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Background

Advanced hepatocellular carcinoma (HCC) is characterized as symptomatic tumors [performance status (PS) score of 1-2], vascular invasion and extrahepatic spread, but patients with PS1 alone may be eliminated from this stage. Although liver resection is used for liver-confined HCC, its role in patients with PS1 alone remains controversial. Therefore, we aimed to explore its application in such patients and identify potential candidates.





Methods

Eligible liver-confined HCC patients undergoing liver resection were retrospectively screened in 15 Chinese tertiary hospitals, with limited tumor burden, liver function and PS scores. Cox-regression survival analysis was used to investigate the prognostic factors and develop a risk-scoring system, according to which patients were substratified using fitting curves and the predictive values of PS were explored in each stratification.





Results

From January 2010 to October 2021, 1535 consecutive patients were selected. In the whole cohort, PS, AFP, tumor size and albumin were correlated with survival (adjusted P<0.05), based on which risk scores of every patient were calculated and ranged from 0 to 18. Fitting curve analysis demonstrated that the prognostic abilities of PS varied with risk scores and that the patients should be divided into three risk stratifications. Importantly, in the low-risk stratification, PS lost its prognostic value, and patients with PS1 alone achieved a satisfactory 5-year survival rate of 78.0%, which was comparable with that PS0 patients (84.6%).





Conclusion

Selected patients with PS1 alone and an ideal baseline condition may benefit from liver resection and may migrate forward to BCLC stage A.
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Introduction

Hepatocellular carcinoma (HCC) is different from other solid tumors, and the prognosis of which is associated with not only tumor burden but also liver function and performance status (PS) (1). Considering these factors, many staging systems have been proposed for survival prediction in HCC (2–5). Widely adopted in clinical practice, the Barcelona Clinic Liver Cancer (BCLC) staging system has both excellent survival discrimination and available treatment allocation which divides HCC patients into five significantly different stages (6, 7). Unfortunately, many patients have been initially diagnosed with advanced HCC which is characterized by symptomatic tumors, vascular invasion and extrahepatic spread, thereby missing the opportunity for curative treatments (2). However, the survival benefit for advanced patients from systemic treatments recommended by the BCLC system is limited to a wide range of 6.4 to 19.2 months (8–12). Such a large survival variation results from the heterogeneity of advanced HCC.

Vascular invasion and extrahepatic spread are relevant to the malignancy of HCC, and the presence of which also indicates the deterioration of survival. Eastern Cooperative Oncology Group performance status score of 1 (ECOG-PS1) refers to patients not being able to engage in strenuous physical activity but able to carry out work of a light or sedentary nature, and it has been associated with survival (13). Previous studies have shown that the survival of patients with PS1 alone without vascular invasion or extrahepatic spread is significantly better than that of patients with vascular invasion or extrahepatic spread (7, 14). Remarkably, several studies have demonstrated that the survival of HCC patients with PS1 alone is different from that of other patients, and those patients should be migrated to the former stage (14, 15). Interestingly, another HCC staging system from East, the Hong Kong Liver Cancer (HKLC) Staging System suggests that the prognoses of patients with no or mild tumor-related symptoms (PS0 vs. PS1) are similar and have the same treatment allocation (3). Therefore, indiscriminately including patients with PS1 alone at an advanced stage may be challenging, and it should be explored whether they could migrate to the former stages and receive more aggressive treatments.

Liver resection is the first-line recommended treatment for early-stage diseases according to guidelines (2), and it is also adopted in real-world practice, especially for patients with PS1 alone (16–18). Previously, our team found advanced patients with PS1 alone and a single lesion had 1-, 3-, and 5-year survival rates of 83.2%, 60.8%, and 33.3%, respectively (6). Thus, we hypothesized that there is a certain subgroup of advanced patients with PS1 alone who may benefit from liver resection and even obtain comparable survival with PS0 patients.

The present study aimed to explore the predictive ability of PS in HCC patients treated by liver resection, identify the optimal candidates who would benefit from liver resection in PS1 alone, and propose a modification of the BCLC system.





Materials and methods




Study population and eligibility

Form 15 Chinese tertiary hospitals, 8337 consecutive HCC patients undergoing liver resection were screened during the period from January 2010 to October 2021. The exclusion criteria were as follows: (I) Any previous treatment; (II) presence of vascular invasion or extrahepatic spread; (III) liver function beyond Child-Pugh class A; (IV) Multinodular belong to BCLC stage B; (V) PS score more than 1. Finally, 1535 patients were included in the study cohort (Figure 1). HCC was diagnosed by contrast-enhanced computed tomography (CT) and magnetic resonance imaging (MRI) according to the guidelines of the American Association for the Study of the Liver Disease or the European Association for the Study of Liver Disease (AASLD/EASL) (19, 20). Clinical, laboratory, and imaging data of registered patients were evaluated and collected by three independent clinicians from the database of every enrolled hospital.




Figure 1 | Flowchart of the patient selection. HCC, hepatocellular carcinoma; PS, performance status.







Treatment and follow-up

After general anesthesia administration, liver resection was performed through a right subcostal incision. The perihepatic ligaments and adhesion tissue were separated prior to abdominal exploration. Intraoperative ultrasound was used to assess the number, size, distribution, and invasion of adjacent structures of the liver tumor, as well as the relationship of the tumor to blood vessels, bile ducts, and other structures. Hepatic blood flow was blocked by applying the Pringle technique, and then hepatoduodenal ligament was clamped with a rubber tourniquet. Depending on the location, size, and number of tumors, patients underwent hepatic lobectomy, segmental hepatectomy, hemihepatectomy, or partial hepatectomy. Each procedure was performed in accordance with the standard approach recommended by the guidelines. All nodules were removed before being sent to the pathology department. Laboratory assessment and radiologic evaluation [contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI)] were performed at one month after liver resection, every three months during the first year and every three to six months subsequently. Overall survival (OS) was defined as the time from the date of liver resection until death or the date of the last follow-up, and the last one occurred in October, 2021.





Statistical analysis

Categorical variables are presented by frequencies and percentages, and continuous data are presented as the median with interquartile range (IQR). Overall survival (OS) was estimated using Kaplan–Meier curves and compared using the log-rank test. The median follow-up was estimated using Kaplan–Meier curves and compared using two independent sample nonparametric tests. The Cox proportional hazards regression model was used to analyze prognostic factors correlated with outcomes, where PS (PS0 vs. PS1) was used as a stratifying covariate. Considering the impacts of baseline characteristics on outcomes, we adjusted the difference in outcomes between PS stratification in multivariate regression models and propensity score matching (PSM) (21). First, every baseline variable was tested in univariate Cox regression models and then adjusted in multivariate models to identify the predictors for OS. Second, we performed 1:1 nearest neighbor PSM and set the caliper value to 0.2 to remove possible confounders and variables associated with survival (21). Baseline variables with significant differences between PS0 and PS1 patients, as well as variables associated with predictors of OS in univariate Cox regression models, were included in the PSM analysis. Finally, subgroup analysis was performed based on risk scores, which were calculated by variables’ prognostic values with the corresponding regression coefficients multiplied by 10 and rounded to the nearest integer. Moreover, the cutoff value of the subgroup was determined by fitting curves, and univariate and multivariate analyses were used to confirm the rationality of grouping. In addition, the sample size per subgroup met the 10 events per variable principle (10EVP) (22). Statistical analysis was conducted using SPSS software version 25.0 (SPSS Inc., Chicago, IL, USA) and R version 3.3.1 (R Foundation for Statistical Computing, Vienna, Austria).






Results




Patient characteristics

In total, 1535 eligible HCC patients were retrospectively selected in the present study, including 1193 (77.7%) patients with PS0 and 342 (22.3%) patients with PS1 (Table 1). The following characteristics were prevalent in the whole cohort: age less than 70 years (1416, 92.2%); male sex (1283, 83.6%); etiology of hepatitis B virus (HBV; 1426, 92.9%); Child-Pugh score of 5 (1392, 90.7%); α-fetoprotein (AFP) less than 400 ng/ml (1089, 70.9%); single tumor (1491, 97.1%); tumor size no more than 5 cm (951, 62.0%); and albumin more than 35 g/L (1426, 92.9%). In addition, patients with PS1 tended to have higher levels of aspartate aminotransferase (AST), white blood cells (WBC), platelets (PLT) and AFP as well as larger tumor sizes than those with PS0 (all P<0.05, Table 1).


Table 1 | Baseline characteristics of the whole cohort.







Prognostic ability of the PS score

The median follow-up duration was 54.4 (95% CI 52.8-6.0) months in the whole cohort. The median follow-up duration was 55.3 (95% CI 53.5-57.1) months in patients with PS0 and 54.4 (95% CI 52.8-55.9) month in patients with PS1 (P=0.395). During the period, a total of 354 (23.1%) patients died, and the mortality was 20.0% and 33.6% in the PS0 and PS1 groups, respectively. Kaplan-Meier curves demonstrated that patients with PS0 survived significantly longer than those with PS1 alone with 1-, 3-, and 5-year survival rates of 94.3%, 85.3%, and 77.4% in PS0 vs. 86.8%, 72.4%, and 61.6% in PS1, respectively (Log-rank P<0.001, Figure 2A). Univariate and multivariate analyses demonstrated that tumor size (adjusted HR 2.13, P<0.001), AFP (adjusted HR 1.67, P<0.001), albumin (adjusted HR 1.67, P<0.05) and PS (adjusted HR 0.61, P<0.001) were predictors of OS (Table 2). Considering that AST, WBC, PLT, AFP and tumor size were significantly different between patients with PS0 and PS1 as well as that AFP, tumor size and albumin were predictors of OS, we included these variables in the PSM analysis. Finally, there were 342 patients whose baseline variables and propensity scores were balanced in the two PS groups (all unadjusted P>0.05, Table 1). In the new cohort after PSM, the Kaplan-Meier curves showed that patients with PS0 had significantly better survival than those with PS1 alone (1-, 3-, and 5-year survival rates of 95.3%, 84.3%, and 75.3% in PS0 vs. 86.8%, 72.4%, and 61.6% in PS1, respectively; Log-rank P<0.001, Figure 2B). Similarly, PS remained a prognostic factor in the multivariate Cox-regression analysis model (adjusted HR 0.56 P<0.001, Table 2) and in an adjustment of the propensity score (adjusted HR 0.56, P=0.001).




Figure 2 | Survival difference between PS0 and PS1 patients in the whole (A) and PSM cohorts (B). PS, performance status; PSM, propensity score matching.




Table 2 | Univariate and multivariate analyses for predicting OS of the whole cohort.







Risk stratification

Patients were stratified according to the proposed risk scoring system, which was calculated by combining the prognostic factors of AFP, tumor size and albumin with their corresponding regression coefficients (AFP, 0.514; albumin, 0.518; and tumor size, 0.757) in the multivariate risk proportional regression model for the whole cohort. To simplify the calculation, the regression coefficients were multiplied by 10 and then rounded to the nearest integer. Thus, the risk score (R) was calculated as follow R = 5× (AFP: 0 if <400 ng/ml or 1 if ≥400 ng/ml) + 5× (albumin: 0 if >35 g/L or 1 if ≤35 g/L) + 8× (tumor size: 0 if ≤5 cm or 1 if > 5cm). There were six patient groups with risk scores of 0 (666, 43.4%), 5 (273, 17.8%), 8 (339, 22.1%), 10 (12, 0.8%), 13 (232, 15.1%), and 18 (13, 0.8%) (Table 3). In general, the hazards of death gradually improved as the risk scores increased regardless of the PS condition (Table 3 and Figure 3). Furthermore, the fitting curves marginally crossed between 0 and 5 as well as near 8, which indicated that cutoff values were 0 and 8. According to these two cutoffs, we divided the patients into low- (R=0), medium- (R=5 or 8) and high-risk stratifications (R=10, 13 or 18) (Table 3).


Table 3 | The prognostic value of PS in different risk scores.






Figure 3 | The change of prognostic values for PS0 and PS1 as the increase of risk scores. PS, performance status; HR, hazard ratio.







Prognostic ability of PS in low-risk stratification

For the low-risk stratification (R=0; AFP<400 ng/ml, albumin>35 g/L and tumor size ≤5cm), there were 556 (83.5%) patients with PS0 and 110 (16.5%) patients with PS1, and there were no differences in baseline characteristics in the two stratifications (all P>0.05, Supplementary Table 1). During a median follow-up duration of 56.1 (95% CI 53.9-58.3) months, patients with PS0 survived similarly to those with PS1 alone with 1-, 3-, and 5-year survival rates of 96.2%, 90.8%, and 84.6% in PS0 vs. 97.3%, 88.8%, and 78.0% in PS1, respectively (Log-rank P=0.233, Figure 4A). Multivariate analysis demonstrated that tumor number (adjusted HR 2.14, P<0.05) and age (adjusted HR 1.86, P<0.05) were independent predictors of OS, but PS (adjusted HR 0.73, P=0.242) was not an independent predictor of OS (Table 4). PSM analysis, including age and tumor number was conducted, which indicated that there were 110 patients with balanced baseline conditions in the two PS stratifications. After PSM, Kaplan-Meier curves showed that OS was not significantly different between patients with PS0 and PS1 stratifications with 1-, 3-, and 5-year survival rates were 93.6%, 88.9%, and 82.8% in PS0 vs. 97.3%, 88.8%, and 78.0% in PS1, respectively (Log-rank P=0.515, Figure 4B). In addition, the multivariate analysis with baseline characteristics (Model 2) and propensity score (Model 3) after PSM showed that PS was not a predictor of OS (all adjusted P>0.05, Table 4). In general, low-risk patients undergoing liver resection survived better than all the patients (Log-rank P<0.001, Figure 4G), and no survival difference was found between patients with PS0 and PS1 (Log-rank P=0.233, Figures 4A, G). More importantly, these findings were confirmed by multivariate analysis (adjusted P<0.001, Figure 4H).




Figure 4 | Survival analysis in different risk stratifications. PS, performance status; PSM, propensity score matching. The survival difference between PS0 and PS1 patients in the whole and PSM cohorts for low-risk (A, B), medium-risk (C, D), as well as high-risk stratification (E, F) according to Kaplan-Meier method. The low-risk patients could be identified from the whole cohort, while the PS score lost its prognostic value in univariate and multivariate analysis (G, H).




Table 4 | Prognostic abilities of PS in different risk stratifications.







Prognostic ability of PS in medium- or high-risk stratification

For the medium- (R=5 or 8) and high-risk (R>8) stratifications, the baseline characteristics of the patients are shown and compared in Supplementary Table 2. Kaplan-Meier curves demonstrated that the patients with PS0 survived better than those with PS1 alone in the medium-risk stratification with the 1-, 3-, and 5-year survival rates of 95.2%, 84.5%, and 75.7% in PS0 vs. 82.0%, 67.1%, and 58.9% in PS1, respectively (Log-rank P<0.001, Figure 4C). However, patients with PS0 survived similarly to those with PS1 alone in the high-risk stratification with 1-, 3-, and 5-year survival rates of 84.6%, 68.4%, and 55.8% vs. 79.3%, 54.9%, and 40.5%, respectively (Log-rank P=0.100, Figure 4E). In PSM analysis, there were 150 and 82 patients in the medium- and high-risk stratifications with balanced propensity scores in the two PS groups (Supplementary Table 2). After PSM, Kaplan-Meier curves showed that patients with PS0 survived better than those with PS1 alone in the medium-risk stratification (Log-rank P<0.001, Figure 4D), but that they survived similarly in the high-risk stratification (Log-rank P=0.054, Figure 4F). Additionally, the multivariate analysis of three Models showed that PS was an independent predictor of OS in the medium-risk stratification (all adjusted P<0.05); on opposite, PS lost its prognostic value in the high-risk stratification (all adjusted P>0.05) (Table 4). Thus, these findings indicated that PS had significant prognostic ability only in the medium-risk stratification.






Discussion

The present multicenter observational study demonstrated that PS remained an independent predictor of survival in patients with liver-confined HCC undergoing liver resection. Furthermore, AFP, albumin and tumor burden were combined to identify the patients who may benefit from liver resection and may be moved forward to BCLC stage A from advanced-HCC patients with PS1 alone. Compared to previous studies (14, 16, 23–25), the advantages of the present study included a large sample size specially focused on advanced HCC patients with PS1 alone undergoing liver resection, the use of subgroup analysis to explore the possibility of liver resection in managing some advanced diseases, and expansion of the indication of liver resection based on clinical practice.

A previous study has shown that PS significantly correlates with tumoral and cirrhotic factors for HCC patients (25). Similarly, in the present study, patients with PS1 had significantly higher levels of AST, WBC, PLT, AFP as well as larger tumor sizes than those with PS0 (P<0.05). Additionally, both univariate and multivariate analyses revealed that PS was an independent prognostic factor of OS. This finding agreed with previous studies, supporting the advancement of patients with PS1 alone to an advanced stage in the BCLC staging system (14, 25). However, some studies have reported contrasting conclusions (26, 27). In the HKLC staging system, PS0 and PS1 are equivalent and should be assigned to the same treatments (3). As mentioned above, PS1 indicates the presence of mild tumor-related symptoms that are influenced by nontumoral-related factors and subjectivity of HCC patients during symptom description; therefore, it is not easy to distinguish PS0 and PS1 in clinical practice. More importantly, advanced HCC patients have high heterogeneity, similar to those with PS1 alone. Consequently, inappropriately dividing some patients with PS1 alone into an advanced stage, who should be defined as early stage, may frequently occur in the real world. Several studies have confirmed that advanced HCC patients can benefit from liver resection (16, 28, 29), but these studies rarely focus on PS1 alone. In the present study, AFP, tumor size and albumin were identified as independent prognostic factors, which was consistent with previous studies and indicated high heterogeneity in such patients (30–32). It is necessary to further stratify HCC patients of PS1 alone according to these factors to identify appropriate candidates for liver resection.

A previous study including 2, 381 HCC patients has shown that defining patients with PS1 alone as BCLC stage B would increase the prognostic ability of the BCLC staging system and, proposes that BCLC stage C may not identify patients homogeneous enough to be allocated to a single stage (14). Furthermore, dividing HCC patients with BCLC stage B into four substages of B1 to B4 may be more appropriate than allocating patients with PS1 alone into the B4 substage instead of BCLC stage C (15). In our subgroup analysis of patients with low-risk stratification (R = 0; AFP <400 ng/ml, albumin >35 g/L and tumor size ≤5 cm), there was no difference in OS between patients with PS 0 and PS1 alone. Additionally, those patients with PS1 alone showed a promising OS after liver resection with a five-year survival rate of 78.0%, which was better than all patients in an advanced stage receiving systemic treatments (8–12). Therefore, liver resection may be an effective treatment for some advanced HCC patients with PS1 alone; thus, patients with PS1 alone should not be identified as BCLC stage C because they would lose the chance of curative therapies. In fact, many advanced HCC patients with PS1 are being treated by aggressive therapies and achieve considerable survival in real-world practice (14, 33, 34). Among the various treatments in addition to liver resection, TACE is also used for the treatment of advanced HCC patients with PS1 alone (6, 35). Our previous study indicated that liver resection is superior to TACE in advanced patients with PS 1 alone and single tumor, indicating that TACE should be considered as an alternative (6). Consequently, we suggested that HCC patients with PS1 alone with preferable baseline characteristics should be migrated to BCLC stage A with a similar prognosis to patients in the “real BCLC stage A”.

In the medium-risk stratification, we found that PS was also significantly associated with liver function, tumor burden and survival, which was consistent with previous studies (13, 36). In the whole cohort, PS remained a predictor of survival, which may have been due to high proportion of medium-risk patients (approximately 50%). In contrast, in the high-risk stratification, PS lost its prognostic value, and patients with PS0 and PS1 had a poor OS (with a five-year survival rate of 55.8% vs. 40.5%) after liver resection. This was probably because HCC patients with poor baseline characteristics may benefit little from liver resection and the effects of PS on survival would be diluted by other baseline factors. An Italian study has demonstrated no significant prognostic ability of PS in advanced HCC patients receiving best supportive care, supporting our findings (14). In another study from Taipei reported that the baseline characteristics become poorer with the deterioration of PS, and that the prognostic value gradually disappear (25). In summary, advanced HCC patients with PS1 alone and a medium-high stratifications have poor survival after liver resection and should still follow the recommendations of the BCLC staging system. Conversely, for patients with PS1 alone and a low-risk stratification, a modification of the BCLC staging system in patient stratification and treatment allocation should be considered.

The present study had several limitations. First, due to the retrospective design of our study, the evaluation of PS was based on the clinical data record, which may have introduced some subjectivity and inevitable information biases. To control these biases, the assessment of PS was conducted by three independent experienced clinicians, and the clinicians discussed any disagreements, especially for patients with no or mild tumor-related symptoms (PS0 or PS1). Second, due to the decrease in sample size in every risk stratification, the statistical power may have been weakened in the subgroup analysis. Therefore, several methods were used to adjust the prognostic value of PS. Importantly, the sample size per subgroup met the 10EVP, which ensured the rationality and reliability of the subgroup analysis. Third, the risk scoring formula consisted of three independent prognostic factors (AFP, tumor size and albumin), but their interaction effects were ignored. However, when separately using the ALBI grade, tumor burden or AFP for risk stratifications, PS remained predictive in every subgroup, indicating that these factors should not be used to identify the target candidates (all P<0.05, Supplementary Table 3). Finally, considering that the main etiology of HCC in Chinese patients of the present study were HBV infection, while the main etiologies of HCC in western patients were HCV, NAFLD and alcohol, our findings didn’t favour BCLC system caution should be used when generalizing and applying our findings.





Conclusions

PS is an independent predictor of survival for liver-confined HCC patients undergoing liver resection. Patients with PS1 alone and an ideal baseline condition may significantly benefit from liver resection and should be migrated to BCLC stage A. Future high-quality studies focusing on this subset of patients with prospective design and external validation, should be conducted.
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Patients of the whole cohort Patients after PSM

Variables Univariate analyses Multivariate analys: Univariate analyses Multivariate analyses

HR (95%Cl) P value HR(95%Cl) Pvalue HR(95%CI) Pvalue HR(95%Cl) P value

ECOG-PS score, Ref: PS score of 1 0.52 (0.41-0.65) <0.001 0.61 (0.49-0.77) <0.001 0.57 (0.43-0.77) <0.001 0.56 (0.42-0.75) <0.001

Age, Ref: Age <70 ng/mL 1.22 (0.85-1.74) 0.272 = 5 0.99 (0.60-1.63) 0.977 - -
Genger, Ref: female 0.97 (0.73-1.28) 0.852 - - 1.15 (0.75-1.76) 0.498 - -
Etiology, Ref: HBV (-) 0.89 (0.61-1.30) 0.568 = = 0.85 (0.52-1.39) 0.541 = -
AFP, Ref: AFP <400 ng/mL 1.83 (1.48-2.26) <0.001 1.67 (1.34-1.34) <0.001 1.79 (1.34-2.39) <0.001 1.62 (1.21-2.17) <0.001
Tumor number, Ref: n=1 1.02 (0.54-1.92) 0.931 - = 0.25 (0.03-1.85) 0.178 = -
Tumor size, Ref: size <5 cm 2.43 (1.97-3.00) <0.001 2.13 (1.72-2.64) <0.001 252 (1.83-3.46) <0.001 242 (1.76-3.33) <0.001
Albumin, Ref: Albumin >35 g/L 1.66 (1.18-2.33) 0.003 1.67 (1.19-2.35) 0.003 1.28 (0.75-2.17) 0.351 - -
TBIL, Ref: TBIL >17.1 umol/L 1.02 (0.84-1.27) 0.838 = = 0.99 (0.97-1.01) 0.600 - -
AST, per 1U/L increase 1.00 (0.99-1.00) 0.692 - - 1.00 (0.99-1.00) 0913 - -
ALT, per 1U/L increase 0.99 (0.99-1.00) 0.505 - - 0.99 (0.99-1.00) 0.540 - -
WBC, per 1x10°/L increase 1.01 (0.97-1.04) 0.526 - - 1.01 (0.95-1.07) 0.574 - -
BUN, per mmol/L increase 0.97 (0.91-1.02) 0.281 - - 0.90 (0.82-0.99) 0.039 0.92 (0.85-1.01) 0.084
PLT, per 1x10°/L increase 1.00 (0.99-1.00) . 0.849 - = 1.00 (0.99-1.00) 0.654 - -
INR, per 1 increase 1.10 (0.69-1.73) 0.681 - - 0.94 (0.47-1.87) 0.681 - -

After a propensity score matching (PSM), there were 342 patients in PS stratifications.
HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; PS, performance status; HBV, hepatitis B virus; AFP, alpha-fetoprotein; TBIL, total bilirubin; AST,
aspartate aminotransferase; ALT, alamine aminotransferase; WBC white blood cell; BUN, blood urea nitrogen; PLT, platelet count; INR, international normalized ratio.
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Univariate analysis Multivariate analysis

Risk stratification Variables included in multivariate analysis*
HR (95%Cl) P value HR (95%Cl) P value

Low-risk stratification

Model 1 0.74 (0.44-1.22) 0.235 0.73 (0.44-1.22) 0.242 Age, Tumor number
Model 2 0.80 (0.41-1.56) 0.515 0.78 (0.39-1.53) 0473 AST, ALT
Model 3 0.80 (0.41-1.56) 0.515 0.79 (0.40-1.55) 0.409 AST, ALT

Medium-risk stratification

Model 1 0.48 (0.34-0.67) <0.001 0.49 (0.35-0.68) <0.001 AFP
Model 2 0.44 (0.28-0.70) <0.001 0.46 (0.29-0.72) 0.001 AFP
Model 3 0.44 (0.28-0.70) <0.001 0.45 (0.29-0.71) 0.001 AFP

High-risk stratification

Model 1 072 (0.49-1.07) 0.102 071 (0.81-1.06) 0.096 PLT
Model 2 062 (0.39-1.01) 0.056 063 (0.39-1.03) 0.066 BUN, PLT
Model 3 062 (0.39-1.01) 0.056 063 (0.38-1.02) 0.062 BUN, PLT

* Variables with statistically significant differences in univariate analysis and included in multivariate analysis for adjustment.

Model 1: multivariate analysis with baseline characteristics for original patients.

Model 2: multivariate analysis with baseline characteristics for patients after PSM.

Model 3: multivariate analysis with propensity score for patients after PSM.

HR, hazard ratio; CI, confidence interval; AST, aspartate aminotransferase; ALT, alamine aminotransferase; PLT, platelet count; BUN, blood urea nitrogen; AFP, alpha-fetoprotein.
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Patients (n) Univariate analyses Multivariate analyses

Risk score Variables included in multivariate analysis*
PS O PS 1 HR (95%Cl) P value HR (95%Cl) P value

0 556 110 0.73 (0.44-1.22) 0235 0.75 (0.45-1.25) 0274 Age, Tumor number
5 228 | 45 0.45 (0.26-0.87) 0.016 0.50 (0.27-0.90) 0.022 [ PLT

8 234 105 0.49 (0.33-0.74) 0.001 0.50 (0.33-0.75) 0.001 Albumin

10 10 2 28.0 (0.01-39.0) 0.490 28.2 (0.00-40.1) 0.988 PLT, BUN, Age

13 156 76 0.69 (0.46-1.05) 0.084 0.70 (0.46-1.06) 0.091 PLT

18 9 4 0.69 (0.15-3.11) 0.633 0.37 (0.06-2.17) 0.275 AST

* Variables with statistically significant differences in univariate analysis and included in multivariate analysis for adjustment.
HR, hazard ratio; CI, confidence interval; PS, performance status; AST, aspartate aminotransferase; PLT, platelet count; BUN, blood urea nitrogen.
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OEBPS/Images/table1.jpg
Baseline characteristics

Total patients (n=1535)

Cohorts before PSM

PS 0 (n=1193)

PS 1 (n=342)

Cohort of PSO after PSM * (n=342)

Age, <70/270, n (%)

Gender, male/female, n (%)
Etiology, HBV (+)/HBV (-), n (%)
Child-pugh score, 5/6, n (%) *
AFP, <400/2400 ng/ml, n (%) *
Tumor number, 1/>1, n (%)
Tumor size, <5/>5 cm, n (%) *
Albumin, >35/<35 g/L, n (%)
TBIL, <17.1/>17.1 umol/L, n (%)
AST, U/L, median (IQR) *

ALT, U/L, median (IQR)

WBC, x10°/L, median (IQR) *
BUN, mmol/L, median (IQR)
PLT, x10”L, median (IQR)*

INR, median (IQR)

* Variables with significant difference between PS 0 and PS 1 cohorts (P<0.05).

1416 (922)/119 (7.8)
1283 (83.6)/252 (16.4)
1426 (92.9)/109 (7.1)
1392 (90.7)/143 (9.3)
1089 (70.9)/446 (29.1)
1491 (97.1)/44 (2.9)
951 (62.0)/584 (38.0)
1426 (92.9)/109 (7.1)
974 (63.5)/561 (36.5)
35.0 (26.0-49.2)
33.0 (23.0-51.0)
53 (42-66)
5.4 (4.4-6.4)
146.0 (107.0-188.0)

1.02 (0.97-1.07)

1102 (92.4)/91 (7.6)

995 (83.4)/198 (16.6)

1110 (93.0)/83 (7.0)
1097 (92.0)/96 (7.9)
858 (71.9)/335 (28.1)
1156 (96.9)/37 (3.10)
794 (66.5)/399 (33.5)
1106 (92.7)/87 (7.3)
749 (62.8)/444 (37.2)
34.0 (26.0-48.0)
33.0 (23.0-51.0)
52 (4.1-6.4)

53 (4.5-6.4)

142.0 (104.0-183.0)

1.02 (0.97-1.07)

314 (91.8)/28 (8.2)
288 (84.2)/54 (15.8)
316 (92.4)/26 (7.6)
295 (86.3)/47 (13.7)
231 (67.5)/111 (32.5)
335 (98.0)/7 (2.0)
157 (45.9)/185 (54.1)
320 (93.6)/22 (6.4)
225 (65.8)/117 (34.2)
37.0 (27.0-57.0)
34.0 (24.0-54.0)
5.5 (44-7.0)
53 (44-6.4)
158.0 (114.7-207.8)

1.02 (0.95-1.07)

310 (90.6)/32 (9.4)
295 (86.3)/47 (13.7)
314 (91.8)/28 (8.2)
311 (90.9)/31 (9.1)
231 (67.5)/111 (32.5)
336 (98.2)/6 (1.8)
157 (45.9)/185 (54.1)
320 (93.6)/22 (6.4)
214 (62.6)/128 (37.4)
34.0 (27.0-49.0)
34.0 (24.0-52.0)
5.6 (4.6-6.8)
5.4 (4.5-6.4)
154.0 (118.0-194.0)

1.00 (0.97-1.02)

$ Variables with significant difference between PS 0 and PS 1 cohorts (P<0.05) after a 1:1 propensity score matching (PSM; caliper value of 0.2).
HCC, hepatocellular carcinoma; PS, performance status; HBV, hepatitis B virus; AFP, alpha fetoprotein; TBIL, total bilirubin; AST, aspartate aminotransferase; ALT, alamine aminotransferase;

WBC, white blood cell; BUN, blood urea nitrogen; PLT, platelet count; INR, international normalized ratio.





