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Purpose: This study aimed to investigate the potential benefits of radical therapy in patients with stage B disease.
Patients and Methods: A retrospective analysis was conducted on a cohort of 437 patients diagnosed with stage B hepatocellular 
carcinoma, who underwent either hepatic resection (HR) or radiofrequency ablation (RFA) at the Cancer Institute and Hospital of 
Tianjin Medical University from May 2011 to May 2022. Multivariate COX regression analysis was performed to identify the 
independent prognostic factors related to recurrence-free survival (RFS). The performance of the developed nomogram was evaluated 
using various statistical measures, including the concordance index (C-index), receiver operating characteristic (ROC) curve, calibra-
tion curve, and decision curve analysis (DCA).
Results: Multivariate analysis revealed that tumor diameter, number of tumors, number of involved liver segments, alpha-fetoprotein 
(AFP), carbohydrate antigen 19–9 (CA19-9), lactate dehydrogenase (LDH), and systemic immune inflammation index (SII) were 
independent prognostic factors influencing patients’ RFS, and these factors were incorporated into the nomogram. The C-index of the 
nomogram in the training cohort was 0.721, and the AUC at 2 and 3 years was 0.772 and 0.790, respectively. These values were 
appreciably higher than commonly used clinic staging systems and other predictive models. The calibration curve and DCA 
demonstrated good calibration and net benefit. Survival analysis comparing stage B patients who received radical treatment with 
stage A patients with multiple lesions did not reveal a significant difference in Kaplan-Meier survival curves (P=0.91).
Conclusion: The nomogram provided a precise prediction of the recurrence for stage B hepatocellular carcinoma patients undergoing 
radical treatment. Furthermore, certain stage B patients may benefit from radical treatment.
Keywords: nomogram, Barcelona clinic Liver cancer system, recurrence-free survival, hepatic resection, radiofrequency ablation

Introduction
Primary liver cancer is a highly prevalent malignancy worldwide, ranking sixth in terms of incidence and third in terms 
of cancer-related mortality. Hepatocellular carcinoma (HCC) accounts for a significant majority, approximately 75– 
85%, of primary liver cancer cases.1 Accurate assessment of patient prognosis is crucial for effective treatment 
strategies. In clinical practice, the BCLC staging system, originally proposed in 19992 and subsequently updated 
based on research involving both untreated and treated patients, is widely employed for staging HCC, determining 
prognosis, and guiding treatment options.3–6 The BCLC staging system has garnered endorsement from reputable 
organizations such as the American Association for the Study of Liver Diseases (AASLD) and the European 
Association for the Study of the Liver (EASL).7,8 Liver transplantation (LT), RFA, and HR currently serve as potential 
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radical treatment approaches for liver cancer. However, the limited availability of donor organs greatly impedes the 
widespread implementation of LT.9 As a result, HR and RFA emerge as the primary available options for radical 
treatment in patients diagnosed with HCC. Although the BCLC system suggests that HR and RFA should only be 
offered to patients in the early stages (BCLC stage 0/A) of HCC, there remains ongoing debate regarding therapeutic 
strategies for patients in the stage B, given their highly heterogeneous population.10 Recent studies have indicated the 
effectiveness and safety of HR in stage B patients,11–13with some reports even indicating its superiority over 
transarterial chemoembolization (TACE).14–16 The primary goal of a staging system is to divide patients into 
subgroups with significantly distinct prognoses. However, the wide range of reported survival rates for stage 
B patients suggests that the BCLC classification fails to fully achieve this objective. Consequently, there is an urgent 
need to further subdivide the intermediate-term patient population for a more accurate assessment of their prognostic 
performance. Additionally, the clarification of the potential benefits of hepatic resection (HR) or radiofrequency 
ablation (RFA) for stage B patients is of utmost importance. Therefore, we undertook an analysis to identify the 
relevant factors that impact the prognosis of stage B patients who undergo HR or RFA, and subsequently categorized 
the patients based on their risk factors. The aim was to screen out the patient population that could benefit from HR or 
RFA, and thus provide a reference for the selection of treatment options for stage B patients.

Materials and Methods
Patients and Data Collection
We collected data retrospectively from patients diagnosed with multiple HCC who underwent HR or RFA at the Cancer 
Institute and Hospital of Tianjin Medical University between May 2011 and May 2022. The inclusion criteria involved: 
(A) individuals aged 18 years or older; (B) receiving HR,RFA or a combination of both; (C) postoperative pathological 
confirmation of HCC or clinical diagnosis following the latest clinical guideline when postoperative pathology was 
unavailable; (D) absence of large-vessel invasion or distant metastasis; (E) Child-Pugh class A or B hepatic function with 
a Performance Status score of 0; (F) preoperative CT or MRI scans indicating either 2–3 tumors with a maximum 
diameter exceeding 3 cm or 4 or more tumors. The exclusion criteria involved: (A) non-R0 grade hepatectomy or 
incomplete ablation; (B) History of other malignant tumors (C) incomplete clinical data; (D) death or loss to follow-up 
within one month post-surgery. Among the 437 patients enrolled in our institution, they were randomly allocated to 
a training cohort (n=305) and a validation cohort (n=132) in a 7:3 ratio. Figure 1 shows the flow chart of the patient 
selection process.

Before undergoing surgical treatment, the feasibility of surgery for all patients was determined by two or more 
experienced radiologists and clinicians. HR is the preferred treatment option for patients presenting with tumors limited 
to a single liver segment or lobe, whereas RFA is favored with smaller lesions situated deeper within the liver 
parenchyma. The determination of the precise surgical approach is made by two or more experienced clinicians, who 
considered factors such as tumor size, location, and liver function.

All patients underwent thorough preoperative preparation and examination. Blood samples were collected within 
a three-day timeframe prior to the surgery. CT or MRI was performed for evaluation within one month prior to surgery. 
The collected information encompassed a variety of data points, such as age, gender, smoking history, alcohol 
consumption history, hepatitis status, tumor size, number of tumors, preoperative AFP levels, CA19-9 levels, post-
operative pathology information, and the type of surgery performed, among other variables. The preoperative liver 
function of patients was assessed using Child-Pugh and ALBI classifications.17–19

During data collection, all researchers remained blind to clinical outcomes. In accordance with the Declaration of 
Helsinki (as revised in 2013), this study was conducted. Approval for the research was obtained from the ethics 
committee of Tianjin Medical University Cancer Institute & Hospital, and the requirement for informed consent was 
waived. The research adhered to Good Clinical Practice Guidelines and relevant local regulations. Data with the potential 
to reveal the identities of individuals were anonymized and de-identified prior to analysis.
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Assessment and Follow-Up
Each patient underwent consistent surveillance one month post therapy, adopting tri-monthly assessments for the first two 
years post-procedure, with subsequent semiannual to annual evaluations thereafter. Evaluations encompassed customary 
hematological examinations, hepatic functionality assessments, oncologic biomarker profiling, as well as the utilization 
of abdominal ultrasound or contrast-enhanced CT or MRI scans. An independent review of all imaging examinations was 
conducted by two or more qualified radiologists.

Postoperative mortality in patients with HCC is primarily caused by recurrence. Thus, we compared the long-term 
outcomes of these cases by analyzing RFS. RFS was defined as the period between the surgical procedure and the 
identification of recurrence. For patients who did not visit the hospital, follow-up information was obtained via telephone.

Statistical Analyses
R version 4.3.1 (R Foundation for Statistical Computing, Vienna, Austria) and SPSS version 25.0 (SPSS, Chicago, IL, 
USA) were used for all statistical analyses. X-tile software was used to calculate optimal thresholds for preoperative 
serum AFP, CA19-9, LDH, and SII data based on RFS.

Continuous variables were expressed as median values with interquartile ranges (IQR). Student’s t-tests were employed 
when the data met the normality hypothesis and the variances were homogeneous. Otherwise, the Wilcoxon rank-sum test was 
used. Categorical variables were presented as numbers and percentages. The chi-square test or Fisher exact test was utilized for 
intergroup comparisons of categorical variables. Using Kaplan-Meier (K–M) analysis, we estimated the RFS rate and 
compared survival curves using Log rank tests. All reported p-values were two-sided, with significance set at p < 0.05.

Results
Basic Characteristics
Among the entire cohort of 437 patients, a total of 319 patients underwent HR, 24 patients underwent RFA, and 94 
patients received a combination of both interventions. The outcome variable used for analysis was RFS. Notably, there 
were no statistically significant differences between the training and validation cohorts in clinicopathological baseline 
characteristics, as indicated in Table 1.

Figure 1 Flowchart of patient selection. 
Abbreviation: BCLC, Barcelona Clinic Liver Cancer classification.
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Table 1 Clinicopathologic Characteristics of Patients in Two Cohorts

Median (IQR) or Number (%)

Characteristic Training cohort 
(N=305)

Validation cohort 
(N=132)

P value

Sex 0.405
Male 269 (88.2) 120 (90.9)

Female 36 (11.8) 16 (9.1)

Age 59 (53–65) 62 (54–66.75) 0.102
Alcohol 0.741

Yes 109 (35.7) 45 (34.1)

No 196 (64.3) 87 (65.9)
Smoking 0.897

Yes 162 (53.1) 71 (53.8)

No 143 (46.9) 61 (46.2)
Liver cirrhosis 0.585

Present 272 (89.2) 120 (90.9)

Absent 33 (10.8) 12 (9.1)
AST (U /L) 0.063

≥35 152 (49.8) 53 (40.2)

<35 153 (50.2) 79 (59.8)
ALP (U /L) 98 (82–123) 97 (78.25–122) 0.937

GGT (U /L) 68 (41.5–125.5) 67.5 (37–111) 0.365

ALB (g/L) 0.143
≥35 279 (91.5) 126 (95.5)

<35 26 (8.5) 6(4.5)

LDH (U/L) 203 (174–235) 200 (174.25–229.5) 0.517
TBIL (μmol/L) 15.4 (11.9–20.55) 16 (12.85–20.88) 0.194

PT (sec) 11.7 (11–12.3) 11.7 (11–12.38) 0.983
Fibrinogen (g/L) 2.48 (2.13–3.17) 2.63 (2.10–3.26) 0.836

PLT (109/L) 159 (118–214.5) 172 (113–211.75) 0.702

CA19-9 (U/mL) 22.38 (11.59–37.12) 20.96 (10.53–34.82) 0.460
AFP (ng/mL) 47.8 (6.52–493) 57.21 (6.33–512.43) 0.921

Differentiation (Edmondson‒Steiner) 0.357

I–II 184 (60.3) 73 (55.3)
III–IV 105 (34.4) 51 (38.6)

Missing 16 (5.3) 8 (6.1)

Satellite lesions 0.609
Present 96 (31.5) 38 (28.8)

Absent 193 (63.2) 86 (65.1)

Missing 16 (5.3) 8 (6.1)
Microvascular invasion 0.956

Present 157 (51.5) 67 (50.8)

Absent 132 (43.2) 57 (43.1)
Missing 16 (5.3) 8 (6.1)

Tumor number 0.586

2 181 (59.3) 82 (62.1)
≥3 124 (40.7) 50 (37.9)

Liver segment invasion 2 (2–4) 2 (2–3) 0.214

Largest tumor size (cm) 5 (3.5–7) 4.5 (3.5–7) 0.570
ALBI grade 0.110

I 198 (64.9) 96 (72.7)

II 107 (35.1) 36 (27.3)

(Continued)
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Development of the Prognostic Nomogram
Initially, the training cohort was analyzed using univariate and multivariate Cox regressions, using RFS as the outcome 
variable. It was decided to include in the multivariate analysis those variables that showed significant results in the 
univariate analysis. A total of 7 factors, including tumor diameter, number of tumors, number of involved liver segments, 
AFP, CA19-9, LDH, and SII, were ultimately selected for inclusion in the final model (Table 2). These 7 factors were 
utilized to develop nomograms for predicting RFS (Figure 2). The scores assigned on the nomogram reflect the predictive 
probability associated with each factor, and the cumulative score of all factors indicates the anticipated likelihood of 
recurrence for the patient at 2 and 3 years.

Table 1 (Continued). 

Median (IQR) or Number (%)

Characteristic Training cohort 
(N=305)

Validation cohort 
(N=132)

P value

NLR 1.87 (1.39–2.47) 1.95 (1.34–2.82) 0.487
PLR 99.15 (69.41–130.7) 99.33 (70.7–137.47) 0.595

MLR 0.27 (0.21–0.35) 0.28 (0.22–0.36) 0.482

LMR 3.73 (2.85–4.82) 3.52 (2.80–4.64) 0.482
SIRI 0.79 (0.56–1.18) 0.86 (0.54–1.22) 0.594

SII 292.78 (177.56–475.2) 303.86 (180.09–557.13) 0.556

PNI 49.85 (45.75–53.43) 50.25 (47.56–53.49) 0.187

Abbreviations: IQR, interquartile ranges; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, γ-glutamyl transpeptidase; 
ALB, albumin; LDH, lactate dehydrogenase; TBIL, total bilirubin; PT, prothrombin time; CA19-9, carbohydrate antigen 19–9;AFP, alpha- 
fetoprotein; ALBI, Albumin/bilirubin Score; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; MLR, monocyte to 
lymphocyte ratio; LMR, lymphocyte to monocyte ratio; SIRI, systemic inflammation response index; SII, systemic immune inflammation 
index; PNI, prognostic nutritional index.

Table 2 Univariate and multivariate analyses of prognostic factors based on RFS

Variable Univariate Multivariate

HR (95%CI) P Value HR (95%CI) P Value

Gender

Female(n=36,2-y RFS=36.8%) Reference
Male(n=269,2-y RFS=39.5%) 0.993(0.642-1.536) 0.975

Age (years)
≥60(n=150,2-y RFS=36.3%) Reference

< 60(n=155,2-y RFS=42.2%) 0.909(0.685-1.205) 0.507

Alcohol
no(n=196,2-y RFS=36.4%) Reference

Yes(n=109,2-y RFS=44.7%) 0.964(0.717-1.297) 0.810

Smoking
No(n=143,2-y RFS=38.8%) Reference

yes(n=162,2-y RFS=39.4%) 0.961(0.725-1.275) 0.783

Liver cirrhosis
No(n=33,2-y RFS=37.3%) Reference

Yes(n=272,2-y RFS=39.5%) 0.845(0.537-1.332) 0.469

ALP (U/L)
<82(n=72,2-y RFS=46.2%) Reference Reference

82-154(n=196,2-y RFS=38.4%) 1.235(0.876-1.742) 0.229 1.164(0.817-1.660) 0.401

≥154(n=34,2-y RFS=28.5%) 1.718(1.043-2.831) 0.034 1.317(0.781-2.221) 0.301

(Continued)
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Table 2 (Continued). 

Variable Univariate Multivariate

HR (95%CI) P Value HR (95%CI) P Value

GGT (U/L)

<56(n=122,2-y RFS=49.6%) Reference Reference
56-146(n=129,2-y RFS=35.6%) 1.527(1.109-2.101) 0.009 1.097(0.779-1.545) 0.597

>146(n=54,2-y RFS=24.0%) 1.761(1.195-2.595) 0.004 1.204(0.785-1.846) 0.395

LDH (U/L)
<192(n=124,2-y RFS=47.7%) Reference Reference

≥192(n=181,2-y RFS=33.3%) 1.507(1.124-2.020) 0.006 1.380(1.021-1.866) 0.036

AFP (ng/ml)
<20(n=125,2-y RFS=46.4%) Reference Reference

20-2100(n=136,2-y RFS=37.2%) 1.310(0.965-1.780) 0.084 1.575(1.147-2.162) 0.005

>2100(n=44,2-y RFS=24.2%) 2.013(1.308-3.097) 0.001 2.405(1.532-3.775) 0.000
CA19-9 (U/ml)

<21(n=148,2-y RFS=50.3%) Reference Reference

≥21(n=157,2-y RFS=28.8%) 1.658(1.242-2.213) 0.001 1.717(1.271-2.318) 0.000
Differentiation (Edmondson‒Steiner)

I-II(n=184,2-y RFS=40.3%) Reference

III-IV(n=121,2-y RFS=37.4%) 1.111(0.834-1.481) 0.472
Satellite lesions

No(n=205,2-y RFS=41.8%) Reference

Yes(n=100,2-y RFS=33.5%) 1.208(0.897-1.628) 0.214
Microvascular invasion

No(n=142,2-y RFS=46.9%) Reference Reference

Yes(n=163,2-y RFS=32.3%) 1.456(1.095-1.936) 0.010 1.313(0.980-1.758) 0.068
Tumor number

2(n=181,2-y RFS=48.8%) Reference Reference

>2(n=124,2-y RFS=24.8%) 1.934(1.449-2.581) 0.000 2.121(1.553-2.895) 0.000
Liver segment invasion 1.367(1.201-1.556) 0.000 1.158(1.004-1.336) 0.045

Largest tumor size (cm)

<5(n=144,2-y RFS=47.8%) Reference Reference
5-9(n=115,2-y RFS=36.6%) 1.369(1.007-1.861) 0.045 1.060(0.766-1.468) 0.724

>9(n=46,2-y RFS=12.2%) 2.720(1.770-4.180) 0.000 2.186(1.310-3.648) 0.003

ALBI grade
I(n=198,2-y RFS=42.6%) Reference Reference

II(n=107,2-y RFS=32.8%) 1.555(1.168-2.071) 0.003 1.321(0.970-1.799) 0.077

NLR
<2(n=168,2-y RFS=44.0%) Reference Reference

2-3.5(n=104,2-y RFS=36.2%) 1.323(0.974-1.797) 0.074 1.047(0.721-1.519) 0.811

>3.5(n=33,2-y RFS=14.8%) 2.220(1.414-3.485) 0.001 1.506(0.678-3.347) 0.314
PLR

<139(n=241,2-y RFS=42.6%) Reference Reference

≥139(n=64,2-y RFS=25.4%) 1.520(1.084-2.133) 0.015 1.367(0.893-2.091) 0.150
MLR

<0.24(n=122,2-y RFS=48.3%) Reference Reference

0.24-0.36(n=109,2-y RFS=33.6%) 1.458(1.050-2.026) 0.025 1.275(0.895-1.815) 0.178
>0.36(n=74,2-y RFS=29.0%) 1.770(1.225-2.557) 0.002 1.319(0.868-2.005) 0.195

LMR

>4.22(n=118,2-y RFS=49.8%) Reference Reference
2.78-4.22(n=112,2-y RFS=32.4%) 1.516(1.090-2.108) 0.013 1.339(0.941-1.906) 0.105

<2.78(n=75,2-y RFS=29.2%) 1.803(1.243-2.615) 0.002 1.353(0.886-2.066) 0.162

(Continued)
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Validation of the Prognostic Nomogram
In the training cohort, the nomogram demonstrated a C-index of 0.721 (95% CI, 0.702–0.740). Similarly, in the 
validation cohort, the C-index reached 0.720 (95% CI, 0.694–0.747). The calibration curves for the 2- and 3-year RFS 
of both the training and validation cohorts illustrated excellent concordance between the predictions provided by the 
nomogram and the actual observed outcomes. (Figure 3A–D). ROC curves plotting the 2- and 3-year RFS in both cohorts 
indicated that the AUC values were 0.772 (95% CI, 0.713–0.832) and 0.790 (95% CI, 0.724–0.857), respectively, in the 
training cohort and 0.750 (95% CI, 0.688–0.812) and 0.758 (95% CI, 0.686–0.830) in the validation cohort 
(Figure 4A–D).

Comparisons were made with commonly used clinic staging systems and other predictive models via nomogram. In 
the training cohort, the C-index for TNM, CLIP,20 Tokyo,21 HKLC,22 CNLC, Bolondi,23 Kinki,24 and MICAN.25 

subgroup staging were as follows: 0.569 (95% CI, 0.549–0.588), 0.564 (95% CI, 0.544–0.583), 0.576 (95% CI, 
0.554–0.597), 0.593 (95% CI, 0.573–0.613), 0.543 (95% CI, 0.528–0.559), 0.580 (95% CI. 0.571–0.599), 0.583 (95% 
CI, 0.564–0.603), and 0.590 (95% CI, 0.570–0.610). Notably, these scores were significantly lower than that of the 
nomogram at 0.721. The nomogram showed significantly higher AUC values than other staging systems and predictive 
models when analyzing time-dependent ROC curves. (Figure 5A). Furthermore, plotting the DCA curves for 2- and 
3-year RFS revealed that nomogram provided more favorable predictions compared to other staging systems and 
prediction models (Figure 5B and C).

Prognostic Stratification Based on the Nomogram
The optimal threshold for prognostic stratification in the training cohort was determined by employing X-tile software, 
considering the nomogram scores. The resulting optimal threshold was 274, classifying the training cohort and validation 
cohort into the high recurrence risk (HRR) group (total score ≥274) and the low recurrence risk (LRR) group (total score 
<274). K-M survival curves were generated to demonstrate a notable disparity in prognosis between HRR and LRR 
groups in both the training (P<0.0001) and validation cohorts (P<0.0001) (Figure 6A and B).

We gathered data from 178 patients with multiple stage A hepatocellular carcinomas who underwent HR or RFA in 
our center from May 2011 to May 2022. We conducted a survival analysis by comparing this cohort with individuals in 
the stage B LRR group. The results revealed that patients in the stage B LRR group exhibited a significantly better 
prognosis compared to those in stage A (P=0.0051) (Figure 6C). Furthermore, when examining the survival analysis 
encompassing the entire stage B cohort and stage A patients, we observed no notable difference in prognosis between the 
two cohorts (P=0.91) (Figure 6D).

Table 2 (Continued). 

Variable Univariate Multivariate

HR (95%CI) P Value HR (95%CI) P Value

SIRI

<0.88(n=177,2-y RFS=42.5%) Reference Reference
0.88-1.67(n=92,2-y RFS=36.8%) 1.400(1.018-1.926) 0.038 1.306(0.903-1.890) 0.156

>1.67(n=36,2-y RFS=28.4%) 1.733(1.135-2.648) 0.011 0.886(0.510-1.539) 0.667

SII
<280(n=140,2-y RFS=45.7%) Reference Reference

280-780(n=136,2-y RFS=35.3%) 1.367(1.013-1.843) 0.041 1.380(1.004-1.896) 0.047

>780(n=29,2-y RFS=16.6%) 2.167(1.338-3.509) 0.002 1.897(1.111-3.242) 0.019

Abbreviations: HR, hazard ratios; 2-y RFS, 2-year recurrence-free survival; ALP, alkaline phosphatase; GGT, γ-glutamyl trans-
peptadase; LDH, lactate dehydrogenase; AFP, alpha-fetoprotein; CA19-9, carbohydrate antigen 19-9; ALBI, Albumin/bilirubin 
Score; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; MLR, monocyte to lymphocyte ratio; LMR, 
lymphocyte to monocyte ratio; SIRI, systemic inflammation response index; SII, systemic immune inflammation index.
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Discussion
Intermediate stage (stage B) HCC encompasses a highly heterogeneous population with diverse clinicopathological 
features and tumor biological behaviors, resulting in varying prognosis.26 Therefore, stage B patients should be treated 
individually based on their specific clinicopathological characteristics. In 2012, Bolondi et al introduced 
a subcategorization of intermediate grade HCC.23 This subcategorization has been recognized by many scholars.27,28 

For patients meeting the “up-to-7” criteria, liver transplantation is suggested as a possible treatment option, offering 
better life expectancy than TACE.29 In 2015, Kudo et al developed the “Kinki Criteria”, which recommends HR as an 
alternative treatment for stage B patients with a Child-Pugh score of 5–6 and who meet the “within up-to-7” criteria.24 

Hiraoka et al developed the MICAN criteria in 2016, considering the “albumin-bilirubin (ALBI) grade” and “within up- 
to-7” criteria.25 Kim et al proposed Kim’s criteria in 2017 for stage B patients undergoing TACE.30 Although studies on 
stage B patients continue, most have focused on populations undergoing TACE. Several recent studies have reported that 
radical therapy may provide a better prognosis for certain stage B patients compared to TACE.14–16 The 2022 update of 
the BCLC staging criteria includes liver transplantation as an alternative treatment for stage B BCLC patients based on 
tumor size and AFP levels.6 However, it does not mention the feasibility of HR and RFA in stage B patients. Although 
numerous studies have demonstrated the effectiveness and safety of HR and RFA in stage B patients, it is still unclear 
which specific subgroup of the population is more appropriate for HR or RFA.11,12 In this study, we specifically analyzed 
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Figure 2 Nomogram, including tumor diameter, number of tumors, number of involved liver segments, AFP, CA19-9, LDH, and SII, for two and three years RFS in stage 
B patients who received HR or RFA. The nomogram is valued to obtain the probability of 2-and 3-year recurrence by adding up the points identified on the points scale for 
each variable. 
Abbreviations: AFP, alpha-fetoprotein; CA19-9, carbohydrate antigen 19–9; LDH, lactate dehydrogenase; SII, systemic immune inflammation index.
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stage B patients who underwent HR or RFA, excluding patients with clinically unresectable disease. This controlled for 
variables that are difficult to collect and quantify, such as the proximity of tumor to large blood vessels and inadequate 
residual liver volume.

The aim of this research was to analyze factors influencing the prognosis of stage B patients, stratify patients based on 
prognosis, provide recommendations for clinical decision-making, and therefore focused on selecting variables that are easy to 
obtain preoperatively as predictors. A nomogram was finally constructed based on a total of 7 variables that can be easily 
obtained preoperatively, including tumor diameter, tumor number, number of liver segments involved in the tumor, AFP, 
CA19-9, LDH and SII. In addition to tumor diameter, number of tumors and AFP, which have long been proven in many 
studies to have a significant impact on prognosis, the number of liver segments involved in the tumor,31 CA19-9,32 LDH,33,34 

and SII,35 have also been studied to prove their impact on prognosis. The nomogram demonstrated reliable predictive 
performance in both the training and validation cohorts during the subsequent validation process. When compared with 
other staging systems and prediction models commonly used in clinical practice, our model demonstrated superior predictive 
efficacy for RFS in stage B patients. In order to categorize patients based on their prognoses, we classified them into two 
groups, namely HRR and LRR, based on their nomogram scores. Significant differences in prognostic outcomes between the 
HRR and LRR groups were observed in both the training and validation cohorts. To determine if stage B patients could benefit 
from radical treatment, we further collected data on BCLC stage A patients with multiple HCC who underwent radical 
treatment, while excluding patients with single tumors in stage A. The analysis indicated that the prognosis of the LRR group 

Figure 3 (A–D). Calibration curve of the nomogram in the training and validation cohort, with the x-axes are actual survival estimated by the nomogram, the y-axes are 
observed survival calculated by the Kaplan-Meier method. (A) 2-year recurrence in the training cohort. (B) 3-year recurrence in the training cohort. (C) 2-year recurrence 
in the validation cohort. (D) 3-year recurrence in the validation cohort.
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was even better than stage A patients. Moreover, there was no significant difference in prognosis between all patients in stage 
B and patients in stage A who underwent radical treatment. This suggests that stage B patients, with adequate hepatic functional 
reserve and resectable tumors, can attain a prognosis comparable to that of stage A patients following radical treatment. 
However, by excluding patients with a solitary tumor in stage A, the study’s stage A population became unrepresentative of all 
stage A patients, potentially contributing to the absence of a prognostic difference between stage A and stage B patients. 
Nonetheless, it partially controlled for the variable of tumor number. To further validate the study’s results, a follow-up 
propensity score matching study could be conducted comparing stage A and stage B patients who received radical therapy. In 
addition, patients in the HRR group had a significantly worse prognosis than those in the LRR group. However, since there was 
no comparison of different treatment modalities for patients in the HRR group, it is not yet possible to conclude that patients in 
the HRR group are not suitable for surgical treatment. We will follow up with a propensity score matching analysis of patients 
treated with surgery versus TACE to further investigate the optimal treatment options for patients.

While staging systems commonly used in clinical practice primarily consider morphological aspects like tumor 
number and size, this study expanded upon the traditional staging system by incorporating serologic indicators such as 
LDH and SII. This addition increased the complexity of the staging system but also improved prediction accuracy.

Figure 4 (A–D). ROC curve of the nomogram in the training and validation cohort. (A) The AUC for 2-year recurrence was 0.772 in the training cohort. (B) The AUC for 
3-year recurrence was 0.790 in the training cohort. (C) The AUC for 2-year recurrence was 0.750 in the validation cohort. (D) The AUC for 3-year recurrence was 0.758 in 
the validation cohort.
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Nevertheless, our study has certain limitations. Primarily, it primarily focused on stage B patients who underwent 
radical treatment, which may not fully represent the entire stage B population. Therefore, it needs to be applied in 
combination with experienced clinicians after evaluating the patients’ tumor loads and residual liver volume. Secondly, 
due to its retrospective design, this study inevitably received the effect of selection bias. Lastly, given the single-center 
design of this study, it is essential to conduct a multicenter study to validate our findings.

Conclusion
We have developed a nomogram that accurately predicts the prognosis of patients with stage B hepatocellular carcinoma 
who undergo radical treatment. This nomogram aids in patient monitoring and prognosis prediction. Additionally, 
subsequent research has revealed that stage B patients who have undergone radical surgical treatment can achieve 
a comparable prognosis to that of stage A patients with multiple lesions.
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