome 
Hépatocellulaire (GRETCH)

The French scoring system, proposed by GRETCH in  
1999 (52), uses objective measures and an estimate of 
performance status to predict survival. A cohort of 761 
consecutive patients across 24 institutions in Europe and 
Canada were randomly assigned to a training sample (506 
patients) or a validation sample (255 patients.) Predictors 
of survival were identified using univariate analysis with 
Kaplan-Meier estimates and then included in a Cox 
proportional hazards model. Using a forward stepwise 
selection, five factors were found to affect 1-year survival 
from the time of diagnosis. These are performance status 
by Karnofsky score, serum bilirubin, serum alkaline 
phosphatase, AFP, and presence or absence of portal 
obstruction by ultrasonography (Table 10).

An advantage of the French classification is that its 
variables are generally available at the time of initial 
diagnosis and do not require invasive procedures or 
sophisticated imaging. The increasing use of cross-
sectional imaging as a diagnostic modality could impact 
the prognostic value of this scoring system by altering 
the sensitivity for diagnosis of portal obstruction. To 
date, however, this classification system has not improved 
prognostic discrimination in comparison to other systems 
when tested on various cohorts (26,42,53).

Limitations of current staging systems

The heterogeneous nature of HCC has made it difficult 

Table 10 French classification

Weight 0 1 2 3

Karnofsky index (%) ≥80 <80

Serum bilirubin (µmol/L) <50 ≥50

Serum alkaline phosphatase (ULN) <2 ≥2

Serum alpha-fetoprotein (µg/L) <35 ≥35

Portal obstruction (ultrasonography) no yes

ULN, upper limit of normal.

to implement a universally accepted staging system. While 
the various systems emphasize to a different degree the 
importance of tumor characteristics and liver function 
(Table 1), none of the classification algorithms account for 
location of the tumor or its proximity to major vessels. In 
turn, the tempo of the deterioration of the underlying liver 
disease is also difficult to calculate, both because of the risk 
of worsening cirrhosis if it exists or the proclivity for central 
HCC tumors to invade the portal vein. Frequently, patients 
can be clinically stable for an extended period of time before 
experiencing decompensated liver failure. With serial liver 
function tests and imaging, clinicians hope to recognize 
impending signs of liver failure.

Finally, the underlying risk factors and the complex 
tumor biology of HCC are not accounted for by any of 
these systems. Many studies describe differences in cancer 
outcomes based on the etiology of cirrhosis. For example, 
hepatitis C patients and patients with alcoholic liver disease 
generally experience poorer outcomes than HBV-positive 
patients undergoing resection (54,55), which is generally 
attributed to the propensity of some HBV-associated HCCs 
to bypass the premalignant state of cirrhosis. Conversely, 
post-hoc subset analyses suggest that HCV and alcoholic 
liver disease HCC subgroups experience better outcomes 
with sorafenib therapy (56). An increasing number of 
patients now develop HCC secondary to underlying non-
alcoholic fatty liver disease (NAFLD), which also may 
impact prognosis (57). These examples highlight the 
challenges of discriminating the prognostic impact of the 
extent and etiology of underlying liver disease from that of 
tumor factors such as stage and tumor biology.

Novel staging systems

With emerging understanding of HCC genomics, it is now 
apparent that common molecular subclasses exist which 
are associated with prognosis, may be enriched in certain 
subsets according to etiology of liver disease, and which 
could impact response to targeted therapies (58,59). In 
this clinically- and genomically-complex disease, it is likely 
that tumor biology will play an important role in future 
staging. Several recently proposed staging systems, which 
incorporate molecular biomarkers—of both tumor and 
cirrhosis—are discussed below.

Genomic signatures

Over the past decade, numerous molecular signatures have 
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been proposed to predict recurrence and cancer outcomes 
in surgically resected HCC (58,60). In 2011, Villanueva  
et al. evaluated 22 different molecular signatures and 
identified 2—the G3 signature from tumor and the poor-
survival signature from adjacent nontumoral cirrhotic 
tissue—which, together with clinico-pathological features, 
were associated with recurrence (61).

5-gene score

Recently, a gene expression score has been proposed to 
predict disease-specific survival and early tumor recurrence 
of resected HCC (62). 5 genes (TAF9, RAMP3, HN1, 
KRT19 and RAN) were selected for their prognostic value in 
a French cohort. Patients were stratified into good and poor 
risk groups and the authors applied the gene score to several 
independent cohorts.

IGF-modified CTP staging 

Serum insulin-like growth factor-1 (IGF-1) has been 
proposed as a surrogate for hepatic function because its 
production is reduced in cirrhosis (63).

Conclusions

The perfect unifying HCC staging system does not exist, 
nor is one necessary. Striving to better characterize and 
classify this disease remains a worthy endeavor, particularly 
if we are able to identify subsets of patients who garner 
substantial benefit from interventions. Depending upon the 
direction in which the field moves, we may be discussing 
entirely different systems a few years from now.

Accurately staging a disease and stratifying patients 
in clinical trials is not the same as correctly managing it. 
Because of its widespread presence in contemporary HCC 
research, BCLC is used by many practitioners to guide 
clinical decision-making. While this is certainly reasonable, 
and lays the framework for investigators and treating 
physicians alike to make best use of current data in treating 
a difficult cancer, it should not be taken as evidence that 
BCLC is the most accurate or refined system.

On the horizon, our growing understanding of the 
complex tumor biology in HCC along with novel imaging 
techniques and advances in the management of viral 
hepatitis and cirrhosis herald a new era of staging and 
scoring systems. As a complement to clinical staging, it 
is certainly to be hoped that these emerging systems will 

allow us to improve our prognostic ability and deliver more 
effective care to patients with HCC.
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