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Abstract
Background & Aims
The Japan Integrated Staging (JIS) for hepatocellular carcinoma (HCC) has been extensively studied in hepatitis virus C-endemic Japanese population but seldom evaluated outside Japan, while Albumin-Bilirubin (ALBI)-based JIS (ALBI-T) has never been externally validated. We evaluate the prognostic significance of the ALBI-T score among Chinese patients with hepatitis virus B (HBV)-related HCC, and to explore its potential therapeutic application in selecting patients for appropriate treatments in addition to the Barcelona Clinic Liver Cancer (BCLC) recommendation.
Methods
A cohort of 1222 HBV-associated HCC patients was evaluated to compare the prognostic performance of JIS and ALBI-T scores by homogeneity likelihood chi-square and corrected Akaike information criterion (AICc). In the subgroup analysis of each BCLC stage, Kaplan-Meier method and log-rank statistics were used to compare overall survival of patients undergoing different treatment options.
Results
The ALBI-T score showed better prognostic performance than the JIS score, which were indicated by homogeneity likelihood chi-squares (ALBI-T 580.12 vs. JIS 536.35) and AICs (ALBI-T 9836.57 vs. JIS 9880.23). Treatment options significantly influenced prognosis amongst patients of the same BCLC stage. With the use of ALBI-T score 4 as the cutoff, the current study identified that 14.7%, 25.2% and 28.6% of patients undergoing unnecessary therapy without survival advantage in BCLC stage B, C and D, respectively.
Conclusions
The ALBI-T score is applicable to Chinese patients with HBV-related HCC to provide reasonable prognostic information as well as potentially helping clinicians to avoid offering non-beneficial aggressive treatments.



Keywords (not in the title)
Barcelona Clinic Liver Cancer (BCLC), liver neoplasm, staging, survival


Introduction
The prognostication of hepatocellular carcinoma (HCC) is much more complex than other malignancy. Tumor burden is not the exclusive factor affecting the clinical outcome. Liver function as well as treatment modality also substantially influences the survival of patients. The Child-Pugh grade is one of the most common parameter to assess hepatic function.  Albumin-Bilirubin (ALBI) score is a newly emerging alternative of traditional Child-Pugh grade.1, 2  It not only provides predictive value comparable to the Child-Pugh grade among HCC patients but also surpasses the Child-Pugh grade by eliminating subjective clinical assessment of ascites and hepatic encephalopathy for Child-Pugh grade, and subdividing Child-Pugh A patients into two prognostically different groups (ALBI grade 1 and 2).2 The ALBI grade has been recently shown to successfully replace the Child-Pugh grade in two of existing HCC staging systems, Barcelona Clinic Liver Cancer (BCLC) and Japan Integrated Staging (JIS). The ALBI-based BCLC and ALBI-based JIS (also known as ALBI-T score) showed similar or even better prognostic performance than the Child-Pugh-based BCLC and JIS.3, 4 The JIS system has been extensively studied in hepatitis virus C (HCV)-endemic Japanese population but seldom evaluated outside Japan, while the latest ALBI-T score has never been externally validated yet. 
Treatment modality is one of the essential prognostic factors because different treatment modalities could offer different clinical outcomes among HCC patients with similar tumor burden and liver function.5, 6 The BCLC system, which is endorsed by the American Association for the Study of Liver Diseases (AASLD) and the European Association for the Study of the Liver (EASL), predicts clinical outcome as well as allocating treatment.7, 8 However, in real practice, therapeutic modalities provided to patients are not uncommonly deviated from the BCLC recommendations.9-11 Moreover, the BCLC staging system has been challenged for its capacity to provide precise classification of patients, especially amongst BCLC stages B and C disease, for clinical trials.8 Further stratification of patients within individual BCLC stage is warranted to assist clinicians to select the most appropriate effective treatment.
	We therefore conducted a cohort study to evaluate the prognostic significance of the ALBI-T score among Chinese patients with hepatitis virus B (HBV)-related HCC, and to explore its potential therapeutic application in selecting patients for appropriate treatments in addition to the BCLC recommendation.

Methods
Patients
The cohort was composed of surgical and non-surgical patients with HBV-associated HCC. The surgical cohort was a retrospective one consisting of patients who underwent curative resection for primary HCC at the Prince of Wales Hospital, Hong Kong from January 2001 to December 2013. The non-surgical cohort was a prospectively accrued cohort from the multi-disciplinary hepatoma clinic at the Prince of Wales Hospital from June 2003 to March 2012.12, 13  Patients with incomplete data for constructing various staging systems were excluded.  Treatment was classified as curative (liver transplantation, surgical resection and local ablation), palliative (transarterial embolization and systemic therapy) and best supportive care. Non-curative treatments included palliative treatment and best supportive care. Systemic therapy included sorafenib or other systemic chemotherapeutic agents. Best supportive care referred to symptomatic treatment without active antineoplastic intervention. All parameters investigated were measured before any treatment and within 6 weeks of diagnosis. The ALBI score wasis computed by the formula, −0.085×(albumin g/l) + 0.66×log(bilirubin µmol/l). Patients were stratified into 3 groups according to previously described cut-offs resulting in 3 grades: ALBI grade 1 (≤−2.60), grade 2 (>−2.60 to −1.39) and grade 3 (>−1.39).2 Alternatively, the ALBI grade could be derived from the heatmap or normogram provided in the original article by Johnson et al. without calculation.2 Patients were then classified according to BCLC,4 JIS and ALBI-T scores (Table 1).3  Overall survival (OS) was defined as the date of first diagnosis to the time of death, or last follow-up if death had not occurred. 

Statistical analyses
Continuous variables were expressed in mean ± standard derivation or median with interquartile range (IQR). The Kaplan-Meier method was used to estimate the survival rates for different groups. The equivalences of the survival curves were tested by log-rank statistics. The prognostic performance of JIS and ALBI-T scores was evaluated by the following: (1) homogeneity within classification (differences in survival time among patients classified in the same group); (2) discriminatory ability (greater differences in survival time among patients in different groups); and (3) monotonicity of gradients (mean survival time in a more favorable group is longer than in a less favorable group).14 The likelihood ratio chi-square test was applied to evaluate the homogeneity and monotonicity of gradients. A larger value of the likelihood ratio chi-square test indicates a system with better homogeneity and monotonicity. The corrected Akaike information criterion (AICc) was employed to estimate the discriminatory ability.15 A smaller value of AICs signifies a system with higher discriminatory ability. All statistical analyses were performed by R version 3.02 (R Foundation for Statistical Computing, Vienna, Austria). A 2-tailed P-value <0.05 was regarded as statistically significant.

Results
The prognostic performance of JIS and ALBI-T scores
The surgical and non-surgical cohorts recruited 565 and 1306 patients, respectively. After excluding patients with incomplete data (n=372), co-infection of HBV/HCV (n=8), HCV infection (n=79) and non-B/non-C etiology (n=190), a total of 1222 patients were evaluated in the study. The baseline characteristics of patients are summarized in Table 2. Only 303 patients received antiviral treatment and 40.5% of them received before the diagnosis of HCC. The median OS of the entire cohort was 16.8 months, whereas that of patients receiving curative, palliative and best supportive treatments was not reached, 10.3 months and 2.7 months, respectively. 
Kaplan-Meier curves for OS classified by JIS and ALBI-T scores are shown in Fig. 1. Significant differences in survival distributions were found across all stages of JIS and ALBI-T systems (all P<0.005) except JIS score 4/5 (P=0.130). Patients in ALBI-T score 1-4 had better median OS than patients in corresponding JIS score (P=0.043, <0.001, 0.001and 0.005 for score 1, 2, 3 and 4, respectively), whereas patients in ALBI-T score 0 and 5 showed similar clinical outcome to those in the corresponding JIS score (Table 3). The ALBI-T score showed better prognostic performance than the JIS score in terms of homogeneity, discriminatory ability and monotonicity of gradients, which were indicated by homogeneity likelihood chi-squares (ALBI-T 580.12 vs. JIS 536.35) and AICs (ALBI-T 9836.57 vs. JIS 9880.23). The homogeneity likelihood chi-square and AIC of BCLC was 711.42 and 9705.16, respectively.

The therapeutic implications of ALBI-T score
Treatment options significantly influenced prognosis amongst patients of the same BCLC stage (Fig. 2). In BCLC stage 0/A, patients undergoing curative therapy had better OS than those receiving non-curative treatments (P<0.001) (Fig. 2a). For those BCLC stage 0/A patients who underwent curative therapy, 20 patients (5.6%, 20/357) had ALBI-T score 3 or more, and did not show any prognostic superiority to patients who received non-curative treatments (Fig. 3a). Similarly, in BCLC stage B, curative therapy did not offer any survival advantage to patients with ALBI-T score 4/5 (n=13; 14.7% of 88 BCLC stage B patients treated with curative therapy) compared to palliative treatment (Fig. 3b). In BCLC stage C, patients undertaking palliative treatment had longer OS than those provided with best supportive care (P<0.001) (Fig. 2c). The outcome of patients with ALBI-T score 4/5 undertaking palliative treatment (25.2%, 69/273) was similar to that provided with best supportive care (Fig. 3c). Likewise, in BCLC stage D, palliative therapy did not provide any survival benefit to patients with ALBI-T score 4/5 (n=4; 28.6% of 14 BCLC stage D patients treated with palliative therapy) compared to best supportive care (Fig. 3d). In brief, ALBI-T score potentially provided an additional objective measure for clinicians to avoid unnecessary non-beneficial treatments to patients. In contrast, JIS score identified much fewer patients undergoing ineffective treatment among patients in BCLC stage 0/A (1.2%, 3/257), C (6.6%, 18/273) and D (21.4%, 3/14) (Supplementary Fig. 1), and failed to highlight those BCLC stage B patients receiving unnecessary curative therapy.

Discussion
We externally validates the prognostication of the ALBI-T score in 1222 Chinese patients with HBV-related HCC in Hong Kong. The ALBI-T score is feasibly applied among HBV-associated HCC patients as it could stratify patients into 6 prognostically distinguishing subgroups. It also showed better prognostic performance than the JIS score, which reemphasizes that the ALBI grade is not only a simple substitute but also a superior alternative of the Child-Pugh grade. However, there are two major discrepancies between the original report of the ALBI-T score and our present study. Firstly, Hiraoka et al. demonstrated that the ALBI-T score outperformed BCLC and CLIP.3 We found that both JIS and ALBI-T scores did not outweigh BCLC. In fact, the ancestor of the JIS score was shown to be superior to other staging systems (including BCLC and CLIP) by various Japanese cohorts,3, 16, 17 but the finding was not reproduced by other non-Japanese studies.10, 15, 18 This is likely because HCC is highly heterogeneous in tumor burden, etiology, liver function, treatment option and ethnicity. Secondly, the clinical outcome of ALBI-T score 2 and 3 in our cohort were poorer than that of corresponding score in the Japanese cohort (25.0 months vs. 53.4 months for ALBI-T score 2; 8.4 months vs. 27.4 months for ALBI-T score 3).3 These findings could be explained by the allocation of curative therapy among patients in these 2 subgroups: ALBI-T score 2 (49.7% in Hong Kong vs. 67.8% in Japan) and score 3 (27.5% in Hong Kong vs. 40.0% in Japan). Within the ALBI-T subgroup, more Japanese patients tended to receive curative treatment than Hong Kong patients likely as a result of successful national screening program which could diagnose tumor at smaller size amongst the ALBI-T score 2 and 3 category.19
Although BCLC system is designed to guide treatment to each stage category, it has been shown by multiple studies that more aggressive treatment could offer better outcome in Stage B, C or even D patients. In current study, surgical resection provided the best survival benefit for patients in BCLC stage 0, A, even B and C,9, 11 whereas transarterial chemotherapy could offer survival advantages in selected patients in BCLC stage C and D.9 Our study reiterated that treatment options could influence clinical outcome of patients in the same BCLC stage. On the other hand, apart from administering aggressive treatment to suitable patients, non-beneficial treatments should also be avoided. With the use of ALBI-T score 4 as the cutoff, the current study identified that 14.7%, 25.2% and 28.6% of patients undergoing unnecessary therapy without survival advantage in BCLC stage B, C and D, respectively. The ALBI-T score could help select patients who are not expected to derive benefit from the treatment despite the recommendation by BCLC system.
Our study has few limitations. Firstly, our cohort did not recruit any patients undergoing liver transplantation due to the local referral policy. However, there were also lack of patients undergoing liver transplantation in the study population on ALBI-T by Hiraoka et al.3 The generalizability of the ALBI-T score to HCC population who received liver transplantation as the primary treatment requires further investigations. Secondly, our cohorts included patients before the era of widely use of the potent HBV nucleot(s)ide analogues. As antiviral agents could improves liver function and potentially downstage tumor,20, 21 it is important to validate the ALBI-T score in a more modern cohort with wide-spread use of antivirals for HBV.
In summary, the ALBI-T score is applicable to Chinese patients with HBV-related HCC to provide reasonable prognostic information as well as potentially helping clinicians to avoid offering non-beneficial aggressive treatments.
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Figure legends
Figure 1: Kaplan-Meier survival plots comparing overall survivals for all 1222 patients stratified by (a) JIS score and (b) ALBI-T score.

Figure 2: Kaplan-Meier survival plots comparing overall survivals stratified by treatment modalities among patients in (a) BCLC stage 0/A, (b) BCLC stage B, (c) BCLC stage C, and (d) BCLC stage D.

Figure 3: Kaplan-Meier survival plots comparing overall survivals among (a) BCLC stage 0/A patients: Non-curative vs. curative (ALBI-T score 3/4/5); (b) BCLC stage B patients: Non-curative vs. curative (ALBI-T score 4/5); (c) BCLC stage C patients: best supportive care vs. palliative (ALBI-T score 4/5);  and (d)  BCLC stage D patients: best supportive care vs. palliative (ALBI-T score 4/5).

Supplementary Figure 1: Kaplan-Meier survival plots comparing overall survivals among (a) BCLC stage 0/A patients: Non-curative vs. curative (JIS score 3/4/5); (b) BCLC stage C patients: best supportive care vs. palliative (JIS score 4/5); and (c)  BCLC stage D patients: best supportive care vs. palliative (JIS score 4/5).


