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Purpose: Primary liver cancer, predominantly hepatocellular carcinoma (HCC), constitutes a substantial global health challenge, 
characterized by a poor prognosis, particularly in regions with high prevalence of hepatitis B virus (HBV) infection, such as China. 
This study sought to develop and validate a machine learning-based prognostic model to predict survival outcomes in patients with 
HBV-related HCC following radical resection, with the potential to inform personalized treatment strategies.
Patients and Methods: This study retrospectively analyzed clinical data from 146 patients at Xinjiang Medical University and 75 
patients from The Cancer Genome Atlas (TCGA) database. A prognostic model was developed using a machine learning algorithm 
and evaluated for predictive performance using the concordance index (C-index), calibration curve, decision curve analysis (DCA), 
and receiver operating characteristic (ROC) curves.
Results: Key predictors for constructing the best model included body mass index (BMI), albumin (ALB) levels, surgical resection 
method (SRM), and the American Joint Committee on Cancer (AJCC) stage. The model achieved a C-index of 0.736 in the training set 
and performed well in both training and validation datasets. It accurately predicted 1-, 3-, and 5-year survival rates, with Area Under 
the Curve (AUC) values of 0.843, 0.797, and 0.758, respectively. Calibration curve analysis and Decision Curve Analysis (DCA) 
further validated the model’s predictive capability, suggesting its potential use in clinical decision-making.
Conclusion: The study highlights the importance of BMI, ALB, SRM, and AJCC staging in predicting HBV-related HCC outcomes. 
The machine learning model aids clinicians in making better treatment decisions, potentially enhancing patient outcomes.
Keywords: hepatocellular carcinoma, hepatitis B virus, machine learning, prognostic model

Introduction
Primary liver cancer is the sixth most common cancer and the third leading cause of cancer-related deaths worldwide, 
with hepatocellular carcinoma (HCC) accounting for 75% to 85% of cases.1 In 2022, approximately 865,000 new cases 
of liver cancer and 758,000 death cases were reported globally, with China accounting for 42.51% of the global incidence 
and 41.75% of the global mortality, highlighting the significant health burden of liver cancer in China.2,3 The main risk 
factors for liver cancer include chronic hepatitis B virus (HBV) infection, which is particularly prominent in China and 
Asia.4 In recent years, significant advancements have been made in the clinical treatment of HCC, including liver 
transplantation, ablation therapy, and systemic antitumor treatments. Concurrently, in-depth multi-omics studies, such as 
genomics and radiomics, have greatly enhanced our understanding of the molecular mechanisms of HCC, promoting the 
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modulation of the tumor immune microenvironment, the integration of imaging features with immune molecules, the 
fusion of traditional Chinese medicine with modern molecular biology, and the development of gene therapy.5–7 These 
studies have provided new scientific evidence for HCC treatment and paved new avenues for future research directions 
and clinical applications. However, radical resection remains key for long-term survival in patients with liver cancer, with 
a 5-year survival rate of only 30% for HCC patients, emphasizing the importance of studying various factors affecting 
survival after curative resection of HCC and implementing personalized interventions and treatment strategies.8,9 The 
development of postoperative predictive models is crucial for assisting clinicians in formulating more precise treatment 
plans and improving therapeutic outcomes.

Machine learning technology, by analyzing large-scale medical data (such as molecular markers, imaging data, and 
laboratory indicators), has shown tremendous potential in cancer diagnosis, prognosis assessment, and personalized 
treatment.10–13 This study utilized multiple machine learning algorithms to develop and validate a postoperative prog
nostic model for patients with HBV-related HCC, aiming to provide scientific evidence for personalized treatment 
strategies and decision support to improve patient outcomes.

Methods
Inclusion of Subjects
In this study, patients diagnosed with HCC and treated at the First Affiliated Hospital of Xinjiang Medical University 
between January 2013 and December 2018, as well as those with HCC documented in The Cancer Genome Atlas 
(TCGA) database, were selected for analysis.14 The cohort from the First Affiliated Hospital of Xinjiang Medical 
University was designated as the training set for the development of the prognostic nomogram. In contrast, the cohort 
from the TCGA database served as the validation set to evaluate the accuracy and generalizability of the model.

The inclusion criteria for the study were as follows: (1) Asian patients aged 18 years or older; (2) positive for hepatitis 
B surface antigen; (3) underwent radical resection; (4) clinical diagnosis of HCC prior to surgery with subsequent 
pathological confirmation of HCC post-surgery; (5) availability of comprehensive clinical data before, during, and after 
the surgical procedure.

The exclusion criteria included: (1) patients diagnosed with hepatitis A, hepatitis C, other hepatitis virus infections, or 
human immunodeficiency virus infection; (2) patients who had undergone chemotherapy, transcatheter arterial che
moembolization, radiation therapy, ablation treatment, systemic antitumor therapy, or similar interventions; (3) patients 
presenting with distant metastasis on preoperative imaging and classified as American Joint Committee on Cancer 
(AJCC) stage IV; (4) patients with a history of other malignancies; (5) patients with liver function classified as Child- 
Pugh class C; and (6) patients who died of non-tumor-related causes within one month post-surgery.

In this study, baseline data were systematically collected from the point of initial diagnosis of HCC. A comprehensive 
range of clinical parameters was gathered, including age, gender, HBV infection status, body mass index (BMI), family 
history of cancer, alpha-fetoprotein (AFP) levels, platelet count, total bilirubin levels, albumin (ALB) levels, creatinine 
levels, Child-Pugh liver function classification, AJCC stage, presence of vascular invasion (VI), surgical resection 
method (SRM), neoplasm histologic grade, albumin-bilirubin (ALBI) grade, and platelet-albumin-bilirubin (PALBI) 
grade. Furthermore, overall survival (OS) was defined as the interval from the date of surgery to either the date of follow- 
up or the date of patient death. The follow-up period ended on October 31, 2022.

The biological characteristics of tumors, such as tumor size, multifocality, the presence of liver cirrhosis as 
a comorbidity, and the existence of satellite nodules, are recognized prognostic factors for HCC and are associated 
with patients’ progression-free survival and OS.15–17 Although this study systematically collected the aforementioned 
baseline parameters, it was found during data integration that the TCGA database lacks standardized records for such 
tumor biological features. Notably, the AJCC staging system has integrated some key tumor biological information. To 
ensure the usability of cross-database data, this study ultimately decided to forgo the additional indicators and construct 
the prognostic model using only the common variables. Although this strategy may somewhat diminish the model’s 
discriminative power, the model based on standardized indicators can still provide generalized references for treatment 
decision-making.
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In this study, we utilized various combinations of seven machine learning algorithms—Cox Gradient Boosting 
(CoxBoost), Supervised Principal Components (SuperPC), Partial Least Squares Regression for Cox Models and 
Related Techniques (plsRcox), Stepwise Cox Regression (StepCox), Least Absolute Shrinkage and Selection Operator 
(Lasso), Survival Support Vector Machine (survivalSVM), and Ridge Regression (Ridge)—to construct prognostic 
models for patients with HBV-related HCC.18 To assess the predictive performance of these models, we employed the 
concordance index (C-index) to analyze and identify the optimal model-incorporated variables as prognostic factors. 
Subsequently, we developed a novel nomogram to estimate the 1-, 3-, and 5-year survival rates of patients. To determine 
the accuracy and reliability of the nomogram, we utilized several statistical methods, including the C-index, calibration 
curves generated through 1000 bootstrap resampling, decision curve analysis (DCA), and receiver operating character
istic (ROC) curve analysis. In the description of fundamental characteristics, categorical variables are presented as 
frequencies (n) and percentages (%), and comparisons are made using the chi-squared test (χ²-test) or Fisher’s exact test. 
For continuous variables that do not follow a normal distribution, the median (range) is provided. Where appropriate, the 
t-test or Mann–Whitney U-test was employed for analysis. All statistical analyses were conducted using R software 
version 4.4.1 and SPSS software version 26.0. A P-value of less than 0.05 was considered statistically significant.

Results
Subject Characteristics
After strict application of the inclusion and exclusion criteria, a total of 146 patients with HBV-related HCC who 
underwent partial hepatectomy at the First Affiliated Hospital of Xinjiang Medical University were eligible for this study. 
Simultaneously, 75 patients were selected from a cohort of 378 hCC patients in the TCGA database and included in the 
analysis. The study flow chart is presented in Figure 1, and the baseline clinical and pathological characteristics of the 
subjects are comprehensively detailed in Table 1. Additional unique features of the subjects in the training cohort are 
included in Supplementary Material Table S1. In the training cohort, the median follow-up duration for the subjects was 
44.50 months, ranging from 26.00 to 72.00 months. The OS rates at 1-year, 3-year, and 5-year intervals were 85.62%, 
69.01%, and 53.16%, respectively. Conversely, in the validation cohort, the median survival duration was 26.63 months, 
ranging from 15.69 to 52.71 months. The 1-year, 3-year, and 5-year OS rates for patients in the validation cohort were 
94.45%, 88.59%, and 83.67%, respectively.

Predictive Model Characteristics
The optimal model was identified through an analysis of the C-index and its average values across both the training and 
validation datasets of the machine learning model (Figure 2). Specifically, it was observed that the models integrating 
CoxBoost with plsRcox, Lasso with plsRcox, and StepCox with plsRcox showed consistent performance. The C-index 
values for these models were 0.736, 0.629, and 0.682 for the training set, validation set, and the average of the two sets, 
respectively. Among these models, BMI, ALB, SRM, and the AJCC stage have been identified as the four key variables 
for predicting the survival time of HCC patients. Furthermore, univariate and multivariate Cox regression analyses were 
conducted within the training cohort, yielding results that were unexpectedly consistent with those of the aforementioned 
model analysis (Supplementary Material Table S2). This consistency further substantiates the significance of these 
variables.

Construction and Validation of Nomograms
Based on the identified factors, a nomogram was developed to predict 1-, 3-, and 5-year survival rates for patients with 
HBV-related HCC (Figure 3A). In the training cohort, the nomogram demonstrated a C-index of 0.736, reflecting a high 
level of predictive accuracy. The total score for each patient was calculated using the nomogram, and the cohort was 
subsequently stratified into high-risk and low-risk groups based on the median score. The survival duration of the low- 
risk cohort was significantly longer compared to that of the high-risk cohort across all groups (training cohort: P < 0.001, 
validation cohort: P = 0.036) (Figure 3B and C), thereby validating the efficacy of the nomogram. Calibration curve 
analysis indicated that within the training cohort (Figure 4A), the observed outcomes closely matched the survival rates 
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projected by the nomogram at 1, 3, and 5 years. DCA, as illustrated in Figure 4B, demonstrated that the net benefit of the 
nomogram exceeded that of both the “all treatment” and “no treatment” strategies, highlighting its potential utility in 
clinical decision-making. Additionally, the ROC curves, generated using the timeROC package in R software, confirmed 
the predictive capability of the nomogram. Specifically, the Area Under the Curve (AUC) values of the nomogram- 
related ROC curves for the training cohort were 0.843, 0.797, and 0.758 for 1-year, 3-year, and 5-year survival rates, 
respectively (Figure 4C), indicating strong performance in survival prediction. Subsequent analysis revealed that the 
AUC value of the nomogram for predicting 1-year survival was 0.843, surpassing the AUC values of individual clinical 
characteristics, including BMI, ALB, SRM, and the AJCC staging system, which were 0.619, 0.649, 0.734, and 0.719, 
respectively (Figure 4D).

Discussion
The global incidence and mortality rates of HCC continue to rise,1,19 with major risk factors including HBV and Hepatitis 
C Virus infections, excessive alcohol consumption, and exposure to aflatoxins. HBV infection is the leading cause of 
HCC worldwide, especially in China, East Asia, and Africa, where HBV-related HCC cases account for up to 80%.4 

Although HBV vaccination programs have significantly reduced the annual incidence and the number of new cases in 
China, there are still hundreds of thousands of new cases and deaths each year.2 HCC patients can choose from a variety 
of treatment options, including liver transplantation, surgical resection, radiofrequency ablation, transarterial 

Figure 1 The flow chart of patients in TCGA database was selected according to the exclusion criteria.
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Table 1 Characteristics of the Cohorts

Variable Training Cohort Validation Cohort P
146 75

Gender 0.79

Female 29 (19.86%) 13 (17.33%)
Male 117 (80.14%) 62 (82.67%)

Age 1.00

<60 104 (71.23%) 53 (70.67%)
≥60 42 (28.77%) 22 (29.33%)

BMI 24.05 (21.90–26.10) 24.13 (22.31–25.28) 0.84

AFP 0.39
≤20 61 (41.78%) 36 (48.00%)

>20 - ≤400 48 (32.88%) 18 (24.00%)

>400 37 (25.34%) 21 (28.00%)
Total Bilirubin 0.84

Normal 135 (92.47%) 68 (90.67%)

Higher_than_normal 11 (7.53%) 7 (9.33%)
ALB 0.05

Normal 88 (60.27%) 56 (74.67%)
Below_normal_values 58 (39.73%) 19 (25.33%)

Platelet 0.13

Normal 95 (65.07%) 57 (76.00%)
Below_normal_values 51 (34.93%) 18 (24.00%)

Creatinine 0.60

Normal 126 (86.30%) 62 (82.67%)
Below_normal_values 20 (13.70%) 13 (17.33%)

Child-Pugh Classification 0.88

A 136 (93.15%) 71 (94.67%)
B 10 (6.85%) 4 (5.33%)

Vascular Invasion 0.01

None 109 (74.66%) 55 (73.33%)
Micro 19 (13.01%) 18 (24.00%)

Macro 18 (12.33%) 2 (2.67%)

Surgical Resection Method 0.00
Segmentectomy_Single 60 (41.10%) 21 (28.00%)

Segmentectomy_Multiple 24 (16.44%) 20 (26.67%)

Lobectomy 32 (21.92%) 32 (42.67%)
Extended_Lobectomy 30 (20.55%) 2 (2.67%)

Neoplasm Histologic Grade 0.00

G1/2 98 (67.12%) 28 (37.33%)
G3/4 48 (32.88%) 47 (62.67%)

AJCC 0.49

Stage I 105 (71.92%) 54 (72.00%)
Stage II 25 (17.12%) 16 (21.33%)

Stage III 16 (10.96%) 5 (6.67%)

ALBI 0.74
1 88 (60.27%) 48 (64.00%)

2 57 (39.04%) 26 (34.67%)

3 1 (0.68%) 1 (1.33%)
PALBI 0.66

1 79 (54.11%) 43 (57.33%)

2 53 (36.30%) 23 (30.67%)
3 14 (9.59%) 9 (12.00%)

Abbreviations: BMI, body mass index; AFP, alpha-fetoprotein; ALB, albumin; AJCC, American Joint Committee 
on Cancer; ALBI, albumin-bilirubin; PALBI, platelet-albumin-bilirubin;
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chemoembolization, and systemic therapy.20 Surgical resection, as the main treatment for long-term patient survival, is 
limited by conditions and not all patients can undergo it.21 The poor prognosis of HCC is mainly attributed to high 
recurrence rates and low cumulative survival rates, with late diagnosis limiting the feasibility of therapeutic interventions. 
However, advances in systemic therapies and neoadjuvant treatments have provided the possibility of surgical resection 
for some patients who were previously inoperable, increasing the likelihood of long-term survival.22,23 The development 
of personalized postoperative treatment strategies is crucial for optimizing patient outcomes, requiring the assessment of 
various factors including tumor staging and liver function. Advances in detection technology have facilitated the 
application of genetic testing, immune microenvironment markers, tumor microbiota, and exosomes in the development 
of predictive models, offering new prospects for personalized treatment and prognosis assessment of HCC.24–26 

However, the availability of these complex detection technologies is limited in remote areas and primary healthcare 
facilities, restricting their application. Therefore, the development of predictive models relying on routine clinical 
laboratory indicators is particularly important.

The integration of machine learning technology in clinical oncology has improved the accuracy of prognosis 
prediction for cancer patients, provided information for the development of personalized treatment plans, and simplified 
clinical workflows.10–13 It is anticipated that with continued technological advancements and clinical validation, the role 
of machine learning in cancer treatment will become increasingly significant. This study utilizes machine learning 
technology to develop a prognostic model as a tool to elucidate the prognosis of HBV-related HCC patients, enhancing 
the precision of clinical decision-making and potentially providing more personalized and effective treatment strategies 
for patients.

In this study, we identified BMI, ALB, SRM, and AJCC stage as significant prognostic risk factors for HBV-related 
HCC based on clinical practice. The incorporation of these variables enhances the predictive accuracy of the model and 
offers clinicians a more precise prognostic assessment tool. In recent years, the association between obesity, metabolic 
syndrome, and liver cancer has garnered increasing attention. BMI, as a critical indicator of obesity, has been extensively 
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Figure 2 Comparison of C-index among Prognostic models created by various algorithm combinations.
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Figure 3 Nomogram model for predicting 1-, 3- and 5-year OS in patients with HCC (A). The nomogram is used by summing all the points determined by each variable on 
the scale. The total score projected on the bottom scale represents the probability of 1-, 3- and 5-year survival. The Kaplan-Meier curve of OS of patients with HCC in the 
training cohort (B) and the verification cohort (C).
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examined in numerous studies. Obesity and overweight have been demonstrated to increase the risk of HCC.27,28 The 
substantial correlation between adult weight gain and the risk of HCC may be attributable to heightened insulin 
resistance, inflammation, and oxidative stress.27 In individuals with cirrhosis, obesity may further exacerbate the risk 
of HCC by disrupting protein homeostasis and amino acid metabolism.29 Other studies have demonstrated a significant 
association between BMI and the risk of HCC in men, indicating a 30% increase in HCC risk per 5 kg/m² increase in 
BMI. Conversely, this association is not statistically significant in women, potentially due to the higher accumulation of 
visceral fat in men compared to women.30,31 Regarding prognosis, patients with HCC and a high body mass index (BMI 
≥ 25.0 kg/m²) exhibit a lower survival rate compared to those with a normal BMI (18.5–24.9 kg/m²). Post liver resection, 
individuals with elevated BMI are at an increased risk of complications, including bleeding and infection, as well as 
adverse events such as perioperative blood transfusion and extended postoperative hospital stays. These complications 
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are frequently associated with comorbid conditions such as diabetes, fatty liver disease, and non-alcoholic 
steatohepatitis.32 Simultaneously, a low BMI (defined as BMI < 18.5 kg/m²) poses similar challenges for patients, 
although due to different underlying factors. A low BMI is often correlated with sarcopenia and reduced albumin levels, 
which can impair the regenerative capacity of the remaining liver and diminish the body’s immune function, thereby 
weakening the patient’s ability to manage physiological stress.33,34 However, other studies have reported no significant 
differences between high BMI and normal BMI with respect to postoperative complication rates and postoperative 
mortality rates.35 This lack of significant difference may be attributable to the inclusion of patients with low BMI within 
the “normal BMI” category, thereby mitigating any disparities when compared to patients with high BMI. In the context 
of liver transplantation, numerous studies have investigated the relationship between BMI and transplantation outcomes. 
Currently, there is no definitive evidence to suggest that BMI significantly influences the recurrence rate or long-term 
survival of patients following transplantation for HCC.36 We are considering whether the BMI of the donor may affect 
the quality of the liver and thus the recurrence rate and survival rate of the recipient after transplantation, but there is 
currently a lack of relevant research to draw a definitive conclusion.

Albumin serves as a critical biomarker for evaluating the nutritional and immune status of patients. Traditionally, the 
Child-Pugh score system has been widely used as a primary indicator for predicting postoperative complications in liver 
disease. However, recent advancements in the prognostic assessment of liver cancer have led to the development of 
various novel scoring systems, including the ALBI, PALBI, and age-male-ALBI-platelets score.37 These emerging 
systems prominently incorporate albumin as a core component, highlighting its pivotal role in assessing the risk 
associated with liver cancer. Research indicates that ALB exhibits direct growth-inhibitory properties across various 
malignancies, notably HCC and breast cancer. Concurrently, ALB levels are closely associated with survival outcomes in 
liver cancer patients, with decreased ALB levels typically signifying a poor prognosis.38,39 In numerous clinical cohort 
studies of HCC, low ALB levels have been inversely correlated with invasive characteristics of liver cancer, such as 
increased tumor diameter, higher incidence of portal vein thrombosis, multiple tumor foci, and elevated AFP levels, all of 
which contribute to a worse prognosis for HCC patients.40 Other studies have demonstrated that the supplementation of 
albumin in the culture medium of HCC cell lines can attenuate cell proliferation and reduce AFP production. Conversely, 
diminished levels of albumin may facilitate the migration and invasion of HCC cells by upregulating the expression of 
urokinase-type plasminogen activator receptor and matrix metalloproteinases.41 Although the precise mechanisms by 
which albumin influences HCC progression remain to be elucidated, these findings emphasize the significance of albumin 
in the prognosis and treatment of HCC.

Our findings indicate that surgical resection and the AJCC staging are significant prognostic factors for HBV-related 
HCC. Specifically, the study revealed that an increased extent of surgical resection and a higher AJCC stage correlate 
with a decreased overall survival rate in patients. This observation may be attributable to the propensity for larger tumors 
to exhibit vascular invasion and multiple lesions, as well as an elevated risk of distant metastasis.42,43 Furthermore, 
insufficient residual liver function post-resection remains a critical concern. Resection of larger tumors leads to 
a diminished residual liver volume, thereby elevating perioperative morbidity and reducing overall survival rates.44 

Despite variability in the tumor size thresholds across different studies, the conclusions remain largely consistent. Several 
authors have undertaken comprehensive investigations into solitary HCC in patients with cirrhosis.45 For instance, Lang 
et al demonstrated that for tumors with diameters ranging from 3 to 5 cm, extensive hepatectomy was associated with 
improved disease-free survival and overall survival.46 However, Dahiya et al did not identify a significant difference 
between the two groups; it did, however, reveal that patients in the small resection group exhibited more severe liver 
disease (P = 0.005).47 We hypothesize that the increased severity of liver disease in the small resection group may have 
mitigated the differences in final outcomes between the two groups. Additionally, the tumor’s location is a critical 
determinant in selecting the type of surgical resection and significantly influences the patient’s prognosis. Numerous 
studies have demonstrated that tumors situated on the left side of the liver are associated with lower OS and recurrence- 
free survival rates compared to those on the right side.48 Tang et al proposed that recurrence following liver resection for 
HCC predominantly occurs intrahepatically. They suggested that left-sided HCCs result in a larger residual liver volume 
post-resection and may have narrower resection margins, thereby elevating the risk of recurrence.46 Despite the 
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limitations of the traditional AJCC TNM staging system in prognosticating cancer patients, it is widely recognized as 
a key component of the new prognostic model and remains integral to the assessment of HCC prognosis.

Although several nomograms have been developed to predict the prognosis of HCC, models specifically tailored for 
HBV-related HCC remain scarce.49,50 For instance, in the study conducted by Su et al, the C-index of the training set 
achieved a value of 0.743, while the AUC values for predicting 1-year and 3-year survival rates were 0.784 and 0.779, 
respectively.49 Our study demonstrated a comparable C-index to that of Su et al, but exhibited superior AUC values, 
suggesting that our model possesses enhanced predictive performance. It is important to note that the study conducted by 
Su et al did not specifically include patients with HCC who had undergone radical resection. Conversely, the C-index of 
the nomogram developed by Mo et al for patients with HCC post-radical resection was 0.680, a value that is notably 
lower than that of our model.50 Emphasis should be placed on the fact that this study is primarily based on a specific 
patient population associated with HBV-related HCC. Therefore, the applicability of the model in patients with HCC not 
triggered by HBV infection or in other populations still needs further validation. In China, the main cause of HCC is 
HBV infection, while in other regions, HCC is more often caused by HCV infection or alcoholic liver disease, which may 
lead to significant differences in tumor characteristics among patients. Thus, the applicability of this model may be 
stronger among Chinese patients, but its application in other regions still requires further confirmation through external 
validation. Furthermore, there may be differences in the predictive effectiveness of the model for patients of different 
genders due to the varying roles of BMI in the pathogenesis of HCC. Studies have shown that BMI exhibits a more 
significant correlation in male HCC patients, while its impact is less pronounced in female patients.30,31 This phenom
enon indicates that future research needs to pay more attention to the potential impact of gender differences on the 
predictive performance of the model and further optimize the model to adapt to the characteristics of different patient 
groups.

Although our study provides valuable insights, it is important to recognize its inherent limitations. First, as a retrospective 
study, the possibility of selection bias cannot be completely ruled out, which may affect the generalizability and applicability 
of the findings. Second, while we analyzed independent datasets from our center and the TCGA database, both have limited 
sample sizes, and differences in baseline information may lead to decreased performance of the model on the validation set. 
To mitigate these shortcomings, we employed cross-validation; however, the statistical power and extrapolative capacity of 
the model remain constrained. Lastly, it is important to note that the data sets utilized in our study were derived from earlier 
years. Given the recent widespread adoption of advanced surgical techniques, such as laparoscopic and robotic liver 
resection, in the treatment of HCC, the applicability of our prediction model in contemporary clinical practice may be 
limited. To address these limitations, we hope that future research endeavors collect data from a broader range of centers, 
incorporating larger sample sizes and more comprehensive indicators. The acquisition of such data will facilitate the further 
validation and optimization of our model, thereby enhancing its predictive accuracy and clinical relevance. We posit that 
through the continuous refinement and updating of the model, we can offer clinicians more precise and personalized decision 
support for treatment, especially in the context of managing HBV-related HCC.

Conclusions
Our machine learning-based models, which incorporate BMI, ALB level, surgical resection status, and the AJCC staging 
nomogram, demonstrated strong performance in predicting survival outcomes following radical resection of HBV-related 
HCC. These models provide precise prognostic evaluations for this patient cohort, thereby assisting clinicians in making 
informed clinical decisions.
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