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Simple Summary

Hepatocellular carcinoma (HCC) continues to be a major driver of global cancer mor-
tality. For patients diagnosed at intermediate-to-advanced stages, therapeutic choices
are frequently constrained. Although the triple therapy integrated with immunotherapy,
interventional procedures and targeted therapy have demonstrated promising efficacy,
patients still showed significant differences in heterogeneity. A straightforward prognostic
model was constructed and tested in this study, relying on three clinical parameters: sex,
ALBI grade, and ALR. Data from 184 patients were examined, leading to the observation
that this model effectively differentiates patients with favorable outcomes from those at
higher risk after combination therapy. Given that all component variables are collected in
clinical practice, this tool can help clinicians perform risk stratification and facilitate more
personalized treatment decisions for patients with intermediate-to-advanced HCC.

Abstract

Background/Objectives: Triple therapy combining targeted therapy (lenvatinib/bevacizumab),
immune checkpoint inhibitors (ICIs), and interventional therapy (TACE/HAIC) has shown
promising efficacy, but clinical outcomes differ among patients. We developed and tested
a prognostic model based on sex, ALBI grade, and ALR to estimate survival in patients
with intermediate-to-advanced HCC receiving triple therapy. Methods: This single cen-
ter retrospective study included 184 intermediate-to-advanced HCC patients between
November 2017 and December 2024. The patients enrolled received lenvatinib (n = 88) or
bevacizumab (n = 96) plus PD-1/PD-L1 inhibitors and interventional therapy. The risk
scoring model was derived from univariate Cox regression, LASSO Cox regression, and
multivariate Cox regression analyses that were screened for independent prognostic factors.
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The median risk score defined the cutoff for separating patients into two risk subgroups
(high- and low-risk). Overall survival (OS) across subgroups was evaluated and compared
by Kaplan—Meier analysis and log-rank test. Model performance was evaluated using the
C-index, time-dependent AUC at 6, 12, and 24 months, calibration curves, the Brier score,
and decision curve analysis, with internal validation performed via Bootstrap resampling.
Results: Multivariate analysis identified male sex, ALBI grade 3, and a high ALR level as
independent risk factors of poorer OS. The resulting risk model showed a C-index of 0.62.
Moreover, the median OS differed significantly between the two risk groups (p < 0.001).
The model displayed moderate discrimination, with AUCs of 0.66, 0.66, and 0.74 at 6,
12, and 24 months. Calibration and the Brier score showed reasonable agreement and
acceptable prediction errors. No interaction between risk factors and treatment type was
observed (p > 0.05), indicating model applicability to both lenvatinib and bevacizumab-
based regimens. Conclusions: A prognostic model integrating sex, ALBI grade, and ALR
can offer some capacity to stratify survival risk in intermediate-to-advanced HCC patients.
However, its overall discriminative performance is limited, and further validation in larger
and external cohorts is needed to confirm its clinical value.

Keywords: HCC; triple therapy; prognostic model; ALBI grade; ALR

1. Introduction

Hepatocellular carcinoma (HCC) is the third leading contributor to global cancer
mortality, characterized by high malignancy [1]. Tyrosine kinase inhibitors (TKIs) have
long been the primary first-line approach for unresectable advanced HCC [2]. Combination
strategies that include ICIs plus anti-angiogenic agents [3], TKIs [4], or other ICIs [5] have
demonstrated superior survival benefits over conventional targeted monotherapy and are
gradually becoming the new standard of first-line treatment [6].

Concurrently, combining locoregional therapies like TACE and HAIC with systemic
treatments could improve conversion rates and survival in intermediate-to-advanced HCC
(BCLC B/C) [7]. Studies indicate that TACE can enhance tumor immune responses, which
helps boost the antitumor efficacy of ICIs [8,9]. The underlying mechanism is that TACE
induces local ischemic necrosis to enhance the therapeutic response to subsequent systemic
therapy [10]. Multiple studies have shown the clinical benefits of therapy combined with
TACE and systemic treatment [11,12]. The phase III LAUNCH trial also confirmed the
effectiveness of combining locoregional and systemic therapy [13].

In this context, the combination of immunotherapy, targeted therapy, and interven-
tional procedures is attracting growing interest because early-phase studies show high ORR
and strong translational potential [14]. For example, a phase II trial found ORRs ranging
from 56.7% to 74.4% with lenvatinib or bevacizumab plus a PD-1 inhibitor and TACE [15,16].
A real-world study supports this benefit: triple therapy significantly improves outcomes
compared with TACE alone [17].

Although triple therapy is a promising new strategy for intermediate-to-advanced
HCC, much of the relevant evidence comes from small-sample Phase II studies or real-
world cohorts, and the ORR does not completely reflect long-term survival benefits. In
addition, the pretreatment risk stratification remains a challenge because of the considerable
heterogeneity among patients. Most existing HCC prognostic models were developed
in patients receiving monotherapy or no anticancer treatment; whether these models
are applicable to patients treated with triple therapy remains unclear. Accordingly, we
retrospectively analyzed a cohort of patients with unresectable HCC who received triple
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therapy. Using clinical data from this cohort, we constructed and validated a model to
predict OS, aiming to provide an exploratory basis for risk stratification and individualized
treatment in this population.

2. Materials and Methods
2.1. Patient Cohort

We retrospectively analyzed clinicopathological data from 184 HCC patients treated
between November 2017 and December 2024. Inclusion criteria: (1) HCC diagnosed
according to AASLD clinical or pathological criteria [18]; (2) CNLC stage IIb, Illa, or IIIb
(corresponding to BCLC stage B or C); (3) first-line triple therapy based on lenvatinib
or bevacizumab; (4) a clearly defined treatment start date, complete baseline candidate
variables, and follow-up information suitable for OS analysis. Exclusion criteria: (1) another
malignancy; (2) interventional therapies other than TACE or HAIC; (3) systemic regimens
other than PD 1/PD L1 antibodies; (4) patients with missing data on key baseline variables,
treatment start date, or OS outcomes. Patients enrolled were assigned to lenvatinib or
bevacizumab subgroup based on the treatment regimen received. The study protocol
was approved by the Ethics Committee of Tianjin Medical University Cancer Hospital.
All recipients along with their families provided written consent following a complete
explanation of the study.

2.2. Statistical Analysis

All statistical analyses were conducted using R software (version 4.2.2), with a two-
sided p value of less than 0.05 considered statistically significant. Data analysis and
visualization were mainly carried out using the survival, survminer, glmnet, timeROC,
rms, Hmisc and car.

The distribution of continuous variables was assessed using Shapiro-Wilk or
Kolmogorov-Smirnov test. Variables following a normal distribution were summarized as
mean =+ standard deviation, with intergroup comparisons performed via Student’s f-test.
For those not normally distributed, data were presented as median and interquartile range,
and group differences were evaluated with the Mann-Whitney U test. Categorical variables
were summarized as frequencies and percentages, and intergroup comparisons performed
using the chi-square test (x? test) or Fisher’s exact test.

3. Results
3.1. Baseline Characteristics

This study comprised 184 patients treated with triple therapy between November 2017
and December 2024. The regimen combined targeted therapy with PD-1/PD-L1 inhibitors
and interventional therapy. The mean age of the patients was 57.5 years (95% CI, 50.0-65.0),
and the majority were male (83.7%). Most patients were HBV-positive (84.8%), had an
ECOG PS of 0 (77.2%), and were classified as Child-Pugh A (79.9%). According to CNLC
staging, 15.8% of patients were stage IIb, 28.3% were stage Illa, and 56.0% were stage IIIb.
Most patients (88.0%) underwent fewer than six interventional treatment sessions. By
May 2025, follow-up data were available for 184 patients who had received triple therapy.
During the follow-up period, 77 deaths were recorded, including 38 in the lenvatinib group
and 39 in the bevacizumab group. A total of 107 patients were censored, with a censoring
rate of 58.2%. The median follow-up time estimated using the reverse Kaplan-Meier
method was 20.4 months (17.4-24.3 months). Among patients who remained alive at the
end of follow-up, the shortest follow-up duration was 3 months. All baseline candidate
variables included in the statistical analyses had complete data and no imputation for
missing values was performed (Table 1).
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Table 1. Baseline characteristics.

Variable Overall (n = 184)
Age, years 57.5 (50.0, 65.0)
Gender

Female 30 (16.3)

Male 154 (83.7)
HBV

Negative 28 (15.2)

Positive 156 (84.8)
Intervention

<6 times 162 (88.0)

>6 times 22 (12.0)
ECOG PS

0 142 (77.2)

1 38 (20.7)

2 4(2.2)
ALBI grade

Grade 1 71 (38.6)

Grade 2 107 (58.2)

Grade 3 6 (3.3)
Albumin 38.8 (34.9,41.3)
Bilirubin 17.1 (11.9, 24.2)
ALT 33.5(20.8, 51.0)
AST 49.5 (30.8, 79.0)
GGT 134.0 (61.0, 243.2)
PT 12.8 (12.0, 13.9)
PLR 125.8 (91.6, 182.5)
PLT 161.0 (107.8, 226.0)
GPR 0.8 (0.4, 1.6)
GLR 108.2 (51.7,199.8)
ALR 42.8 (23.5,77.5)
AAR 1.5(1.0,2.1)
GAR 3.5(1.6,6.1)
NLR 29(2.1,4.2)
Log 10 AFP 2.3(1.1,3.7)
BCLC stage

B 48 (26.1)

C 136 (73.9)
CNLC stage

IIb 29 (15.8)

IIla 52 (28.3)

b 103 (56.0)
ALR group

Low 72 (39)

High 112 (61)
Child-Pugh

A 147 (79.9)

B 37 (20.1)

3.2. Variable Selection and Prognostic Factor Analysis

Univariate analysis identified sex, ALBI grade, bilirubin, AST, ALT, and ALR as sig-
nificant factors affecting the prognosis of HCC (all p < 0.05). Treatment regimen, age,
number of interventional sessions, HBV status, Child-Pugh class, CNLC stage, albumin,
GGT, PT, and other factors were not significant (p > 0.05) (Figure 1). To reduce the risk of
overfitting caused by an excessive number of candidate variables, those with a univariate
p value < 0.05 were subsequently entered into a LASSO Cox regression model for variable
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selection. Ten-fold cross-validation served to determine the optimal value of the regular-

ization parameter A. The cross-validation curve indicated that the model achieved the

minimum cross-validated error when A was set to Amin (Figure 2a). The LASSO coefficient

path plot demonstrated that as A increased, the coefficients of the candidate variables

gradually shrank toward zero (Figure 2b). At Amin, the regression coefficients for sex, ALBI

grade, ALR, ALT, and AST remained nonzero and were therefore incorporated into the

subsequent multivariate Cox analysis.

Characteristic

Treat
Lenva
Beva

Age

Sex
Female
Male

Intervention
<6
>6

HBV
Negative
Positive

Child Pugh
A
B

ECOG PS
0
1
2

ALBI grade
1
2
3

Bilirubin

Albumin

ALT

AST

GGT

PT

PLR

GPR

GLR

AAR

GAR

NLR

PLT

Log 10 AFP

ALR
Low
High

BCLC stage
B
C

CNLC stage
IIb
llla
1ib

Univariate analysis

Count Percent HR (95% Cl) P value
88 47.8
96 52.2 - 1.17 (0.74, 1.85) 0.491
184 100 u 1(0.98, 1.02) 0.818
30 16.3
154 83.7 —— 245 (1.12,5.35) 0.025
162 88
22 12 - 0.83 (0.42,1.64) 0.595
28 15.2
156 84.8 - 0.75 (0.42,1.33) 0.324
147 79.9
37 20.1 - 1.58 (0.95, 2.63) 0.080
142 77.2
38 20.7 = 0.66 (0.36,1.2)  0.173
4 2.2 . 1.75 (0.55, 5.57) 0.346
71 38.6
107 58.2 L 1.22 (0.77,1.94) 0.406
6 3.3 ——a—> 5386 (2.31, 14.84) <0.001
184 100 n 1.01 (1, 1.02) 0.023
184 100 n 0.96 (0.92, 1) 0.076
184 100 L] 1.01 (1, 1.01) <0.001
184 100 L} 1(1,1.01) <0.001
184 100 L} 1(1,1) 0.319
184 100 u 1(0.99, 1) 0.822
184 100 u 1(1,1) 0.701
184 100 u 1.14 (0.95,1.37) 0.172
184 100 » 1(1,1) 0.424
184 100 L] 1(0.89, 1.12) >0.9
184 100 L] 1.04 (0.98, 1.1) 0.194
184 100 L] 1.02 (0.96, 1.09) 0.449
184 100 L] 1(1,1) 0.752
184 100 u 1.13(0.98,1.3)  0.101
72 39.1
112 60.9 - 2.64 (1.56, 4.49) <0.001
48 26.1
136 73.9 - 1.72 (0.96, 3.09) 0.067
29 15.8
52 28.3 - 1.08 (0.65, 1.79) 0.756
103 56 - 1.42(0.88,2.29) 0.154
0.011 10

Figure 1. The Cox regression analysis is for OS.
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Characteristic Multivariate analysis

Count Percent HR (95% CI) P value

Sex

Female 30 16.3 Reference

Male 154 83.7 HE— 2.26 (1.02,5.01) 0.045
ALBI grade

1 71 38.6 Reference

2 107 58.2 L 1.02 (0.60, 1.73) 0.952

3 6 3.3 —a—— 515 (1.84, 14.38) 0.002
ALT 184 100 1(1,1.01) 0.463
AST 184 100 1(1,1.01) 0.349
ALR

Low 72 391 Reference

High 112 60.9 HEH 2.05(1.15,3.63) 0.014

m 1T 1 1
011 5 10 15

Figure 2. Identification of prognostic factors using LASSO Cox regression and subsequent multivari-
able Cox regression analysis. (a) Cross-validation curve for selecting the optimal penalty parameter
A in the LASSO Cox regression model. The vertical dotted lines represent Amin and Alse, and the
numbers above the plot indicate the number of nonzero coefficients. (b) LASSO coefficient profiles of
candidate prognostic variables according to log(A). (c) Forest plot of the multivariable Cox regres-
sion model constructed using variables selected by LASSO Cox regression. Hazard ratios and 95%
confidence intervals are shown. HR > 1 indicates an increased risk of death.

Multivariate analysis confirmed that male sex, ALBI grade 3, and high ALR level were
independent risk factors for survival and prognosis (p < 0.05). A higher mortality risk was
observed for male patients than for female patients, with a HR of 2.26 (95% CI: 1.02-5.01,
p < 0.05). Compared with patients with ALBI grade 1, those with ALBI grade 3 showed
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a significantly elevated risk of death (HR = 5.15, 95% CI: 1.84-14.38, p < 0.05). Patients in
the high-ALR group faced an increased risk of death compared with those in the low-ALR
group (HR = 2.05, 95% CI: 1.15-3.63, p < 0.05) (Figure 2c). Accordingly, sex, ALBI grade,
and ALR were incorporated into the final model. Based on the variables identified by
multivariate analysis, Kaplan-Meier survival curves were generated for the lenvatinib
group, the bevacizumab group, and the overall cohort to visually illustrate the survival
differences (Figure 3).

3.3. Development and Validation of the Prognostic Model and Risk Classification

Using above multivariate analysis results, we established a prognostic model for
survival based on sex, ALBI grade, and ALR, and calculated the coefficients for the risk
score formula: Risk Score = (0.816 x male) + (0.088 x ALBI Level 2) + (1.731 x ALBI Level 3)
+(0.867 x ALR high group). Specifically, male sex and the high-ALR group were each
assigned a value of 1, and 0 otherwise. For ALBI grade, with grade 1 serving as the reference,
dummy variables were created for grade 2 and grade 3, each taking a value of 1 when the
corresponding grade was present and 0 otherwise. It should be noted that the coefficient
for ALBI grade 2 was small and did not reach statistical significance in the multivariate
Cox model, suggesting that its contribution to the risk score is limited compared to ALBI
Grade 1. This variable was retained mainly to preserve the full three-level categorical
structure of ALBI grade, rather than to interpret ALBI grade 2 as an independent risk factor
on its own. Furthermore, because few patients presented with ALBI grade 3, the sample
sizes and death event distributions across ALBI grades are provided as supplementary
data. A higher proportion of death events was observed in the ALBI grade 3 subgroup;
however, due to the small sample size, the effect estimates should be interpreted with
caution (Supplemental Table S1).

We then stratified all patients into low-risk subgroups (n = 86) and high-risk subgroups
(n =98), with the median risk score serving as the cutoff. The heatmap showed differences in
the distribution of male sex, ALBI grade 2, ALBI grade 3, and high ALR level in comparing
the two groups (Figure 4a). With a rising risk score, the proportion of patient deaths also
increased. Kaplan—-Meier analysis suggested a marked difference in survival between
the two subgroups, where patients had significantly shorter OS in high-risk subgroup
(p < 0.001) (Figure 4b). We then used the model to estimate long-term survival probabilities
of patients. Analysis showed that the model achieved AUCs of 0.66, 0.66, and 0.74 for
predicting survival at 6, 12, and 24 months, respectively, using time-dependent ROC
(Figure 4c). The apparent Harrell’s C-index of the model was 0.637 (95% CI: 0.573-0.701).
After internal validation using 1000 Bootstrap resamples, the optimism-corrected C-index
was 0.620, indicating that the model possessed a certain degree of discriminative ability.

Using the above model, we developed a nomogram to predict survival for HCC pa-
tients which incorporates risk scores and relevant clinical variables (Figure 4d). Calibration
curves indicated strong concordance between predicted and observed survival at 6, 12, and
24 months (Figure 4e). Quantitative calibration analysis revealed a global slope of 1.000
(0.645-1.355). The calibration slopes at fixed time points of 6, 12, and 24 months were 0.973,
1.027, and 1.323, respectively. Combined with the Brier score results, these findings suggest
that the model’s calibration was generally acceptable and that the prediction error falls
within an acceptable range. Detailed results are provided in Supplemental Table S2.

The DCA analysis revealed that this line graph shows a greater net benefit than either
the treat-all or treat-none approach within clinically meaningful probability thresholds,
particularly for predicting 24-month OS. These findings suggest that the model has certain
clinical utility (Supplemental Figure S1).
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Figure 3. Kaplan-Meier survival curves for three independent prognostic factors. Overall survival (OS) was stratified by sex (a—c), ALBI grade (d—f), and ALR level
(g-i) in the entire cohort (a,d,g), the lenvatinib treatment group (b,e,h), and the bevacizumab treatment group (c f,i).
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Figure 4. Construction and validation of the prognostic prediction model. (a) Patients were ranked

according to their prognostic risk score, with the corresponding distribution of survival status,

https://doi.org/10.3390/ cancers18132063


https://doi.org/10.3390/cancers18132063

Cancers 2026, 18, 2063

10 of 18

survival time, and key predictors, including sex, ALBI grade, and pretreatment ALR.
(b) Kaplan—-Meier survival curves comparing overall survival between the low-risk and high-risk
groups (p < 0.001). The dashed horizontal line indicates 50% survival probability, and the dashed
vertical lines indicate the corresponding median overall survival times for each group. (c) Time-
dependent ROC curves of the risk score for predicting 6-, 12-, and 24-month OS. (d) Nomogram
based on sex, ALBI grade, and pretreatment ALR for individualized OS prediction. For example, a
male patient with ALBI grade 3 and high pretreatment ALR had a risk score of 3.414, higher than
the cohort median of 1.683, and was classified as high risk; the nomogram estimated his 12-month
OS probability as 8.4%. (e) Calibration curves for predicting 6-, 12-, and 24-month OS. The dashed
diagonal line represents the ideal calibration line, where the predicted OS probability equals the
observed OS probability. Statistical significance: * p < 0.05, ** p < 0.01, *** p < 0.001.

3.4. Model Assumption Testing and Stability Analysis of Predictor Effects

To evaluate the validity and stability of the final Cox model, this study further con-
ducted diagnostics for multicollinearity, tests of the proportional hazards assumption, and
Bootstrap resampling analysis. The results showed that the adjusted GVIF values for all
variables in the model were significantly below the preset threshold of five, indicating
the absence of significant multicollinearity. The Schoenfeld residual test showed a global
p value of 0.71, and none of the individual variable tests reached statistical significance,
suggesting that the final Cox model did not show any significant violation of the propor-
tional hazards assumption (Supplemental Table S3). Stability of the estimated effects of
predictors was then assessed using 1000 Bootstrap resamples. The results showed that the
direction of effects for male sex, ALBI grade 3, and the high-ALR group remained generally
consistent with those in the original model, suggesting reasonable stability of the effect
estimates for the main predictors (Supplemental Table S4).

To evaluate the potential impact of the small sample size of patients with ALBI grade 3
on effect estimates, we performed sensitivity analyses using Firth penalized Cox regression
and Ridge Cox regression. The results showed that the direction of the effect for ALBI
grade 3 was generally consistent across different modeling approaches, suggesting a certain
degree of robustness. However, given the limited sample size in this subgroup, the effect
estimates should still be interpreted with caution (Supplemental Table S5).

3.5. Comparison with Existing Models

To evaluate the predictive value of the model, we compared it with existing HCC
prognostic models and inflammation-related indicators, including the Child-Pugh grade,
ALBI grade, PALBI score, NLR, PLR, SII, and ALR. The comparison was based on Har-
rell’s C-index and time-dependent AUC at 6, 12, and 24 months (Supplemental Figure S2,
Supplemental Table S6). The results showed that our prognostic model consistently ex-
hibited higher C-index and time-dependent AUC values than any single established HCC
prognostic model or inflammation-related index, indicating superior discriminative ability.
Moreover, compared with ALR model, it showed improved discrimination, suggesting
that combining sex, ALBI grade, and ALR provides more comprehensive prognostic in-
formation. These results indicate that the model developed in this study offers a certain
predictive gain compared to existing single-indicator tools.

3.6. Subgroup Analysis

To investigate the consistency of the association between treatment regimen and OS
across different clinical subgroups, subgroup analyses were performed according to sex,
ALBI grade, ALR level, and risk stratification. The results showed that differences in OS
between the lenvatinib and bevacizumab regimens were not statistically significant in
the overall population or in any of the subgroups examined. Moreover, no significant
interactions were observed between the treatment regimen and any of the stratification
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variables, indicating no substantial heterogeneity across subgroups. Given that this study
was retrospective, these results should be considered exploratory and not as a basis for
comparing the efficacy of the two treatment regimens. (Figure 5a).
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Figure 5. Forest plots of subgroup analyses for overall survival. (a) Subgroup analysis comparing
overall survival between the lenvatinib-based and bevacizumab-based treatment groups across
predefined clinical strata, including sex, ALBI grade, pretreatment ALR level, and prognostic risk
group. (b) Subgroup analysis comparing overall survival between patients enrolled in the earlier
and later study periods across the same strata. Hazard ratios (HRs), 95% confidence intervals (CIs),
p values, and p values for interaction are shown. The vertical dashed line indicates HR = 1. No
significant interactions were observed across the examined subgroups. * The ALBI grade 3 subgroup
included only 6 patients, with 4 in the lenvatinib-based group and 2 in the bevacizumab-based group;
therefore, the HR estimates for this subgroup should be interpreted with caution.

Given the long enrollment period of this study and the possibility that systemic treat-
ment strategies and clinical practices may have changed over time, patients were further
divided into early-enrollment and late-enrollment groups based on the median enrollment
time to assess the potential impact of enrollment period on model predictions. Interaction
analysis revealed no significant interaction between the model’s risk stratification and
enrollment period, suggesting that the prognostic stratification effect of the model was
not substantially heterogeneous across enrollment-period subgroups (Figure 5b). When
enrollment period was subsequently included as an adjustment covariate in the Cox model,
the risk of death remained significantly elevated in the high-risk group compared with the
low-risk group, with effect estimates consistent with those of the unadjusted model. This
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indicates that enrollment period has a limited impact on the model’s risk stratification effect.
Collectively, these findings support the stability of our model across different enrollment
periods. Detailed results are presented in Supplemental Table S7.

4. Discussion

Hepatocellular carcinoma ranks among the leading malignant tumors globally, in
terms of both incidence and mortality. Because early symptoms are subtle, most patients
are diagnosed at intermediate or advanced stages. About 60% are BCLC stage B or C, and
lose the chance for curative resection [19]. In recent years, ICIs have dramatically changed
the therapeutic landscape for advanced HCC. Some patients can achieve significant tumor
regression or even become eligible for resection, which helps prolong survival [20,21].
Although ICIs have improved outcomes, monotherapy yields modest ORR and resistance
is common [22]. Therefore, combining ICIs with targeted agents has gradually emerged as
a key treatment approach. Although this strategy shows some clinical benefits, its ORR and
long-term survival need further improvement [23,24]. Triple therapy integrating systemic
and locoregional treatments has shown high ORR in early studies [16,25]. A longer PFS
was reported with TACE plus bevacizumab and durvalumab in the EM-ERALD-1 trial
than with TACE alone [26]. In addition, several studies, including LEAP-012 [27] and
TALENT-TACE [28], have confirmed the synergistic effects of immunotherapy, targeted
therapy, and interventional therapy.

Triple therapy can significantly improve treatment response and survival, but the
outcomes remain heterogeneous. Some patients achieve long-term survival or even become
surgical candidates, while others progress rapidly. This variability makes it difficult to
identify potential responders before treatment and delays intervention for high-risk patients.
Hence, clinicians urgently need a simple, reliable tool to stratify prognosis for patients on
this treatment.

Reliable prognostic markers should reflect a disease’s core biology. The development
of HCC depends heavily on the inflammation of liver, the characteristics of the immune
microenvironment, and the level of functional reserve [29]. ALR (AST-to-lymphocyte ratio)
captures hepatocyte injury, systemic inflammation and immune status. AST indicates poor
prognosis in HCC because of its sensitivity to liver damage [30,31]. In contrast, antitumor
immunity relies on the function of lymphocytes; a low count often indicates impaired
immunity. Lymphocytes inhibit tumor proliferation and metastasis by mediating cytotoxic
responses and releasing cytokines [32,33]. Studies have shown the relationship between the
prognosis of HCC patient and the degree of lymphocyte infiltration in tumor tissue [34,35].
As a non-invasive index, ALR correlates with prognosis in patients with cirrhosis, liver
fibrosis, and HCC [36-38].

Similarly, ALBI grade, based on albumin and bilirubin levels, more objectively reflects
liver functional reserve [39,40]. The ALBI grade does not rely on subjective assessments
compared with the Child-Pugh score. This makes it more useful for evaluating liver
function and predicting HCC prognosis [41]. ALBI grade serves as a prognostic indicator for
patients with cirrhosis and HCC [42,43]. Patients who received lenvatinib or atezolizumab
plus bevacizumab treatment have a higher ALBI grade associated with significantly reduced
survival [42,44,45].

In addition, male sex was identified as an important risk factor for survival in patients
with HCC. A multicenter cohort study reported significantly longer median survival in
female patients than in males (2.5 & 2.9 years vs. 2.2 & 2.7 years, p = 0.0031), and women
more often presented with earlier TNM stages at diagnosis [46]. The biological basis of this
survival advantage may be related to sex hormone differences. Androgens can promote
hepatocyte proliferation and the formation of an inflammatory microenvironment, thereby
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accelerating tumor progression. In contrast, estrogens exert protective effects by inhibiting
pro-inflammatory factors such as IL-6 and modulating immune surveillance. In addition,
higher rates of alcohol consumption and HBV infection in the male population further ag-
gravate the severity of underlying liver disease. Consequently, male patients are considered
a high-risk group in HCC prognosis assessment and individualized treatment decisions.

It should be noted that the discriminative ability of our model remains moderate. The
apparent C-index and AUC of the nomogram indicate that the model possesses some risk
stratification capability, but not sufficient to guide clinical decisions on its own. Instead,
it is more suitable as an exploratory prognostic tool based on routine clinical parameters.
The limited predictive performance may be related to the high heterogeneity of patients.
Prognosis of patients is not only influenced by liver function, inflammatory status, and
host factors but also by tumor burden, vascular invasion, molecular features, the immune
microenvironment, and treatment response. Our model includes only three pretreatment
routine variables, thus resulting in a relatively limited scope of information.

Despite its limited discrimination, calibration and clinical net benefit analyses still
suggest certain value. Calibration curves, the Brier score, and quantitative calibration
indicators indicated that the model’s predictions were generally consistent with observed
outcomes, with prediction errors within an acceptable range. DCA analysis revealed that it
may serve as an adjunct tool for pretreatment risk stratification, follow-up management,
and clinical trial design.

Compared with existing prognostic indicators, this model has certain specificity. Cur-
rent HCC prognostic systems primarily focus on a single dimension (e.g., liver function
or inflammatory status) and were not specifically developed in patients receiving triple
therapy with ICIs, targeted therapy, and interventional therapy. Our model was built
specifically on a triple therapy cohort and integrates host factors, liver function reserve, and
inflammatory or immune status. In comparison with traditional scores and inflammatory
indices, our model showed a numerically higher C-index and AUC, suggesting that it
may provide additional prognostic information for this particular treatment population.
However, given its overall modest discriminative ability and lack of external validation,
this value needs further confirmation.

Subgroup and sensitivity analyses indicated reasonable stability of the model’s prog-
nostic effect. After stratification by treatment regimen, patients at high risk in both the
lenvatinib and bevacizumab groups had significantly shorter OS, and no significant inter-
action was observed between the risk score and treatment regimen, suggesting consistent
performance of the model across different triple-therapy regimens. In addition, because the
study enrolled patients over a long period, the time windows for the application of different
treatment regimens did not completely overlap, raising the possibility of treatment-era bias.
Sensitivity analysis using enrollment period showed that after adjusting for enrollment
period, the association between risk group and OS remained largely stable, indicating that
the predictive value of the model was not primarily driven by differences in enrollment
era. Nevertheless, residual confounding due to changes in subsequent therapies, drug
availability, and clinical management over different years cannot be fully excluded in a
retrospective study.

Several limitations should be acknowledged. As a retrospective study, the design
may introduce selection bias and lack an independent external validation cohort. Despite
the use of LASSO screening and Bootstrap internal validation, some optimistic bias in
model performance may remain. The sample size is relatively small, especially for female
patients and those with ALBI grade 3, which may have led to unstable effect estimates for
male sex and ALBI grade 3. Thus, these results should be interpreted with caution. The
model includes only pretreatment routine variables and does not integrate information
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on tumor burden, vascular invasion, radiomics, circulating tumor DNA, tumor genomics,
or the immune microenvironment, making it difficult to fully capture the heterogeneity
of intermediate-to-advanced HCC. Our findings need validation in larger, prospective,
multicenter cohorts in future studies, and further model optimization should integrate
imaging features, molecular biomarkers, and dynamic treatment response indicators.

In conclusion, the prognostic model comprising ALR, ALBI grade, and sex can help
stratify patients for future clinical trials of triple therapy in different risk groups. Al-
though its discriminative ability remains moderate and insufficient for independent clin-
ical decision-making, as a simple exploratory risk stratification tool based on routine
parameters, it may provide a reference for pretreatment prognostic assessment, follow-up
management, and the design of future clinical trials focusing on risk stratification.

5. Conclusions

In conclusion, this study demonstrates that sex, ALBI grade, and ALR are associated
with OS in patients with intermediate-to-advanced HCC patients receiving triple therapy.
The model constructed using these factors provides a certain ability to stratify patients
by survival risk, but its C-index and AUC indicate only modest predictive performance,
which is insufficient to serve as an independent clinical decision-making tool. Exploratory
subgroup and interaction analyses did not reveal significant interactions between the risk
score and targeted therapy regimens or treatment timing. However, due to the baseline
imbalances across different treatment subgroups and the prolonged enrollment period
during which treatment strategies and subsequent management may have evolved, these
results should be interpreted with caution and further validated in external cohorts. Future
efforts to improve model performance should integrate radiomics features, molecular
biomarkers, and characteristics of the tumor immune microenvironment.
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/ /www.mdpi.com/article/10.3390/cancers18132063/s1, Figure S1: Decision curve analysis (DCA) of
the nomogram for overall survival prediction. Decision curve analyses were conducted for 6-month
(a), 12-month (b), and 24-month (c) OS prediction. The nomogram demonstrated greater net benefit
than the treat-all and treat-none strategies over selected ranges of threshold probabilities, with the
most pronounced clinical utility observed for 24-month OS prediction; Figure S2: Time-dependent
ROC analysis of the model for overall survival prediction. Time-dependent ROC analysis was per-
formed to evaluate the predictive performance of the proposed model with Child-Pugh grade, ALBI
grade, PALBI score, NLR, PLR, SII, and ALR alone for 6-month (a), 12-month (b), and 24-month
(c) overall survival. The proposed model demonstrated the highest area under the curve (AUC)
at each time point; Table S1: Distribution of patients and death events according to ALBI grade;
Table S2: Quantitative performance of the prognostic nomogram; Table S3: Multicollinearity diagnos-
tics and proportional hazards assumption tests for the final Cox model; Table S4: Bootstrap sensitivity
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conventional Cox, Firth penalized Cox, and ridge Cox regression; Table S6: Comparison of discrimina-
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Abbreviations

The following abbreviations are used in this manuscript:

ALBI Albumin-bilirubin grade

PALBI Platelet-albumin-bilirubin

ALR Aspartate aminotransferase to lymphocyte ratio
TACE Transcatheter arterial chemoembolization
HAIC Hepatic arterial infusion chemotherapy

SMD Standardized mean difference

IOR Interquartile range

HBV Hepatitis B virus

ECOG Eastern Cooperative Oncology Group

PLR Platelet to lymphocyte ratio

GPR Gamma glutamyl transferase to platelet ratio
GLR Gamma glutamyl transferase to lymphocyte ratio
AAR Aspartate aminotransferase to alanine aminotransferase ratio
GAR Gamma glutamyl transferase to albumin ratio
NLR Neutrophil to lymphocyte ratio

BCLC Barcelona Clinic Liver Cancer

CNLC China Liver Cancer Staging

AFP Alpha-fetoprotein

HR Hazard Ratio

CI Confidence Interval

SII Systemic immune-inflammation index

C-index Concordance index
AUC Area under the curve

References

1. Zhou, J.; Sun, H.; Wang, Z.; Cong, W.; Zeng, M.; Zhou, W.; Bie, P; Liu, L.; Wen, T.; Kuang, M.; et al. Guidelines for the Diagnosis
and Treatment of Primary Liver Cancer (2022 Edition). Liver Cancer 2023, 12, 405-444. [CrossRef] [PubMed]

2. Kudo, M,; Finn, R.S;; Qin, S.; Han, K.-H.; Ikeda, K,; Piscaglia, F.; Baron, A.; Park, ].-W.; Han, G.; Jassem, J.; et al. Lenvatinib versus
sorafenib in first-line treatment of patients with unresectable hepatocellular carcinoma: A randomised phase 3 non-inferiority
trial. Lancet 2018, 391, 1163-1173. [CrossRef] [PubMed]

3. Cheng, A.-L.; Qin, S.; Ikeda, M.; Galle, PR.; Ducreux, M.; Kim, T.-Y,; Lim, H.Y.; Kudo, M.; Breder, V.; Merle, P; et al. Updated
efficacy and safety data from IMbravel50: Atezolizumab plus bevacizumab vs. sorafenib for unresectable hepatocellular
carcinoma. J. Hepatol. 2021, 76, 862-873. [CrossRef] [PubMed]

4. Finn, RS;Ikeda, M.; Zhu, A.X,; Sung, M.W.,; Baron, A.D.; Kudo, M.; Okusaka, T.; Kobayashi, M.; Kumada, H.; Kaneko, S.; et al.

Phase Ib Study of Lenvatinib Plus Pembrolizumab in Patients with Unresectable Hepatocellular Carcinoma. J. Clin. Oncol. 2020,
38, 2960-2970. [CrossRef] [PubMed]

https://doi.org/10.3390/ cancers18132063


https://doi.org/10.1159/000530495
https://www.ncbi.nlm.nih.gov/pubmed/37901768
https://doi.org/10.1016/s0140-6736(18)30207-1
https://www.ncbi.nlm.nih.gov/pubmed/29433850
https://doi.org/10.1016/j.jhep.2021.11.030
https://www.ncbi.nlm.nih.gov/pubmed/34902530
https://doi.org/10.1200/jco.20.00808
https://www.ncbi.nlm.nih.gov/pubmed/32716739
https://doi.org/10.3390/cancers18132063

Cancers 2026, 18, 2063 16 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Yau, T.; Galle, P.R.; Decaens, T.; Sangro, B.; Qin, S.; da Fonseca, L.G.; Karachiwala, H.; Blanc, J.-F,; Park, ].-W.; Gane, E.; et al.
Nivolumab plus ipilimumab versus lenvatinib or sorafenib as first-line treatment for unresectable hepatocellular carcinoma
(CheckMate 9DW): An open-label, randomised, phase 3 trial. Lancet 2025, 405, 1851-1864. [CrossRef] [PubMed]

Rimassa, L.; Finn, R.S.; Sangro, B. Combination immunotherapy for hepatocellular carcinoma. J. Hepatol. 2023, 79, 506-515.
[CrossRef] [PubMed]

Reig, M.; Sanduzzi-Zamparelli, M.; Forner, A.; Rimola, J.; Ferrer-Fabrega, J.; Burrel, M.; Garcia-Criado, A.; Diaz, A.; Llarch, N.;
Iserte, G.; et al. BCLC strategy for prognosis prediction and treatment recommendations: The 2026 update. J. Hepatol. 2025, 84,
631-654. [CrossRef] [PubMed]

Zhang, J.-X.; Chen, P; Liu, S.; Zu, Q.-Q.; Shi, H.-B.; Zhou, C.-G. Safety and Efficacy of Transarterial Chemoembolization and
Immune Checkpoint Inhibition with Camrelizumab for Treatment of Unresectable Hepatocellular Carcinoma. . Hepatocell.
Carcinoma 2022, 9, 265-272. [CrossRef] [PubMed]

Ma, X,; Sun, X.; Xie, E; Jian, W.; Wang, Q.; Xie, Y.; Li, C.; Zhang, K. The influence of transarterial chemoembolization on serum
levels of soluble programed cell death ligand-1 in advanced hepatocellular carcinoma patients. Asia Pac. J. Clin. Oncol. 2022, 18,
e515-e523. [CrossRef] [PubMed]

Llovet, ].M.; De Baere, T.; Kulik, L.; Haber, PK.; Greten, T.F.; Meyer, T.; Lencioni, R. Locoregional therapies in the era of molecular
and immune treatments for hepatocellular carcinoma. Nat. Rev. Gastroenterol. Hepatol. 2021, 18, 293-313. [CrossRef] [PubMed]
Yang, F.; Yang, J.; Xiang, W.; Zhong, B.-Y.; Li, W.-C.; Shen, J.; Zhang, S.; Yin, Y,; Sun, H.-P.; Wang, W.-S,; et al. Safety and
Efficacy of Transarterial Chemoembolization Combined with Immune Checkpoint Inhibitors and Tyrosine Kinase Inhibitors for
Hepatocellular Carcinoma. Front. Oncol. 2022, 11, 657512. [CrossRef] [PubMed]

Cao, F; Yang, Y.; Si, T.; Luo, J.; Zeng, H.; Zhang, Z.; Feng, D.; Chen, Y.; Zheng, ]J. The Efficacy of TACE Combined with Lenvatinib
Plus Sintilimab in Unresectable Hepatocellular Carcinoma: A Multicenter Retrospective Study. Front. Oncol. 2022, 11, 783480.
[CrossRef] [PubMed]

Peng, Z.; Fan, W.; Zhu, B.; Wang, G.; Sun, J.; Xiao, C.; Huang, F; Tang, R.; Cheng, Y.; Huang, Z.; et al. Lenvatinib Combined with
Transarterial Chemoembolization as First-Line Treatment for Advanced Hepatocellular Carcinoma: A Phase III, Randomized
Clinical Trial (LAUNCH). J. Clin. Oncol. 2022, 41, 117-127. [CrossRef] [PubMed]

Ju, S;; Zhou, C; Yang, C.; Wang, C.; Liu, J.; Wang, Y.; Huang, S.; Li, T.; Chen, Y.; Bai, Y.; et al. Apatinib Plus Camrelizumab
With/Without Chemoembolization for Hepatocellular Carcinoma: A Real-World Experience of a Single Center. Front. Oncol.
2022, 11, 835889. [CrossRef] [PubMed]

Huang, J.-T.; Zhong, B.-Y,; Jiang, N.; Li, W.-C.; Zhang, S.; Yin, Y.; Yang, J.; Shen, J.; Wang, W.-S.; Zhu, X.-L. Transarterial
Chemoembolization Combined with Immune Checkpoint Inhibitors Plus Tyrosine Kinase Inhibitors versus Immune Checkpoint
Inhibitors Plus Tyrosine Kinase Inhibitors for Advanced Hepatocellular Carcinoma. . Hepatocell. Carcinoma 2022, 9, 1217-1228.
[CrossRef] [PubMed]

Cai, H.; Chen, S.; Wu, Z.; Wang, F,; Tang, S.; Chen, L.; Guo, W. Atezolizumab Plus Bevacizumab Combined with Transarterial
Embolization Plus Hepatic Arterial Infusion Chemotherapy for Unresectable Hepatocellular Carcinoma with a Diameter >8 Cm:
A Retrospective Study. J. Hepatocell. Carcinoma 2024, 11, 399-409. [CrossRef] [PubMed]

Zhu, H.-D.; Li, H.-L.; Huang, M.-S; Yang, W.-Z,; Yin, G.-W.; Zhong, B.-Y.; Sun, J.-H.; Jin, Z.-C.; Chen, J.-].; Ge, N.-].; et al. Transar-
terial chemoembolization with PD-(L)1 inhibitors plus molecular targeted therapies for hepatocellular carcinoma (CHANCE(01).
Signal Transduct. Target. Ther. 2023, 8, 58. [CrossRef] [PubMed]

Bruix, J.; Reig, M.; Sherman, M. Evidence-Based Diagnosis, Staging, and Treatment of Patients with Hepatocellular Carcinoma.
Gastroenterology 2016, 150, 835-853. [CrossRef] [PubMed]

Allemani, C.; Weir, H.K.; Carreira, H.; Harewood, R.; Spika, D.; Wang, X.-S.; Bannon, F.; Ahn, ].V.; Johnson, C.J.; Bonaventure, A.;
et al. Global surveillance of cancer survival 1995-2009: Analysis of individual data for 25,676,887 patients from 279 population-
based registries in 67 countries (CONCORD-2). Lancet 2014, 385, 977-1010. [CrossRef] [PubMed]

Sangro, B.; Chan, S.L.; Kelley, R.K.; Lau, G.; Kudo, M.; Sukeepaisarnjaroen, W.; Yarchoan, M.; De Toni, E.N.; Furuse, J.; Kang, YXK,;
et al. Four-year overall survival update from the phase IIl HIMALAYA study of tremelimumab plus durvalumab in unresectable
hepatocellular carcinoma. Ann. Oncol. 2024, 35, 448-457. [CrossRef] [PubMed]

Ren, Z.; Xu, J.; Bai, Y,; Xu, A.; Cang, S.; Du, C.; Li, Q.; Lu, Y.; Chen, Y,; Guo, Y,; et al. Sintilimab plus a bevacizumab biosimilar
(IBI305) versus sorafenib in unresectable hepatocellular carcinoma (ORIENT-32): A randomised, open-label, phase 2-3 study.
Lancet Oncol. 2021, 22, 977-990. [CrossRef] [PubMed]

Vesely, M.D.; Zhang, T.; Chen, L. Resistance Mechanisms to Anti-PD Cancer Immunotherapy. Annu. Rev. Immunol. 2022, 40,
45-74. [CrossRef] [PubMed]

Kim, D.-H. Combination of interventional oncology local therapies and immunotherapy for the treatment of hepatocellular
carcinoma. J. Liver Cancer 2023, 22, 93-102. [CrossRef] [PubMed]

Fang, T.; Xiao, ].; Zhang, Y.; Hu, H.; Zhu, Y.; Cheng, Y. Combined with interventional therapy, immunotherapy can create a new
outlook for tumor treatment. Quant. Imaging Med. Surg. 2021, 11, 2837-2860. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ cancers18132063


https://doi.org/10.1016/s0140-6736(25)00403-9
https://www.ncbi.nlm.nih.gov/pubmed/40349714
https://doi.org/10.1016/j.jhep.2023.03.003
https://www.ncbi.nlm.nih.gov/pubmed/36933770
https://doi.org/10.1016/j.jhep.2025.10.020
https://www.ncbi.nlm.nih.gov/pubmed/41151697
https://doi.org/10.2147/jhc.S358658
https://www.ncbi.nlm.nih.gov/pubmed/35388358
https://doi.org/10.1111/ajco.13687
https://www.ncbi.nlm.nih.gov/pubmed/35289092
https://doi.org/10.1038/s41575-020-00395-0
https://www.ncbi.nlm.nih.gov/pubmed/33510460
https://doi.org/10.3389/fonc.2021.657512
https://www.ncbi.nlm.nih.gov/pubmed/35096555
https://doi.org/10.3389/fonc.2021.783480
https://www.ncbi.nlm.nih.gov/pubmed/34988019
https://doi.org/10.1200/jco.22.00392
https://www.ncbi.nlm.nih.gov/pubmed/35921605
https://doi.org/10.3389/fonc.2021.835889
https://www.ncbi.nlm.nih.gov/pubmed/35174073
https://doi.org/10.2147/jhc.S386672
https://www.ncbi.nlm.nih.gov/pubmed/36474670
https://doi.org/10.2147/jhc.S439001
https://www.ncbi.nlm.nih.gov/pubmed/38435682
https://doi.org/10.1038/s41392-022-01235-0
https://www.ncbi.nlm.nih.gov/pubmed/36750721
https://doi.org/10.1053/j.gastro.2015.12.041
https://www.ncbi.nlm.nih.gov/pubmed/26795574
https://doi.org/10.1016/s0140-6736(14)62038-9
https://www.ncbi.nlm.nih.gov/pubmed/25467588
https://doi.org/10.1016/j.annonc.2024.02.005
https://www.ncbi.nlm.nih.gov/pubmed/38382875
https://doi.org/10.1016/s1470-2045(21)00252-7
https://www.ncbi.nlm.nih.gov/pubmed/34143971
https://doi.org/10.1146/annurev-immunol-070621-030155
https://www.ncbi.nlm.nih.gov/pubmed/35471840
https://doi.org/10.17998/jlc.2022.03.28
https://www.ncbi.nlm.nih.gov/pubmed/37383404
https://doi.org/10.21037/qims-20-173
https://www.ncbi.nlm.nih.gov/pubmed/34079746
https://doi.org/10.3390/cancers18132063

Cancers 2026, 18, 2063 17 of 18

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Wang, L.; Lin, L.; Zhou, W. Efficacy and safety of transarterial chemoembolization combined with lenvatinib and PD-1 inhibitor
in the treatment of advanced hepatocellular carcinoma: A meta-analysis. Pharmacol. Ther. 2024, 257, 108634. [CrossRef] [PubMed]
Sangro, B.; Kudo, M.; Erinjeri, ].P,; Qin, S.; Ren, Z.; Chan, S.L.; Arai, Y.; Heo, J.; Mai, A.; Escobar, J.; et al. Durvalumab with
or without bevacizumab with transarterial chemoembolisation in hepatocellular carcinoma (EMERALD-1): A multiregional,
randomised, double-blind, placebo-controlled, phase 3 study. Lancet 2025, 405, 216-232. [CrossRef] [PubMed]

Kudo, M,; Ren, Z.; Guo, Y.; Han, G; Lin, H.; Zheng, J.; Ogasawara, S.; Kim, J.H.; Zhao, H.; Li, C.; et al. Transarterial chemoem-
bolisation combined with lenvatinib plus pembrolizumab versus dual placebo for unresectable, non-metastatic hepatocellular
carcinoma (LEAP-012): A multicentre, randomised, double-blind, phase 3 study. Lancet 2025, 405, 203-215. [CrossRef] [PubMed]
Moriguchi, M.; Kataoka, S.; Itoh, Y. Evolution of Systemic Treatment for Hepatocellular Carcinoma: Changing Treatment Strategies
and Concepts. Cancers 2024, 16, 2387. [CrossRef] [PubMed]

Su, X.; Yan, X.; Zhang, H. The tumor microenvironment in hepatocellular carcinoma: Mechanistic insights and therapeutic
potential of traditional Chinese medicine. Mol. Cancer 2025, 24, 173. [CrossRef] [PubMed]

Aleksandrova, K.; Bamia, C.; Drogan, D.; Lagiou, P.; Trichopoulou, A.; Jenab, M.; Fedirko, V.; Romieu, L.; Bueno-De-Mesquita,
H.B.; Pischon, T.; et al. The association of coffee intake with liver cancer risk is mediated by biomarkers of inflammation and
hepatocellular injury: Data from the European Prospective Investigation into Cancer and Nutrition. Am. J. Clin. Nutr. 2015, 102,
1498-1508. [CrossRef] [PubMed]

Witjes, C.D.; IJzermans, J.N.; van der Eijk, A.A.; Hansen, B.E.; Verhoef, C.; de Man, R.A. Quantitative HBV DNA and AST are
strong predictors for survival after HCC detection in chronic HBV patients. Neth. ]. Med. 2011, 69, 508-513. [PubMed]
Haybaeck, J.; Zeller, N.; Wolf, M.].; Weber, A.; Wagner, U.; Kurrer, M.O.; Bremer, ].; lezzi, G.; Graf, R.; Clavien, P-A.; et al.
A Lymphotoxin-Driven Pathway to Hepatocellular Carcinoma. Cancer Cell 2025, 43, 1968-1972. [CrossRef] [PubMed]
Villanueva, A.; Savic, R.; Llovet, ].M. Lymphotoxins: New targets for hepatocellular carcinoma. Cancer Cell 2009, 16, 272-273.
[CrossRef] [PubMed]

Kitayama, J.; Yasuda, K.; Kawai, K.; Sunami, E.; Nagawa, H. Circulating lymphocyte number has a positive association with
tumor response in neoadjuvant chemoradiotherapy for advanced rectal cancer. Radiat. Oncol. 2010, 5, 47. [CrossRef] [PubMed]
Liu, K.-J; Ly, Y.-X.; Niu, Y.-M,; Bu, Y. Prognostic value of y-glutamyl transpeptidase to albumin ratio combined with aspartate
aminotransferase to lymphocyte ratio in patients with hepatocellular carcinoma after hepatectomy. Medicine 2020, 99, e23339.
[CrossRef] [PubMed]

Zhao, L.-Y.; Yang, D.-D.; Ma, X.-K,; Liu, M.-M.; Wu, D.-H.; Zhang, X.-P.,; Ruan, D.-Y;; Lin, J.-X.; Wen, ].-Y.; Chen, ].; et al. The
Prognostic Value of aspartate aminotransferase to lymphocyte ratio and systemic immune-inflammation index for Overall
Survival of Hepatocellular Carcinoma Patients Treated with palliative Treatments. J. Cancer 2019, 10, 2299-2311. [CrossRef]
[PubMed]

Liao, M.; Sun, J.; Zhang, Q.; Tang, C.; Zhou, Y.; Cao, M.; Chen, T.; Hu, C.; Yu, J.; Song, Y.; et al. A Novel Post-Operative ALRI
Model Accurately Predicts Clinical Outcomes of Resected Hepatocellular Carcinoma Patients. Front. Oncol. 2021, 11, 665497 .
[CrossRef] [PubMed]

Yang, Z.; Zhang, ].; Lu, Y;; Xu, Q.; Tang, B.; Wang, Q.; Zhang, W.; Chen, S.; Lu, L.; Chen, X. Aspartate aminotransferase-lymphocyte
ratio index and systemic immune-inflammation index predict overall survival in HBV-related hepatocellular carcinoma patients
after transcatheter arterial chemoembolization. Oncotarget 2015, 6, 43090-43098. [CrossRef] [PubMed]

Oettl, K,; Birner-Gruenberger, R.; Spindelboeck, W.; Stueger, H.P.; Dorn, L.; Stadlbauer, V.; Putz-Bankuti, C.; Krisper, P.; Graziadei,
I.; Vogel, W.; et al. Oxidative albumin damage in chronic liver failure: Relation to albumin binding capacity, liver dysfunction and
survival. J. Hepatol. 2013, 59, 978-983. [CrossRef] [PubMed]

Hamoud, A.-R.; Weaver, L.; Stec, D.E.; Hinds, T.D. Bilirubin in the Liver-Gut Signaling Axis. Trends Endocrinol. Metab. 2018, 29,
140-150. [CrossRef] [PubMed]

Durand, E; Valla, D. Assessment of the prognosis of cirrhosis: Child-Pugh versus MELD. . Hepatol. 2005, 42, S100-5107.
[CrossRef] [PubMed]

Wang, Y.-Y.; Zhong, J.-H.; Su, Z.-Y.; Huang, ] -F; Lu, 5.-D.; Xiang, B.-D.; Ma, L.; Qi, L.-N.; Ou, B.-N; Li, L.-Q. Albumin-bilirubin
versus Child-Pugh score as a predictor of outcome after liver resection for hepatocellular carcinoma. Br. |. Surg. 2016, 103, 725-734.
[CrossRef] [PubMed]

Wang, J.; Zhang, Z.; Yan, X.; Li, M,; Xia, J.; Liu, Y,; Chen, Y;; Jia, B.; Zhu, L.; Zhu, C.; et al. Albumin-Bilirubin (ALBI) as an
accurate and simple prognostic score for chronic hepatitis B-related liver cirrhosis. Dig. Liver Dis. 2019, 51, 1172-1178. [CrossRef]
[PubMed]

Fujita, K.; Nomura, T.; Morishita, A.; Oura, K.; Yoneyama, H.; Kobara, H.; Tsutsui, K.; Himoto, T.; Masaki, T. Albumin-
Bilirubin Score Differentiates Liver Fibrosis Stage and Hepatocellular Carcinoma Incidence in Chronic Hepatitis B Virus Infection:
A Retrospective Cohort Study. Am. J. Trop. Med. Hyg. 2019, 101, 220-225. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/ cancers18132063


https://doi.org/10.1016/j.pharmthera.2024.108634
https://www.ncbi.nlm.nih.gov/pubmed/38499069
https://doi.org/10.1016/s0140-6736(24)02551-0
https://www.ncbi.nlm.nih.gov/pubmed/39798579
https://doi.org/10.1016/s0140-6736(24)02575-3
https://www.ncbi.nlm.nih.gov/pubmed/39798578
https://doi.org/10.3390/cancers16132387
https://www.ncbi.nlm.nih.gov/pubmed/39001448
https://doi.org/10.1186/s12943-025-02378-8
https://www.ncbi.nlm.nih.gov/pubmed/40495147
https://doi.org/10.3945/ajcn.115.116095
https://www.ncbi.nlm.nih.gov/pubmed/26561631
https://www.ncbi.nlm.nih.gov/pubmed/22279629
https://doi.org/10.1016/j.ccell.2025.08.005
https://www.ncbi.nlm.nih.gov/pubmed/41016394
https://doi.org/10.1016/j.ccr.2009.09.012
https://www.ncbi.nlm.nih.gov/pubmed/19800570
https://doi.org/10.1186/1748-717x-5-47
https://www.ncbi.nlm.nih.gov/pubmed/20525293
https://doi.org/10.1097/md.0000000000023339
https://www.ncbi.nlm.nih.gov/pubmed/33235099
https://doi.org/10.7150/jca.30663
https://www.ncbi.nlm.nih.gov/pubmed/31258733
https://doi.org/10.3389/fonc.2021.665497
https://www.ncbi.nlm.nih.gov/pubmed/34295811
https://doi.org/10.18632/oncotarget.5719
https://www.ncbi.nlm.nih.gov/pubmed/26506519
https://doi.org/10.1016/j.jhep.2013.06.013
https://www.ncbi.nlm.nih.gov/pubmed/23811308
https://doi.org/10.1016/j.tem.2018.01.002
https://www.ncbi.nlm.nih.gov/pubmed/29409713
https://doi.org/10.1016/j.jhep.2004.11.015
https://www.ncbi.nlm.nih.gov/pubmed/15777564
https://doi.org/10.1002/bjs.10095
https://www.ncbi.nlm.nih.gov/pubmed/27005482
https://doi.org/10.1016/j.dld.2019.01.011
https://www.ncbi.nlm.nih.gov/pubmed/30765220
https://doi.org/10.4269/ajtmh.19-0129
https://www.ncbi.nlm.nih.gov/pubmed/31115300
https://doi.org/10.3390/cancers18132063

Cancers 2026, 18, 2063 18 of 18

45.  Kim, K.-P; Kim, K.M.; Ryoo, B.-Y.; Choi, W.-M.; Cha, W.C; Kang, M.; Sinn, D.H.; Goh, M.].; Kim, D.Y.; Lee, M ] ; et al. Prognostic
Efficacy of the Albumin-Bilirubin Score and Treatment Outcomes in Hepatocellular Carcinoma: A Large-Scale, Multi-Center
Real-World Database Study. Liver Cancer 2024, 13, 610-628. [CrossRef] [PubMed]

46. Shi, Y.; Zhang, X.; Wong, T.; Yan, T.; Henry, L.; Cheung, R.; Nguyen, M.H. Sex Differences in Risk of Adverse Liver Events in
Patients with Cirrhosis. JAMA Netw. Open 2025, 8, €2523674. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ cancers18132063


https://doi.org/10.1159/000539724
https://www.ncbi.nlm.nih.gov/pubmed/39687041
https://doi.org/10.1001/jamanetworkopen.2025.23674
https://www.ncbi.nlm.nih.gov/pubmed/40720121
https://doi.org/10.3390/cancers18132063

	Introduction 
	Materials and Methods 
	Patient Cohort 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Variable Selection and Prognostic Factor Analysis 
	Development and Validation of the Prognostic Model and Risk Classification 
	Model Assumption Testing and Stability Analysis of Predictor Effects 
	Comparison with Existing Models 
	Subgroup Analysis 

	Discussion 
	Conclusions 
	References

