
O R I G I N A L  R E S E A R C H

Assessment of Tumor Burden Score as a Feasible 
and Reliable Tool for Prognosis Prediction for 
Hepatocellular Carcinoma Undergoing 
Hepatectomy: A Multicenter, Retrospective Study
Renguo Guan 1–4,*, Zehao Zheng 2–4,*, Min Deng5,*, Jie Mei 2–4, Ye Lin1

1Department of General Surgery, Guangdong Provincial People’s Hospital (Guangdong Academy of Medical Sciences), Southern Medical University, 
Guangzhou, People’s Republic of China; 2Department of Hepatobiliary Oncology, Sun Yat-sen University Cancer Center, Guangzhou, People’s 
Republic of China; 3State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine, Guangzhou, People’s 
Republic of China; 4Guangdong Provincial Clinical Research Center for Cancer, Guangzhou, People’s Republic of China; 5Department of General 
Surgery, The Seventh Affiliated Hospital of Sun Yat-sen University, Shenzhen, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Ye Lin, Email linye@gdph.org.cn; Jie Mei, Email meijie@sysucc.org.cn

Background: Maximum diameter and number are the main parameters of tumor burden in hepatocellular carcinoma (HCC). Tumor 
burden score (TBS) shows its distinguished ability to stratify patients with HCC undergoing transcatheter arterial chemoembolization 
(TACE). However, the prognostic accuracy of TBS in HCC undergoing liver resection and its association with the BCLC stage has not 
been well evaluated.
Methods: A total of 3044 treatment-naïve HCC patients from six independent medical centers undergoing liver resection were 
retrospectively analyzed. Survival analyses were conducted by plotting Kaplan–Meier curves and the Log rank test. We further 
investigated whether the tumor burden score was a feasible subclassification criterion across the BCLC stage. Then, we also used TBS 
to identify HCC patients beyond BCLC criteria who could benefit most from surgical resection. Finally, univariate and multivariate 
cox analysis was used to determine independent prognostic predictors.
Results: About 44.2% (n=1343) of patients had low TBS, 38.8% (n=1182) had intermediate TBS and 17% (n=519) had high TBS. 
Overall survival (OS) and recurrence-free survival deteriorated incrementally with increasing TBS (P<0.0001). Subgroup analysis 
indicated that there was a significant survival difference among the three TBS groups across the BCLC stage (P<0.0001). Low TBS 
group of patients beyond BCLC criteria reported acceptable outcomes compared to intermediate TBS group patients within BCLC 
criteria, even better than high TBS group (5-year OS: 64.3%, 69.8%, and 56.3%). Finally, low TBS was identified as an independent 
protective prognostic factor.
Conclusion: Tumor burden score is a feasible and reliable prognostic tool for prognosis prediction and clinical decisions.
Keywords: hepatocellular carcinoma, tumor burden score, BCLC stage, prognosis prediction

Introduction
Hepatocellular carcinoma (HCC) stands out as one of the most aggressive and prevalent malignancies within the 
gastrointestinal tract, posing significant challenges in both treatment and prognosis due to its complex etiology and 
often late-stage presentation. It is estimated that 367,700 new cases were diagnosed with HCC and 316,500 cases died 
from it in China in 2022.1 Surgical interventions, comprising hepatic resection and liver transplantation, continue to be 
the mainstay of curative treatment for hepatocellular carcinoma (HCC), offering the best chance for long-term survival 
and disease-free intervals, particularly in patients with early-stage or well-compensated liver function. Unfortunately, 
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a high rate of tumor recurrence leads to a poor 5-year overall survival.2 Thus, it is important to develop a model for 
predicting prognosis and stratifying optimal candidates for surgical procedures.

Barcelona Clinic Liver Cancer (BCLC) staging system is widely applied for prognosis prediction and treatment 
recommendation. BCLC staging systems impose strict restrictions on the number and diameter of tumors. This not only 
limits statistical power but can also lead to an inaccurate causal relationship, thus weakening its ability to predict 
prognosis.3 Even patients in the same grade may have different prognoses. For example, the 5-year overall survival of 
a single large HCC (single nodule > 5 cm) fell in between BCLC-A and BCLC-B.4 Wang et al found that the 5-year 
survival rate of HCC patients with a single tumor smaller than 7 cm is more than twice that of those >7 cm (70% vs 
30%).5 Consequently, the current BCLC staging system, while valuable, has limitations in its predictive accuracy for 
prognosis. It necessitates a refinement or an update to enhance its efficacy in predicting patient outcomes more 
accurately.

The 2022 BCLC version recommends surgical procedures for HCC patients at an early stage rather than HCC patients 
at an intermediate and advanced stage, except for the first subgroup within BCLC-B.6 However, there is some 
heterogeneity in patients with intermediate and advanced stages in real-world clinical practice. Recently, increasing 
studies have demonstrated that surgical resection may report an acceptable outcome for HCC patients beyond BCLC 
criteria.7–9 In addition, the China Liver Cancer (CNLC) staging system recommends that some HCC patients with 
CNLC-II or III stage may still benefit from surgical resection,10 but there is no consensus defining these highly selective 
HCC patients.11,12 Thus, we need to identify a reliable tool for the selection of patients beyond BCLC criteria for surgical 
resection.

Tumor burden score (TBS) was first proposed to stratify the tumor burden of colorectal cancer with liver metastasis 
undergoing liver resection.13 Recently, TBS has shown its distinguished ability to stratify patients with HCC undergoing 
transcatheter arterial chemoembolization (TACE) and liver transplantation.14,15 However, the prognostic value of TBS in 
HCC patients who undergo liver resection, as well as its correlation with the BCLC staging system, remains to be 
thoroughly investigated.

In this study, we aimed to investigate the performance of TBS in predicting the prognosis of HCC undergoing liver 
resection. Furthermore, our primary research tried to assess whether TBS could be applied as a feasible subclassification 
criterion for stratifying HCC patients in the BCLC staging system and to identify patients beyond BCLC criteria who are 
likely to benefit most from resection.

Methods
All procedures followed the ethical standards of the responsible committees on human experimentation (institutional and 
national) and the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. The 
Institutional Review Board of the Ethics Committee of Guangdong Provincial People’s Hospital approved this study. 
The study was retrospectively registered at ResearchRegistry.com, and this cohort study complied with the STROCCS 
statement.16

Patients
This multi-institutional retrospective study collected HCC patients undergoing hepatectomy from 2009 to 2016. HCC 
patients were from six independent medical centers: Guangdong Provincial People’s Hospital, Sun Yat-Sen University 
Cancer Center, the First Affiliated Hospital of Guangzhou University of Chinese Medicine, Fudan University Shanghai 
Cancer Center, Affiliated Cancer Hospital and Institute of Guangzhou Medical University, and Dongguan People’s 
Hospital. Patients were included in this retrospective study meeting the following inclusion criteria: (I) HCC confirmed 
by pathological diagnosis; (II) A negative surgical margin; (III) Child-Pugh grade A or B; and (IV) Eastern Cooperative 
Oncology Group performance status less than 2. The following were the exclusion criteria: (I) Patients who were not 
treatment-naive; (II) Undergoing preoperative adjuvant therapy; (III) Additional malignant cancers; (IV) Undergoing 
liver transplant after recurrence and (V) Incomplete clinical data. Ultimately, 3044 hCC patients were enrolled in the 
present analysis.
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Treatment
According to the China liver cancer (CNLC) staging system, all patients received normative liver cancer resection. The 
chief surgeons are all experienced surgeons. Early effective protection liver function and reasonable nutrition support 
were supplied for all patients. All patients generally underwent scheduled enhanced computerized tomography (CT), Gd- 
EOB-DTPA-enhanced magnetic resonance imaging (MRI) assessments, tumor markers and liver function every 2–3 
months. All the HBV-HCC patients received anti-viral therapy (like Entecavir or Tenofovir) after surgical resection. 
Treatment after recurrence depended on the clinical stage, including reoperation, radiofrequency ablation, TACE, and 
comprehensive treatment.

Variables, Definitions, and Outcomes
Clinical variables retrieved from medical records and imageological examination mainly included age, sexuality, HBV 
infection, α-fetoprotein (AFP), white blood cell count (WBC), blood platelet count (PLT), alanine aminotransferase 
(ALT), Child-Pugh grade, tumor number, maximum tumor diameter, portal vein tumor thrombus, differentiation grade 
and microvascular invasion (MVI). The maximum tumor diameter and tumor number were calculated by preoperative 
CT and MR. TBS is derived from the following formula:

We utilized X-tile to determine the cut-off values of TBS, and all included patients were sequentially divided into three 
groups: high TBS (>9.2), intermediate TBS (4.7–9.2), and low TBS (<4.7). The statistical analysis of the cut-off values 
of TBS was listed in Supplementary Table 1. The foremost outcomes of interest in our retrospective study were overall 
survival (OS) and (RFS).

Statistical Analysis
Continuous variables with normal distribution were expressed as mean and standard deviations. Variables with abnormal 
distribution were expressed as median and interquartile ranges (IQR). Categorical variables were analyzed by using 
Pearson’s chi-square test or Fisher’s exact test. Survival analyses were conducted by plotting Kaplan–Meier curves and 
the Log rank test. Univariate and multivariate Cox regression analysis were used to identify independent prognostic 
factors. Then, the predictive ability of TBS grade was evaluated by the time-dependent receiver operating characteristic 
curve (time-dependent ROC). A calibration curve was plotted to evaluate the consistency between the observed rates and 
predicted diagnosis. Decision curve analysis (DCA) was also plotted to quantify the net benefits along with the increase 
in threshold probabilities. All statistical analyses were performed using MedCalc software (version 22), SPSS software 
(version 26.0) and R software (version 4.2.0). P-value <0.05 was considered statistically significant (two-sided).

Results
Baseline Characteristics
The total population was 56 years old (IQR: 47–65), almost all people were Child-Pugh class A (n=2968, 97.5%), and 
male (n=2676, 87.9%) and chronically infected with the hepatitis B virus (n=2475, 81.3%). The majority of patients were 
ALBI grade A (n=2178, 71.6%). About 44.1% (n=1343) of patients had low TBS, 38.8% (n=1182) had intermediate TBS 
and 17.1% (n=519) had high TBS (Figure 1A). The baseline characteristics of all patients are listed in Table 1.

Distribution of Tumor Burden Score
All of HCC patients with BCLC-0 stage had a low TBS (n=205). Nearly half of patients BCLC-A stage had low TBS 
(n=1003), 39.0% (n=819) had intermediate TBS and 13.3% (n=279) had high TBS. The percentage of low TBS, intermediate 
TBS, and high TBS in patients with BCLC-B stage were 20.5, 54.4, and 25.1%, respectively. As for patients with BCLC-C 
stage, 15.9% had low TBS (n=58), 43.8% (n=159) had intermediate TBS and 40.3% (n=146) had high TBS (Figure 1B). The 
association between BCLC stages and clinical variables is provided in Supplementary Table 2.
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Tumor Burden Score Stratifies Prognosis of HCC Patients Undergoing Resection
The median overall survival was 51.6 months (IQR: 19.6–75.0 months). The 1-, 3-, and 5-year overall survival rates of 
the entire cohort were 88.9%, 72.9%, and 66.1%, respectively. Further subgroup analysis indicated that the 5-year overall 
survival rates of the low TBS group, intermediate TBS group, and high TBS group were 79.3%, 60.8%, and 42.3%, 
respectively, and there was a significant survival difference among different TBS groups (Figure 2A, P<0.0001). As 

Figure 1 Distributions of patients among risk groups in the entire cohort (A) and the subgroups of the BCLC stage (B). Patients were classified as low TBS, intermediate 
TBS, and high TBS. Orange for high TBS, purple for intermediate TBS, green for low TBS.

Table 1 Baseline Characteristics of Patients with 
HCC Undergoing Liver Resection

Characteristic All Patients (n = 3044)

Age

Sex

Female 368 (12.1%)
Male 2676 (87.9%)

HBV infection

No 569 (18.7%)
Yes 2475 (81.3%)

WBC 6.2 (5–7.6)

PLT 178 (136–227)
Total bilirubin 13.6 (10.5–17.7)

ALT 36.1 (25.4–52.2)

PT 12.1 (11.3–13.1)
ALB 41.9 (38.9–44.6)

AFP 72.3 (6.37–1477.4)

Child-Pugh grade
A 2968 (97.5%)

B 76 (2.5%)
Cirrhosis

Yes 1729 (56.8%)

No 1315 (43.2%)
Ascites

No 2962 (97.3%)

Mild 72 (2.4%)

(Continued)
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Figure 2B shows, BCLC stage (87.2% vs 72.5% vs 48.1% vs 32.5%, P<0.0001) could also stratify prognosis of HCC 
patients undergoing resection.

The median recurrence-free survival was 25.9 months (IQR: 8.3–62.7 months). The 1-, 3-, and 5-year recurrence-free 
survival rates of the entire cohort were 68.9%, 52.1%, and 44.0%, respectively. The 5-year recurrence-free survival rates 
of different TBS groups were significantly different (Figure 2C, 56.7% vs 38.9% vs 21.6%, log-rank P<0.0001). As 
Figure 2D shows, similar results of survival analysis were also found based on the BCLC stage (66.2% vs 50.1% vs 
23.4% vs 16.0%, P<0.0001).

Considering the inconsistency in the causes of death between the cirrhotic and non-cirrhotic subgroups, we therefore 
performed subgroup analysis, and as shown in Supplementary Figure 1, TBS also well-delineated stratifies prognosis of 
HCC patients undergoing resection in the cirrhotic versus non-cirrhotic subgroups. In order to exclude the effect between 
different hospitals, we divided the patients into internal and external cohorts based on their origin and further sub- 
grouped them for analysis, as shown in Supplementary Figure 2, where TBS also delineated the prognosis of HCC 
patients well, both in the internal cohort and in the external cohort subgroups.

Tumor Burden Score as a Feasible Subclassification Criterion Across BCLC Stage
We further investigated whether the tumor burden score was a feasible subclassification criterion across the BCLC stage. 
Of note, there was a significant overall survival difference between the three TBS score groups across the BCLC stage 
(P<0.0001, Figure 3A–C). When the survival was stratified by BCLC stage, the 5-year survival rates were 79.6%, 69.2%, 

Table 1 (Continued). 

Characteristic All Patients (n = 3044)

Moderate to severe 10 (0.3%)

Differentiation grade
Poor/undifferentiated 779 (25.6%)

Moderate/well 2265 (74.4%)

MVI
No 2082 (68.4%)

Yes 962 (31.6%)

Portal vein tumor thrombus
No 2740 (90%)

Yes 304 (10%)

Tumour burden score
Low 1343 (44.1%)

Intermediate 1182 (38.8%)

High 519 (17.1%)
BCLC stage

0 205 (6.8%)

A 2101 (69%)
B 375 (12.3%)

C 363 (11.9%)
CNLCLC stage

I 2309 (75.9%)

II 372 (12.2%)
III 363 (11.9%)

IV 0 (0.0%)

Notes: Continuous variables with normal distribution were 
expressed as mean and standard deviations. Variables with abnormal 
distribution were expressed as median and interquartile ranges (IQR). 
Abbreviations: PT, Prothrombin time; ALB, albumin; AFP, α- 
fetoprotein; WBC, white blood cell count; PLT, blood platelet count; 
ALT, alanine aminotransferase; ALBI, albumin, albumin-bilirubin; MVI, 
microvascular invasion.
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and 55.2%, respectively, for low TBS, intermediate TBS, and high TBS (P<0.0001) in patients with BCLC-A stage. High 
TBS was associated with poor overall survival in comparison with intermediate and low TBS in patients, with BCLC-B 
stage P<0.0001). Surprisingly, overall survival deteriorated incrementally with increasing TBS in patients with the 
BCLC-C stage (P<0.001).

There was a significant recurrence-free survival difference between the three TBS score groups across the BCLC 
stage (P<0.0001). There was a close relationship between increasing TBS and short recurrence-free survival across the 
BCLC stage. The 5-year recurrence-free survival rates would decrease progressively gradually for low TBS, intermediate 
TBS, and high TBS in patients with BCLC-A stage (P<0.0001, Figure 3D), BCLC-B stage (Figure 3E), and BCLC-C 
stage (P<0.0001, Figure 3F). Collectively, TBS could stratify the RFS of HCC patients across different stages of the 
BCLC stage.

Tumor Burden Score Identifies Patients for Resection Beyond BCLC Criteria
There is no consensus defining the HCC patients beyond BCLC criteria who could benefit most from surgical resection. 
Thus, we combined TBS within BCLC criteria, which was sequentially divided into six subgroups. The 5-year OS of six 

Figure 2 Kaplan–Meier curves for overall survival and recurrence-free survival of HCC patients undergoing hepatic resection. Survival was evaluated separately with the 
TBS (A and B) and BCLC stage (C and D). Survival analyses were conducted by plotting Kaplan–Meier curves and the Log rank test.
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subgroups was 81.0%, 69.0%, 55.2%, 62.0%, 41.5%, and 26.2%, respectively (Figure 4A, P<0.0001). The remarkable 
thing was that low TBS group of patients beyond BCLC criteria reported acceptable outcomes compared to intermediate 
TBS group patients within BCLC criteria, even better than the high TBS group (6-year OS: 59.7%, 66.3%, and 50.4%).

Figure 3 The overall survival (A–C) and recurrence-free survival (D–F) distribution of different tumor burden score across stages of BCLC stage subgroups. Survival 
analyses were conducted by plotting Kaplan–Meier curves and the Log rank test.

Figure 4 Kaplan-Meier estimates the overall survival (A) and the recurrence-free survival (B) according to combined tumor burden score and BCLC criteria. Within BCLC 
criteria was defined as BCLC-0 to A stage. Beyond BCLC criteria was defined as BCLC-C and D stage. Survival analyses were conducted by plotting Kaplan–Meier curves 
and the Log rank test. Within BCLC criteria/low TBS: WBC/LTBS; Within BCLC/intermediate TBS: WBC/ITBS; Within BCLC criteria/high TBS: WBC/HTBS; Beyond BCLC 
criteria/low TBS: BBC/LTBS; Beyond BCLC criteria/ intermediate TBS: BBC/ITBS; Beyond BCLC criteria/low TBS: BBC/HTBS.

Journal of Hepatocellular Carcinoma 2025:12                                                                                    https://doi.org/10.2147/JHC.S488927                                                                                                                                                                                                                                                                                                                                                                                                    253

Guan et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



On the whole, the 5-year RFS of the six subgroups showed a gradual downward trend (Figure 4B, P<0.0001). 
Consistent with the results of OS, the RFS of high TBS group within BCLC criteria and low TBS group beyond BCLC 
criteria were evenly matched (6-year RFS: 29.8 vs 30.4%, P=0.19). However, intermediate TBS group within BCLC 
criteria significantly extended the RFS, compared to low TBS group beyond BCLC criteria (6-year RFS: 42.7 vs 29.8%, 
P<0.0001). We also performed subgroup analyses based on cirrhosis and different hospital cohorts, and the results 
similarly corroborated these findings (Supplementary Figures 3 and 4). Collectively, tumor burden score could identify 
patients for resection beyond BCLC criteria.

Tumor Burden Score as an Independent Prognostic Factor
We further utilized univariate Cox and multivariate Cox analysis to identify independent prognostic factors. The results 
of the multivariate Cox revealed that intermediate TBS (HR: 1.91, 95% CI: 1.65–2.22, P<0.001), high TBS (HR: 2.90, 
95% CI: 2.42–3.46, P<0.001), were independent prognostic factors for OS of HCC patients undergoing resection 
(Table 2). In a subgroup analysis of stages of the BCLC stage, we also found that both intermediate TBS and high 
TBS were independently associated with poor OS (P<0.05, Supplementary Table 3).

As for RFS, the multivariate Cox analysis suggested that intermediate TBS (HR: 1.60, 95% CI: 1.44–1.79, P< 0.001) 
and high TBS (HR: 2.56, 95% CI: 2.23–2.93, P<0.001) were independent prognostic factors for OS of HCC patients 
undergoing resection (Table 3). Consistent with the results of OS, subgroup analysis confirmed that both intermediate 
TBS and high TBS were independent prognostic factors for RFS of HCC patients across BCLC stages (P<0.05, 
Supplementary Table 4).

Prognostic Accuracy of Tumor Burden Score
First, the AUC of TBS grade for 1, 3, and 5-year OS was 0.701, 0.688, and 0.656, respectively (Figure 5A). As for RFS, 
the AUC of TBS grade for 1, 3, and 5-year was 0.681, 0.654, and 0.635, respectively (Figure 5B). Next, the decision 
curve for OS lied above the None and All lines in the 20–40% threshold range (Figure 5C). As for RFS, based on this 
decision curve, when the threshold of the model was set in the range of 40%–60%, the decision curve was above the 
None line and the All line (Figure 5D). Ultimately, the calibration curves for 3-year and 5-year OS and RFS probabilities 

Table 2 Univariate Cox Analysis and Multivariable Cox Regression Analysis of Predictive Factors for 
Overall Survival in the Entire Cohort

Characteristic Overall Survival

Univariate Analysis Multivariable Analysis

Hazard Ratio P-value Hazard Ratio P-value

Age (≤/>65) 1.10 (0.96–1.28) 0.16

Sex (female/male) 1.13 (0.93–1.38) 0.21
Child-Pugh grade (B/A) 0.57 (0.40–0.82) 0.002 0.83 (0.57–1.19) 0.30

Cirrhosis (no/yes) 0.97 (0.85–1.09) 0.59

WBC (>/≤10) 0.55 (0.45–0.69) <0.001 0.75 (0.60–0.93) 0.009
PLT (>/≤300) 0.64 (0.52–0.79) <0.001 0.97 (0.78–1.20) 0.793

ALT (>/≤40) 0.74 (0.65–0.83) <0.001 0.82 (0.72–0.93) 0.002

AFP (>/≤400) 0.55 (0.49–0.62) <0.001 0.70 (0.62–0.80) <0.001
HBV infection (no/yes) 0.96 (0.82–1.11) 0.55

Cancer center (our institution/other institutions) 1.42 (1.21–1.67) <0.001 1.45 (1.24–1.71) <0.001

Portal vein tumor thrombus (no/yes) 3.18 (2.71–3.73) <0.001 2.07 (1.75–2.45) <0.001
Tumour burden score

Low Reference Reference

Intermediate 1.35 (1.20–1.53) <0.001 1.91 (1.65–2.22) <0.001
High 2.62 (2.30–3.01) <0.001 2.90 (2.42–3.46) <0.001

Abbreviations: AFP, α-fetoprotein; WBC, white blood cell count; PLT, blood platelet count; ALT, alanine aminotransferase.
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were also plotted and indicated that the nomogram-predicted survival closely corresponded with actual survival outcomes 
(Figure 6A–F). The above results demonstrated the clinical utility of TBS, which might provide standardized net clinical 
benefits.

Discussion
In our study, we utilized the data of 3025 hCC patients to confirm that tumor burden score could stratify the prognosis of 
HCC patients undergoing resection. Further subgroup analysis has shown that tumor burden score could be regarded as 
a feasible subclassification criterion across the BCLC stage. Moreover, we could use the tumor burden score to identify 
specific subgroups beyond BCLC criteria which could benefit most from liver resection.

TBS is composed of maximum tumor diameter and tumor number, which are easily obtained from preoperative 
imaging examination. The TBS score was initially used to predict the prognosis of patients with colorectal cancer with 
liver metastases.13 A large number of previous studies have demonstrated that the tumor burden score could well 
distinguish the prognosis of patients treated with TACE.15,17,18 At the same time, Li et al found that the TBS score could 
also be used to predict the prognosis of patients, with intrahepatic cholangiocarcinoma undergoing liver resection.19 

Consistent with the result of a previous study,20 we also found that it could well stratify the prognosis of HCC patients 
after hepatic resection in our study. There was a negative correlation between TBS and prognosis. The 5-year overall 
survival rates of the low TBS group, intermediate TBS group, and high TBS group were 79.7%, 61.2%, and 42.7%, 
respectively. Similar results were also found in the 5-year recurrence-free survival. The highlight of our study was that 
our study expanded the scope of included patients and further included patients with portal vein tumor thrombus or 
extrahepatic metastases. Moreover, further multivariate analysis showed that intermediate TBS and high TBS were 
independent risk factors for HCC patients after hepatic resection. At the same time, previous studies have confirmed that 
AJCC stage, pathological differentiation grade, metastasis stage, HBV and MVI could predict the prognosis of HCC.21,22 

Compared with these factors mentioned above, TBS had better predictive capabilities according to the ROC.
In our study, HCC patients with BCLC-0 grade and BCLC-A were treated with surgical operation rather than 

radiofrequency ablation. For such patients, radiofrequency ablation was less effective than hepatectomy.23–25 

Hepatectomy is also the preferred treatment for patients with liver cancer with a diameter over 3 cm. In contrast to 

Table 3 Univariate Cox Analysis and Multivariable Cox Regression Analysis of Predictive Factors for 
Recurrence-Free Survival in the Entire Cohort

Characteristic Recurrence-Free Survival

Univariate Analysis Multivariable Analysis

Hazard Ratio P-value Hazard Ratio P-value

Age (≤/>65) 1.05 (0.94–1.18) 0.30

Sex (female/male) 1.29 (1.10–1.50) 0.01 1.21 (1.03–1.41) 0.02
Child-Pugh grade (B/A) 0.65 (0.48–0.86) 0.003 0.78 (0.58–1.05) 0.09

Cirrhosis (no/yes) 1.15 (1.05–1.27) 0.004 1.18 (1.07–1.30) 0.001

WBC (>/≤10) 0.66 (0.55–0.79) <0.001 0.83 (0.69–1.00) 0.05
PLT (>/≤300) 0.75 (0.63–0.89) 0.001 0.96 (0.81–1.14) 0.62

ALT (>/≤40) 0.74 (0.68–0.82) <0.001 0.85 (0.78–0.94) 0.001

AFP (>/≤400) 0.64 (0.58–0.70) <0.001 0.76 (0.69–0.94) <0.001
HBV infection (no/yes) 1.15 (1.02–1.30) 0.02 1.18 (1.05–1.34) 0.007

Cancer center (our institution/other institutions) 1.06 (0.94–1.21) 0.33

Portal vein tumor thrombus (no/yes) 2.79 (2.44–3.19) <0.001 1.92 (1.67–2.22) <0.001
Tumour burden score

Low Reference Reference

Intermediate 1.26 (1.14–1.39) <0.001 1.60 (1.44–1.79) <0.001
High 2.39 (2.14–2.68) <0.001 2.56 (2.23–2.93) <0.001

Abbreviations: AFP, α-fetoprotein; WBC, white blood cell count; PLT, blood platelet count; ALT, alanine aminotransferase.
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small HCC, large HCCs exhibit a more aggressive phenotype. This heightened malignancy may be attributed to several 
factors: the irregular morphology of large HCCs, their abundant blood supply, and a propensity for invasion into the 
surrounding vasculature, leading to the formation of microvascular invasion (MVI) or microsatellite lesions. Minimally 
invasive procedures such as laparoscopy and robotics have further promoted the widespread application of liver 
resection. Our previous study has demonstrated that tumor number and tumor size were independent prognostic risk 
factors for early recurrence.26 Current staging systems, including the BCLC stage, impose strict restrictions on the 
number and diameter of tumors. Due to heterogeneity, even patients in the same grade may have different prognosis.27,28 

In the present study, the subgroup analysis of the BCLC stage confirmed that overall survival deteriorated incrementally 
with increasing TBS in patients with the BCLC-C stage. Moreover, intermediate TBS and high TBS were independent 

Figure 5 Prognostic accuracy of tumor burden score. The time-dependent receiver operating characteristic (ROC) curves of TBS to predict HCC overall survival (A) and 
recurrence-free survival (B) at 1, 3, and 5 years. Decision curves for OS (C) and RFS (D) at 1, 3, and 5 years.
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prognostic factors for OS and RFS of HCC patients across the stage of BCLC stages. The parameters included in TBS are 
based on continuous variables, so it can well stratify the prognosis of patients with different grades. Thus, the tumor 
burden score could be regarded as a feasible subclassification criterion across the BCLC stage.

The Japan Society of Hepatology and the Asian Pacific Association for the Study of the Liver HCC Guidelines some 
HCC patients beyond BCLC criteria may still benefit from surgical resection.29,30 Nevertheless, there is no consensus 
defining these highly selective HCC patients, and it is an urgent need for a reliable tool for clarifying HCC patients 
beyond BCLC criteria who are most likely to benefit from hepatic resection.31 In our study, we further evaluated whether 
tumor burden score could be a reliable tool for identifying patients beyond BCLC criteria for hepatic resection. 
Surprisingly, the OS of low TBS group of patients beyond BCLC criteria was not inferior to that of intermediate and 
high TBS group of patients within BCLC criteria. Consistent with the results of OS, the RFS of high TBS group within 
BCLC criteria and low TBS group beyond BCLC criteria were evenly matched. Thus, for those intermediate-advanced 
stage HCC patients with low TBS, surgical resection reported an acceptable outcome, compared to early-stage with 
intermediate and high TBS. In the present investigation, we have deliberately excluded from our analysis patients who 
had undergone preoperative conversion therapy. Nowadays, multimodal and high-intensity transformational therapies are 
constantly emerging, which are the main ways for patients with advanced liver cancer to achieve radical resection and 
long-term survival.32–34 Our team orally presented the results of a prospective, randomized, controlled, Phase III clinical 
study at the 2021 ASCO meeting that preoperative neoadjuvant FOLFOX-HAIC could reduce preoperative tumor burden 
and improve the prognosis for patients with resectable BCLC stage A/B hepatocellular carcinoma beyond BCLC criteria. 
Thus, we have compelling evidence to suggest that HCC patients in the intermediate-advanced stages with low TBS may 
derive significant therapeutic benefits from hepatic resection.

Figure 6 Prognostic accuracy of tumor burden score. Calibration curves for OS (A–C) and RFS (D–F). The x-axis represents the TBS-predicted probability and y-axis 
represents the actual probability of survival rate. Perfect prediction would correspond to the 45° gray dashed line. The red dotted line represents the entire cohort 
(n=3044), and the blue solid line is bias-corrected by bootstrapping (B=200 repetitions), indicating observed nomogram performance.
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We acknowledge several potential limitations inherent in our study. First, the primary patient cohort in our research was 
characterized by a history of HBV infection, which may have influenced the generalizability of our findings. Second, the 
retrospective nature of our study inevitably introduced selection bias, particularly evident in the process of enrolling patients at an 
intermediate to advanced stage for surgical intervention. This bias may have affected the objectivity of the results. Consequently, 
there is a clear necessity for future prospective studies to further validate our conclusions. Moreover, within the TBS formula, the 
maximum tumor diameter and the number of tumors are assigned equal weight. However, the rationality of this weight 
distribution has yet to be thoroughly examined and warrants additional investigation in subsequent research endeavors.

In conclusion, TBS stratifies the prognosis of HCC patients undergoing liver resection, and it can be a feasible 
subclassification criterion across the BCLC stage. Moreover, TBS can identify patients for resection beyond the BCLC 
criteria. TBS is a feasible and reliable prognostic tool for prognosis prediction and clinical decisions.

Abbreviations
HCC, hepatocellular carcinoma; TACE, transcatheter arterial chemoembolization; BCLC, Barcelona Clinic Liver Cancer; 
TBS, tumor burden score; OS, overall survival; RFS, recurrence-free survival; CNLC, China Liver Cancer; CT, enhanced 
computerized tomography; MRI, Gd-EOB-DTPA-enhanced magnetic resonance imaging; AFP, α-fetoprotein; WBC, 
white blood cell count; PLT, blood platelet count; ALT, alanine aminotransferase; MVI, microvascular invasion; IQR, 
interquartile ranges.
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