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Modified albumin-bilirubin predicted survival of unresectable hepatocellular carcinoma patients treated with immunotherapy
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Abstract
BACKGROUND
Modified albumin-bilirubin (mALBI) grade has been established as a survival determinant in hepatocellular carcinoma (HCC) patients who receive locoregional and targeted therapies.

AIM
To investigate whether mALBI could predict survival in unresectable HCC (uHCC) patients who were treated with atezolizumab plus bevacizumab (AB).

METHODS
A single-center, retrospective cohort study enrolled uHCC patients who received AB treatment between September 2020 and April 2023 and were followed up until June 2023. An association between mALBI and patient survival was determined using Cox proportional hazards analysis.

RESULTS
Of the 83 patients, 67 patients (80.7%) were male with the mean age of 60.6 years. Among them, 22 patients (26.5%) were classified as Barcelona Clinic Liver Cancer B, and 61 patients (73.5%) were classified as Barcelona Clinic Liver Cancer C. Cirrhosis was present in 76 patients (91.6%), with 58 patients classified as Child-Turcotte-Pugh (CTP) A and 18 as CTP B. The median overall survival (OS) and progression-free survival were 13.0 mo [95% confidence interval (CI): 5.2-20.8] and 9.0 mo (95%CI: 5.0-13.0), respectively. The patients were divided into two groups based on mALBI grades: 42 patients (50.6%) in the mALBI 1 + 2a group; and 41 patients (49.4%) in the mALBI 2b + 3 group. During the median follow-up period of 7.0 mo, the mALBI 1 + 2a group exhibited significantly better survival compared to the mALBI 2b + 3 group, with a median OS that was not reached vs 3.0 mo (95%CI: 0.1-6.0, P < 0.001). In a subgroup of patients with CTP A, the mALBI 1 + 2a group also showed significantly longer survival compared to the mALBI 2b + 3 group, with a median OS that was not reached vs 6.0 mo (95%CI: 3.4-8.6, P < 0.001). In the multivariate analysis, both CTP class and mALBI grade were independently associated with survival, with adjusted hazard ratios (95%CI) of 2.63 (1.19-5.78, P = 0.020) and 3.90 (1.71-8.90, P = 0.001), respectively.

CONCLUSION
mALBI grades can determine survival of uHCC patients receiving AB treatment, particularly those who have mildly impaired liver function. This highlights the importance of assessing mALBI before initiating AB treatment to optimize therapeutic efficacy in clinical practice.
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Core Tip: The modified albumin-bilirubin (mALBI) grade has been shown to determine survival in hepatocellular carcinoma patients receiving locoregional and targeted therapies. This study demonstrated that mALBI can also predict survival in unresectable hepatocellular carcinoma patients receiving atezolizumab plus bevacizumab. To improve the therapeutic outcome of atezolizumab plus bevacizumab treatment in clinical practice, mALBI assessment before initiating treatment can help in identifying suitable candidates for immunotherapy.

INTRODUCTION
Hepatocellular carcinoma (HCC) represents a growing global health concern due to its increasing incidence and poor prognosis[1]. The survival of HCC patients is primarily influenced by tumor burden, liver functional reserve, and patient performance status[2]. The Child-Turcotte-Pugh (CTP) score has long been utilized to assess liver functional reserve in patients with cirrhosis. The score was initially designed to evaluate the prognosis of patients with cirrhosis undergoing shunt surgery for variceal bleeding[3]. It has several limitations including the subjectivity of certain parameters, such as grade of ascites and encephalopathy, which reduce its accuracy. Additionally, the CTP score is incapable of distinguishing between CTP class C patients with higher serum bilirubin levels and more severe coagulopathy from those with lower bilirubin levels and less severe coagulopathy. Notably, some HCC patients do not have cirrhosis, and therefore the CTP score may not accurately reflect their liver functional reserve.
To address the limitations of the CTP classification, the albumin-bilirubin (ALBI) grade was developed to specifically evaluate the liver functional reserve of HCC patients. The ALBI grade is calculated using albumin and bilirubin levels, making it more objective than the CTP classification. Overall, the ALBI grade has performed similarly to CTP classification in predicting the survival of HCC patients treated with various modalities, including resection, transplantation, radiofrequency ablation, microwave ablation, transarterial chemoembolization (TACE), transarterial radioembolization, external beam radiotherapy (EBRT), and targeted therapy[4,5]. Moreover, the ALBI grade has outperformed the CTP class since it can differentiate between patients with good and poor prognoses within the same CTP class. For instance, when CTP A patients were separated into two groups based on ALBI grade, there was a 10-mo difference in survival between those with ALBI grade 1 and those with ALBI grade 2[4].
Although ALBI has been proposed as an index for evaluating liver functional reserve and prognosis in HCC patients[2], its performance remains suboptimal. Despite the greater granularity of the ALBI compared to the CTP score, the distribution of HCC patients across the ALBI grades remains uneven, with 52%-65% of patients classified as ALBI grade 2 and very few classified as ALBI grade 3[4]. Accordingly, some ALBI grade 2 patients had survival comparable to ALBI grade 1 patients, while others had survival similar to ALBI grade 3 patients. To overcome the limitation of the original ALBI score, a modified ALBI (mALBI) grading system was recently developed. The mALBI score showed better predictive performance than the original ALBI grade in assessing liver functional reserve and predicting prognosis in HCC patients. The mALBI score divides the ALBI grade 2 into 2a and 2b, resulting in a more balanced distribution of patients across all grades and better performance in stratifying patients into different groups with different outcomes[6]. The mALBI score also demonstrated superior stratification performance than the original ALBI score in patients treated with resection, radiofrequency ablation, microwave ablation, TACE, and targeted therapy[7].
The current first-line treatment for unresectable HCC (uHCC) is atezolizumab plus bevacizumab (AB)[2], which has demonstrated a significant prolongation of overall survival (OS) and progression-free survival (PFS)[8]. However, few studies have explored the relationship between mALBI grade and prognosis in uHCC patients treated with AB[9,10]. Previous research has suggested that patients with mALBI 1 or 2a experienced significantly longer PFS and a higher objective response rate (ORR) than those with mALBI 2b or 3[10]. Nonetheless, the predictive value of mALBI grade for predicting outcomes of HCC patients receiving AB treatment has yet to be fully investigated. In this study, we aimed to investigate the association between mALBI grade and survival in uHCC patients treated with AB as the first-line, second-line, or subsequent line of treatment after locoregional and systemic therapies.

MATERIALS AND METHODS
Patient enrollment
A single-center, retrospective cohort study was conducted at the King Chulalongkorn Memorial Hospital in Bangkok, Thailand. Patients were enrolled between September 2020 and April 2023. The inclusion criteria were patients aged ≥ 18 years who received AB and were diagnosed with HCC by either pathologically or typical radiologically via contrast-enhanced magnetic resonance imaging or dynamic computed tomography[11]. The exclusion criteria were patients with other malignancies and mixed hepatocholangiocarcinoma (Figure 1).
Patient baseline characteristics were collected including performance status, tumor burden, underlying chronic liver disease, presence of cirrhosis, liver functional reserve, and alpha fetoprotein level. Patient performance status was evaluated using the Eastern Cooperative Oncology Group Performance Status (ECOG-PS) score[12]. The ECOG-PS scores were defined as follows: 0 (fully active); 1 (restricted in physically strenuous activity but able to perform light work); 2 (unable to perform any work activities > 50% of waking hours); 3 (confined to bed or chair > 50% of waking hours); and 4 (totally confined to bed).
Tumor burden was assessed using the 2022 Barcelona Clinic Liver Cancer (BCLC) staging system[2], which classified HCC into 5 stages as BCLC stage 0 (very early stage) for solitary nodule ≤ 2 cm, BCLC stage A (early stage) for multifocal HCCs up to three nodules with size ≤ 3 cm, BCLC stage B (intermediate stage) for multifocal HCCs exceeding the stage A criteria, BCLC stage C (advanced stage) for the presence of vascular invasion or extrahepatic spread, and BCLC stage D (end stage) for patients with ECOG-PS > 2 and/or impaired liver function who are not transplant candidates. Tumor size was determined by measuring the maximum diameter of the largest intrahepatic lesion.
The liver functional reserve was evaluated using several measures, including the CTP score, ALBI, and mALBI grades. The ALBI and mALBI grades were calculated using the following equation: (log10 bilirubin in µmol/L  0.66) + [albumin in g/L  (-0.085)]. The cutoff points for ALBI grades 1, 2, and 3 were ≤ -2.60, > -2.60 to ≤ -1.39, and >-1.39, respectively. For mALBI grades, the cutoff points were ≤ -2.60, > -2.60 to ≤ -2.27, and > -2.27 to ≤ -1.39, and > -1.39 for grades 1, 2a, 2b, and 3, respectively[4,7].
All patients received 1200 mg of atezolizumab and 15 mg/kg of bevacizumab intravenously every 3 wk. The administration of AB was discontinued when the disease progressed by radiologic evidence or by the patient’s preference. If any adverse events grade 3 or 4 occurred as defined by the Common Terminology Criteria for Adverse Events version 5.0, AB was temporarily withheld and resumed when the adverse event improved to a milder grade.
The response to AB treatment was evaluated every three cycles using dynamic computed tomography or magnetic resonance imaging and classified according to the Modified Response Evaluation Criteria in Solid Tumors. A complete response was defined as the absence of intratumoral arterial enhancement in all lesions, while a partial response was defined as at least a 30% decrease in the sum of diameters of viable lesions. Progressive disease was defined as at least 20% increase in the sum of the diameters of viable lesions, while stable disease was defined as not in the criteria of either partial response or progressive disease[13]. Regardless of AB treatment, all patients received optimal treatment decided by a multidisciplinary team including hepatologists, surgeons, interventionists, and oncologists. All patients were followed for disease progression and OS.

Statistical analysis
Continuous variables with normal distribution were presented as mean and standard deviation, while variables with non-normal distribution were presented as median and interquartile range (IQR). They were compared using independent t tests or the Mann–Whitney U, as appropriate. Categorical variables were presented as numbers and percentages and compared using Fisher’s exact test or 2 test, as appropriate. Patients were divided into two groups based on their mALBI grades: group 1 (mALBI grades 1 and 2a) and group 2 (mALBI grades 2b and 3). The patient’s survival was calculated from the enrollment date until death or the last follow-up date, which was on June 8, 2023. OS and PFS were estimated using the Kaplan-Meier survival method and compared using the log-rank test. An association between mALBI and patient survival was determined using Cox proportional hazards analysis. Other factors associated with patient survival were also determined using the univariate Cox proportional hazards model. Age, sex, and other factors with a P value of < 0.05 in the univariate model were included in the multivariate model. A P value of < 0.05 was considered statistically significant. Statistical analyses were performed using the SPSS package version 22.0.0 (SPSS Inc., Chicago, IL, United States). The study protocol was approved by the Institutional Review Board of the Faculty of Medicine, Chulalongkorn University (IRB No.892/63), and was in accordance with the Helsinki Declaration of 1983.

RESULTS
Patient characteristics
A total of 91 patients received AB in our hospital. Of those, 83 patients were uHCC and included in the study. Eight patients were excluded due to other cancer diagnoses (three hepatocholangiocarcinomas, two cholangiocarcinomas, and three lung cancers). Among the 83 uHCC patients, 67 patients (80.7%) were male with a mean age of 60.6 ± 12.8 years. Baseline characteristics of the entire cohort are displayed in Table 1. Chronic liver disease was primarily caused by viral hepatitis B/C infection (53 patients, 63.9%), followed by nonalcoholic steatohepatitis (23, 27.7%), alcohol liver disease (7, 8.4%), and autoimmune hepatitis (1, 1.2%). Cirrhosis was present in 76 patients (91.6%), with 58 patients (69.9%) classified as CTP class A and 18 patients (21.7%) classified as CTP class B. The baseline median alpha fetoprotein level in the entire cohort was 339.0 ng/mL (IQR 10.7, 6300.0).
At the time of AB initiation, 22 patients (26.5%) were classified as BCLC stage B with extensive tumor involvement, while 61 patients (73.5%) were classified as BCLC stage C. Among them, 30 patients (36.1%) had portal vein invasion, and 40 patients (48.2%) had extrahepatic metastasis. AB was utilized as first-line therapy in 20 patients (24.1%), with 17 patients (20.5%) receiving AB monotherapy and 3 patients (3.6%) receiving AB in combination with EBRT. Sixty-three patients (75.9%) received AB as a second or subsequent line of treatment. Among them, 62 patients (74.7%) had received prior locoregional treatment (48 TACE, 22 resections, 19 EBRT, 17 ablations, and 9 transarterial radioembolization), and 10 patients (12.0%) had received prior systemic therapies (5 sorafenib, 4 lenvatinib, and 2 had at least two systemic therapy regimens).
Regarding the mALBI classification, there were 23 patients (27.7%), 19 patients (22.9%), 32 patients (38.9%), and 9 patients (10.8%) classified as grade 1, 2a, 2b, and 3, respectively. This distribution resulted in 42 patients (50.6%) being categorized to group 1 (mALBI 1 + 2a), and 41 patients (49.4%) being categorized to group 2 (mALBI 2b + 3).
Regarding liver functional reserve, patients in group 1 with a lower mALBI grade showed a significantly higher percentage of CTP A compared to those in group 2 with a higher mALBI grade [35 patients (83.3%) vs 23 patients (56.1%), P < 0.001]. As for tumor burden, patients in group 1 had a higher percentage of BCLC C compared to those in group 2 [36 patients (85.7%) vs 25 patients (61.0%), P = 0.010]. When considering patients with BCLC C, there was no significant difference in the number of patients with macrovascular invasion between the two groups [15 patients (35.7%) vs 15 patients (36.6%), P = 0.930]. We did find a significantly higher number of patients with extrahepatic metastasis in group 1 compared to group 2 [25 patients (59.5%) vs 15 patients (36.6%), P = 0.040] (Table 1).

Treatment outcomes
During the median follow-up period of 7 mo (range 0.75-30.0 mo), 39 patients (47.0%) had died. The median OS and PFS were 13.0 mo [95% confidence interval (CI): 5.2-20.8] and 9.0 mo (95%CI: 5.0-13.0), respectively (Figure 2A and B). Of those, 61 patients were evaluated for treatment responses. The disease control rate was 62.3% (n = 38), with a complete response rate of 6.6% (n = 4), a partial response rate of 21.3% (n = 13), and a stable disease rate of 34.4% (n = 21). The disease progression rate was 37.7% (n = 23). However, there were no statistically significant differences in the ORR and disease control rate between the two groups (Table 2).
We further performed subgroup analyses based on CTP, tumor size, and tumor stages. We found that patients with CTP class A had a significantly longer median OS compared to those with CTP class B, with values of 17 mo (95%CI: not estimated) and 2.0 mo (95%CI: 1.1-2.9), respectively (P < 0.001) (Table 3).
Regarding tumor characteristics, there was no significant difference in survival among the following groups: tumor size less than or equal 5.0 cm vs 5.0 cm or more; BCLC stage C with and without portal vein invasion; and BCLC stage C with and without extrahepatic metastasis. However, the PFS in BCLC stage C with portal vein invasion was significantly longer compared to those without portal vein invasion, with values of 24.0 mo (95%CI: Not estimated) vs 6.0 mo (95%CI: 3.2-8.8), respectively (P = 0.030) (Table 3).

Number of treatments and treatments following AB failure
The median number of AB cycles administered in the cohort was 4.0 cycles (IQR: 2.0, 9.0). Patients in group 1 received a significantly higher number of AB cycles than those in group 2 [5.0 cycles (4.0, 11.3) vs 3.0 cycles (1.0, 4.5), P < 0.001] (Table 1).
Of the 83 study patients, 37 patients experienced disease progression after AB treatment. Among them, 32 patients (86.5%) received additional systemic therapies (19 received lenvatinib, 3 received chemotherapy, 1 received sorafenib, and 9 received two or more consecutive systemic therapies). Other treatment options included EBRT (8 patients, 21.6%), TACE (4 patients, 10.8%), and best supportive care (4 patients, 10.8%). In the cohort, 6 patients (16.2%) were treated with a combination of systemic treatment and EBRT, 3 patients (8.1%) received a combination of systemic treatment and TACE, and 1 patient (2.7%) received a combination of systemic treatment, TACE, and EBRT (Table 4).
Among patients who experienced disease progression after AB treatment, those who received subsequent therapeutic interventions had longer survival than those who received the best supportive care. However, the survival difference did not reach statistical significance. The median survival time was not reached vs 5.0 mo (95%CI: 1.8-8.2, P = 0.050).

Predictors of survival in uHCC patients treated with AB
In the univariate analysis, mALBI grade 2b + 3 showed a significant association with survival, with a hazard ratio (HR) of 5.20 (95%CI: 2.52-10.76, P < 0.001). Similarly, CTP class B was also significantly associated with survival, with an HR of 5.38 (95%CI: 2.66-10.89, P < 0.001). In the multivariate analysis adjusted for age and sex, both mALBI grade 2b + 3 and CTP class B remained independently associated with worse survival, with adjusted HRs of 3.90 (95%CI: 1.71-8.90, P = 0.001) and 2.63 (95%CI: 1.19-5.78, P = 0.020), respectively (Table 5).
Patients in group 1 (lower mALBI grade) exhibited a significantly longer survival than those in group 2 (higher mALBI grade), i.e. not reached vs 3.0 mo (95%CI: 0.1–6.0, P < 0.001) (Figure 3A). When considering the classification based on CTP class, the OS of patients with CTP class A was 17 mo (95%CI: Not estimated), while it was only 2 mo (95%CI: 1.1-2.9) for those with CTP class B (P < 0.001). Among CTP class A patients, the median survival for those in group 1 remained significantly longer than for those in group 2, i.e. not reached vs 6.0 mo (95%CI: 3.4–8.6, P < 0.001) (Figure 3B).
Furthermore, among patients with CTP class A and a CTP score of 5 (n = 46), group 1 patients exhibited a significantly longer survival than group 2 patients [not reached vs 6.0 mo (95%CI: 3.4-8.6), P < 0.001], suggesting that mALBI grades performed better than CTP score and CTP classification in predicting survival. In contrast, among patients with CTP class A and a CTP score of 6 (n = 19), there was no significant difference in survival between group 2 and group 1 [11.0 mo (95%CI: 2.5-19.5) vs 3 mo (95%CI: not estimated), P = 0.830]. Likewise, the median PFS of group 1 and group 2 showed no significant difference [8.0 mo (95%CI: 3.2-12.8) vs 9.0 mo (95%CI: 4.5–13.5), respectively, P = 0.920].
Similar findings were observed when considering the classification based on BCLC stages. In the BCLC C subgroup, patients in group 1 had an estimated median survival that was not reached, while those in group 2 had a median survival of 3.0 mo (95%CI: 0.0-7.6, P < 0.001). In the BCLC B subgroup, death was not reported in group 1, while those in group 2 had a median survival of 3.0 mo (95%CI: 0.0-6.7, P = 0.014) (Figure 4).

DISCUSSION
This study presented the efficacy of AB treatment for uHCC and highlighted the significance of liver functional reserve as assessed by mALBI grades in relation to patient survival. The findings of the study suggested that mALBI grades offer a more reliable prognostic ability compared to CTP classification because mALBI grades can distinguish between patients who share the same CTP score or classification but exhibit different outcomes.
The landmark phase III clinical trial for AB treatment in uHCC showed prolonged patient survival of 19.2 mo and PFS of 6.9 mo over a follow-up period of 15.6 mo. However, in real-world cohorts, patients receiving AB treatment had shorter survival, ranging from 10.6-15.0 mo, but similar PFS, ranging from 5.1-6.9 mo[14-16]. Our cohort demonstrated an OS of 13 mo and a PFS of 9 mo. The shorter survival observed in our study compared to the landmark study was likely explained by differences in patient characteristics, particularly the liver functional reserve. The AB combination was tested in a phase III clinical trial for its efficacy in CTP class A patients. In practice, however, AB was given not only to CTP class A patients but also to CTP class B patients. The OS and PFS of patients in our study were relatively similar to a real-world cohort. Focusing on a subgroup of CTP A patients, our study found a survival rate of 17 mo, which was similar to the clinical trial results. These findings underscore the significance of liver functional reserve in determining outcomes for patients receiving AB treatment.
The mALBI grades exhibited a significant correlation with survival in uHCC patients who underwent systemic therapy, where patients with mALBI grades 2a had a survival rate of 11 mo compared to 7 mo for those with mALBI grades 2b who received lenvatinib or ramucirumab[6]. Our study consistently demonstrated that mALBI grades are reliable predictors of OS in patients with uHCC undergoing AB treatment. Patients with mALBI grades 1 or 2a had significantly longer survival compared to those with mALBI grades 2b or 3, with a median survival that was not reached compared to 3.0 mo, respectively. The more precise scoring system of mALBI grade may account for its superior predictive performance, as it breaks down ALBI grade 2 into 2a and 2b using a cutoff value of 30% indocyanine green retention rate at 15 min (ICG-R15). ICG-R15 was initially developed to evaluate liver functional reserve in patients undergoing hepatic resection; those with an ICG-R15 of ≤ 30% were eligible for segmentectomy[17]. The mALBI grades demonstrated superior performance compared to the original ALBI in identifying patients with favorable or unfavorable survival outcomes, especially among those with a CTP score of 5. Our study consistently observed this trend[7].
The observed PFS in our cohort was 9 mo. In a retrospective study involving 71 Japanese uHCC patients who received AB treatment, the PFS was significantly longer in the mALBI 1 + 2a group compared to the mALBI 2b + 3 group (10.5 mo vs 3.0 mo, P < 0.010)[10]. This suggests that AB therapy was more effective in patients with mALBI 1 + 2a. However, our study found that the mALBI 1 + 2a and 2b + 3 groups had similar PFS durations of 8-9 mo. This could be attributed to the higher proportion of BCLC stage C patients in the mALBI 1 + 2a group compared to the mALBI 2b + 3 group. Advanced stages of HCC are associated with reduced efficacy of AB therapy, as indicated in a previous study involving BCLC stage C patients, which reported a significantly lower ORR compared to BCLC stage B patients (32% vs 62%, P < 0.050)[10]. In our study, we found that the ORR in the mALBI grade 1 + 2a group was not significantly higher than in the mALBI grade 2b group (35.9% vs 13.6%, P= 0.060). Similarly, another retrospective study involving 115 uHCC patients treated with AB showed no significant difference in ORR between the mALBI grade 1 + 2a and mALBI grade 2b groups (21.9% vs 12.9%, P = 0.460), which is consistent with our findings[9].
In patients with uHCC, the treatment outcome is more dependent on liver functional reserve rather than tumor burden. Within our cohort, we observed that patients with a low mALBI grade of 1 + 2a had a longer survival compared to those with a high mALBI grade of 2b + 3, specifically within the BCLC B and C subgroups. Among patients with a low mALBI grade in the BCLC B subgroup, there were no deaths by the end of the study period. Conversely, patients with a high mALBI grade in the BCLC C subgroup experienced poor survival. In our study, patients with BCLC B and C HCCs exhibited comparable survival of 11 mo and 14 mo, respectively. This finding was consistent with a previous study that reported survival of 25.8 mo and 24.6 mo in BCLC stage B and C patients, respectively[18]. These findings support the notion that the effectiveness of AB therapy is primarily influenced by the liver’s functional reserve rather than the stage of the tumor.
Among patients with progressive disease, we observed that those who received subsequent treatment, including additional systemic therapies or locoregional therapies, had slightly longer survival compared to those who received the best supportive care, although the difference did not reach statistical significance. We believe it remains worth considering the continuation of treatment with alternative options if feasible, as it has the potential to extend the survival of uHCC patients who face disease progression after AB treatment.
Our study had several strengths. First, we included diverse uHCC patients who received real-world AB treatment, including those with liver functional reserve in CTP B, which extends beyond the recommended guidelines. This reflects the practical treatment approach in the Asian population, where various treatment options are commonly used, deviating from recommended guidelines. Second, we were able to track post-AB treatment and disease progression, providing real-life survival outcomes. Despite these strengths, our study also had some limitations due to its retrospective nature, relatively short follow-up period, and a small number of patients in the BCLC B subgroup. A large, multicenter prospective cohort study with an extended follow-up duration is necessary to gain a deeper understanding of the efficacy of AB therapy in HCC.

CONCLUSION
In uHCC patients, liver functional reserve plays a significant role as a prognostic factor and is essential for maximizing the effectiveness of AB therapy in clinical practice. Our study demonstrated that mALBI grades are a reliable prognostic factor, particularly for distinguishing patients with CTP A. The assessment of liver functional reserve using mALBI before initiating AB treatment can assist in identifying appropriate candidates for this therapy.

ARTICLE HIGHLIGHTS
Research background
Modified albumin-bilirubin (mALBI) grade has been established as a survival determinant in hepatocellular carcinoma (HCC) patients who receive locoregional and targeted therapies.

Research motivation
The predictive value of mALBI grade for predicting outcomes of HCC patients receiving atezolizumab plus bevacizumab (AB) treatment has yet to be fully investigated.

Research objectives
To assess whether mALBI could predict survival in unresectable HCC patients who were treated with AB.

Research methods
A single-center, retrospective cohort study enrolled unresectable HCC patients who received AB treatment between September 2020 and April 2023 and were followed up until June 2023. An association between mALBI and patient survival was determined using Cox proportional hazards analysis.

Research results
Of the 83 patients, the median overall survival (OS) was 13.0 mo [95% confidence interval (CI): 5.2-20.8]. The median progression-free survival was 9.0 mo (95%CI: 5.0-13.0). The patients were divided into two groups based on mALBI grades: 42 patients (50.6%) in the mALBI 1 + 2a group and 41 patients (49.4%) in the mALBI 2b + 3 group. The mALBI 1 + 2a group exhibited significantly better survival compared to the mALBI 2b + 3 group, with a median OS that was not reached vs 3.0 mo (95%CI: 0.1-6.0) (P < 0.001). In a subgroup of patients with Child-Turcotte-Pugh (CTP) A, the mALBI 1 + 2a group also showed significantly longer survival compared to the mALBI 2b + 3 group, with a median OS that was not reached vs 6.0 mo (95%CI: 3.4-8.6, P < 0.001).

Research conclusions
Our study demonstrated that mALBI grades are a more reliable prognostic factor than CTP classification, particularly for distinguishing outcomes of patients within the CTP A class.

Research perspectives
The assessment of liver functional reserve using mALBI before initiating AB treatment can assist in identifying appropriate candidates for this therapy.
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Figure 1 Flow diagram of patient enrollment. BCLC: Barcelona Clinic Liver Cancer; CCA: Cholangiocarcinoma; HCC: Hepatocellular carcinoma; mALBI: Modified albumin-bilirubin.
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Figure 2 Kaplan–Meier analysis of overall survival and progression free survival of the unresectable hepatocellular carcinoma patients who received atezolizumab plus bevacizumab therapy. A: Overall survival (OS) in unresectable hepatocellular carcinoma (uHCC) patients who received atezolizumab plus bevacizumab (AB); B: Progression-free survival (PFS) in uHCC patients who received AB. CI: Confidence interval.
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Figure 3 Kaplan-Meier curves for overall survival in patients undergoing atezolizumab plus bevacizumab therapy stratified by modified albumin-bilirubin grade. A: Entire cohort; B: Child-Turcotte-Pugh (CTP) class A. CI: Confidence interval; gr: Group; mALBI: Modified albumin-bilirubin; NA: Not available; OS: Overall survival.
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Figure 4 Kaplan-Meier curves for overall survival in patients undergoing atezolizumab plus bevacizumab therapy stratified by modified albumin-bilirubin grade in Barcelona Clinic Liver Cancer B and C. 1P = 0.014; 2P  0.001. BCLC: Barcelona Clinic Liver Cancer; gr: Group; mALBI: Modified albumin-bilirubin.

[bookmark: _Hlk124601915]Table 1 Baseline characteristics of the unresectable hepatocellular carcinoma patients who received atezolizumab plus bevacizumab therapy, n (%)
	Variables
	Total, n = 83
	mALBI 1+2a, n = 42
	mALBI 2b+3, n = 41
	P value

	Age in yr, mean ± SD
	60.6 ± 12.8
	59.8 ± 14.0
	61.5 ± 11.5
	0.560

	Male 
	67 (80.7)
	34 (81.0)
	33 (80.5)
	0.960

	ECOG-PS
	0.680

	0
	78 (94.0)
	40 (95.2)
	38 (92.7)
	

	1
	5 (6.0)
	2 (4.8)
	3 (7.3)
	

	Presence of cirrhosis
	76 (91.6)
	35 (83.3)
	41 (100)
	< 0.001

	CTP A
	58 (69.9)
	35 (83.3)
	23 (56.1)
	

	CTP B
	18 (21.7)
	0 (0)
	18 (43.9)
	

	Etiology of disease

	Viral hepatitis
	53 (63.9)
	27 (64.3)
	26 (63.4)
	0.930

	NASH
	23 (27.7)
	11 (26.2)
	12 (29.3)
	0.750

	Alcohol related
	7 (8.4)
	1 (2.4)
	6 (14.6)
	0.060

	Others 
	1 (1.2)
	1 (2.4)
	0 (0)
	1.000

	BCLC staging

	BCLC B
	22 (26.5)
	6 (14.3)
	16 (39.0)
	0.010

	BCLC C
	61 (73.5)
	36 (85.7)
	25 (61.0)
	

	Macrovascular invasion
	30 (36.1)
	15 (35.7)
	15 (36.6)
	0.930

	Extrahepatic metastasis
	40 (48.2)
	25 (59.5)
	15 (36.6)
	0.040

	AFP in ng/mL, median (IQR)
	339.0 (10.7, 6300.0)
	581.5 (11.5, 6869.5)
	339.0 (10.5, 9144.5)
	0.880

	Tumor size in cm, median (IQR)
	5.3 (1.7, 12.0)
	4.8 (1.7, 11.0)
	5.6 (1.7, 14.3)
	0.730

	Portal vein invasion grade of 2/3/4
	8 (26.7)/13 (43.3)/9 (30.0)
	4 (26.7)/7 (46.7)/4 (26.7)
	4 (26.7)/6 (40.0)/5 (33.3)
	1.000

	EHM bone/lymph node/lung/peritoneum
	11 (27.5)/14 (35.0)/21 (52.5)/9 (22.5)
	8 (32.0)/7 (28.0)/13 (52.0)/3 (12.0)
	3 (20.0)/7 (46.7)/8 (53.3)/6 (40.0)
	0.350

	ALBI score, median (IQR)
	-2.270 (-2.628 to -1.826)
	-2.622 (-2.836 to -2.398)
	-1.826 (-2.067 to -1.434)
	< 0.001

	mALBI grade
	
	
	
	< 0.001

	1: ≤ -2.60
	23 (27.7)
	23 (54.8)
	0 (0)
	

	2a: > -2.60 to ≤ -2.27
	19 (22.9)
	19 (45.2)
	0 (0)
	

	2b: > -2.27 to ≤ -1.39
	32 (38.6)
	0 (0)
	32 (78.0)
	

	3: > -1.39
	9 (10.8)
	0 (0)
	9 (22.0)
	

	Prior local therapy for HCC
	62 (74.7)
	33 (78.6)
	29 (70.7)
	0.410

	Resection
	22 (35.5)
	17 (51.5)
	5 (17.2)
	0.005

	Ablation
	17 (27.4)
	9 (27.3)
	8 (27.6)
	0.980

	TACE
	48 (77.4)
	23 (69.7)
	25 (86.2)
	0.120

	TARE
	9 (14.5)
	5 (15.2)
	4 (13.8)
	1.000

	EBRT
	19 (30.6)
	11 (33.3)
	8 (27.6)
	0.620

	Prior systemic therapy for HCC
	10 (12.0)
	4 (9.5)
	6 (14.6)
	0.460

	Sorafenib
	5 (50.0)
	1 (25.0)
	4 (66.7)
	0.530

	Lenvatinib
	4 (40.0)
	2 (50.0)
	2 (33.3)
	1.000

	> 2 lines of systemic therapy
	2 (20.0)
	1 (25.0)
	1 (16.7)
	1.000

	AB as first-line treatment
	20 (24.1)
	9 (21.4)
	11 (26.8)
	0.570

	Combination of AB and other local therapy as first-line treatment
	3 (3.6)
	3 (7.1)
	0 (0)
	0.240

	Resection/TACE/TARE/EBRT 
	0 (0)/0 (0)/0 (0)/3 (100)
	0 (0)/0 (0)/0 (0)/3 (100.0)
	0 (0)/0 (0)/0 (0)/0 (0)
	0.240

	Number of AB cycle, median (IQR)
	4.0 (2.0, 9.0)
	5.0 (4.0, 11.3)
	3.0 (1.0, 4.5)
	< 0.001


AB: Atezolizumab plus bevacizumab; AFP: Alpha fetoprotein; ALBI: Albumin-bilirubin; BCLC: Barcelona Clinic Liver Cancer; CTP: Child-Turcotte-Pugh; EBRT: External beam radiotherapy; ECOG-PS: Eastern Cooperative Oncology Group Performance Status; EHM: Extrahepatic metastasis; HCC: Hepatocellular carcinoma; IQR: Interquartile range; mALBI: Modified albumin-bilirubin; NASH: Nonalcoholic steatohepatitis; SD: Standard deviation; TACE: Transarterial chemoembolization; TARE: Transarterial radioembolization.

Table 2 Efficacy outcomes of atezolizumab plus bevacizumab1, n (%)
	Variables
	Total, n = 61
	mALBI 1 + 2a, n = 39
	mALBI 2b + 3, n = 22
	P value

	Complete response
	4 (6.6)
	3 (7.7)
	1 (4.5)
	1.000

	Partial response
	13 (21.3)
	11 (28.2)
	2 (9.1)
	0.110

	Stable disease
	21 (34.4)
	12 (30.8)
	9 (40.9)
	0.420

	Objective response rate
	17 (27.9)
	14 (35.9)
	3 (13.6)
	0.060

	Disease control rate
	38 (62.3)
	26 (66.7)
	12 (54.5)
	0.350

	Progressive disease
	23 (37.7)
	13 (33.3)
	10 (45.5)
	0.350


1The number of patients who had available data on treatment response evaluation were 61/83 patients (73.5%), and 22/83 patients (26.5%) had died prior to treatment response evaluation. mALBI: Modified albumin-bilirubin.

Table 3 Median overall survival and progression-free survival of unresectable hepatocellular carcinoma patients who received atezolizumab plus bevacizumab therapy stratified by liver function, tumor size, and tumor stage
	Variables
	No. of events/No. of patients
	Median OS (95%CI), mo
	P value
	No. of events/No. of patients
	Median PFS (95%CI), mo
	P value

	A. Entire cohort, n = 83

	CTP class
	
	
	< 0.001
	
	
	NE

	CTP A 
	25/65
	17 (-)
	
	34/65
	9.0 (5.1-12.9)

	CTP B
	14/18
	2.0 (1.1-2.9)
	3/18
	NE
	

	Tumor size in cm
	
	0.790
	
	
	0.130

	≤ 5.0
	21/41
	12.0 (4.8-19.2)
	21/41
	7.0 (2.8-11.2)

	> 5.0
	18/42
	NE
	
	16/42
	16.0 (6.5-25.5) 

	B. BCLC C group, n = 61
	27/61
	14.0 (-)
	
	28/61
	10.0 (0.5-19.5)

	CTP class
	
	
	< 0.001
	
	
	0.810

	CTP A 
	18/49
	NE
	
	26/49
	10.0 (0.3-19.7)

	CTP B
	9/12
	1.0 (0.1-2.5)
	
	2/12
	NE
	

	Tumor size in cm
	
	0.850
	
	
	0.060

	≤ 5.0
	13/26
	12.0 (3.4-20.6)
	15/26
	6.0 (2.5-9.5)

	> 5.0
	14/35
	NE
	
	13/35
	24.0 (9.4-38.6) 

	With PV invasion, n = 30
	0.140
	
	
	0.030

	No
	12/31
	NE
	
	20/31
	6.0 (3.2-8.8)
	

	Yes
	15/30
	13.0 (2.0-24.0)
	8/30
	24.0 (-)
	

	With EHM metastasis, n = 40
	0.540
	
	
	0.170

	No
	10/21
	13.0 (0.1-27.3) 
	7/21
	24 (-)
	

	Yes
	17/40
	NE
	
	21/40
	6.0 (1.1-10.9)

	C. BCLC B group, n = 22
	12/22
	11.0 (2.7-19.3)
	9/22
	8.0 (1.3-14.7)

	CTP class
	
	
	0.020
	
	
	0.660

	CTP A 
	7/16
	11.0 (5.6-16.4)
	8/16
	8.0 (1.5-14.5)

	CTP B
	5/6
	2.0 (0.8-3.2)
	1/6
	5.0 (-)
	

	Tumor size in cm
	
	0.490
	
	
	0.140

	≤ 5.0
	8/15
	11.0 (0.1-24.1)
	6/15
	9.0 (6.9-11.1)

	> 5.0
	4/7
	7.0 (0.1-17.3)
	3/7
	5.0 (-)
	


CI: Confidence interval; BCLC: Barcelona Clinic Liver Cancer; CTP: Child-Turcotte-Pugh; EHM: Extrahepatic metastasis; NE: Not estimated; OS: Overall survival; PFS: Progression-free survival; PV: Pulmonary vein.

Table 4 Treatment after progression on atezolizumab plus bevacizumab therapy1, n (%)
	Treatment
	Total, n = 37
	mALBI 1 + 2a, n = 24
	mALBI 2b + 3, n = 13
	P value

	Systemic therapy
	32 (86.5)
	22 (91.7)
	10 (76.9)
	0.320

	TACE
	4 (10.8)
	4 (16.7)
	0 (0)
	0.280

	EBRT
	8 (21.6)
	6 (25.0)
	2 (15.4)
	0.690

	Best supportive care
	4 (10.8)
	1 (4.2)
	3 (23.1)
	0.120


1There were 37/83 (44.6%) patients who had disease progression after atezolizumab plus bevacizumab therapy. EBRT: External beam radiotherapy; mALBI: Modified albumin-bilirubin; TACE: Transarterial chemoembolization.

[bookmark: _Hlk124526049]Table 5 Predictors of overall survival in unresectable hepatocellular carcinoma patients who received atezolizumab plus bevacizumab therapy
	Variables
	Univariate
	Multivariate

	
	Hazard ratio (95%CI)
	P value
	Adjusted hazard ratio (95%CI)
	P value

	Age
	1.00 (0.97-1.02)
	0.970
	0.99 (0.96-1.02)
	0.540

	Male sex 
	1.15 (0.51-2.60)
	0.740
	0.97 (0.41-2.28)
	0.940

	ECOG-PS

	0
	1.00 (reference)
	
	
	

	1
	2.03 (0.62-6.66)
	0.240
	
	

	Presence of cirrhosis

	No
	1.00 (reference)
	
	
	

	Yes
	2.19 (0.53-9.13)
	0.280
	
	

	Etiology of disease
	
	
	
	

	NASH
	0.70 (0.32-1.52)
	0.360
	
	

	Viral hepatitis
	1.48 (0.73-2.97)
	0.280
	
	

	Alcohol
	2.09 (0.81-5.39)
	0.130
	
	

	BCLC stage

	B
	1.00 (reference)
	
	
	

	C
	0.66 (0.33-1.31)
	0.230
	
	

	Extrahepatic metastasis

	No
	1.00 (reference)
	
	
	

	Yes
	0.70 (0.37-1.32)
	0.270
	
	

	Portal invasion

	No
	1.00 (reference)
	
	
	

	Yes
	1.29 (0.68-2.47)
	0.440
	
	

	AFP > 500 ng/mL
	1.26 (0.67-2.36)
	0.480
	
	

	CTP class
	
	
	
	

	A
	1.00 (reference)
	
	
	

	B
	5.38 (2.66-10.89)
	< 0.001
	2.63 (1.19-5.78)
	0.020

	mALBI grade

	1 + 2a
	1.00 (reference)
	
	
	

	2b + 3
	5.20 (2.52-10.76)
	< 0.001
	3.90 (1.71-8.90)
	0.001

	Prior treatment for HCC

	No
	1.00 (reference)
	
	
	

	Yes
	0.87 (0.42-1.78)
	0.700
	
	

	Prior local therapy for HCC

	No
	1.00 (reference)
	
	
	

	Yes
	0.79 (0.39-1.58)
	0.500
	
	

	Prior systemic therapy for HCC

	No
	1.00 (reference)
	
	
	

	Yes
	1.80 (0.79-4.11)
	0.160
	
	

	Combination of AB and local treatment as first-line treatment

	No
	1.00 (reference)
	
	
	

	Yes
	0.05 (0.01-27.12)
	0.340
	
	


AB: Atezolizumab plus bevacizumab; AFP: Alpha fetoprotein; BCLC: Barcelona Clinic Liver Cancer; CI: Confidence interval; CTP: Child-Turcotte-Pugh; ECOG-PS: Eastern Cooperative Oncology Group Performance Status; HCC: Hepatocellular carcinoma; mALBI: Modified albumin-bilirubin; NASH: Nonalcoholic steatohepatitis.
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