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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
cancer and the second leading cause of cancer death 
worldwide (1). In the United States, the mortality has 
been rising in the past decades along with an uptrend in 
the incidence (2,3). Despite the improvement in HCC 
diagnosis and treatment, the survival is still poor with the 
median overall survival (OS) of 6 months (4). It is projected 

that the HCC incidence will continue to rise over the next 
decade (3). Understanding a patient’s prognosis is crucial 
in developing a treatment plan, especially since therapies 
like liver transplant are expensive and involve use of limited 
resources. Many staging systems and liver reserve models 
have been proposed to predict the HCC prognosis. 

With regards to staging systems, none of the proposed 
staging systems has been universally accepted. Several 
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studies comparing the predictive power of different staging 
systems have shown conflicting results. However, several 
studies have suggested that the two systems that are the 
best predictors include the Cancer of the Liver Italian 
Program (CLIP) staging system and the Barcelona Clinic 
Liver Cancer (BCLC) staging system (5-10). The CLIP 
incorporates tumor morphology and liver function (11). It 
has been suggested as the primary staging system since it is 
simple to use and has been well validated (12). The BCLC 
staging system also takes patient’s performance status 
into account, which is also be an important prognostic 
factor (13,14). To date, it is still unclear as to which system 
provides the best prognostication. 

The majority of HCC patients have coexisting liver 
cirrhosis and liver functional reserve is one of the key 
prognostic factors. The Child-Pugh score (CP) was 
originally designed for predicting the outcome after 
surgery for portal hypertension in cirrhotic patients (15,16). 
This score appeared to be a robust predictor of survival 
and has been the reference for assessing the prognosis of 
cirrhosis in HCC patients (17). However, there are some 
limitations as this score consists of subjective variables 
(ascites and encephalopathy) and was designed for cirrhotic 
patients. In fact, many HCCs arise with no underlying 
cirrhosis (18). The Model for End-Stage Liver Disease 
(MELD) has been primarily used for allocation of allograft 
for liver transplantation. The MELD score has also shown 
to be a good mortality predictor in other populations 
including HCC (19). Other liver reserve markers including 
the FIB-4 score and aspartate aminotransferase-to-platelet 
ratio Index (APRI) have been proposed to assess liver 
dysfunction (20,21). To overcome the limitations of the CP 
score, the albumin-bilirubin (ALBI) grade was proposed 
as a simple and objective method for assessment of liver 
function in HCC (22) and has been shown to be superior 
to the CP score (23-25). The platelet-albumin-bilirubin 
(PALBI) grade was later developed by adding platelet count 
as a surrogate marker for portal hypertension (26). The 
PALBI grade had a superior prognostic power than the 
ALBI grade (27). 

Although these staging systems and liver reserve models 
were not developed to predict HCC recurrence, the few 
studies, which have investigated their prognostic values in 
predicting HCC recurrence showed inconsistent results 
(28-32). Our study aimed to compare the ability of these 
8 noninvasive models in predicting OS and disease-free 
survival (DFS) in a cohort of patients with HCC.

Methods

Patients and follow-up

Patients with newly diagnosed HCC who were referred 
to our group of physicians associated with the only liver 
transplant program in Hawaii, and the only referral center 
for liver disease for American territories of the Pacific Basin 
(including Samoa, Guam, Saipan, and the Marshall Islands) 
were prospectively collected from January 1, 1991 to June 
30, 2017. Follow-up was censored on December 31, 2017. 
Patients who underwent liver transplantation were excluded 
since liver transplantation can improve survival by removing 
not only the tumor but also underlying cirrhosis. This 
study was approved by the Institutional Review Board of 
University of Hawaii.

All patients who underwent curative therapy were 
followed up with a computed tomography (CT) scan, 
as well as serological tests including liver function and 
alpha-fetoprotein (AFP) every 3 months for the first year 
then every 4–6 months in subsequent years with either a 
CT scan or an ultrasonography (USG). Any suspicious 
lesions of 1 cm of greater seen on an USG had a CT or 
a magnetic resonance imaging (MRI). If there was any 
suggestion of recurrence, the patient was presented to 
the multi-disciplinary hepatobiliary tumor conference 
that included hepatologists, oncologists, surgeons, 
pathologists, and radiologists. Biopsy was done in cases 
of doubt for recurrence. Additional therapy was based 
on recommendations from the committee. The date of 
recurrence, death, and last follow-up were recorded. 

The primary clinical endpoint was OS, calculated from 
the date of diagnosis to the date of death or last follow-up. 
The secondary endpoint was DFS was defined from the 
date of treatment to the date of recurrence or death. Only 
patients who underwent treatment with curative intent were 
included in the analysis of DFS and recurrence. Curative 
treatments for this particular study included only surgical 
resection or locally ablative therapy. Survival status of all 
patients was obtained from hospital records as well as the 
Social Security Death Index and local newspaper (Star 
Advertiser) obituaries. 

Diagnosis and treatment of HCC

HCC was diagnosed by either a histological or clinical 
diagnosis. Histological diagnosis of HCC was made either 
from a liver biopsy or an examination of the resected 



752 Jaruvongvanich et al. Noninvasive models and prognostication in HCC

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2018;9(4):750-761jgo.amegroups.com

liver. Patients met a clinical diagnosis if they had a history 
of chronic liver disease, mass >2 cm in size on dynamic 
imaging and one of the following: (I) arterial uptake with 
venous washout seen on a CT scan or a MRI; (II) serum 
AFP >200 ng/mL. 

Type of treatments included resection, ablative therapy 
(radiofrequency ablation, microwave ablation, cryotherapy 
and percutaneous ethanol injection), loco-regional 
therapy (Yttrium-90 radioembolization, transarterial 
chemoembolization), systemic therapy, and best supportive 
care. Patients were presented to a multidisciplinary HCC 
board for treatment discussion. Information of therapeutic 
risks and benefits was comprehensively provided to 
individual patient. Share decisions were made between 
patients and clinicians after counseling. 

Data abstraction and variables

Demographic variables (age at diagnosis, sex), alcohol 
use, underlying diseases (diabetes, hypertension), viral 
hepatitis status (hepatitis B, hepatitis C), cirrhosis, tumor 
characteristics (maximal tumor diameter, number of 
tumors), and serum biochemistry were obtained from 
clinical interview and chart review. All data were determined 
at the time of HCC diagnosis and before therapy. We 
aimed to determine which noninvasive models were the 
best in predicting OS and DFS in our HCC cohort. This 
included the following models: 2 staging systems (CLIP and 
BCLC) and 6 liver reserve models (ALBI, APRI, CP, FIB-
4, MELD, and PALBI). These noninvasive models were 
calculated according to their original formulas, and grading 
of severity was classified at the time of diagnosis according 
to the scores. The ALBI grade is classified into 3 grades 
(≤−2.60/>−2.60 and ≤−1.39/>−1.39) (22). The APRI score is 
classified into 3 grades (<0.5/0.5–1.5/>1.5) (20). The FIB-4 
score is classified into 3 grades (<1.45/1.45–3.25/>3.25) (21).  
The MELD score is stratified into three risk groups 
(<10/10–14/>14) as previously proposed (33). The PALBI 
grade is classified into 3 grades (≤−2.53/>−2.53 and 
≤−2.09/> 2.09) (26). 

Statistical analysis

The survival distributions for the noninvasive models were 
examined by the Kaplan-Meier methods and compared 
by the log-rank test. The Cox regression models were 
fitted to derive hazard ratios (HR) of the effect of each 
noninvasive model on OS and DFS after adjusting for 

other factors in a multivariable model. In the multivariate 
analyses, all models were adjusted for age, sex, hepatitis B, 
hepatitis C, alcohol use, diabetes, AFP, number of tumors, 
maximal tumor diameter. To evaluate the discriminatory 
abilities for predicting mortality and recurrence at 1- 
and 3-year intervals, the area under the receiver operator 
characteristic curve (AUC) was calculated and compared 
for each noninvasive model. When calculating the AUC, 
the simplified grades were tested. A subgroup analysis 
was performed according to treatment strategies (curative 
treatment and non-curative treatment). P value <0.05 was 
considered statistically significant. All statistical analyses 
were conducted using IBM SPSS Statistics (version 21.0. 
Armonk, NY, USA).

Results

Baseline patient characteristics 

During the study period, a total of 900 newly diagnosed 
HCC patients were identified. The majority of the patients 
were male (73.3%) with a mean age of 63 years. The 
patients were Asians (60.1%), Whites (18.8%), Hawaiians 
and Pacific Islanders (16.1%), mixed races (2.3%), Hispanics 
(1.9%), and Blacks (0.8%), respectively. History of alcohol 
use, hepatitis B infection, hepatitis C infection, and cirrhosis 
were accounted for 41.2%, 25.9%, 40.6%, and 66.6% of 
all patients, respectively. The majority of the patients were 
in CP class A (69.3%). Surgical resection, ablation therapy, 
loco-regional therapy, systemic therapy, and best supportive 
care were performed in 22.2%, 25.2%, 24.8%, 9.2%, and 
18.6% of the patients, respectively. Table 1 describes the 
patient, tumor, and treatment characteristics of all patients. 
The median follow-up duration was 19.8 months and the 
mean follow-up duration was 33.2 months. 

HCC mortality

There were 598 (66.4%) deaths with a median survival 
time of 27.4 months (95% CI, 23.0–32.0 months). In 
a multivariable Cox proportional hazards model, all 
noninvasive models were independently associated with 
OS and each model showed a significant difference in the 
probability of survival across the different stages (Table 2).  
The Kaplan-Meier distributions of OS according to each 
noninvasive model are shown in Figure 1. Significant 
differences in survival distribution were found across all 
strata of all models with an exception of the FIB-4 score and 
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Table 1 Baseline characteristics of the entire hepatocellular carcinoma cohort

Variables Values (n=900)

Age (years, mean ± SD) 63.2±11.4

Male, n (%) 660 (73.3)

Ethnicity (White, Black, Asian, Hawaiian, Hispanic, mixed), % 18.8/0.8/60.1/16.1/1.9/2.3

Diabetes mellitus, n (%) 324 (36.0)

Alcohol use, n (%) 371 (41.2)

Hepatitis B 233 (25.9)

Hepatitis C 365 (40.6)

Cirrhosis 599 (66.6)

Laboratory values

Alpha-fetoprotein (ng/mL, ≤20/21–200/>200), n (%) 364/226/310 (40.4/25.1/34.4)

Albumin (g/L) 3.6±0.7

AST (IU/mL) 85±83

ALT (IU/mL) 68±60

Creatinine (IU/mL) 1.0±0.8

Total bilirubin (mg/dL) 1.6±2.6

Platelets (/mm3) 170±98

International normalized ratio 1.2±0.2

Tumor characteristics

Maximal tumor diameter (<2/2–5/>5 cm), n (%) 92/407/377 (10.5/46.5/43.0)

Number of nodules (1/2/>2), n (%) 599/150/127 (68.4/17.1/14.5)

Noninvasive models

ALBI grade (1/2/3), n (%) 354/447/99 (39.3/49.7/11.0)

APRI grade (1/2/3), n (%) 183/381/336 (20.3/42.3/37.3)

BCLC stages (0/A/B/C/D), n (%) 40/335/373/96/56 (4.4/37.2/41.4/10.7/6.2)

CLIP (0/1/2/3 or more), n (%) 313/246/165/176 (34.8/27.3/18.3/19.6)

CP class (A/B/C), n (%) 624/206/70 (69.3/22.9/7.8)

FIB4 (1/2/3), n (%) 100/273/527 (11.1/30.3/58.6)

MELD score (<10/10–14/>14), n (%) 523/256/121 (58.1/28.4/13.4)

PALBI grade (1/2/3), n (%) 272/318/310 (30.2/35.3/34.4)

Treatment modalities (resection/ablation/loco-regional therapy/systemic 
therapy/best supportive care), %

227/200/223/83/167 (22.2/25.2/24.8/9.2/18.6)

ALBI, albumin-bilirubin index; ALT, alanine aminotransferase; APRI, aspartate aminotransferase-to-platelet ratio index; AST, aspartate 
aminotransferase; BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of the Liver Italian Program; CP, Child-Pugh; MELD, Model for End-
Stage Liver Disease; PALBI, platelet-albumin-bilirubin index. 
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Table 2 Prognostic values of eight noninvasive liver reserve models among patients with HCC

Noninvasive model
Survival (n=900) Recurrence (n=417)

Adjusted HR 95% CI P value Adjusted HR 95% CI P value

ALBI

Grade 1 1 Reference – 1 Reference –

Grade 2 1.75 1.45–2.11 <0.001 1.34 1.05–1.72 0.019

Grade 3 3.50 2.66–4.61 <0.001 2.28 1.41–3.68 0.001

APRI

Grade 1 1 Reference – 1 Reference –

Grade 2 1.56 1.22–1.99 <0.001 1.85 1.33–2.58 <0.001

Grade 3 2.39 1.86–3.07 <0.001 2.78 1.92–4.03 <0.001

BCLC

0 1 Reference – 1 Reference –

A 1.98 1.04–3.76 0.036 0.95 0.56–1.60 0.844

B 2.22 1.15–4.29 0.017 0.52 0.27–0.99 0.048

C 3.28 1.63–6.60 0.001 0.97 0.42–2.27 0.950

D 7.04 3.50–14.16 <0.001 2.53 1.10–5.82 0.029

CLIP

0 1 Reference – 1 Reference –

1 1.93 1.54–2.41 <0.001 1.67 1.25–2.22 0.001

2 2.55 1.98–3.29 <0.001 1.52 1.02–2.28 0.042

3 or more 4.28 3.22–5.69 <0.001 2.45 1.43–4.22 0.001

CP

Class A 1 Reference – 1 Reference –

Class B 1.99 1.62–2.43 <0.001 1.48 1.07–2.06 0.018

Class C 4.05 3.02–5.43 <0.001 2.44 1.46–4.06 0.001

FIB-4

Grade 1 1 Reference – 1 Reference –

Grade 2 1.47 1.09–1.99 0.013 1.60 1.03–2.51 0.038

Grade 3 2.17 1.62–2.91 <0.001 2.52 1.62–3.91 <0.001

MELD

<10 1 Reference – 1 Reference –

10–14 1.68 1.39–2.03 <0.001 1.41 1.07–1.85 0.014

>14 2.45 1.93–3.11 <0.001 1.61 1.04–2.48 0.031

PALBI

Grade 1 1 Reference – 1 Reference –

Grade 2 1.50 1.20–1.87 <0.001 1.37 1.03–1.81 0.028

Grade 3 2.40 1.91–3.00 <0.001 1.62 1.18–2.22 0.003

Adjusted for age, sex, hepatitis B, hepatitis C, alcohol use, diabetes, alpha fetoprotein, number of tumors, maximal tumor diameter. ALBI, 
albumin-bilirubin index; APRI, aspartate aminotransferase-to-platelet ratio index; BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of 
the Liver Italian Program; CP, Child-Pugh; MELD, Model for End-Stage Liver Disease; PALBI, platelet-albumin-bilirubin index. 
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Figure 1 Kaplan-Meier curves assessing OS for HCC patients by eight noninvasive models. ALBI, albumin-bilirubin index; APRI, aspartate 
aminotransferase-to-platelet ratio index; BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of the Liver Italian Program; CP, Child-
Pugh; FIB-4, Fibrosis-4; MELD, Model for End-Stage Liver Disease; PALBI, platelet-albumin-bilirubin index; HCC, hepatocellular 
carcinoma.
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the BCLC stage. 
The discriminatory abilities of 8 models for mortality 

were tested by the AUC method (Table 3). At 1- and 3-year 
intervals, the CLIP score provided the highest AUC 
value, followed by the BCLC stage and the PALBI grade, 
respectively. The FIB-4 score had the lowest AUC value at 
both 1- and 3-year intervals. 

A subgroup analysis according to treatment strategies 
demonstrated the same findings as the main analysis. The 
included staging systems had a higher prognostic power 
than the included liver reserve models. The CLIP score had 
a higher prognostic power than the BCLC staging system 
in both groups (patients undergoing curative treatment 
and non-curative treatment). The PALBI had the highest 
prognostic power of all liver reserve models in both groups 
(Table S1). 

HCC recurrence

A total of 427 patients underwent curative treatment. Ten 
patients were excluded due to not having adequate data. 
Four hundred seventeen HCC patients were included in the 
analysis. There were 288 patients (69.1%) who had HCC 
recurrence or died with a median time of 23.1 months (95% 
CI, 18.7–27.5 months). In a multivariable Cox proportional 
hazards model, all noninvasive models were independently 
associated with DFS and each model showed a significant 
difference in the probability of survival across the different 
stages except for the BCLC stage (Table 2). The Kaplan-

Meier distributions of DFS according to each model are 
shown in Figure 2. None of the included models showed 
significant differences in survival distribution across all 
strata. For predicting 1-year recurrence, the BCLC system 
had the highest discriminative power followed by the PALBI 
grade, ALBI grade, and CLIP score. For predicting 3-year 
recurrence, the CLIP score demonstrated the highest 
discriminative power followed by the PALBI grade, ALBI 
grade and BCLC system, respectively. However, they overall 
were found to be fair predictors for recurrence (Table 4). 

Discussion

There has been much debate as to which of the staging 
systems and liver reserve models have the best prognostic 
power for HCC. Our study used data from a large 
prospective cohort of HCC patients from early to advanced 
cancer stage undergoing different treatment modalities. 
In this study, the included staging systems demonstrated 
higher prognostic powers than the included liver reserve 
models. Regarding the staging systems, the CLIP score 
could predict both OS and DFS more accurately than the 
BCLC staging system. Regarding the liver reserve models, 
PALBI appeared to be the best model to predict both OS 
and DFS compared to the other models. 

The staging systems were found to convey more 
prognostic information than the liver reserve models likely 
because they take into account key prognostic factors 
besides liver function including tumor characteristics and 

Table 3 Discriminatory ability for mortality at 1 and 3 years by CT class, ALBI, and PALBI grade in 900 hepatocellular carcinoma patients 

Noninvasive model
1-year mortality 3-year mortality

AUC 95% CI P AUC 95% CI P

ALBI (1/2/3) 0.638 0.599–0.676 <0.001 0.628 0.588–0.667 <0.001

APRI (1/2/3) 0.569 0.530–0.608 0.001 0.569 0.527–0.610 0.001

BCLC (0/A/B/C/D) 0.727 0.692–0.762 <0.001 0.676 0.638–0.714 <0.001

CLIP (0/1/2/3 or more) 0.777 0.744–0.809 <0.001 0.726 0.690–0.762 <0.001

CP (A/B/C) 0.638 0.598–0.678 <0.001 0.618 0.579–0.657 <0.001

FIB-4 (1/2/3) 0.540 0.500–0.579 0.052 0.562 0.520–0.604 0.004

MELD (<10/10–14/>14) 0.591 0.551–0.631 <0.001 0.631 0.592–0.671 <0.001

PALBI (1/2/3) 0.670 0.632–0.707 <0.001 0.657 0.617–0.696 <0.001

ALBI, albumin-bilirubin index; APRI, aspartate aminotransferase-to-platelet ratio index; AUC, area under receiver operating characteristic 
curve; BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of the Liver Italian Program; CP, Child-Pugh; MELD, Model for End-Stage Liver 
Disease; PALBI, platelet-albumin-bilirubin index. 
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Figure 2 Kaplan-Meier curves assessing DFS for HCC patients by eight noninvasive models. ALBI, albumin-bilirubin index; APRI, 
aspartate aminotransferase-to-platelet ratio index; BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of the Liver Italian Program; CP, 
Child-Pugh; FIB-4, Fibrosis-4; MELD, Model for End-Stage Liver Disease; PALBI, platelet-albumin-bilirubin index; HCC, hepatocellular 
carcinoma. 
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patient’s performance status (5). Our study assessed two 
frequently used staging systems (the CLIP score and the 
BCLC staging system). Using the Kaplan-Meier analysis, 
we found that both systems revealed a progressive decrease 
in OS from the earliest to most advanced stage. However, 
the CLIP score provided a higher prognostic power for OS 
than the BCLC system based on the AUC method and also 
in subgroups of patients undergoing curative treatment and 
non-curative treatment. The BCLC system seems to be the 
most comprehensive since it integrates key elements for 
prognostication including tumor characteristics, patient’s 
functional status and liver function. However, this model is 
not perfect as it was not designed to be a prognostic model 
like CLIP, which was based on multivariate analysis of a 
cohort of HCC patients. Another drawback is its rigidity. 
For example, any patients with a performance status equal 
to 1 (restricted in physical strenuous activity but able to 
carry out light work) fall into the advanced stage (BCLC 
C) regardless of tumor stage and liver function. The CLIP 
score was derived from 16 Italian institutions (11) and has 
been externally validated in other countries (10,34,35). 
Our findings are consistent with several previous studies 
(7,8,10,33,36). Furthermore, the CLIP score takes into 
account tumor characteristics, liver functional reserve and 
a biomarker (serum AFP) (11). Although serum AFP is 
not the best biomarker and several other biomarkers have 
been developed, none has been found so far to accomplish 
the clinical demand for optimal HCC patient care (37). 
With advances in cancer biology and molecular and genetic 

profiling, there are multiple proposed biologic explanations 
involved in the progression and prognosis of HCC, however 
there is no one unifying theory (38). 

Liver functional reserve is one of the key prognostic 
factors however each scoring system has limitations and no 
system has evolved that can be universally applicable in the 
heterogenous HCC population. CP score is widely used to 
assess severity of liver cirrhosis in HCC patients. However, 
this score is limited by equal weighing of 5 parameters, its 
arbitrary cut-off values, 2 of them are subjective (ascites and 
encephalopathy), and was designed for cirrhotic patients. 
In fact, one-third of our patients had no underlying 
cirrhosis. The MELD score was initially developed to 
determine prognosis after portal hypertension procedure 
but has evolved the principal tool for prioritization and 
allocation in liver transplantation. FIB-4 and APRI were 
also developed to assess severity of liver cirrhosis. Their 
role for prognostication in non-cirrhotic HCC patients 
is limited. The ALBI and PALBI grades were recently 
developed to specifically assess hepatic dysfunction in 
HCC patients, which included only objective measures. A 
recent study showed that both ALBI and PALBI were able 
to predict survival more accurately than other liver reserve 
models including CP and MELD and the PALBI grade was 
superior to the ALBI grade (27). Our study supports this 
finding by demonstrating the superior prognostic power of 
PALBI over ALBI over the other models.

The included staging systems were not developed for 
use in predicting HCC recurrence after curative treatment. 

Table 4 Discriminatory ability for HCC recurrence at 1 and 3 years by CT class, ALBI, and PALBI grade in 417 hepatocellular carcinoma 
patients 

Noninvasive model
1-year recurrence 3-year recurrence

AUC 95% CI P AUC 95% CI P

ALBI (1/2/3) 0.547 0.486–0.607 0.140 0.579 0.517–0.640 0.013

APRI (1/2/3) 0.542 0.481–0.603 0.182 0.563 0.501–0.624 0.048

BCLC (0/A/B/C/D) 0.592 0.532–0.651 0.004 0.577 0.514–0.640 0.015

CLIP (0/1/2/3 or more) 0.524 0.463–0.585 0.441 0.607 0.546–0.667 0.001

CP (A/B/C) 0.493 0.432–0.555 0.834 0.545 0.483–0.606 0.160

FIB-4 (1/2/3) 0.514 0.452–0.575 0.665 0.526 0.463–0.589 0.411

MELD (<10/10–14/>14) 0.477 0.416–0.539 0.474 0.561 0.500–0.623 0.054

PALBI (1/2/3) 0.554 0.493–0.615 0.087 0.604 0.517–0.640 0.013

ALBI, albumin-bilirubin index; APRI, aspartate aminotransferase-to-platelet ratio index; BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of the 
Liver Italian Program; CP, Child-Pugh; FIB-4, Fibrosis-4; MELD, Model for End-Stage Liver Disease; PALBI, platelet-albumin-bilirubin index. 
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Only a few studies have investigated the role of these 
noninvasive models in predicting HCC recurrence and 
these showed inconsistent findings (30-32). Known risk 
factors for HCC recurrence include tumor characteristics, 
liver function and serum AFP, which are the composites 
of the staging systems (39-41). Our study found that both 
of them are fair predictors for HCC recurrence and one 
was not superior to the other. As liver function also one 
of the risk factors for HCC recurrence, a few studies have 
investigated the role of liver reserve models in predicting 
HCC recurrence (28,29). APRI was found to be a good 
predictor for HCC recurrence after RFA (28). Our study 
demonstrated that all 6 liver reserve models are found not 
to be good predictors for HCC recurrence.

Several limitations in this study should be acknowledged. 
First, this is a single-center study, in which patients are 
referred to a single group of surgeons and the results may 
not be generalizable. Second, being the only referral center 
for liver disease for American territories of the Pacific 
Basin, referral bias cannot be completely avoided. Third, 
treatment decisions were decided by the patients and the 
multi-disciplinary hepatobiliary tumor board based on 
shared decision making. Some patients might not strictly 
follow BCLC recommendations. 

In conclusion, our results suggest that the staging 
systems demonstrated a higher predictive power than the 
liver reserve models. Regarding staging systems, the CLIP 
score is more accurate prognostic model to predict OS and 
DFS than the BCLC stage. The performance of CLIP score 
is reliable among different treatment strategies. Regarding 
the liver reserve models, the PALBI is the most accurate 
prognostic models among 6 models to predict OS and DFS. 
Further study is needed to address whether incorporating 
the PALBI grade instead of the conventional CP score into 
the CLIP staging system would increase the prognostic 
power to predict HCC survival that would further help 
guide treatment decisions.
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Supplementary 

Table S1 Discriminatory ability for mortality at 1 and 3 years by 8 noninvasive models in hepatocellular carcinoma patients 

Noninvasive model
1-year mortality 3-year mortality

AUC 95% CI P AUC 95% CI P

Patients undergoing curative therapy (n=417)

ALBI (1/2/3) 0.619 0.548–0.69 0.001 0.615 0.558–0.673 <0.001

APRI (1/2/3) 0.582 0.516–0.649 0.021 0.587 0.529–0.645 0.004

BCLC (0/A/B/C/D) 0.676 0.610–0.742 <0.001 0.598 0.541–0.656 0.001

CLIP (0/1/2/3 or more) 0.738 0.678–0.797 <0.001 0.680 0.626–0.735 <0.001

CP (A/B/C) 0.610 0.536–0.683 0.002 0.599 0.541–0.657 0.001

FIB-4 (1/2/3) 0.574 0.507–0.640 0.038 0.589 0.531–0.646 0.003

MELD (<10/10–14/>14) 0.568 0.496–0.640 0.056 0.631 0.574–0.688 <0.001

PALBI (1/2/3) 0.644 0.575–0.713 <0.001 0.647 0.591–0.703 <0.001

Patients undergoing non-curative therapy (n=473)

ALBI (1/2/3) 0.617 0.566–0.668 0.001 0.583 0.519–0.648 0.015

APRI (1/2/3) 0.524 0.471–0.576 0.38 0.489 0.421–0.556 0.74

BCLC (0/A/B/C/D) 0.692 0.645–0.740 <0.001 0.655 0.593–0.717 <0.001

CLIP (0/1/2/3 or more) 0.756 0.712–0.800 <0.001 0.698 0.638–0.757 <0.001

CP (A/B/C) 0.627 0.577–0.678 <0.001 0.590 0.528–0.653 0.032

FIB-4 (1/2/3) 0.494 0.442–0.547 0.84 0.501 0.434–0.567 0.98

MELD (<10/10–14/>14) 0.570 0.518–0.622 0.009 0.590 0.526–0.654 0.008

PALBI (1/2/3) 0.647 0.596–0.697 <0.001 0.611 0.54–0.676 0.001

ALBI, albumin-bilirubin index; APRI, aspartate aminotransferase-to-platelet ratio index; AUC, area under the curve; BCLC, Barcelona 
Clinic Liver Cancer; CLIP, Cancer of the Liver Italian Program; CP, Child-Pugh; FIB-4, Fibrosis-4; MELD, Model for End-Stage Liver Disease; 
PALBI, platelet-albumin-bilirubin index. 


