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Abstract
Background: Several risk scores have been recently developed to predict hepatocel-
lular carcinoma (HCC) in chronic hepatitis B (CHB) patients. We systematically as-
sessed the performance of the available HCC risk scores.
Methods: Literature search was performed to identify all published studies reporting 
development or external validation of HCC risk scores in CHB patients.
Results: Until March 2019, 12 scores were developed in untreated Asian and 7 scores in 
treated Asian (n = 6) or Caucasian (n = 1) patients. All scores provided significant predic-
tions for HCC development in the derivation and validation cohorts of their original stud-
ies (c-statistic: 0.76-0.95) and usually classified patients into low, medium and high HCC 
risk groups. Eleven independent studies and three studies developing their own scores 
have validated externally some scores in Asian (GAG-HCC:5, CU-HCC:6, REACH-B:6, 
REACH-Bm:4, LSM-HCC:3, PAGE-B:5) or Caucasian/mixed origin patients (GAG-HCC:4, 
CU-HCC:4, REACH-B:4, PAGE-B:2). All scores offered acceptable predictability in almost 
all independent Asian cohorts (c-statistic: 0.70-0.86), but only PAGE-B and recently modi-
fied PAGE-B (mPAGE-B) offered good predictability in all independent Caucasian and/or 
Asian cohorts. Negative predictive values for 5-year HCC prediction were ≤99% (95%-99%) 
in most independent cohorts assessing Asian risk scores and 99%-100% in all independent 
cohorts (Caucasian/mixed origin:2; Asian:3) assessing PAGE-B and/or recently mPAGE-B.
Conclusions: Direct comparison of the newest HCC risk scores in independent pa-
tient cohorts of different origin remains intriguing, although statistical associations 
may not be directly transferable to clinical practice. PAGE-B and recently mPAGE-
B score seem to offer persistently high predictability for Caucasian and/or Asian 
treated patients with low HCC risk who require no surveillance.
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1  | INTRODUC TION

Chronic infection with hepatitis B virus (HBV) is the most common 
cause of hepatocellular carcinoma (HCC) globally.1 The annual inci-
dence of HCC is estimated to be 0.2% in all chronic HBV carriers older 
than 40 years and 3%-8% in patients with HBV cirrhosis.2 Universal 
HBV vaccination at birth is the cornerstone of primary prevention of 
HBV-related HCC and is expected to yield dramatic decrease in the 
HCC incidence among the current children and adolescents in the 
future.3,4 However, the existing chronic HBV cases remain at risk for 
HCC which is increasing as they are becoming older.3,4 As second-
ary prevention, effective antiviral therapy, usually with a nucleos(t)
ide analogue (NA), reduces but does not eliminate the HCC risk in 
patients with chronic hepatitis B (CHB),5 which remains the key fac-
tor adversely affecting the overall good long-term survival of CHB 
patients.6 Development of HCC in chronic HBV patients has been 
associated with multiple risk factors, only some of which can be 
modified by either therapy or behavioural changes (Table S1).2,7

Given the strong association between chronic HBV infection and 
HCC development, all guidelines recommend surveillance for HCC in 
various chronic HBV patient subgroups based on both their presumed 
HCC risk and cost-effectiveness analyses for HCC screening in each 
specific setting.2-4,8 Nevertheless, accurate identification of patients 
in need of cautious surveillance entails concealed difficulties, since 
cost-effectiveness and clinical risk are not always in concordance.

Recently, several groups have tried to develop and validate risk 
scores for accurate prediction of HCC development in CHB patients 
to guide personalized surveillance.9-15 In particular, based on univari-
able and then multivariable analyses, independent HCC risk factors 
and their corresponding weights are initially identified in a cohort 
of CHB patients (training or derivation cohort). These factors are 
used to construct a risk score, the accuracy of which is frequently 
validated in an independent cohort of patients (validation cohort). 
Based on these scores, CHB patients are usually classified in sub-
groups of low, intermediate and high HCC risk.

However, given the heterogeneity of CHB patients and the cur-
rent availability of numerous HCC risk scores, it is often difficult for 
clinicians to decide whether these scores can be safely applied in 
their clinical practice and which score may be optimal for their spe-
cific patient subgroups. A few years ago, some reviews have tried to 
critically approach the use of HCC risk scores,9-15 but newer scores 
and several independent validation studies have been published 
since then. The aim of this review was to assess the predictability 
and accuracy of all published HCC risk scores to date and to provide 
guidance on their clinical utility in different CHB settings.

2  | SE ARCH STR ATEGY AND SELEC TION 
CRITERIA

References for this review were identified through systematic searches 
of PubMed from 2000 until March 2019 using the terms ‘hepatitis B’ 
and ‘carcinoma’ and ‘score’. In addition, a manual search of all relevant 

review articles and of the retrieved original studies was performed. All 
studies published in English as full papers were included, if they ful-
filled the following criteria: (a) they included untreated or treated adult 
patients with CHB, with or without cirrhosis (compensated or decom-
pensated) and (b) they reported the development and/or validation of 
≥1 HCC risk score. Studies reporting only predictors of HCC in CHB 
patients without development of a specific score as well as studies 
including exclusively patients with HBV cirrhosis were not included. 
Moreover, studies including patients with HBV and hepatitis D or C 
and/or human immunodeficiency virus co-infections were excluded. 
The diagram of study selection is depicted in Figure S1.

Literature search was performed by two independent reviewers (TV 
and MP), who determined which studies could be potentially included. 
Two lists of selected papers were compared for concordance and dis-
crepancies, were discussed, and, if necessary, arbitrated by a third re-
viewer (GP). Each study in the list of selected papers was evaluated by 
two independent reviewers (TV and MP) to determine whether it ful-
filled all the inclusion criteria. The same two independent reviewers (TV 
and MP) extracted data from the selected papers using a predefined 
form. Two data summary tables were compared for concordance. The 
studies are presented in relation to the clinical settings in which the 
HCC risk scores were developed and/or validated. In studies providing 
cut-off(s) of their scores to define their patient subgroups in relation to 
their HCC risk, the cut-off of the low-risk group was used to define neg-
ative predictive value (NPV), sensitivity and specificity and the cut-off 
of high-risk group was used to report positive predictive value (PPV).

3  | DE VELOPMENT OF RISK SCORES FOR 
HCC PREDIC TION IN UNTRE ATED PATIENTS

In total, 12 studies with 12 different HCC risk scores in untreated 
CHB patients, all from East Asia, were identified (Tables 1and 

Key points

•	 Hepatocellular carcinoma (HCC) represents the main 
complication of both untreated and treated chronic 
hepatitis B patients.

•	 Over the last years, several risk scores have been devel-
oped for prediction of HCC in chronic hepatitis B patients.

•	 HCC risk scores developed originally in Asian cohorts 
have been reported to have variable predictive perfor-
mance in several independent studies of Caucasian/
mixed origin or even Asian patients.

•	 PAGE-B, the only HCC risk score developed in a 
Caucasian cohort, and recently mPAGE-B, a score devel-
oped in an Asian cohort, have been found to offer good 
predictability in all independent studies of Caucasian/
mixed origin or Asian patients having 99%-100% nega-
tive predictive value for 5-year HCC prediction.
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S2).9-12,16-23 First, GAG-HCC score (Guide with Age, Gender, HBV 
DNA, core mutations and cirrhosis score) developed in a cohort 
from Hong-Kong achieving an area under the receiver-operating 
characteristic curve (AUROC) of 0.88/0.89 for 5-/10-year HCC pre-
diction.9 Since core promoter mutations cannot be easily detected, 
the score without this variable was examined and found to maintain 
accuracy. Patients with GAG-HCC score <101 were considered to 
be of low HCC risk, but intermediate and high-risk groups were not 
clearly defined. For the cut-off of 101, GAG-HCC score had NPV 
of 98%/99% for 5-/10-year HCC prediction. The CU-HCC (Chinese 
University-HCC) score was developed and validated also in Hong-
Kong.10 Hypoalbuminaemia, cirrhosis, HBV DNA, age and bilirubin 
were used to construct a prediction score ranging from 0 to 44.5. 
Cut-off values of 5 and 20 distinguished low- (<5), intermediate- (5-
19.5) and high- (≥20) risk groups. In 2011, Asian investigators devel-
oped the REACH-B (risk estimation for HCC in CHB) score.11 Data 
from Taiwanese patients from the REVEAL-HBV study were used to 
develop a 17-point score including sex, age, ALT, HBeAg and HBV 
DNA, which was validated in hospital patients from Hong-Kong and 
South Korea. The original cohort did not include patients with cir-
rhosis and the score did not offer similar predictability in the cir-
rhotics of the validation cohort. Subsequently, the REACH-B score 
was revised with addition of quantitative HBsAg and HBV genotype 
and removal of HBV DNA.12 REACH-B II score had better AUROCs 
for HCC prediction, but no REACH-B score provided clear cut-off 
to classify patients according to HCC risk and most importantly to 
identify patients requiring no HCC surveillance.

A group from South Korea developed a predictive HCC risk score 
based on liver stiffness measurements (LSM),16 which has been in-
dependently associated with HCC risk,24 together with age and male 
gender. The CU-HCC score was also refined by replacing ultraso-
nography with LSM for diagnosis of cirrhosis.17 The LSM-HCC score 
was based on LSM, age, albumin and HBV DNA and ranged from 
0 to 30. Using the cut-off value of 11, the score offered high NPV 
(99.4%-100%) for 5-year HCC development. More recently, LSM-
spleen diameter to platelet ratio score (LSPS), which has been shown 
to be useful in the prediction of high-risk oesophageal varices and 
hepatic decompensation,25,26 was evaluated in a small study of 227 
untreated CHB patients.18

In 2016, a group from Singapore developed a HCC risk score 
based on real-world data (RWS-HCC) including gender, age, cirrhosis 
and alfa-foetoprotein (aFP) and offered AUROC of 0.915 for 10-year 
HCC prediction with 98.8% NPV for the cut-off of 4.5. Upon valida-
tion in 3353 patients from the REACH-B, GAG-HCC and CU-HCC 
cohorts, AUROCs of RWS-HCC risk score were 0.767, 0.830 and 
0.902 and NPV were 97.0%, 97.9% and 93.0%, respectively.19

Some groups have developed scores to assess the HCC risk 
in patients with low HBV DNA and/or low ALT. The 4-point scale 
D2AS score including age, gender and HBV DNA levels aimed to 
predict HCC in patients with HBV DNA >2000  IU/mL and ALT 
<80  IU/mL.20 Moreover, a combination of AST to platelet ratio 
(APRI) score and Fibrosis-4 (FIB-4) score was suggested as an 
accurate predictor of HCC risk in chronic HBV patients with low 

viraemia (HBV DNA <2000 IU/mL).21 However, it is currently un-
clear whether substantial HCC risk exists for patients with low HBV 
viraemia without progression to CHB and whether HCC scores are 
useful in such patients.

In 2018, a group from Hong-Kong developed a score to predict 
HCC in treated or untreated patients who achieved HBeAg serocon-
version.22 The HCC-ESC score including age, gender, cirrhosis, hypo-
albuminemia, HBV DNA and ALT elevations or flares. Finally, a new 
12-point HCC risk score including age, gender, HBeAg status and 
HBV DNA levels (AGED) was developed and validated by a group 
from China.23

4  | DE VELOPMENT OF RISK SCORES FOR 
HCC PREDIC TION IN TRE ATED PATIENTS

Since the HCC risk is not eliminated in treated CHB patients and 
HCC may develop even after several years of effective NA therapy,27 
HCC risk scores in this setting are also needed and are more clini-
cally relevant, as diagnosed CHB patients are usually on treatment 
over the last two decades. Seven scores have been developed aim-
ing to accurately predict the HCC risk in CHB patients treated with 
NA.13,28-33 All but one such score were developed in treated CHB 
patients from East Asia as well (Tables 2and S2).

In 2014, the predictability of a modified REACH-B score 
(REACH-Bm) was evaluated in a small cohort of 192 patients with vi-
rological remission under entecavir (ETV).30 Compared to REACH-B, 
REACH-Bm, which included the REACH-B variables except for HBV 
DNA that was replaced by LSM, performed better for 3-year predic-
tion of HCC.30

The first and only so far study in Caucasian patients treated with 
ETV or tenofovir disoproxil fumarate (TDF) produced the PAGE-B 
score which was based on age, gender and platelets.13 The addition 
of cirrhosis did not substantially improve the predictability. Both in 
derivation and validation cohort, no low-risk patient developed HCC 
(NPV: 100%).

In 2017, a South Korean group published the HCC-RESCUE (HCC-
Risk Estimating Score in CHB patients Under Entecavir) score based 
on age, gender and cirrhosis.31 The same year, a group from Taiwan 
developed the APA-B score including age, platelets and aFP levels 
(scale: 0-15).33 Compared to previous scores, higher AUROCs for 
5-year HCC prediction were reported both in derivation and valida-
tion cohort. Using the cut-off of 6, NPV for 5-year HCC development 
was 98.1% and 99.1% in derivation and validation cohort. A score 
free of laboratory tests (CAMD: cirrhosis, age, gender, diabetes) was 
developed from a large cohort of Taiwanese patients treated with 
ETV or TDF and validated in another large cohort of patients from 
Hong-Kong.28 Since follow-up did not exceed 36 months, risk pre-
diction was extrapolated through mathematical models to 5 years. 
Low-risk patients had annual HCC incidence <0.3%.

In 2018, a modified PAGE-B score (mPAGE-B), which was based 
on PAGE-B parameters (age, gender and platelets) plus albumin lev-
els, was suggested to offer optimized HCC prediction in a cohort 
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of patients from South Korea treated with ETV or TDF.29 Lately, 
another group from South Korea proposed and validated the AASL 
score based on age, albumin, gender and cirrhosis.32

5  | INDEPENDENT VALIDATION OF HCC 
RISK SCORES IN A SIAN PATIENTS

First, the predictability of five HCC risk scores developed for un-
treated Asian patients was evaluated in six independent studies 
including not only untreated but NA-treated Asian patients as well 
(Table S3).34-39 Since NA therapy usually modifies several param-
eters often included in the HCC risk scores developed in untreated 
patients, such as HBV DNA levels and perhaps HBeAg status and 
HBsAg levels, LSM and even cirrhosis status,3,4,8 the applicability of 
these scores in treated CHB patients warranted attention.

First, in ETV-treated patients from Hong-Kong,34 CU-HCC, GAG-
HCC and REACH-B score offered acceptable AUROCs for 5-year 
HCC prediction when estimated at baseline which improved when 
estimated at 2 years of therapy (0.80, 0.76 and 0.71 vs 0.85, 0.86 
and 0.79, respectively). NPV was 99.6%, 98.2% and 99.5% for CU-
HCC, GAG-HCC and REACH-B score at baseline and 99.6%, 99.4% 
and 100% for the same scores at year-2, respectively. Patients with 
low score both at baseline and year-2 had lower HCC risk compared 
to those with intermediate/high score at any time point. Maintained 
on-therapy virological remission was an independent predictor of 
lower HCC risk.

The predictability of CU-HCC, GAG-HCC, REACH-B, LSM-HCC 
and REACH-Bm risk scores was assessed in untreated or treated pa-
tients from South Korea. REACH-Bm score offered higher AUROCs 
for 3-/5-year HCC prediction, compared to LSM-HCC, GAG-HCC, 
REACH-B and CU-HCC scores (all P < .05), but the superiority of the 
predictive performance of REACH-Bm was observed only in treated 
but not in untreated patients. NPV for 5-year HCC prediction ranged 
from 95.2% to 97.1% for all scores.35

In a small study from Japan including 225 treated patients, CU-
HCC and GAG-HCC scores determined at baseline or year-2 offered 
acceptable predictability for HCC.36 Patients reclassified from inter-
mediate/high risk at baseline to low risk at year-2 by either score had 
lower HCC probability (P ≤ .004).

In a study from South Korea, REACH-Bm, PABE-B and LSM-HCC 
score performed similarly in predicting HCC development, but PPV 
and NPV were not provided.37

Another group from South Korea38 the 3-/5-year HCC predict-
ability was good for GAG-HCC and PAGE-B, moderate for CU-HCC 
and poor for REACH-B. The predictability of PAGE-B slightly im-
proved when the score was assessed at year-1. PAGE-B offered the 
highest NPV for its low-risk group (99.6%).

Again from South Korea, the dynamic performance of CU-HCC, 
REACH-B, LSM-HCC and REACH-Bm was assessed in a cohort of 
treated and untreated patients.39 All scores determined either at 
baseline or 14 months later, but not their changes, had acceptable 
HCC predictability. For 5-year HCC prediction in treated/untreated Ri
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patients, AUROCs were good for REACH-Bm and then CU-HCC, 
moderate for LSM-HCC and poor for REACH-B, while NPVs were 
suboptimal (93.6%-94.6%) for REACH-B and varied for CU-HCC, 
REACH-Bm and LSM-HCC (97.7%-100%).

Some of the available HCC risk scores were also externally 
validated in cohorts of three Asian studies which originally aimed 
to develop their own scores (Table S3).28,29,33 In the APA-B score 
study, AUROCs for 2-/5-year HCC prediction were worst for other 
scores from previous Taiwanese cohorts (REACH-B, REACH-B II) 
(0.64-0.69), intermediate but acceptable for PAGE-B (0.79/0.70) 
and numerically highest for CU-HCC (0.81/0.76).33 In the large 
validation cohort included in the CAMD score study, the 3-/5-
year HCC predictability of PAGE-B was similar to that of CAMD 
score.28 Finally, in the validation cohort of mPAGE-B study, the 
researchers also assessed the predictability of PAGE-B, CU-HCC, 
GAG-HCC and REACH-B as well as of the Toronto HCC risk index 
(THRI) score,40 which was originally introduced to predict HCC 
development in patients with cirrhosis regardless of aetiology. 
AUROCs for 5-year HCC prediction were numerically similar for 
PAGE-B, THRI, CU-HCC and GAG-HCC and lower for REACH-B. 
Apparently, mPAGE-B performed better than all other risk scores 
(P < .01).29 Unfortunately, details on the predictive performances 
of the scores including NPVs were not provided in any of the latter 
three studies.

The predictability of PAGE-B and mPAGE-B was also con-
firmed in two recent Korean studies which were not included in 
our review, as they were published after March 2019.41,42 First, 
in a cohort of 1330 treated patients, similar performances among 
mPAGE-B, PAGE-B and GAG-HCC (AUROCs: 0.74-0.77) were 
reported, which were better than the performances offered by 
CU-HCC or REACH-B (AUROCs: 0.62-0.69). In that study, NPVs 
for 5-year HCC prediction were 100% for both PAGE-B and 
mPAGE-B and suboptimal for the other three scores (95.8%-
98.5%).41 Second, in a cohort of 3277 patients treated with ETV/
TDF, CAMD, PAGE-B and mPAGE-B were found to have similar 
AUROCs (0.76-0.79) for 5-year HCC prediction offering NPV of 
98.7%, 99.0% and 99.3%, respectively.42

6  | INDEPENDENT VALIDATION OF HCC 
RISK SCORES IN C AUC A SIAN/MIXED 
PATIENTS

The performance of the first three HCC risk scores developed in 
Asian cohorts has been evaluated in five cohorts of Caucasian or 
mixed origin patients (Table S3),43-47 while the performance of 
PAGE-B score has been evaluated in two such cohorts.46,47 First, in 
a multicentre European cohort of Caucasians treated with ETV or 
TDF, CU-HCC, GAG-HCC and REACH-B score offered poor to mod-
est predictability for 5-year HCC development,43 while NPV was 
98% for all three scores (unpublished data).

In another multicentre European cohort of ethnically diverse pa-
tients treated with ETV,44 AUROCs for 4-year HCC prediction by 

GAG-HCC, CU-HCC and REACH-B scores at baseline were accept-
able in all patients but suboptimal in Caucasians. AUROCs for HCC 
prediction in Caucasians improved only numerically when the scores 
were estimated at year-1 (0.77, 0.71 and 0.65). The decline in HCC 
scores from baseline to year-1 was comparable in patients who de-
veloped HCC and those who did not.

The predictability of GAG-HCC, CU-HCC and REACH-B score 
was also assessed in a North American cohort of treated and un-
treated CHB patients of mixed ethnicities.45 HCC incidence did not 
differ between low- and intermediate-risk patients by any score. 
Independently of treatment, all three scores could accurately iden-
tify patients at low-risk. Low-risk group by REACH-B, CU-HCC and 
CAG-HCC score included 14%, 67% and 78% of patients, respec-
tively. AUROCs for HCC prediction were not significantly different 
between Asian and non-Asian patients.

In a study from Netherlands, the predictive performances of 
PAGE-B, REACH-B, GAG-HCC and CU-HCC were evaluated in pa-
tients of various ethnicities (Caucasians: 47%, Asians: 31%, Africans: 
19%).46 Among non-invasive scores, PAGE-B offered the best pre-
dictive performance with excellent AUROC of 0.91, whereas GAG-
HCC score with the diagnosis of cirrhosis based on Ishak's stage 
offered similarly high AUROC. REACH-B and CU-HCC score had 
good but lower predictive performances. The severity of liver fibro-
sis assessed by either liver biopsy (Ishak's stage) or a non-invasive 
marker (FIB-4, log APRI) also offered good HCC predictability. The 
addition of cirrhosis by Ishak's stage to PAGE-B improved only mod-
estly the performance of PAGE-B score (AUROC: 0.92). Importantly, 
no low-risk patient according to baseline PAGE-B score (<10) devel-
oped HCC.

Lastly, PAGE-B score has also been validated in prospectively 
monitored CHB patients of the Spanish national registry treated 
with ETV or TDF.47 PAGE-B score had moderate predictability, but it 
again offered 100% NPV in the low-risk group.

7  | CLINIC AL UTILIT Y OF HCC RISK 
SCORES

The assessment of the predictive performance of each HCC risk 
score has been mainly based on AUROC values for HCC develop-
ment over a 5- to 10-year period. However, it should be kept in mind 
that AUROC values may not be so helpful for the clinical utility of 
risk scores, since the main clinical benefit from the HCC risk scores 
is the accurate identification of CHB patients who require, or not, to 
be under HCC surveillance. Thus, the most important characteristic 
of each score should be its NPV, which is of course associated but is 
not identical with its AUROC value.

Unfortunately, the existing HCC risk scores do not cover all 
chronic HBV patients. First, no score has been developed or at 
least evaluated in some ethnicities/races, such as African CHB 
patients who may develop HCC at an earlier age,2 and therefore 
the predictability of all HCC risk scores in such settings remains 
unknown. Second, there are reasonable limitations in the use of 
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HCC risk scores in patients who do not fulfil the current treat-
ment indications and remain untreated, such as patients with 
HBeAg-positive or HBeAg-negative chronic HBV infection (im-
munotolerant or inactive carriers), who can progress to CHB 
having fluctuating disease activity and may need frequent reas-
sessments of the HCC risk scores. However, the predictability of 
HCC risk scores for untreated patients (Table 1) has been eval-
uated only for the assessment of these scores at the onset of 
follow-up without any information for potential changes of their 
predictive performance with reassessment of the scores upon 
changes of HBV activity. The predictability of some scores has 
been shown to improve with reassessment after 1-2 years of an-
tiviral therapy,34,36 but such a setting does not represent patients 
who remain untreated. Moreover, HCC risk scores for untreated 
patients have been developed and validated only in Asian co-
horts, as there have been no cohorts of Caucasian CHB patients 
who fulfilled treatment indications but remained untreated over 
the last two decades. In any case, HCC risk scores for untreated 
patients who fulfil treatment indications are not clinically rele-
vant today, as such diagnosed CHB patients should and usually 
start treatment.

According to all scientific guidelines, patients with HBV-related 
cirrhosis should remain under surveillance for HCC due to their high 
risk.3,4,8 The clinical utility of the existing HCC risk scores in patients 
with cirrhosis is currently doubtful, as cirrhotic patients were excluded 
from many studies (Tables 1 and 2) and there has been no study focus-
ing on this subgroup. In addition, the proportions and actual numbers 
of cirrhotic patients who could be classified into low-risk groups were 
so small that do not allow any safe conclusion in this setting. As we 
have previously shown, the annual HCC risk is decreasing after 5 years 
of therapy in patients with baseline cirrhosis but it remains far above 
the 0.2% cut-off (1.6%) that justifies HCC surveillance.27 Therefore, we 
think that all patients with cirrhosis should be currently advised to re-
main under HCC surveillance for life.

Whether reassessment of the HCC risk scores during therapy 
could improve the predictive performance of all scores is unclear. It 
is reasonable to speculate that the predictability of scores usually de-
veloped for untreated patients which include variables that obviously 
change with therapy (eg ALT, HBV DNA, HBeAg status, LSM, etc) may 
improve after reassessment on therapy, as it has already been sug-
gested by some independent studies.34,36 On the other hand, scores 
with parameters which are not usually affected by therapy (eg age, 
gender, platelets range, etc) are not expected to show improved pre-
dictability upon on-therapy reassessment. It is of interest that the HCC 
risk scores developed in treated patients are quite homogenous, as six 
of seven such scores include age, gender and one parameter of liver 
disease severity (platelets, cirrhosis and LSM) only or usually combined 
with one additional parameter (Table 2). It should be noted, however, 
that all HCC risk scores have been developed and validated for HCC 
prediction within a certain period, usually 5-10 years, while their valid-
ity of HCC prediction may decrease over time as the patients remain-
ing at risk were decreasing in all studies. Thus, reassessment not only 
of the HCC risk scores but also of their predictability in the original and 

independent cohorts are required after the first 5 years of follow-up. 
According to our unpublished data, new HCC risk scores will be re-
quired for HCC prediction beyond year 5 of antiviral therapy.

7.1 | Comparing the predictive performances of 
HCC risk scores

Comparisons of the predictive performances in the same patient 
populations of independent studies have been reported for only 
a few scores, mainly GAG-HCC, CU-HCC, REACH-B and PAGE-B 
score (Tables 2 and S3). Similar variability in the AUROCs for 5-year 
HCC prediction has been reported for GAG-HCC (0.70-0.91) in 
nine,29,33-36,38,43-45 CU-HCC (0.70-0.84) in ten29,33-36,38,39,43-45 and 
PAGE-B score (0.70-0.91) in seven independent studies includ-
ing Caucasian and/or Asian patients,28,29,33,37,38,46,47 while greater 
variability for REACH-B score (0.57-0.81) has been observed in 
ten studies.29,33-36,38,39,43-45 In four of the above studies with Asian 
patients, REACH-Bm score was also assessed showing similarly 
variable AUROCs (0.64-0.81),33,35,37,39 whereas the AUROCs for 
LSM-HCC were inferior than some of the above scores in three of 
the latter studies.35,37,39 Moreover, PAGE-B and mPAGE-B scores 
were also found to have good predictability in two recent Asian 
studies.41,42

7.2 | Selection of non-cirrhotic patients with low 
risk for HCC and no need for HCC surveillance

Although there are variable recommendations for HCC surveillance 
in CHB patients without cirrhosis, a surveillance programme is gen-
erally considered to be cost-effective and thus recommended if the 
annual HCC incidence of a specific subgroup is ≥0.2%.2 Therefore, a 
risk score with NPV of ≤99% for 5-year (or ≤98% for 10-year) HCC 
prediction cannot be considered to be an acceptable screening tool 
in clinical practice.

Negative predictive values have been provided in some but not all 
original studies which developed HCC risk scores9,10,13,17-21,28,29,31-33 as 
well as in eight of the independent studies which assessed the pre-
dictability of several HCC risk scores34-36,38,39,43-45 (Tables 1, 2 and S3) 
(Figure 1).

Most of the developed HCC risk scores in their original and/
or subsequent independent studies do not seem to offer NPV high 
enough to safely exclude non-cirrhotic patients from HCC surveil-
lance. In particular, NPV ≤99% (95%-99%) for 5-year HCC prediction 
has been reported in the original Asian study as well as in all seven 
independent studies with Asian and/or Caucasian patients assess-
ing GAG-HCC score.9,34-36,38,43-45 The NPV of CU-HCC score was 
also ≤99% (95%-99%) for 5-year HCC prediction in the original Asian 
study and in five of eight independent studies,10,35,36,38,43,44 variable 
in one (98.6%-99.2%)39 and >99% in two independent studies,34,45 
although the NPV for 10-year HCC prediction was ≤98% in one of 
the latter two studies.34 NPV was not provided in the original studies 
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of REACH-B II12 and REACH-Bm,30 while it was <99% (95%-98.5%) 
for REACH-B in five of the six independent studies35,38,43-45 (and for 
REACH-Bm in one study35), >99% in the original11 and one indepen-
dent study34 and variable in one independent study (for REACH-Bm 
too).39 Of the remaining scores, NPV by the original and five indepen-
dent studies were available for PAGE-B, which offered 100% NPV in 
the original and two independent studies with Caucasian or mixed or-
igin patients13,46,47 as well as in one recent study with Asian patients41 
and 99% NPV in another two studies with Asian patients.38,42 NPV 
for LSM-HCC was also reported to be 99.4% in its original study,17 
but 97% in an independent study in Asian patients.35 Recently, NPVs 
of 99.3%-100% were reported for mPAGE-B in two Asian studies.41,42 
Of the risk scores assessed only in their original cohorts, NPV was 
>99% in six20,28,29,31-33 and ≤99% (96%-99%) in three of these Asian 
studies.18,19,21

Another important parameter of the clinical utility of the HCC 
risk scores is the proportion of patients who are classified in the 
low HCC risk group and therefore do not require HCC surveillance. 
In the five studies using risk scores which offered NPV >99% for 
5-year HCC prediction and provided such data,13,17,20,28,29 the pro-
portions of patients classified in the low HCC risk groups ranged 
widely from 11% to 70% being higher in the derivation and val-
idation cohorts of untreated Asian patients (60%-70%, Table 1) 
and lower in the cohorts of treated Asian or Caucasian patients 
(11%-32%, Table 2). Such a difference seems to mainly reflect the 
different characteristics between the two settings, as treated CHB 
patients are usually older and have more frequently advanced liver 
disease and cirrhosis.

7.3 | Selection of patients with high risk for 
HCC and potential need for intensified HCC 
surveillance

Hepatocellular carcinoma risk scores could further be of consider-
able value for the identification of patients with high HCC risk who 
would benefit from stricter HCC surveillance. Currently, HCC sur-
veillance is based on abdominal ultrasonography every 6 months, as 
this is a cheap screening tool with acceptable performance, but its 
diagnostic accuracy is far from excellent, particularly for early HCC.2 
On the other hand, computed tomography or magnetic resonance 
imaging offer higher sensitivity and specificity in detecting HCC, but 
with several limitations for general use in HCC surveillance.2 Thus, it 
remains under investigation whether there is a specific annual HCC 
risk cut-off justifying intensified HCC surveillance and which type of 
intensified surveillance (test, interval) might be optimal.2

Despite the uncertainties in the need and especially the cost-ef-
fectiveness of specific HCC surveillance, the HCC risk scores can offer 
clinically useful information by identifying subgroups of CHB patients 
with annual HCC risk exceeding 3%-5%. In this context, the cumulative 
HCC incidence and the PPV in the high-risk group are also important. 
In nine studies providing such data,11,13,18,20,28,29,31-33 the mean yearly 
HCC incidence in the high-risk patients ranged from 2.3% to 9.2% 
(Tables 1 and 2). Unfortunately, such data cannot be easily compared 
among different studies, but only in the same patient population. In 
an Asian cohort of treated CHB patients, GAG-HCC risk score offered 
numerically higher PPV at 5  years (22%) than CU-HCC, REACH-B, 
LSM-HCC and REACH-Bm (16%, 12%, 14% and 20%, respectively).35 

F I G U R E  1   Negative predictive values (NPV) of the low-risk cut-off for 5-year prediction of hepatocellular carcinoma (HCC) in chronic 
hepatitis B patients. Only risk scores with at least two studies reporting such data have been included (References [Ref.]: Yuen 2009,9 
Wong 2010,10 Yang 2011,11 Wong 2014,17 Papatheodoridis 2016,13 Wong 2013,34 Jung 2015,35 Tawada 2016,36 Kim 2017,38 Jeon 201839 
[treated39a, untreated: 39b], Papatheodoridis 2015,43 Arends 2015,44 Abu-Amara 2016,45 Brouwer 2017,46 Riveiro-Barciela 2017,47 Lee 
2019,41 Kim 201942]
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In another Asian cohort, PPV at 5 years in the high-risk group was 20% 
for GAG-HCC and only 8% for CU-HCC score.36 According to unpub-
lished data from the PAGE-B cohort, PPV for 5-year HCC prediction 
were 17% for PAGE-B score, 10% for both GAG-HCC and CU-HCC and 
7% for REACH-B score in Caucasian treated CHB patients classified in 
the high HCC risk subgroup by each score.

The proportions of patients who are classified in the high-risk 
group and could be candidates for specific surveillance are also import-
ant. Such proportions ranged from 10% to 31% in seven studies which 
reported these data (Tables 1 and 2).10,13,18,20,23,28,29 Based again on 
unpublished data from the PAGE-B cohort, 30% of Caucasian CHB 
patients by GAG-HCC and CU-HCC and 28% of the same patients by 
REACH-B and PAGE-B were classified into the high-risk group.

7.4 | Clinical applicability of HCC risk scores

In addition to the predictive performance, the components of each 
score and its formulas are crucial factors for the clinical utility of any 
risk score. Thus, an ideal HCC risk score should be simple, cheap and 
easy to calculate including commonly available objective parame-
ters. Consequently, HCC risk scores including parameters amenable 
to subjectivity (eg cirrhosis in GAG-HCC, CU-HCC, RWS-HCC, HCC-
Rescue, CAMD, ESC-HCC), special virological markers (eg mutations 
of HBV genome in the original GAG-HCC, HBV genotype and HBsAg 
levels in the REACH-B II) and/or complicated formulas (eg LS-Model, 
D2AS) will probably have restricted applicability in clinical practice. 
Similarly, HCC risk scores with parameters of high cost, potential 
variability and/or limited availability, such as serum HBV DNA levels 
and LSM, may also restrain their clinical usefulness. Thus, HCC risk 
scores based on simple routinely available epidemiological and labo-
ratory parameters appear to serve their cause better and have the 
potential to achieve the greatest clinical applicability.

In clinical practice, it might have been useful to know whether 
the predictive performances of HCC risk scores differ in different 
patient settings (eg with or without cirrhosis, treatment with ETV or 
TDF), but such conclusions cannot be drawn by the available data. 
Moreover, it will be of interest to determine whether the predict-
ability of the scores will change with re-assessment of the scores 
during therapy.

8  | CONCLUSIONS

To date, a number of studies have developed various HCC risk scores 
for the prediction of HCC risk in untreated and treated CHB patients. 
The applicability and predictability of HCC risk scores for untreated 
patients have several limitations mainly due to the fluctuating course 
of untreated chronic HBV infection and the uncertainty of the ben-
efit of frequent score reassessments, while the utility of these scores 
in untreated patients with HBV activity and indications for treat-
ment is not clinically relevant. On the other hand, the clinical utility 
of the scores in treated CHB patients is of great clinical relevance 

due to the high HCC risk in patients who fulfil the current treatment 
indications and the relative homogeneity of this setting.3,4 There has 
been no study to externally validate all proposed HCC risk scores in 
the same cohort of Asian, Caucasian or mixed patient populations. 
Therefore, direct comparisons of the predictability of scores are un-
safe. Whenever the performances of HCC risk scores are compared, 
it should be kept in mind that the most useful characteristic of HCC 
risk scores is the NPV of their low cut-off. Using this cut-off, clini-
cians may be able to identify patients for whom HCC surveillance is 
not needed due to negligible or ideally null HCC risk. The first three 
scores (GAG-HCC, CU-HCC, REACH-B) developed in untreated 
Asian CHB patients have shown variable predictive performances in 
Asian cohorts of treated CHB patients and poor to moderate predic-
tive performances in treated Caucasian or mixed population. Except 
for REACH-Bm and LSM-HCC, the more recent HCC risk scores de-
veloped in treated Asian CHB patients (CAMD, APA-B and AASL) 
have not undergone extensive external validation and therefore safe 
deductions cannot be made. PAGE-B score has been externally vali-
dated in independent cohorts of Caucasian, mixed ethnicity or Asian 
patients usually offering at least good predictability and high NPV in 
the low-risk group. Thus, according to both HBV and HCC European 
guidelines, PAGE-B is the only score that offers good predictability 
for HCC development in treated Caucasian CHB patients.2,4 In the 
same direction, mPAGE-B seems to offer good predictability and 
high NPV in independent Asian cohorts so far. Based on the existing 
data, PAGE-B and mPAGE-B seem to represent simple scores that 
could be used in clinical practice to identity non-cirrhotic Caucasian 
or Asian CHB patients treated with oral antivirals who do and do not 
require HCC surveillance, while all cirrhotic patients should be under 
HCC surveillance. Direct comparisons of the newest HCC risk scores 
in independent patient cohorts of different origin would be of inter-
est, as they appear to offer promising results.
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