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Abstract
Chronic hepatitis B (CHB) related hepatocellular carcinoma (HCC) is a major health problem in Asian-Pacific regions. Antiviral therapy reduces but not eliminates the risk of HCC. It would be a heavy financial burden to most of low and middle economic countries if all CHB patients receive antiviral therapy and HCC surveillance. This urges the need of accurate risk prediction to assist prognostication, decisions on the need of antiviral therapy and HCC surveillance. A few well-established risk factors of HCC, namely advanced age, male gender, high viral load, cirrhosis etc., are the core components of three HCC risk scores: CU-HCC, GAG-HCC and REACH-B scores. These 3 scores were confirmed to be accurate to predict HCC up to 10 years in treatment-naïve patients. Their validity and applicability have been recently demonstrated in a large real-life cohort of entecavir-treated patients. Decrease in risk scores after antiviral therapy is translated to a lower risk of HCC. These findings support applying HCC risk scores to all CHB patients. Different levels of care and different intensities of HCC surveillance should be offered according to the risk profile of patients. Patients at risk of HCC should receive regular HCC surveillance even when they are receiving antiviral treatment. 
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Core tip: CU-HCC, GAG-HCC and REACH-B scores accurately predict subsequent hepatocellular carcinoma (HCC) development in both treatment-naïve patients and those receiving antiviral therapy. At the recommended cutoff values, baseline CU-HCC and REACH-B scores had high sensitivity, while GAG-HCC score had high specificity to predict HCC. Patients persistently in the low-risk category have the lowest risk of HCC; those “downgraded” in risk category would have significantly lower yet a small risk of HCC compared to those remained in high-risk category. Patients at high-risk category either at baseline or after treatment should receive HCC surveillance.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the second leading cause of cancer deaths in men worldwide[1] . Chronic hepatitis B virus (HBV) infection is one of the major causes of HCC, as it is estimated that over 350 million people are chronically infected with HBV worldwide[2]. Globally, HBV accounts for 53% of all cases of HCC[3]. Due to the high prevalence of HBV infection, the incidences of HCC in Eastern Asia and Southeast Asia are highest around the world[4].
In the last two decades, the development of antiviral therapy was a major breakthrough in the management of chronic hepatitis B (CHB), which modifies the natural history of the disease and reduces the risk of HCC[5-7]. Nonetheless, there is still a low yet clinically relevant risk of HCC in patients receiving antiviral therapy. It would be a heavy financial burden, in particular to low and middle economic countries, if all CHB patients receive antiviral therapy and HCC surveillance. This urges the need of accurate risk prediction to assist prognostication, decisions on the need of antiviral therapy and HCC surveillance.

RISK FACTORS OF HBV-RELATED HCC
Treatment-naïve patients
A handful of factors have been repeatedly shown to increase the risk of HCC when studying the natural history of chronic HBV infection. In general the risk factors can be categorized into host factors, liver factors and viral factors (Table 1). Host factors include advanced age[8-10], male gender[9,10], family history of HCC[11], and possibly single-nucleotide polymorphisms at different human genomic loci [e.g., chromosome 1p36.22, chromosome 6 of human leukocyte antigen (HLA)-DP and HLA-DQ loci, and chromosome 8p12][12,13]. Immunosuppressed conditions like human immunodeficiency virus co-infection is another risk factor[14]. Liver factors consist of advanced fibrosis and cirrhosis[11]; poor liver function as evidenced by hypoalbuminemia and hyperbilirubinemia[8]; active hepatitis as evidence by high alanine aminotransferase (ALT) and active necroinflammation demonstrated in liver biopsy[9]; and other committant liver diseases like co-infection with hepatitis C virus or hepatitis delta virus, alcoholic liver disease, nonalcoholic fatty liver disease[11]. Viral factors are high serum HBV DNA level[8, 15], hepatitis B virus e antigen (HBeAg) seropositivity[16], HBV genotype C[17] and subgenotype Ce[18], core promoter mutations[10] and probably high serum hepatitis B surface antigen (HBsAg) level[19].

Patients receiving antiviral therapy
The natural history of chronic HBV infection is altered by antiviral therapy. Therefore the risk factors of HCC may be different in treated patients compared to untreated patients. The landmark Asian lamivudine trial did not specifically look into the risk factors of HCC, while baseline Child–Pugh and Ishak fibrosis score, as well as genotypic resistance YMDD mutation were the risk factors of disease progression[6]. The drug-resistant mutant did not increase the risk of HCC (both 4% in patients with or without YMDD mutation detected). Nonetheless, the significance of YMDD mutation might be masked by the short follow-up duration (study prematurely terminated at 32 mo) and the unspecified interval between emergence of drug resistance and HCC development.
In a retrospective study of total 2795 Japanese CHB patients (657 lamivudine-treated vs 2138 untreated patients), absence of treatment, male gender, family history of HBV carriage, age above 40 years, fibrosis of over grade 2 of 4, albumin level of below 40 g/L, and platelet count of < 150000/mm3 were the independent risk factors of HCC[20]. The risk factors identified from this study appeared no different from those identified from studies of natural history, probably because more than three-fourths of patients were untreated.
In a nationwide study from Greece retrospectively analyzing 818 HBeAg-negative patients treated with lamivudine, advanced age and cirrhosis were the risk factors of HCC[21]. On-therapy virologic remission (i.e., undetectable on-treatment serum HBV DNA level) did not significantly affect the incidence of HCC (though there was a trend for lower risk of HCC in the absence of cirrhosis). As all patients with on-therapy virologic remission who developed HCC (8 of 228; 3.6%) happened within 30 mo of lamivudine treatment, some of these tumors might be in fact pre-existing HCC.
A recent large-scale real-life cohort study of 1531 entecavir-treated CHB patients demonstrated the importance of maintained virologic response[22]. Old age, cirrhosis, and virologic remission for 24 mo or more were independent factors associated with HCC in the entire cohort; whereas advanced age and hypoalbuminemia were predictors in non-cirrhotic patients. Though maintained virologic response was important, 30 out of 47 patients (64%) who achieved this virologic target still developed HCC. This can be explained by early integration of HBV into the host genome and the presence of cirrhosis, such that even with very effective suppression of viral replication with antiviral agents, HCC may continue to develop[23]. 
Summarizing the findings of these studies, advanced age and cirrhosis are the two major risk factors consistently demonstrated in patients receiving antiviral therapy. While maintained virologic response is likely a protective factor, baseline HBV DNA level is no longer important in these treated patients as it is usually much reduced after the treatment. Theoretically HBsAg level, which reflects the amount and transcriptional activity of covalently closed circular DNA inside the liver, might have a role to predict HCC in treated patients when serum HBV DNA is no longer detectable[24]. However, this was not confirmed in patients receiving entecavir[22]. The probable reason is that these patients had active disease to start with; those having lower HBsAg level were more likely to be cirrhotic. In other words, there were no “inactive HBV carriers” at very low risk of HCC as in untreated natural history cohorts[19].

APPROACHES TO DEVELOP RISK SCORES
There are different approaches to develop a risk score for HCC, but the first common step is to identify important independent factors associated with HCC in a training cohort. After statistical analysis, scores are assigned to different parameters in the equation to make up the final score. In order to demonstrate the applicability and reproducibility of the score, it should be validated in an independent cohort. If this independent cohort is not available, the leave-one-out cross-validation can be applied to assess the performance of the score in new data[25]. This validation involves using a single observation from the original sample as the validation data, and the remaining observations as the training data. This is repeated such that each observation in the sample is used once as the validation data. 
Take CU-HCC score as the example, significant variables were first identified in the multivariable Cox proportional hazards model[8]. A score was attributed to each variable according to its relative contribution in the model, as determined by the χ2 score. Furthermore, different cutoff values of the score were determined to categorize patients into different levels of risk (i.e., low-, medium-, and high-risk categories). The performance of the cutoff can be assessed in terms of discriminatory ability and monotonicity by linear trend χ2 test[26].
Validation of the score usually involves two steps: discrimination and calibration. Discrimination can be assessed with the receiver operating characteristic (ROC) curve, i.e., area under ROC (AUROC) curves, sensitivity, and specificity. Calibration is evaluated by estimating the observed HCC risk with the Kaplan-Meier method with the same cumulative risk scores. Combination of neighboring groups of cumulative risk scores will be done if the observed HCC risk in a group with the same cumulative risk score is sparse[9].

EXISTING PREDICTION SCORES FOR HCC
The three most commonly applied HCC risk scores are described here (Tables 2 and 3).

CU-HCC score
CU-HCC score[8] was first derived from a cohort 1005 Chinese CHB patients from a prospective study on the surveillance of HCC in chronic HBV carriers from The Chinese University of Hong Kong (abbreviated as CU in the name of the score)[18]. It was validated in an independent cohort of 424 Chinese CHB patients[27]. Both cohorts came from tertiary referral clinics. While all patients were treatment-naïve at baseline, 15.1% and 25.0% of patients from the training and validation cohort respectively received antiviral therapy during the long-term follow up to 10 years. CU-HCC score is composed of 5 parameters: age, albumin, bilirubin, HBV DNA, and cirrhosis; it ranges from 0 to 44.5 (Table 2). The investigators identified two cutoff values (5 and 20) best discriminating HCC risk into three categories. The 5-year HCC-free survival rates were 98.3%, 90.5%, and 78.9% in the low-, medium-, and high-risk groups, respectively. By applying the lower cutoff value, this score has high negative predictive value of 97.8% to exclude future HCC development.

GAG-HCC score 
GAG-HCC score[10]  was first developed from a cohort 820 Chinese CHB patients from tertiary referral clinics. The name was abbreviated from ‘‘Guide with Age, Gender, HBV DNA, Core promoter mutations and Cirrhosis”. All patients were treatment-naïve at baseline and censored at the time of initiation of antiviral therapy. As an independent cohort was not included, the investigators adopted the leave-one-out cross-validation mentioned above[25]. There are two versions of the score. The original version is composed of gender, age, core promoter mutations, HBV DNA level and cirrhosis. There is a simplified version by omitting core promoter mutations, as they may not be easily available in some centers. The score ranges widely to above 100 as age (in years) is one of the components in the formula. A cutoff value of 101 was found to have good sensitivity and specificity of 84.1% and 76.2% for 5-year prediction, and 88.0% and 78.7% for 10-year prediction respectively. The negative predictive values were as high as 98.3% to 100% to exclude future HCC development.

REACH-B score
REACH-B score[9] was first derived from a cohort 3584 Chinese CHB patients from the community-based prospective Taiwanese REVEAL-HBV study[15], and then validated in a cohort of 1505 patients from three hospitals in Hong Kong and South Korea tertiary referral clinics. The name was the abbreviation of “Risk Estimation for Hepatocellular Carcinoma in Chronic Hepatitis B”. All patients of the training cohort did not have cirrhosis according to ultrasonography at the time of recruitment, and remained treatment-naïve throughout the follow-up period for as long as 12 years. In contrast, 18.4% (277/1505) of patients in the validation cohort had cirrhosis. REACH-B score consists of 5 parameters: gender, age, ALT level, HBeAg status and HBV DNA level. The score ranges from 0 to 17 and is primarily designed for patients without cirrhosis. The authors did not categorize patients into different risk levels, instead the 3-, 5- and 10-year risk of HCC was presented to each particular risk score. The HCC risk ranged from 0% to 23.6% at 3 years, 0% to 47.4% at 5 years, and 0% to 81.6% at 10 years for patients with the lowest (0 point) and highest HCC risk (17 points), respectively. As the risk increased more dramatically starting from 8 points, it could be used as an arbitrary cutoff value to categorize patients into different level of risks.

IMPACT OF ANTIVIRAL THERAPY ON RISK PREDICTION  
Most of the patients involved in the development of the risk scores did not receive antiviral therapy. This raised the concern of their validity and applicability to patients receiving treatment. This is particularly relevant to those at risks of HCC as they are most often put on antiviral therapy. Antiviral therapy modifies the natural history of CHB by decreasing the serum HBV DNA levels, and altering other laboratory parameters (e.g., lowering ALT, raising albumin and lowering bilirubin level). This leads to another question on the clinical significance of dynamic changes in the risk scores during longitudinal follow-up. 
These importance concerns have been addressed in a recent real-life cohort study of 1531 entecavir-treated CHB patients followed up for 42 ± 13 mo[22]. All of them received entecavir 0.5 mg daily for at least 12 mo. The importance of maintained viral suppression was emphasized in this study as virologic remission for 24 mo or more, together with advanced age and cirrhosis, were the independent factors associated with HCC in this cohort. All the CU-HCC, GAG-HCC and REACH-B scores were found accurate to predict HCC in 3 years and 5 years. Among them CU-HCC score had the highest AUROC at baseline (0.80 vs 0.76 and 0.71 respectively). At the recommended cutoff values, baseline CU-HCC and REACH-B scores had high sensitivity (93.6% and 95.2% respectively), while GAG-HCC score had high specificity (78.9%) to predict HCC. 
After antiviral therapy, the risk scores would change because of decreased in viral load (i.e., lower HBV DNA) and even HBeAg-seroconversion, improvement in liver function (high albumin, lower bilirubin) and necroinflammation (lower ALT). Therefore a significant proportion of patients would have decreased risk scores with treatment. From this real-life cohort study, 14.0%, 8.2% and 38.3% of patients had their risk category changed from high risk to low risk as defined by CU-HCC, GAG-HCC and REACH-B score respectively after 2 years of entecavir[22]. One unresolved issue is the regression of cirrhosis, which may happen after long-term antiviral therapy[28,29]. However, as this regression take years to happen, its effect on the dynamic change in risk level can only be evaluated in a study with at least 8 to 10 years of follow up.
The dynamic changes of risk scores after antiviral therapy posed significant meaning on HCC risk. For all the three risk scores, patients persistently in the low-risk category had the lowest risk of HCC; those “downgraded” in risk category would have significantly lower risk of HCC compared to those remained in high-risk category (Table 4)[22]. Only 0.4% of patients who remained at low risk at baseline and 2 years according to CU-HCC score would develop HCC in 5 years; the corresponding figures were 2.1% and 12.9% in those changed from high risk to low risk, and those remained at high risk at both time points, respectively. For GAG-HCC score, 1.4%, 5.1% and 26.4% of patients who remained at low risk, changed from high to low risk, and remained at high risk respectively developed HCC in 5 years. The results from both CU-HCC and GAG-HCC score showed that the downgrading of risk score reduces but does not eliminate the risk of HCC (Figure 1).

CLINICAL APPLICATION OF RISK SCORES 
The risk scores discussed above are simple to use as they combine a few widely available clinical variables for the estimation of HCC risk within a specific timeframe. However, the version of GAG-HCC score with core promoter mutations as a component may be less preferred by clinicians as tests of these mutations are not easily accessible in primary care setting and general practitioners taking care of most of the CHB patients. The simple calculations of the scores facilitate implementation of routine clinical use. But probably the complexity of calculation is now less a concern as web-based or smart phone apps of calculators of some of these scores are now available[30,31]. The major limitation of these scores is that all studies only involved Asian (and mostly Chinese) patients, so that the validity and applicability in other ethnic groups remained uncertain. These risk scores can be potentially incorporated into a clinical risk-prediction instrument that could improve patient management through appropriate and timely intervention. Clinicians could use the scores to assess the risk of progression, and subsequently make evidence-based decisions about the clinical management of choice for these patients. A recent Japanese study showed that patients at high-risk categories according to these risk scores would benefit most from entecavir[5]. Another long-term follow-up study of 641 patients receiving tenofovir for 6 years showed that the observed incidence of HCC was lowered compared to the predicted risk by REACH-B score[32]. This would be indirect evidence that antiviral therapy reduces the risk of HCC.
We advocate estimating the risk scores for all CHB patients. For treatment-naïve patients, the results of these scores may guide the need of antiviral therapy complementary to the treatment guidelines. The scores should be monitored regularly every 1 to 2 years. Patients remaining at low risk are suitable for regularly monitoring at primary care setting. Those at high risk should be referred to specialist care and consider appropriate treatment.
For patients receiving antiviral therapy, the risk scores should be monitored yearly. Those respond well to treatment, i.e., achieved maintained virologic remission, and remain at low-risk category have minimal risks of HCC. Therefore they may also be referred back to family physicians who are experienced in monitoring such patients. Patients have risk downgraded after treatment would have lower but yet 2% to 5% risk of HCC in 5 years. Therefore they should still receive regular HCC surveillance[33]. Those remain at high-risk category despite antiviral therapy may need more intensive HCC surveillance, as the risk of HCC can be as high as 12.9% to 26.4% in 5 years (Table 3). On the other hand, patients who fail to achieve maintained viral suppression should consider alternative treatment regimes in order to reduce the risk of HCC[34]. 

FUTURE DIRECTION
One potential problem of the risk scores is that heavy weighting is assigned to cirrhosis in CU-HCC and GAG-HCC. In the study of REACH-B, liver cirrhosis was excluded by ultrasonography. As early cirrhosis may be missed by ultrasonography, this limitation may lead to substantial prediction errors if the presence or absence of cirrhosis is misclassified[35]. Transient elastography is one of the most widely validated non-invasive tools to detect early liver cirrhosis in various chronic liver diseases[36]. Liver stiffness measurements (LSM) with this tool may be useful to refine the diagnosis of cirrhosis and substitute clinical cirrhosis as a component of the risk score to predict HCC. There has been evidence that LSM can predict HCC[37], patient survival[38] as well as complications after hepatic resection[39]. Therefore, it is reasonable to believe that LSM would be an important parameter in a HCC risk score.
A recent Korean study of 1250 CHB patients developed a predictive model for HCC four clinical parameters, which include age, gender, HBV DNA and LSM value[40]. The probability equals to 1 − PA; while A = exp (0.05306 × age + 1.106 × male gender + 0.04858 × LSM values + 0.50969 × HBV DNA ≥ 20000 IU/L). This model was found to have a moderately good discrimination capability, with an AUROC of 0.81. The predicted risk of HCC development correlated fairly well with the observed risk (r = 0.91). More data concerning the role of LSM in HCC risk score is now evolving[41].

CONCLUSION
In conclusion, HCC risk scores can accurately predict subsequent HCC development in both treatment-naïve patients and those receiving antiviral therapy. Different levels of care and different intensities of HCC surveillance should be offered according to the risk profile of patients. Patients at high-risk category should be one of the indications of antiviral therapy, as well as appropriate HCC surveillance. For patients receiving antiviral therapy, maintained virologic response should be the treatment target, particularly in patients with cirrhosis. Patients at risk of HCC should receive regular HCC surveillance even when they are receiving antiviral treatment. 

REFERENCES
1 Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90 [PMID: 21296855 DOI: 10.3322/caac.20107]
2 Evans AA, London WT, Gish RG, Cohen C, Block TM. Chronic HBV infection outside treatment guidelines: is treatment needed? Antivir Ther 2013; 18: 229-235 [PMID: 22914436]
3 Perz JF, Armstrong GL, Farrington LA, Hutin YJ, Bell BP. The contributions of hepatitis B virus and hepatitis C virus infections to cirrhosis and primary liver cancer worldwide. J Hepatol 2006; 45: 529-538 [PMID: 16879891 DOI: 10.1016/j.jhep.2006.05.013]
4 Wong VW, Chan HL. Prevention of hepatocellular carcinoma: a concise review of contemporary issues. Ann Hepatol 2012; 11: 284-293 [PMID: 22481445]
5 Hosaka T, Suzuki F, Kobayashi M, Seko Y, Kawamura Y, Sezaki H, Akuta N, Suzuki Y, Saitoh S, Arase Y, Ikeda K, Kobayashi M, Kumada H. Long-term entecavir treatment reduces hepatocellular carcinoma incidence in patients with hepatitis B virus infection. Hepatology 2013; 58: 98-107 [PMID: 23213040 DOI: 10.1002/hep.26180]
6 Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H, Tanwandee T, Tao QM, Shue K, Keene ON, Dixon JS, Gray DF, Sabbat J. Lamivudine for patients with chronic hepatitis B and advanced liver disease. N Engl J Med 2004; 351: 1521-1531 [PMID: 15470215 DOI: 10.1056/NEJMoa033364]
7 Wong GL, Chan HL, Mak CH, Lee SK, Ip ZM, Lam AT, Iu HW, Leung JM, Lai JW, Lo AO, Chan HY, Wong VW. Entecavir treatment reduces hepatic events and deaths in chronic hepatitis B patients with liver cirrhosis. Hepatology 2013; [Epub ahead of print] [PMID: 23389810 DOI: 10.1002/hep.26301]
8 Wong VW, Chan SL, Mo F, Chan TC, Loong HH, Wong GL, Lui YY, Chan AT, Sung JJ, Yeo W, Chan HL, Mok TS. Clinical scoring system to predict hepatocellular carcinoma in chronic hepatitis B carriers. J Clin Oncol 2010; 28: 1660-1665 [PMID: 20194845 DOI: 10.1200/JCO.2009.26.2675]
9 Yang HI, Yuen MF, Chan HL, Han KH, Chen PJ, Kim DY, Ahn SH, Chen CJ, Wong VW, Seto WK. Risk estimation for hepatocellular carcinoma in chronic hepatitis B (REACH-B): development and validation of a predictive score. Lancet Oncol 2011; 12: 568-574 [PMID: 21497551 DOI: 10.1016/S1470-2045(11)70077-8]
10 Yuen MF, Tanaka Y, Fong DY, Fung J, Wong DK, Yuen JC, But DY, Chan AO, Wong BC, Mizokami M, Lai CL. Independent risk factors and predictive score for the development of hepatocellular carcinoma in chronic hepatitis B. J Hepatol 2009; 50: 80-88 [PMID: 18977053 DOI: 10.1016/j.jhep.2008.07.023]
11 El-Serag HB. Hepatocellular carcinoma. N Engl J Med 2011; 365: 1118-1127 [PMID: 21992124 DOI: 10.1056/NEJMra1001683]
12 Chan KY, Wong CM, Kwan JS, Lee JM, Cheung KW, Yuen MF, Lai CL, Poon RT, Sham PC, Ng IO. Genome-wide association study of hepatocellular carcinoma in Southern Chinese patients with chronic hepatitis B virus infection. PLoS One 2011; 6: e28798 [PMID: 22174901 DOI: 10.1371/journal.pone.0028798]
13 Zhang H, Zhai Y, Hu Z, Wu C, Qian J, Jia W, Ma F, Huang W, Yu L, Yue W, Wang Z, Li P, Zhang Y, Liang R, Wei Z, Cui Y, Xie W, Cai M, Yu X, Yuan Y, Xia X, Zhang X, Yang H, Qiu W, Yang J, Gong F, Chen M, Shen H, Lin D, Zeng YX, He F, Zhou G. Genome-wide association study identifies 1p36.22 as a new susceptibility locus for hepatocellular carcinoma in chronic hepatitis B virus carriers. Nat Genet 2010; 42: 755-758 [PMID: 20676096 DOI: 10.1038/ng.638]
14 Hu J, Ludgate L. HIV-HBV and HIV-HCV coinfection and liver cancer development. Cancer Treat Res 2007; 133: 241-252 [PMID: 17672044]
15 Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, Huang GT, Iloeje UH. Risk of hepatocellular carcinoma across a biological gradient of serum hepatitis B virus DNA level. JAMA 2006; 295: 65-73 [PMID: 16391218 DOI: 10.1001/jama.295.1.65]
16 Yang HI, Lu SN, Liaw YF, You SL, Sun CA, Wang LY, Hsiao CK, Chen PJ, Chen DS, Chen CJ. Hepatitis B e antigen and the risk of hepatocellular carcinoma. N Engl J Med 2002; 347: 168-174 [PMID: 12124405 DOI: 10.1056/NEJMoa013215]
17 Wong GL, Chan HL, Yiu KK, Lai JW, Chan VK, Cheung KK, Wong EW, Wong VW. Meta-analysis: The association of hepatitis B virus genotypes and hepatocellular carcinoma. Aliment Pharmacol Ther 2013; 37: 517-526 [PMID: 23305043 DOI: 10.1111/apt.12207]
18 Chan HL, Tse CH, Mo F, Koh J, Wong VW, Wong GL, Lam Chan S, Yeo W, Sung JJ, Mok TS. High viral load and hepatitis B virus subgenotype ce are associated with increased risk of hepatocellular carcinoma. J Clin Oncol 2008; 26: 177-182 [PMID: 18182659 DOI: 10.1200/JCO.2007.13.2043]
19 Tseng TC, Liu CJ, Yang HC, Su TH, Wang CC, Chen CL, Kuo SF, Liu CH, Chen PJ, Chen DS, Kao JH. High levels of hepatitis B surface antigen increase risk of hepatocellular carcinoma in patients with low HBV load. Gastroenterology 2012; 142: 1140-1149.e3; quiz e13-4 [PMID: 22333950 DOI: 10.1053/j.gastro.2012.02.007]
20 Matsumoto A, Tanaka E, Rokuhara A, Kiyosawa K, Kumada H, Omata M, Okita K, Hayashi N, Okanoue T, Iino S, Tanikawa K. Efficacy of lamivudine for preventing hepatocellular carcinoma in chronic hepatitis B: A multicenter retrospective study of 2795 patients. Hepatol Res 2005; 32: 173-184 [PMID: 16024289 DOI: 10.1016/j.hepres.2005.02.006]
21 Papatheodoridis GV, Manolakopoulos S, Touloumi G, Vourli G, Raptopoulou-Gigi M, Vafiadis-Zoumbouli I, Vasiliadis T, Mimidis K, Gogos C, Ketikoglou I, Manesis EK. Virological suppression does not prevent the development of hepatocellular carcinoma in HBeAg-negative chronic hepatitis B patients with cirrhosis receiving oral antiviral(s) starting with lamivudine monotherapy: results of the nationwide HEPNET. Greece cohort study. Gut 2011; 60: 1109-1116 [PMID: 21270118 DOI: 10.1136/gut.2010.221846]
22 Wong GL, Chan HL, Chan HY, Tse PC, Tse YK, Mak CW, Lee SK, Ip ZM, Lam AT, Iu HW, Leung JM, Wong VW. Accuracy of risk scores for patients with chronic hepatitis B receiving entecavir treatment. Gastroenterology 2013; 144: 933-944 [PMID: 23415803 DOI: 10.1053/j.gastro.2013.02.002]
23 Lai CL, Yuen MF. Prevention of hepatitis B virus-related hepatocellular carcinoma with antiviral therapy. Hepatology 2013; 57: 399-408 [PMID: 22806323 DOI: 10.1002/hep.25937]
24 Chan HL, Thompson A, Martinot-Peignoux M, Piratvisuth T, Cornberg M, Brunetto MR, Tillmann HL, Kao JH, Jia JD, Wedemeyer H, Locarnini S, Janssen HL, Marcellin P. Hepatitis B surface antigen quantification: why and how to use it in 2011 - a core group report. J Hepatol 2011; 55: 1121-1131 [PMID: 21718667 DOI: 10.1016/j.jhep.2011.06.006]
25 Hastie T, Tibshirani R, Friedman J. The elements of statistical learning. 1st ed. New York: Springer, 2001: 214-217
26 Ueno S, Tanabe G, Sako K, Hiwaki T, Hokotate H, Fukukura Y, Baba Y, Imamura Y, Aikou T. Discrimination value of the new western prognostic system (CLIP score) for hepatocellular carcinoma in 662 Japanese patients. Cancer of the Liver Italian Program. Hepatology 2001; 34: 529-534 [PMID: 11526539 DOI: 10.1053/jhep.2001.27219]
27 Chan HL, Hui AY, Wong ML, Tse AM, Hung LC, Wong VW, Sung JJ. Genotype C hepatitis B virus infection is associated with an increased risk of hepatocellular carcinoma. Gut 2004; 53: 1494-1498 [PMID: 15361502 DOI: 10.1136/gut.2003.033324]
28 Chang TT, Liaw YF, Wu SS, Schiff E, Han KH, Lai CL, Safadi R, Lee SS, Halota W, Goodman Z, Chi YC, Zhang H, Hindes R, Iloeje U, Beebe S, Kreter B. Long-term entecavir therapy results in the reversal of fibrosis/cirrhosis and continued histological improvement in patients with chronic hepatitis B. Hepatology 2010; 52: 886-893 [PMID: 20683932 DOI: 10.1002/hep.23785]
29 Marcellin P, Gane E, Buti M, Afdhal N, Sievert W, Jacobson IM, Washington MK, Germanidis G, Flaherty JF, Schall RA, Bornstein JD, Kitrinos KM, Subramanian GM, McHutchison JG, Heathcote EJ. Regression of cirrhosis during treatment with tenofovir disoproxil fumarate for chronic hepatitis B: a 5-year open-label follow-up study. Lancet 2013; 381: 468-475 [PMID: 23234725 DOI: 10.1016/S0140-6736(12)61425-1]
30 The Chinese University of Hong Kong. CUHK-HCC Score. Available from: URL: http: //www.livercenter.com.hk/chi/p15.asp
31 The Chinese University of Hong Kong. Liver Calc. Available from: URL: https: //itunes.apple.com/mo/app/liver-calc/id421329001?mt=8
32 Kim WR, Berg T, Loomba R, Benson JT, Kamath PS, Kremers WK, Therneau TM. Long term tenofovir disoproxil fumarate (TDF) therapy and the risk of hepatocellular carcinoma. J Hepatol 2013; 58(Supp 1): S19
33 Wong GL, Wong VW, Tan GM, Ip KI, Lai WK, Li YW, Mak MS, Lai PB, Sung JJ, Chan HL. Surveillance programme for hepatocellular carcinoma improves the survival of patients with chronic viral hepatitis. Liver Int 2008; 28: 79-87 [PMID: 17900247 DOI: 10.1111/j.1478-3231.2007.01576.x]
34 Wong GL. Who will have the best response to entecavir? J Gastroenterol Hepatol 2013; 28: 5-7 [PMID: 23278152 DOI: 10.1111/jgh.12009]
35 Chan HL. Identifying hepatitis B carriers at low risk for hepatocellular carcinoma. Gastroenterology 2012; 142: 1057-1060 [PMID: 22449578 DOI: 10.1053/j.gastro.2012.03.013]
36 Wong GL. Transient elastography: Kill two birds with one stone? World J Hepatol 2013; 5: 264-274 [PMID: 23717737 DOI: 10.4254/wjh.v5.i5.264]
37 Jung KS, Kim SU, Ahn SH, Park YN, Kim do Y, Park JY, Chon CY, Choi EH, Han KH. Risk assessment of hepatitis B virus-related hepatocellular carcinoma development using liver stiffness measurement (FibroScan). Hepatology 2011; 53: 885-894 [PMID: 21319193 DOI: 10.1002/hep.24121]
38 de Lédinghen V, Vergniol J, Barthe C, Foucher J, Chermak F, Le Bail B, Merrouche W, Bernard PH. Non-invasive tests for fibrosis and liver stiffness predict 5-year survival of patients chronically infected with hepatitis B virus. Aliment Pharmacol Ther 2013; 37: 979-988 [PMID: 23557139 DOI: 10.1111/apt.12307]
39 Wong JS, Wong GL, Chan AW, Wong VW, Cheung YS, Chong CN, Wong J, Lee KF, Chan HL, Lai PB. Liver stiffness measurement by transient elastography as a predictor on posthepatectomy outcomes. Ann Surg 2013; 257: 922-928 [PMID: 23001077 DOI: 10.1097/SLA.0b013e318269d2ec]
40 Kim DY, Kim SU, Han KH, Ahn SH, Chon CY, Park JY. Fibroscan-based risk estimation of HBV-related HCC occurrence: development and validation of a predictive model. International Liver Cancer Association (ILCA) 2012: Poster 254
41 Wong GL. Update of liver fibrosis and steatosis with transient elastography (Fibroscan). Gastroenterol Rep 2013; 1: 19-26 [DOI: 10.1093/gastro/got007]

[bookmark: OLE_LINK874][bookmark: OLE_LINK875][bookmark: OLE_LINK347][bookmark: OLE_LINK384][bookmark: OLE_LINK557][bookmark: OLE_LINK558][bookmark: OLE_LINK631][bookmark: OLE_LINK632][bookmark: OLE_LINK386][bookmark: OLE_LINK431][bookmark: OLE_LINK564][bookmark: OLE_LINK493][bookmark: OLE_LINK442][bookmark: OLE_LINK551][bookmark: OLE_LINK668][bookmark: OLE_LINK669][bookmark: OLE_LINK725][bookmark: OLE_LINK489][bookmark: OLE_LINK602][bookmark: OLE_LINK658][bookmark: OLE_LINK747][bookmark: OLE_LINK897][bookmark: OLE_LINK1138][bookmark: OLE_LINK1139][bookmark: OLE_LINK882][bookmark: OLE_LINK1095][bookmark: OLE_LINK1305][bookmark: OLE_LINK1390][bookmark: OLE_LINK964][bookmark: OLE_LINK1190][bookmark: OLE_LINK1314][bookmark: OLE_LINK1031][bookmark: OLE_LINK1092][bookmark: OLE_LINK1258][bookmark: OLE_LINK1259][bookmark: OLE_LINK1337][bookmark: OLE_LINK1338][bookmark: OLE_LINK1363][bookmark: OLE_LINK1364][bookmark: OLE_LINK86][bookmark: OLE_LINK1595][bookmark: OLE_LINK1613][bookmark: OLE_LINK1708][bookmark: OLE_LINK1774][bookmark: OLE_LINK1872][bookmark: OLE_LINK1899][bookmark: OLE_LINK1492][bookmark: OLE_LINK1497][bookmark: OLE_LINK1498][bookmark: OLE_LINK1589][bookmark: OLE_LINK1666][bookmark: OLE_LINK1752][bookmark: OLE_LINK1616][bookmark: OLE_LINK1696][bookmark: OLE_LINK1855][bookmark: OLE_LINK1942][bookmark: OLE_LINK1943][bookmark: OLE_LINK1573][bookmark: OLE_LINK1574][bookmark: OLE_LINK1575][bookmark: OLE_LINK1739][bookmark: OLE_LINK1761][bookmark: OLE_LINK1743][bookmark: OLE_LINK1841][bookmark: OLE_LINK1858][bookmark: OLE_LINK1890][bookmark: OLE_LINK1915][bookmark: OLE_LINK1980][bookmark: OLE_LINK1883][bookmark: OLE_LINK1935][bookmark: OLE_LINK1936][bookmark: OLE_LINK1952][bookmark: OLE_LINK1953][bookmark: OLE_LINK1999][bookmark: OLE_LINK2050][bookmark: OLE_LINK1862][bookmark: OLE_LINK1963][bookmark: OLE_LINK2052][bookmark: OLE_LINK1906][bookmark: OLE_LINK2031][bookmark: OLE_LINK2032][bookmark: OLE_LINK1907][bookmark: OLE_LINK2004][bookmark: OLE_LINK2238][bookmark: OLE_LINK2239][bookmark: OLE_LINK2163][bookmark: OLE_LINK2207][bookmark: OLE_LINK2341][bookmark: OLE_LINK2417][bookmark: OLE_LINK2509][bookmark: OLE_LINK2510][bookmark: OLE_LINK2511][bookmark: OLE_LINK2512][bookmark: OLE_LINK2513][bookmark: OLE_LINK2514][bookmark: OLE_LINK2515][bookmark: OLE_LINK2516][bookmark: OLE_LINK2517][bookmark: OLE_LINK2518][bookmark: OLE_LINK2519][bookmark: OLE_LINK2520][bookmark: OLE_LINK2521][bookmark: OLE_LINK2522][bookmark: OLE_LINK2523][bookmark: OLE_LINK2524][bookmark: OLE_LINK2051][bookmark: OLE_LINK2109][bookmark: OLE_LINK2165][bookmark: OLE_LINK2385][bookmark: OLE_LINK2593][bookmark: OLE_LINK2332][bookmark: OLE_LINK2448][bookmark: OLE_LINK2525][bookmark: OLE_LINK2506][bookmark: OLE_LINK2507][bookmark: OLE_LINK2291][bookmark: OLE_LINK2294][bookmark: OLE_LINK2298][bookmark: OLE_LINK2300][bookmark: OLE_LINK2301][bookmark: OLE_LINK2546][bookmark: OLE_LINK2756][bookmark: OLE_LINK2757][bookmark: OLE_LINK2736][bookmark: OLE_LINK2923][bookmark: OLE_LINK2974][bookmark: OLE_LINK3125][bookmark: OLE_LINK3218][bookmark: OLE_LINK2575][bookmark: OLE_LINK2687][bookmark: OLE_LINK2688][bookmark: OLE_LINK2700][bookmark: OLE_LINK2576][bookmark: OLE_LINK2674][bookmark: OLE_LINK2738][bookmark: OLE_LINK2983]P-Reviewers Grasso A, Khattab MA, Malnick S S-Editor Gou SX   L-Editor    E-Editor










Figure 1 Risk of hepatocellular carcinoma in the next 3 years by risk scores. Results adopted from Wong et al[22].

Table 1 Risk factors of hepatitis B virus-related hepatocellular carcinoma
	Host factors
	Liver factors
	Viral factors

	Advanced age 
	Advanced fibrosis
	High serum HBV DNA

	Male gender
	Cirrhosis
	Positive HBeAg

	Family history of HCC
	Hypoalbuminemia
	HBV genotype C

	SNP at human genomic loci, e.g.
	Hyperbilirubinemia
	HBV subgenotype Ce

	  Chromosome 1p36.22
	High ALT
	Core promoter mutations

	  Chromosome 6 of HLA-DP/Q loci
	Active necroinflammation
	High serum HBsAg level

	  Chromosome 8p12
	Concomitant liver diseases e.g.
	

	Immunosuppressed condition, e.g.
	Hepatitis C virus co-infection
	

	 Human immunodeficiency virus co-infection
	Hepatitis delta virus co-infection
	

	
	Alcoholic liver disease
	

	
	Nonalcoholic fatty liver disease
	


ALT: Alanine aminotransferase; HBeAg: Hepatitis B virus e antigen; HBsAg: Serum hepatitis B surface antigen; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HLA: Human leukocyte antigen; SNP: Single-nucleotide polymorphisms.


Table 2 Components of the risk scores
	Factor
	Risk Score

	
	CU-HCC
	GAG-HCC (yr)
	REACH-B

	Age (yr)
	 50: 0
>50: 3
	
	30-34: 0
35-39: 1
40-44: 2
45-49: 3
50-54: 4
55-59: 5
60-65: 6

	Sex
	NA
	Male: 16
Female: 0

	Male: 2
Female: 0


	Albumin (g/L)
	 35: 20
> 35: 0
	NA
	NA

	Bilirubin (mmol/L)
	 18: 0
> 18: 1.5
	NA
	NA

	ALT (U/L)
	NA
	NA
	< 15: 0
15-44: 1
≥ 45: 2

	HBeAg
	NA
	NA
	Positive: 2
Negative: 0

	HBV DNA (copies/mL)
	< 4 log: 0
4-6 log: 1
> 6 log: 4
(lack of maintained virologic suppression: 4)

	3 × in log
	< 4 log: 0
4-5 log: 3
5-6 log: 5
≥ 6 log: 4
(lack of maintained virologic suppression: 4)

	Cirrhosis
	Presence: 15
Absence: 0
	Presence: 33
Absence: 0
	NA


ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; NA: Not applicable.


Table 3 Comparison between CU-HCC, GAG-HCC and REACH-B score
	Score
	Patients
	Components
	Cutoff value
	Performance

	CU-HCC
	Clinic patients:
1005 in training cohort, 424 in validation cohort
	Age, albumin, bilirubin, HBV DNA, cirrhosis

	5
	97% NPV at 10 years

	GAG-HCC
	820 clinic patients (leave-one-out cross-validation method)
	Age, gender, HBV DNA, cirrhosis

	101
	99% NPV at 10 years

	REACH-B
	Non-cirrhotic patients:
3,584 in training cohort, 1,505 in validation cohort
	Age, gender, ALT, HBV DNA, HBeAg

	8
	98% NPV at 10 years


ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; NPV: Negative predictive value.

Table 4 Dynamic changes of risk scores and 5-year risk of hepatocellular carcinoma 
	Risk score
	HCC in 5 years

	Baseline
	2 years
	CU-HCC
	GAG-HCC
	REACH-B1

	Low
	Low
	0.4%
	1.4%
	0%

	Low
	High
	0%
	NA
	0%

	High
	Low
	2.1%
	5.1%
	0%

	High 
	High
	12.9%
	26.4%
	2.1%


1Only patients with no cirrhosis were analyzed for REACH-B score. Results adopted from Wong et al[22]. HCC: Hepatocellular carcinoma; NA: Not available.


