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Background: Hepatocellular carcinoma (HCC) remains poor, and inflammatory markers have emerged as potential predictors. This 
study aimed to develop and validate a nomogram for predicting overall survival (OS) in patients with HCC after radical hepatectomy 
by integrating inflammatory markers with clinicopathological factors.
Methods: We retrospectively analyzed patients with HCC who underwent radical hepatectomy at the Guangdong Provincial People’s 
Hospital between 2014 and 2018. The patients were randomly assigned (2:1 ratio) to the training and validation cohorts. Independent 
prognostic factors were identified using univariate and multivariate Cox regression analyses to construct a nomogram. The perfor
mance of the model was assessed using ROC, calibration, and decision curve analysis (DCA) and compared with established staging 
systems (AJCC 8th edition TNM, BCLC, and CNLC).
Results: The training and validation cohorts included 242 and 121 patients, respectively. Aspartate aminotransferase-to-platelet ratio 
index (APRI), systemic inflammation response index (SIRI), and microvascular invasion (MVI) were identified as independent 
prognostic factors (P < 0.05). In the training cohort, the nomogram achieved AUCs of 0.837, 0.778, and 0.793 for the 1-, 3-, and 
5-year OS, respectively. The corresponding AUCs in the validation cohort were 0.712, 0.746, and 0.746, respectively. The calibration 
curves and DCA confirmed the robust predictive ability of the model. The nomogram AUCs were significantly higher than those of all 
staging systems (P < 0.05).
Conclusion: The proposed nomogram, incorporating APRI, SIRI, and MVI, effectively predicts OS in patients with HCC following 
radical resection and outperforms conventional staging systems.
Keywords: hepatocellular carcinoma, inflammatory markers, microvascular invasion, nomogram, prognosis

Introduction
Liver cancer, a globally significant malignancy, is the second most frequent cause of cancer-related mortality in China, 
accounting for >50% of worldwide incident cases annually.1 Hepatocellular carcinoma (HCC) is the predominant 
histopathological subtype of primary liver malignancy, accounting for >75% of global cases.2 Currently, a wide range 
of treatment options is available for treating HCC. Although recent basic research has found that ferroptosis and 
pyroptosis can inhibit HCC cells,3,4 radical resection remains the most effective therapeutic approach for patients with 
early stage liver cancer.5 However, despite undergoing radical surgery, most HCC patients still have poor overall survival 
outcomes.6 Therefore, developing and validating a model capable of predicting the prognosis of patients with HCC is of 
significant clinical importance.

Currently, the Barcelona Clinical Liver Cancer (BCLC) staging system, American Joint Committee on Cancer 
(AJCC) staging system (TNM), and Chinese National Liver Cancer (CNLC) staging system are the primary clinical 
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scoring systems used to assess prognosis in patients (HCC) patients.7–9 However, these systems are primarily based on 
anatomical and hepatic function characteristics and fail to adequately incorporate molecular or immunological markers 
reflecting the biological behavior of the tumor. Recent literature suggests that inflammatory markers may serve as 
predictors of overall postoperative survival in patients.10–12 In recent years, prognostic models based on inflammatory 
biomarkers have shown potential. However, most existing models exhibit significant limitations: some validate the 
prognostic value of a single marker, but lack clinical utility; others rely on small-sample, single-center data, raising 
questions about their generalizability, or failing to demonstrate significant advantages over standard staging systems in 
model comparisons. For example, the platelet-to-lymphocyte ratio (PLR) is an independent risk factor for extrahepatic 
metastasis following radical hepatocellular carcinoma resection.13 Similarly, the Xiangya Hospital team discovered that 
the Prognostic Nutritional Index (PNI) and Systemic Inflammatory Index (SII) can predict HCC patient outcomes.14 

Although Guo et al successfully demonstrated the predictive value of inflammatory markers for early postoperative 
recurrence in hepatitis B-associated hepatocellular carcinoma,15 the predictive efficacy of these markers for long-term 
overall survival and distant recurrence (eg, 2–5 years postoperatively) remains unclear. We aimed to integrate these 
scattered, known indicators with key pathological features through multivariate Cox regression analysis to construct 
a visual, user-friendly nomogram prediction tool. This enables clinicians to input specific parameters for individual 
patients with HCC and directly calculate their precise survival probability, guide adjuvant therapy, and follow-up 
intensity.

Methods
Study Design and Patients
This retrospective study analyzed patients with HCC who underwent radical hepatectomy at the Department of 
Hepatobiliary Surgery at Guangdong Provincial People’s Hospital from 2014 to 2018. The inclusion criteria were as 
follows: (1) histopathological confirmation of hepatocellular carcinoma via preoperative biopsy or postoperative speci
men based on the Asia-Pacific Clinical Practice Guidelines on the management of HCC;16 (2) surgical resection margin 
exceeding 1 cm from the tumor edge with no significant residual lesions at the first postoperative follow-up; (3) Child- 
Pugh grade A or B. Exclusion criteria: (1) cholangiocarcinoma, mixed hepatocellular carcinoma, or metastatic carcinoma 
originating from other organs; (2) prior neoadjuvant therapy; (3) concomitant malignant tumors; and (4) incomplete 
clinical information or loss to follow-up. Ultimately, 363 patients with HCC were enrolled in this study. The final cohort 
was randomly assigned in a 2:1 ratio to training and validation groups. The patient selection and randomization process 
are illustrated in Figure 1.

Data Collection
The clinical and pathological factors potentially influencing the prognosis of patients with HCC who underwent curative 
surgery were collected by retrieving medical records from our hospital. Clinical parameters included age, gender, history 
of hepatitis B virus infection, alpha-fetoprotein (AFP), neutrophil count (×109/L), lymphocyte count (×109/L), monocyte 
count (×109/L), platelet count (PLT, ×109/L), prothrombin time (PT), total bilirubin (TB), alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), gamma-glutamyl transpeptidase (γ-GGT), albumin (g/L), and fibrinogen.

Preoperative imaging characteristics primarily included the tumor number, maximum tumor diameter, macroscopic 
venous or biliary tumor thrombus, distant organ invasion, and ascites. Postoperative pathological factors included 
Edmondson staging, microvascular invasion (MVI), and tumor capsule integrity.

Definition of Inflammatory Markers
The neutrophil-to-lymphocyte ratio (NLR),17 platelet-to-lymphocyte ratio (PLR), γ-glutamyltransferase/platelet ratio 
(GPR), AST-to-platelet ratio index (APRI), preoperative prognostic nutritional index (PNI) = 5 × lymphocyte count 
(109/L) + albumin (g/L),18 fibrinogen/lymphocyte ratio (FLR), AST-to-neutrophil ratio index (ANRI), systemic immune- 
inflammation index (SII) = platelet count × neutrophil count/lymphocyte count,19 and systemic inflammation response 
index (SIRI) = neutrophil count × monocyte count/lymphocyte count.
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Follow-Up
All patients undergoing radical hepatocellular carcinoma resection received outpatient and telephone follow-up. The first 
postoperative review occurred within one month; subsequent reviews were conducted every three months for the first five 
years post-surgery; thereafter, reviews were scheduled every six months. Follow-up assessments included biochemical 
function, tumor markers, hepatitis B virus (HBV) DNA, complete blood count, coagulation parameters, and contrast- 
enhanced CT or MR imaging (MRI). The primary survival outcome was overall survival (OS). OS was defined as the 
time interval from the date of surgery to the last follow-up visit or the time of death.

Nomogram Construction and Validation
Univariate Cox regression analysis was performed to identify variables that could potentially affect the prognosis. These 
variables were then incorporated into the multivariate Cox regression analysis to determine the independent prognostic 
factors. The nomogram was developed based on the results of multivariate Cox proportional hazards regression analysis. 
The model took the form of a linear predictor (LP), calculated as follows: LP = (βAPRI × APRI value) + (βSIRI × SIRI 
value) + (βMVI × MVI status), where β represents the regression coefficient for each variable derived from the multi
variate Cox model. This linear predictor corresponds to the log of the hazard ratio for each patient. The “rms” package in 
R was used to graphically represent the model as a nomogram, which translates the complex regression equation into 
a user-friendly scoring system. In the nomogram, each predictor is assigned a point scale; the points for all predictors are 
summed to obtain a total point score, which is then projected to the bottom scales to estimate the probability of 1-, 3-, and 
5-year overall survival. Receiver operating characteristic (ROC) curves were plotted, and the area under the curve (AUC) 
was calculated to assess the predictive capability of the nomogram. Calibration curves were plotted to evaluate the 
consistency between the observed and predicted diagnoses.20 Decision curve analysis (DCA) was performed to further 
determine the clinical applicability of the nomogram by quantifying the net benefit as the threshold probability 
increased.21 We selected five representative machine-learning algorithms commonly used in medical prognosis prediction 
as comparative benchmarks: logistic regression (LR), decision tree (DT), naive Bayes (NB), support vector machine 

Figure 1 Screening and randomization process of study samples.
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(SVM), and gradient boosting (GB).22 We compared the AUC values, sensitivity, and specificity of all models for 
predicting 1-year, 3-year, and 5-year overall survival.

Statistical Analysis
Continuous variables following a normal distribution were analyzed using unpaired Student’s t-test. For non-normally 
distributed data, the Mann–Whitney U-test was used. Categorical variables were compared using Pearson’s chi-squared 
test or Fisher’s exact test. Risk scores were calculated for all patients with HCC in this study based on the nomogram, 
categorizing patients into high-, intermediate-, and low-risk groups according to their scores. Survival analysis among 
different risk groups was conducted by plotting Kaplan-Meier curves, and survival differences were validated using the 
Log rank test. All statistical analyses were performed using R software (version 4.1.0, http://www.r-project.org/). 
Statistical significance was set at P < 0.05, and all tests were two-sided.

Results
Patient Characteristics
The median follow-up duration for 363 patients was 36 months, with 76 deaths recorded at the end of the follow-up. The 
mean age was 54.05 ± 11.33 years. The numbers of patients classified as BCLC-0, BCLC-A, BCLC-B, and BCLC-C 
stages were 50, 241, 32, and 40, respectively. Among the 363 patients, postoperative pathology indicated the presence of 
MVI in 30%. Further analysis demonstrated balanced baseline characteristics between training and validation cohorts. 
Table 1 summarizes the baseline characteristics of the patients in this retrospective study.

Univariate and Multivariate Cox Analysis of Prognosis After Radical Surgery in 
Hepatocellular Carcinoma Patients
In the training cohort, univariate retrospective analysis of the aforementioned inflammatory markers and clinical- 
pathological variables indicated that AFP, NLR, APRI, SIRI, and MVI were associated with prognosis in patients with 
HCC undergoing radical surgery (P < 0.05), whereas BCLC classification, tumor capsule integrity, and Edmondson 
classification were not associated with prognosis (P > 0.05). We further incorporated these prognostic factors into 
multivariate regression analysis. Results identified APRI (HR: 1.60; 95% CI: 1.12–2.28; P < 0.01), SIRI (HR: 1.70; 95% 
CI: 1.13–2.54; P < 0.01), and MVI (HR: 2.33; 95% CI: 1.23–4.40; P < 0.01) as independent risk factors for HCC 
prognosis. The detailed results are presented in Table 2.

Development and Validation of a Nomogram Model for HCC Prognosis Prediction
Three independent predictors identified by multivariate analysis were incorporated to construct a prognostic nomogram 
(Figure 2). The nomogram operates by assigning a score to each variable on a point scale (top axis). For a given patient, 
the points for their APRI, SIRI, and MVI status were summed to yield a total point value. This total score is then 
projected downward to the corresponding survival probability axes at the bottom, providing individualized predictions 
for 1-, 3-, and 5-year overall survival. For instance, a patient with elevated APRI and SIRI values combined with the 
presence of MVI would accumulate a high total score, indicating a low probability of survival. We further plotted ROC 
curves and calculated AUC to evaluate the predictive capability of the nomogram. Notably, in the training cohort, the 1-, 
3-, and 5-year AUC values of this novel nomogram were 0.837, 0.778, and 0.793, respectively (Figure 3A). In the 
validation cohort, the AUC values for the new nomogram at 1, 3, and 5 years were 0.712, 0.746, and 0.746, respectively 
(Figure 3B).

The AUC values indicate that our predictive model had good sensitivity and specificity. Calibration curves demon
strated that the predicted HCC prognosis probabilities from the nomogram were closely aligned with actual HCC 
outcomes in both the training group (mean absolute error = 0.023) and the validation group (mean absolute error = 
0.035) (Figure 4). Furthermore, when the risk threshold exceeded 0.25 in both cohorts, our nomogram model provided 
a standardized net clinical benefit for patients with HCC (Figure 5A and B). Moreover, our nomogram model 
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demonstrated predictive performance comparable to the aforementioned complex machine learning algorithms in the 
total cohort. Detailed comparative data are summarized in Table 3.

Patients with HCC were stratified into low-, intermediate-, and high-risk groups based on their nomogram scores. 
Survival curves demonstrated significant differences in overall survival among the three subgroups (Figure 6A, all P < 
0.001). Finally, comparing our nomogram model with internationally prevalent HCC staging systems, time-ROC analysis 
revealed that our nomogram demonstrated significantly higher AUC values than the AJCC 8th Edition TNM, BCLC, and 
CNLC staging systems (all P < 0.05; Figure 6B).

Table 1 Baseline Characteristics of Patients with Included HCC

Variable Entire Group (n=363) Training Group (n=242) Validation Group (n=121) P-Value

Age (years old) 54.05±11.33 54.15 ± 11.03 53.86 ± 11.93 0.821
Sex 0.311

Female 45(12.4%) 33(13.6%) 12 (9.9%)

Male 318(87.6%) 209 (96.4%) 109 (90.1%)
NLR 1.86(1.41, 2.53) 1.8(1.39, 2.52) 1.91(1.43, 2.63) 0.591

PLR 99.53(74.89, 140.39) 95.96(74.14, 132.5) 104.5(82.4, 146.87) 0.104

GPR 0.3(0.26, 0.40) 0.32(0.18, 0.64) 0.27(0.15, 0.57) 0.131
APRI 0.59(0.39, 0.93) 0.60(0.38, 0.92) 0.55(0.35, 0.96) 0.666

PNI 37.8(35.03, 40.61) 37.86(34.81, 40.8) 37.80(35.31, 40.06) 0.858
FLR 1.91(1.40, 2.64) 1.85(1.40, 2.68) 2.06(1.14, 2.63) 0.328

SII 316.93(209.54, 529.08) 312.94(206.74, 491.98) 345.10(223.40, 553.58) 0.514

SIRI 0.93(0.63,1.41) 0.95(0.59, 1.45) 0.90(0.67, 1.32) 0.840
ANRI 11.08(7.40, 18) 10.92(7.35, 18.18) 11.88(7.47, 16.91) 0.729

AFP 40.5(4.81, 528.9) 40.43(5, 534) 41.28(4.76, 441.80) 0.966

ALBI grade 0.877
1 128(35.3%) 84 (34.7%) 44 (36.4%)

2 234(64.5%) 157 (64.9%) 77 (63.6%)

3 1(0.2%) 1 (0.4%) 0 (0%)
BCLC grade

0 50(13.8%) 36 (14.9%) 14 (11.6%) 0.515

A 241(66.4%) 162 (66.9%) 79 (65.3%)
B 32(8.8%) 18 (7.4%) 14 (11.6%)

C 40(11%) 26 (10.7%) 14 (11.6%)

Surgical procedure 0.422
Open surgery 225(62%) 154 (63.6%) 71 (58.7%)

Laparoscopic surgery 138(38%) 88 (36.4%) 50 (41.3%)

Edmondson grade 0.823
I–II 168 (46.3%) 111 (45.9%) 57 (47.1%)

III–IV 195 (53.7%) 131 (54.1%) 64 (52.9%)

Tumor capsule 0.139
Complete 315(86.8%) 205 (84.7%) 110 (90.9%)

Incomplete 48(13.2%) 37 (15.3%) 11 (9.1%)

MVI

No 254(70.0%) 169 (69.8%) 85 (70.2%) 1.000

Yes 109(30%) 73 (30.2%) 36 (29.8%)

Survival 0.616
Alive 287(79.1%) 194(80.2%) 93(76.9%)

Dead 76(20.9%) 48(19.8%) 28(23.1%)

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; GPR, γ-glutamyltransferase/platelet ratio; APRI, AST-to- 
platelet ratio index; PNI, preoperative prognostic nutritional index; FLR, fibrinogen/lymphocyte ratio; SII, systemic immune-inflammation index; SIRI, 
systemic inflammation response index; ANRI, AST-to-neutrophil ratio index; AFP, alpha-fetoprotein; ALBI, albumin-bilirubin score; BCLC, Barcelona 
Clinical Liver Cancer; MVI, microvascular invasion.
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Discussion
Hepatocellular carcinoma accounts for 85% of primary liver cancers and remains one of the most common malignant tumors 
worldwide. Between 2020 and 2040, approximately 1.4 million new cases of hepatocellular carcinoma are projected globally, 
with approximately 1.3 million deaths attributed to the disease by 2040.23 Due to China’s large population infected with the 
hepatitis B virus, the country accounts for over half of the world’s new HCC diagnoses and deaths. Despite the advances in 
targeted immunotherapy, curative resection remains the most effective treatment modality. This study aimed to establish and 

Table 2 Univariate and Multivariate Cox Analysis of Overall Survival of HCC Patients Following Radical Surgery

Characteristic Univariate Cox Regression Analysis Multivariate Cox Regression Analysis

Hazard Ratio (95% CI) P-Value Hazard Ratio (95% CI) P-Value

Age 0.99(0.97–1.02) 0.60

Gender (female/male) 0.98(0.42–2.32) 0.97
ALBI grade (1/2+3) 1.87(0.96–3.67) 0.07

BCLC stage

0 Reference
A 1.06(0.58–1.96) 0.84

B 0.92(0.29–2.97) 0.89

C 1.68(0.75–3.75) 0.21
AFP 1.89(1.06–3.39) 0.03

NLR 1.72(1.43–2.06) <0.001 1.34(0.90–1.99) 0.14

PLR 1.00(0.99–1.01) 0.13
GPR 1.34(0.94–1.90) 0.10

APRI 1.43(1.07–1.92) 0.01 1.60(1.12–2.28) 0.01

PNI 0.93(0.87–0.99) 0.02 0.98(0.92–1.04) 0.48
FLR 1.35(1.15–1.59) <0.001 1.07(0.82–1.41) 0.60

SII 1.001(1.0005–1.002) <0.001 0.999(0.998–1.000) 0.17

SIRI 1.86(1.54–2.24) <0.001 1.70(1.13–2.54) 0.01
ANRI 1.004(0.988–1.021) 0.62

Microvascular invasion (no/yes) 3.43(1.93–6.11) <0.001 2.33(1.23–4.40) 0.01

Capsule invasion (no/yes) 1.24(0.61–2.50) 0.55
Edmondson grade (I+II/III+IV) 1.44(0.82–2.54) 0.21

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; GPR, γ-glutamyltransferase/platelet ratio; APRI, AST- 
to-platelet ratio index; PNI, preoperative prognostic nutritional index; FLR, fibrinogen/lymphocyte ratio; SII, systemic immune-inflammation 
index; SIRI, systemic inflammation response index; ANRI, AST-to-neutrophil ratio index; AFP, alpha-fetoprotein; ALBI, albumin-bilirubin score; 
BCLC, Barcelona Clinical Liver Cancer.

Figure 2 Nomogram model established in this study.
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Figure 3 ROC curves for 1-, 3-, and 5-year predictive performance in the training set (A) and validation set (B).

Figure 4 Calibration curves for the training cohort (A–C) and validation cohort (D–F).
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validate a novel prognostic model for overall postoperative survival in patients with HCC and to evaluate the outcomes of 
patients undergoing curative surgery. In this study, we enrolled 363 patients who underwent radical resection and constructed 
a nomogram model primarily based on the APRI, SIRI, and MVI. Further analysis of the AUC, calibration curves, and 
decision curves demonstrated that the nomogram model possessed excellent predictive capability. Finally, compared to 
internationally used HCC staging systems, the nomogram model developed in this study significantly distinguished patients 
with different risk levels.

In this study, APRI, SIRI, and MVI were identified as independent risk factors for overall survival following radical 
resection for hepatocellular carcinoma. Numerous previous studies have demonstrated that MVI is a risk factor for HCC 
recurrence, thereby affecting the overall survival of patients with this disease.24–26 A recent prospective Phase III clinical 
trial found that adjuvant FOLFOX-based hepatic artery infusion chemotherapy significantly reduced the postoperative 
recurrence risk in patients with hepatocellular carcinoma involving microvascular invasion while demonstrating favor
able safety profiles.27 Systemic inflammation is a key driver of malignant cell proliferation, invasion, and metastasis.28 

SIRI, a peripheral blood marker of systemic inflammatory response, was calculated as monocytes × neutrophils/ 
lymphocytes. Monocytes promote tissue remodeling, tumor invasion, and metastasis by secreting proinflammatory 
factors and differentiating into type II tumor-associated macrophages.29,30 Neutrophils also exert pro-neoplastic effects 
in the tumor microenvironment through mechanisms such as vascular endothelial growth factor production, to promote 
tumor progression.31 Conversely, low lymphocyte counts correlate with systemic inflammation, impaired cell-mediated 
killing, and accelerated cancer progression.32

Figure 5 Decision curve analysis (DCA) for the training cohort (A) and validation cohort (B).

Table 3 Comparison of Predictive Capabilities Between the Nomogram Model and Five Other Machine Learning Algorithms

Model 1-Year OS 3-Year OS 5-Year OS

Sensitivity Specificity AUC Sensitivity Specificity AUC Sensitivity Specificity AUC

Nomogram 0.746 0.712 0.782 0.712 0.689 0.746 0.679 0.657 0.712

Logistic regression 0.768 0.734 0.801 0.734 0.712 0.769 0.701 0.679 0.735
Decision tree 0.723 0.698 0.763 0.698 0.668 0.723 0.668 0.634 0.689

Naive Bayes 0.689 0.746 0.735 0.657 0.712 0.699 0.623 0.678 0.656

Support vector machine 0.756 0.722 0.789 0.722 0.689 0.746 0.689 0.656 0.712
Gradient boosting 0.781 0.756 0.823 0.756 0.736 0.789 0.723 0.701 0.757

Abbreviations: OS, overall survival; AUC, area under curve.
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In this study, the APRI emerged as an independent prognostic risk factor for hepatocellular carcinoma. The aspartate 
aminotransferase (AST)-to-platelet ratio index (APRI) serves as a noninvasive indicator for assessing liver function.33 

AST level reflects the severity of liver cirrhosis and hepatic dysfunction. In patients with hepatitis B, hepatitis B virus 
infection damages hepatocytes, while chronic inflammation simultaneously induces hepatocyte proliferation, leading to 
the formation of cirrhotic nodules. The cyclical process of hepatocyte injury and proliferation may contribute to 
hepatocellular carcinoma development.34 Additionally, platelets (PLT) are implicated in regulating tumor angiogenesis 
within the tumor immune microenvironment, supplying nutrients to neoplastic tissues, and facilitating metastasis.35 Thus, 
the APRI, a composite measure of AST and PLT-reflects hepatocellular HCC prognosis by assessing liver functional 
reserve, hepatic inflammation, and microenvironmental immune status.

Systemic inflammatory markers do not exist in isolation; they likely mirror the interaction between the body’s systemic 
immune status and the local tumor immune microenvironment. A recent study indicated that reduced peripheral blood NLR 
correlated with the induction of interferon-γ responses, which in turn drives antigen presentation and the expression of pro- 
inflammatory gene sets, accompanied by remodeling of the intratumoral T-cell repertoire.36 A retrospective study indicated 
that high NLR was significantly associated with the presence of tumoral CD8+ tumor-infiltrating lymphocytes and CD33+ 
cells in the TIME of patients with pancreatic ductal adenocarcinoma.37 Moreover, a favorable systemic inflammatory state 
(eg, high LMR, low SII) may reflect robust antitumor immune surveillance, which is closely associated with effective 
infiltration and functional activation of cytotoxic T cells within the tumor. Based on the above observations, we propose that 
our nomogram model effectively predicts prognosis precisely because it indirectly captures and quantifies the unfavorable 
systemic and localized immune status in patients. The inflammatory markers and pathological features integrated into the 
model collectively provide a comprehensive picture of host-tumor interactions.

This study has several limitations. First, the primary focus of this study was the development of a clinical predictive model 
that did not directly analyze immune cell infiltration in tumor tissue samples. Therefore, the aforementioned discussion 
regarding the association between systemic inflammation and the tumor microenvironment remains a reasonable inference 
based on the existing literature. Future studies will directly validate the correlation between this model’s score and specific 
tumor microenvironment features, such as the CD8+/Treg cell ratio and macrophage polarization state, using techniques such 
as multiplex immunofluorescence staining, flow cytometry, or spatial transcriptomics. This provided a robust mechanistic 
foundation for this model. Second, the majority of patients in this cohort had a HBV background. While this inclusion criterion 
ensured cohort homogeneity, it also limited the direct applicability of the model to hepatocellular carcinoma patients with other 
etiologies, such as metabolic dysfunction-associated steatohepatitis (MASLD) or hepatitis C virus (HCV). Finally, this study 
was conducted at a single center; external validation in a multicenter, multifactorial cohort represents a primary step for future 
research.

Figure 6 Comparison of overall survival in HCC patients across different risk subgroups (A). Comparison of time-dependent ROC values between the nomogram model 
and internationally recognized HCC staging systems (B).
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In summary, we developed and internally validated a novel nomogram that integrates APRI, SIRI, and MVI to predict 
overall survival in HBV-related HCC after radical resection. The model demonstrated superior discriminative ability 
compared with conventional staging systems in our cohort. However, the promising performance observed necessitates 
further external validation in multicenter, etiologically diverse populations before clinical implementation. If prospec
tively validated, this accessible tool could aid clinicians in risk stratification, potentially identifying high-risk patients 
who may benefit from intensified adjuvant therapy, and more vigilant follow-up surveillance.
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