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Abstract
BACKGROUND
[bookmark: _Hlk149417095]Patients with Barcelona clinic liver cancer (BCLC) stage B hepatocellular carcinoma (HCC) are considerably heterogeneous in terms of tumor burden, liver function, and performance status. To improve the poor survival outcomes of these patients, treatment approaches other than transarterial chemoembolization (TACE), which is recommended by HCC guidelines, have been adopted in real-world clinical practice. We hypothesize that this non-adherence to treatment guidelines, particularly with respect to the use of liver resection, improves survival in patients with stage B HCC.

AIM
[bookmark: _Hlk149417123]To assess guideline adherence in South Korean patients with stage B HCC and study its impact on survival.

METHODS
[bookmark: _Hlk149417151]A retrospective analysis was conducted using data from 2008 to 2016 obtained from the Korea Central Cancer Registry. Patients with stage B HCC were categorized into three treatment groups, guideline-adherent, upward, and downward, based on HCC guidelines recommended by the Asian Pacific Association for the Study of the Liver (APASL), the European Association for the Study of the Liver (EASL), and the American Association for the Study of Liver Diseases (AASLD). The primary outcome was HCC-related deaths; tumor recurrence served as the secondary outcome. Survival among the groups was compared using the Kaplan-Meier method and the log-rank test. Predictors of survival outcomes were identified using multivariable Cox regression analysis.

RESULTS
[bookmark: _Hlk149417182]In South Korea, over the study period from 2008 to 2016, a notable trend was observed in adherence to HCC guidelines. Adherence to the EASL guidelines started relatively high, ranging from 77% to 80% between 2008 and 2012, but it gradually declined to 58.8% to 71.6% from 2013 to 2016. Adherence to the AASLD guidelines began at 71.7% to 75.9% from 2008 to 2010, and then it fluctuated between 49.2% and 73.8% from 2011 to 2016. In contrast, adherence to the APASL guidelines remained consistently high, staying within the range of 90.14% to 94.5% throughout the entire study period. Upward treatment, for example with liver resection, liver transplantation, or radiofrequency ablation, significantly improved the survival of patients with BCLC stage B HCC compared to that of patients treated in adherence to the guidelines (for patients analyzed according to the 2000 EASL guidelines, the 5-year survival rates were 63.4% vs 27.2%, P < 0.001), although results varied depending on the guidelines. Progression-free survival rates were also significantly improved upon the use of upward treatments in certain groups. Patients receiving upward treatments were typically < 70 years old, had platelet counts > 105/μL, and serum albumin levels ≥ 3.5 g/dL.

CONCLUSION
[bookmark: _Hlk149417204]Adherence to guidelines significantly influences survival in South Korean stage B HCC patients. Curative treatments outperform TACE, but liver resection should be selected with caution due to disease heterogeneity.
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Core Tip: The current hepatocellular carcinoma (HCC) guidelines do not recommend curative treatments, except liver transplantation, for patients with Barcelona clinic liver cancer stage B HCC. Our study suggests survival benefits for selected patients aged < 70 years, with platelet counts > 105/μL and albumin levels ≥ 3.5 g/dL, even if the liver function corresponds to Child-Pugh score B7, beyond the Milan criteria and outside the up-to-7 criteria. As for the B2 group of the Kinki criteria, which presents a highly diverse population of patients with stage B HCC, curative strategies should be considered with caution through a multidisciplinary approach.


INTRODUCTION
[bookmark: _Hlk149417438]Hepatocellular carcinoma (HCC), the most common type of primary liver cancer and the second leading cause of cancer mortality, is a significant worldwide public health issue. In 2020, liver cancer was the second most common cause of premature death from cancer among persons aged 30 to 69 years, even in high-income countries[1]. In South Korea, HCC has the second highest mortality rate across all age groups and places a heavy burden on the working-age population, with considerable economic consequences[2].
[bookmark: _Hlk149417520]To ensure effective management and treatment of HCC, various international guidelines have been drawn up, including those from the Asian Pacific Association for the Study of the Liver (APASL), the European Association for the Study of the Liver (EASL), and the American Association for the Study of Liver Diseases (AASLD)[3-7]. The AASLD and EASL guidelines are based on the Barcelona Clinic Liver Cancer (BCLC) staging system, which considers factors such as tumor characteristics (number, size, vascular invasion, and extrahepatic localization), liver function [Child-Pugh score (CPS)], and performance status (PS) as defined by the Eastern Cooperative Oncology Group scale to determine appropriate treatment options and predict patient prognosis. Patients with stage B, which typically includes those with multinodular tumors, a CPS of A or B, a PS of 0, and no vascular invasion or extrahepatic spread exhibits extreme heterogeneity with tumor size and number, liver function and PS. It encompasses patients with single tumors larger than 5 cm and those with multiple tumors, leading to differences in tumor burden. Varying degree of impairment in liver function and PS, and preference introduce additional diversity in treatment approaches.
[bookmark: _Hlk149417598]The BCLC staging system strongly recommends transarterial chemoembolization (TACE) for patients with stage B HCC. However, in East-Asia there is a notable deviation from this recommendation, with liver resection being considered a viable treatment option for patients with stage B HCC. Nonrandomized controlled trials performed in East Asian populations have revealed that around half of patients with stage B HCC undergo TACE, while an equal proportion receive liver resection. After sensitivity analysis, liver resection demonstrated superior survival outcomes to TACE for patients with stage B HCC[8]. This reveals the potential benefits of adopting non-adherent treatment modalities to improve the prognosis of patients with stage B HCC. Consequently, HCC guidelines have continuously evolved in response to global clinical evidences[9-13].
[bookmark: _Hlk149417657]The Korea Central Cancer Registry (KCCR), established in 1980 by the Ministry of Health and Welfare, is a hospital-based nationwide cancer registry. Its primary goal is to accurately record cancer incidence in South Korea, facilitating cancer research and treatment planning through the development of a comprehensive cancer database. Each year, all newly diagnosed cancer patients are registered within this system[14].
This study aims to evaluate the adherence to each set of HCC guidelines (EASL, AASLD, and APASL) in South Korea between 2008 and 2016, using data from the KCCR. Additionally, we aim to assess the impact of non-adherence to guidelines on the survival outcomes of patients with stage B HCC. By identifying specific patient subgroups that benefit from treatment that deviates from the guidelines, this study could significantly contribute to the refinement of guidelines to allow improved real-world management of patients with stage B HCC.

MATERIALS AND METHODS
[bookmark: _Hlk149418179]Study population and study outcomes
This was a retrospective multicenter cohort study that included 13838 treatment-naïve patients with HCC registered in the KCCR from 2008 to 2016 and followed up until December 2019. The diagnosis of HCC was made based on pathological findings of surgical specimens or liver biopsies, or radiologic findings of liver dynamic computed tomography or magnetic resonance imaging. Stage B HCC was defined as multinodular tumors with a CPS of A or B, PS of 0, and no vascular invasion or cancer-related symptoms, in accordance with the BCLC staging system. A total of 650 patients with BCLC stage B HCC were selected and divided into three groups based on compliance with the EASL (2000, 2012), AASLD (2005, 2010), and APASL (2010) guidelines[3-7], guideline-adherent, upward, and downward treatment, excluding 1298 patients with critical missing value (Figure 1).
The primary endpoint was HCC-related death, and the secondary endpoint was tumor recurrence after the initial HCC treatment. HCC-related survival was measured from the date of the first treatment until HCC-related death or the last follow-up. Progression-free survival (PFS) was measured from the date of the first treatment to the date of the second treatment. Tumor recurrence was determined when the period between consecutive treatments was longer than one month.

Definition of guideline adherence
Guideline adherence was defined differently for each guideline based on the grades of evidence and recommendations (Supplementary Table 1)[3-7,15]. Among non-adherent treatments, upward treatment referred to more aggressive or curative treatments than those recommended in the BCLC staging system or updated treatments with proven efficacy. Downward treatment referred to moving from left to right in the BCLC staging system or treatments under clinical trials with no proven efficacy. All guidelines recommended TACE as standard therapy for unresectable, large, or multifocal stage B HCC. The APASL guidelines state that liver resection can be considered if HCC is confined to the liver, anatomically resectable, and satisfactory liver function reserve is present.

Anthropometric and laboratory evaluation
Data on the anthropometric parameters age, sex, body mass index (BMI, kg/m2), etiology (hepatitis B or C, alcohol consumption), presence of diabetes mellitus and hypertension, ascites, CPS, and Mayo End-Stage Liver Disease (MELD) score were collected. Levels of serum creatinine, sodium, and alanine aminotransferase (ALT), platelet counts, serum albumin levels, total bilirubin levels, and international normalized ratio (INR) were recorded as laboratory parameters. Data on tumor number, maximum tumor diameter, and alpha-fetoprotein (AFP) levels were collected as tumor factors. All laboratory parameters were measured using a conventional automated analyzer.

[bookmark: _Hlk149418564]Statistical analysis
All statistical analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC, United States). Continuous variables with normal distribution (age, BMI, CPS, MELD score, serum creatinine, sodium, ALT, platelets, serum albumin, total bilirubin, INR, tumor number, maximum tumor diameter, and AFP) are expressed as mean ± SD. The χ2-test with Fisher’s exact test was used to compare categorical variables (sex, etiology, and ascites). HCC-related survival and PFS was compared using the Kaplan-Meier method with the log-rank test. Univariate Cox regression analysis was performed and multivariate Cox regression analysis was conducted using selected variables sorted through stepwise selection to identify reliable predictors of survival in patients with stage B HCC. The modified Bolondi or Kinki subclassification system was used to categorize patients based on liver function and tumor status as follows: B1 (CPS of 5-7 and within up-to-7), B2 (CPS of 5-7 and beyond up-to-7), and B3 (CPS of 8, 9, and any tumor status) (Table 1)[16,17]. Propensity score matching (PSM) analysis was performed for variables, such as age, etiology, platelet count, serum albumin level, tumor burden, and MELD score to balance differences of baseline characteristics between patients who underwent liver resection and TACE during the subgroup analysis based on Kinki criteria. The results are presented as hazard ratios (HRs) with 95% confidence intervals (95%CIs). Statistical significance was set at P < 0.05.

RESULTS
Baseline characteristics and distribution of treatment strategies according to each HCC guideline
[bookmark: _Hlk149418951]The baseline characteristics of the patients treated in accordance with the EASL, AASLD, and APASL guidelines, are detailed in Tables 2 and 3, and Supplementary Table 2. Of the 353 patients analyzed according to the 2000 EASL guidelines, 76.2% received guideline-compliant treatment, and 21.8% received upward treatment. Of the patients analyzed according to the 2012 EASL guidelines, 27.6% received upward treatment; the seven patients who received downward treatment were excluded from the analysis due to low sample size. Patients in the upward treatment group, compared to guideline-adherent patients, had a younger average age (57.5 vs 60.7 years) and lower rates of diabetes (13.0% vs 29.4%). They also had lower ALT levels, CPS, MELD scores, and tumor numbers, as well as higher sodium levels, platelet counts, and serum albumin levels. Of the patients assessed according to the 2005 AASLD guidelines, nine downward treated patients were excluded due to the low sample size, and the 26.1% of patients who received upward treatment had fewer tumors compared with guideline-adherent patients. Of the patients analyzed according to the 2010 AASLD guidelines, 32.8% received upward treatment; these patients were younger (average age: 59.6 vs 62.6 years) and had lower rates of diabetes (21.4% vs 30.3%) and fewer tumors than guideline-adherent patients. In contrast, of the patients assessed according to the 2010 APASL guidelines, only 4.2% received upward treatment, with the vast majority (91.7%) treated in line with the guidelines. The upward treatment group had higher BMI and serum sodium levels than the treatment-adherent group (Supplementary Table 2).
With respect to treatment strategies, among the 155 patients who received treatment upward of the EASL guidelines, 72.9% underwent liver resection, 9.7% received a liver transplant, and 8.4% had radiofrequency ablation (RFA). According to the AASLD guidelines, 200 patients received upward treatment, with 56.5% of these patients undergoing liver resection, 7.5% receiving a liver transplant, and 7% undergoing RFA. Additionally, 58 patients were classified as undergoing upward treatment due to CPS B liver function while receiving transcatheter chemotherapy (TACE, drug-eluting bead TACE, transarterial radioembolization). Under APASL guidelines, most patients with stage B HCC (486 of 530) adhered to guidelines, with 94 of the guideline-adherent patients undergoing liver resections. Among the 22 patients receiving upward treatment, 50% received a liver transplant and 50% underwent RFA (Table 4). These findings underscore the diverse treatment approaches available for stage B HCC and the need for personalized management strategies.

Changes in guideline adherence over time
[bookmark: _Hlk149419149]Over the study period (2008-2016), there was a discernible trend in adherence rates to HCC guidelines. Adherence to the EASL guidelines initially ranged from 77% to 80% (2008-2012) but showed a downward tendency to 58.8% to 71.6% (2013-2016). Similarly, adherence to the AASLD guidelines started at 71.7% to 75.9% (2008-2010) and subsequently varied between 49.2% and 73.8% (2011-2016). In contrast, adherence to the APASL guidelines was consistently high, at 90.1% to 94.5% throughout the study period (Figure 2).

Factors affecting HCC-related mortality according to guideline adherence
[bookmark: _Hlk149419228]According to the 2000 EASL guidelines, Patients who underwent upward treatment had significantly better 5-year survival rates than those who received guideline-adherent treatment (63.4% vs 27.2%, log-rank P < 0.001, Figure 3A). Risk factors for HCC-related deaths included > 4 tumors and a maximum tumor diameter > 10 cm. Upward treatment (HR 0.448, 95%CI: 0.310-0.647, P < 0.001) and a higher platelet count (> 105/μL; HR 0.672, 95%CI: 0.507-0.890, P = 0.006) were associated with significantly improved HCC-related survival (Table 5). According to 2012 EASL Guidelines, upward treatment demonstrated the best survival outcome of all the treatment groups (5-year survival rates: 57.3% vs 35.2%, log-rank P < 0.001, Figure 3B). Risk factors for HCC-related deaths included > 70 years of age, male sex, total bilirubin level > 1.2 mg/dL, AFP > 200 ng/mL, > 4 tumors, maximum tumor diameter > 5 cm, and downward treatment. However, upward treatment (HR 0.720, 95%CI: 0.478-1.086, P = 0.117) did not significantly improve HCC-related survival (Table 5). With respect to the 2005 AASLD Guidelines, patients who underwent upward treatment had significantly better 5-year survival rates than those who received guideline-adherent treatment (63% vs 30%, log-rank P < 0.001, Figure 4A). Risk factors for HCC-related death included > 4 tumors and a maximum tumor diameter > 5 cm. Upward treatment (HR 0.465, 95%CI: 0.322-0.670, P < 0.001) and a platelet count > 105/μL (HR 0.684, 95%CI: 0.518-0.904, P = 0.008) significantly improved HCC-related survival outcomes in patients with HCC between 2008 and 2010. For patients assessed under the 2010 AASLD guidelines, patients who underwent upward treatment demonstrated better 5-year survival rates than those who received guideline-adherent treatment (50% vs 29.3%, log-rank P < 0.001, Figure 4B). Factors associated with HCC-related deaths included > 70 years of age, CPS > 7, > 4 tumors, and a maximum tumor diameter > 5 cm. Upward treatment (HR 0.478, 95%CI: 0.333-0.685, P < 0.001) and serum albumin levels > 3.5 g/dL (HR 0.596, 95%CI: 0.416-0.855, P = 0.005) were associated with improved HCC-related survival (Table 6). With respect to the 2010 APASL guidelines, patients who received guideline-adherent treatment showed the highest survival rates among all the groups (1-year survival rates: 84.1%, 77.3%, and 36.4%, in the guideline-adherent, upward, and downward treatment groups, respectively, log-rank P < 0.001, Supplementary Figure 1). Risk factors for HCC-related death included > 70 years of age, INR > 1.2, total bilirubin level > 1.2 mg/dL, > 4 tumors, a maximum tumor diameter > 5 cm, and downward treatment. Upward treatment (HR 0.704, 95%CI: 0.372-1.333, P =0.281) was not associated with better survival outcomes (Supplementary Table 3), which may be attributed to the relatively limited number of patients in the upward treatment group compared with the guide-adherent group.
These findings suggest that adherence to different guidelines and specific treatment choices played a crucial role in the prognosis of patients with HCC, with common risk factors, including tumor characteristics, patient age, and liver function influencing survival outcomes.

Comparison of PFS according to guideline adherence
[bookmark: _Hlk149419291]For patients analyzed according to the 2000 EASL guidelines, there was no significant difference in PFS between the guideline-adherent and upward treatment groups (Supplementary Figure 2A). However, with respect to the 2012 EASL guidelines, the guideline-adherent group had markedly improved 1-year PFS compared with the upward treatment group (60.5% vs 39.8%, log-rank P < 0.001, Supplementary Figure 2B). Between 2013 and 2016, upward treatment (HR 0.648, 95%CI: 0.461-0.909, P = 0.012) and serum albumin levels ≥ 3.5 g/dL (HR 0.74, 95%CI: 0.568-0.964, P = 0.026) were associated with improved PFS (Supplementary Table 5).
For patients assessed under the 2005 AASLD guidelines, no significant difference in PFS was observed between guideline-adherent and upward treatment groups (Supplementary Figure 3A). However, with respect to the 2010 AASLD guidelines, upward treatment was associated with superior 1-year PFS than guideline adherence (58.6% vs 38.9%, log-rank P < 0.001, Supplementary Figure 3B). Between 2011 and 2016, upward treatment (HR 0.556, 95%CI: 0.426-0.726, P < 0.001), and serum albumin levels ≥ 3.5 g/dL (HR 0.689, 95%CI: 0.511-0.928, P = 0.014) were associated with improved PFS (Supplementary Table 5).
With respect to the 2010 APASL guidelines, the upward treatment group exhibited the highest 1-year PFS rate (75%, 44.8%, and 31.3% in upward, guideline-adherent and downward treatment groups, respectively, log-rank P = 0.028, Supplementary Figure 4). Risk factors for tumor progression included > 70 years of age, > 4 tumors, a maximum tumor diameter > 5 cm, and downward treatment. Compared to guideline adherence, between 2010 and 2016, upward treatment (HR 0.561, 95%CI: 0.313-1.004, P = 0.052) and a platelet count > 105/μL (HR 0.740, 95%CI: 0.587-0.932, P = 0.011) were associated with a significant improvement in PFS (Supplementary Table 6).
In summary, regardless of the specific guidelines followed, factors such as adherence to guidelines, treatment choice (especially upward treatment), serum albumin levels, and platelet count consistently played pivotal roles in determining the prognosis of patients with HCC, particularly in terms of PFS.

Subgroup analysis of the impact of guideline adherence on overall survival according to BCLC subclassification
[bookmark: _Hlk149419353]Participants were categorized into BCLC stage B1 (40.6%, n = 263), B2 (55.1%, n = 357), and B3 (4.3%, n = 28). Among B1 and B2 patients (96.7% of the total), a significant portion received upward treatment (66.7% and 70%, respectively, Supplementary Tables 7 and 10).
In the B1 group, patients who received upward treatment had a significantly higher 5-year survival rate compared with those whose treatment adhered to guidelines (71.1% vs 41.4%, log-rank P < 0.001, Figure 5A). Upward treatment was associated with a significant improvement in survival outcomes (HR 0.470, 95%CI: 0.288-0.766, P = 0.002), even after PSM at a 1:1 ratio for variables, such as platelet count, serum albumin level, MELD score, number of tumors, and maximum tumor diameter (Supplementary Tables 8 and 9, Supplementary Figure 5). In the B2 group, a similar trend was observed, with a higher 5-year survival rate in patients receiving upward treatment compared with those whose treatment adhered to guidelines (51.2% vs 21.6%, log-rank P < 0.001, Figure 5B). Upward treatment remained a robust indicator of improved survival (HR 0.553, 95%CI: 0.317-0.965, P = 0.037, Supplementary Tables 11 and 12, Supplementary Figure 6) after 1:1 PSM for variables, such as age, etiology, sodium level, platelet count, serum albumin level, MELD score, number of tumors, and maximum tumor diameter.
Interestingly, despite the Kinki criteria recommending TACE, hepatic arterial infusion chemotherapy, and systemic chemotherapy as treatment options for patients with B2 HCC, liver resection, liver transplantation, or RFA resulted in superior outcomes for over 70% of patients with B2 HCC compared with following the guidelines. These findings highlight the potential benefits of individualized treatment approaches beyond guideline recommendations for certain BCLC subgroups.

DISCUSSION
[bookmark: _Hlk149419505]This large-scale, longitudinal study examined real-world data from patients with stage B HCC in South Korea over an 8-year period. As this was a nationwide multicenter study using data from the KCCR, random and representative selection of patients with HCC was performed. The adherence rate to guidelines for the treatment of stage B HCC has not increased over time, highlighting a gap between official recommendations and clinical practice. This study examines the implications of treatment decisions for patients with stage B HCC.
[bookmark: _Hlk149419580]Notably, the present study revealed that liver resection is a common treatment option for stage B HCC in South Korea, deviating from EASL and AASLD guidelines. This reflects the tendency of Asian countries to adopt more aggressive HCC treatment strategies than Western countries[18-20]. Furthermore, curative treatments, including liver resection, yield better survival outcomes than TACE in certain patients. Prognostic factors for patients with stage B HCC after curative treatment included age, tumor number, maximum tumor diameter, and underlying liver function, aligning with prior large-scale studies[22-24]. Overall, these findings suggest that curative treatments may significantly improve the prognosis of patients with stage B HCC, even after accounting for potential selection bias.
[bookmark: _Hlk149419647]Achieving significant increases in EASL and AASLD guideline adherence rates over time remains elusive in East Asian countries. One plausible explanation for this lies in the complex and multifaceted nature of HCC, which often requires tailored treatment strategies that may not always align with the standard guidelines. Moreover, the preference for curative or aggressive treatments for stage B HCC in East Asian countries may be attributed to the higher incidence of HCC in these countries compared with that in Western countries, largely due to a higher prevalence of chronic hepatitis B. This has necessitated the development of specialized treatment approaches. The establishment of specialized liver centers and multidisciplinary teams has resulted in the cultivation of expertise in various treatment modalities. Over time, the tradition of aggressive HCC treatment, including liver resection and transplantation, has become ingrained based on continuous research and clinical trials, leading to innovative strategies. Moreover, variations in healthcare infrastructure, clinical practice, demographics and differences in treatment preferences could all fundamentally make the differences for guideline non-adherence across regions in different countries.
[bookmark: _Hlk149419741]In 2022, the BCLC group updated their recommendations for HCC treatment, sub-classifying stage B HCC patients into three groups based on tumor characteristics and potential treatment responses; those eligible for extended liver transplantation criteria despite multiple HCCs, those suitable for TACE due to well-defined HCC nodules and preserved portal flow, and those with diffuse, infiltrative, and extensive HCC that may benefit from systemic therapy[25]. However, the updated BCLC staging system still does not recommend liver resection as a feasible therapy for stage B HCC due to the lack of prospective studies. Notably, a Chinese randomized controlled trial and a South Korean retrospective cohort study have demonstrated potential survival benefits of liver resection over TACE in selected patients with multiple HCCs[26]. In a South Korean retrospective cohort study, two periods (2003-2005 and 2008-2010) were compared to assess changing treatment trends. The results indicated that patients with stage 0-C HCC who underwent curative treatments in the later cohort achieved superior 5-year survival outcomes to those who received non-curative therapy[27]. The potential survival benefits of liver resection over TACE in selected patients with stage B HCC have been verified through systematic reviews and meta-analyses[28,30-33]. Considering real-world scenarios [21-24,29] that demonstrate superior outcomes with liver resection can provide robust evidence for the adoption of curative treatments in patients with more advanced HCC. However, careful patient selection is required, considering individual patient characteristics and institutional expertise, to maximize the survival benefit.
[bookmark: _Hlk149419801]Patients with chronic liver disease are at an increased risk of post-hepatectomy liver failure; however, advances in preoperative assessments such as portal hypertension evaluation, future liver remnant volume or function prediction, portal vein embolization, surgical techniques, and postoperative management have expanded the possibilities of liver resection even in more advanced stages of HCC. As a result, portal hypertension, multifocal HCCs, and portal vein thrombosis are now recognized as manageable challenges in HCC treatment. Overall, the importance of multidisciplinary evaluation and meticulous planning in the selection of treatment strategies for stage B HCC cannot be overstated; where technically feasible, surgical resection remains a vital option.
[bookmark: _Hlk149419835]Our study has several limitations that warrant consideration when interpreting the results. First, given its retrospective nature, there is a possibility that treatment strategies were influenced by physician or patient preferences, introducing inherent bias. To establish the safety and effectiveness of curative treatments for stage B HCC, well-designed prospective studies are essential. Second, our study excluded certain patients with stage B HCC who may benefit from alternative treatments or systemic therapy according to the 2022 BCLC staging system, due to the limited number of participants. This exclusion could impact the generalizability of our findings. Third, we were unable to account for potential confounding factors such as tumor location, pathology, degree of differentiation, and imaging characteristics, as these data were not available in the KCCR. These factors can influence treatment choices and prognosis, potentially affecting our results. Lastly, due to the small sample size, we did not conduct a survival analysis comparing the B3 group with the B1 and B2 groups. While our study offers valuable insights into stage B HCC treatment and prognosis, well-designed prospective studies that overcome these limitations are necessary for a more comprehensive understanding of HCC and its management.
We propose that the eligibility criteria for liver resection be expanded to patients with stage B HCC in selected patients aged < 70 years, with platelet counts > 105/μL, and serum albumin levels ≥ 3.5 g/dL, even in cases where the liver function corresponds to CPS B7 or the HCC status is beyond the Milan criteria and outside the up-to-7 criteria. However, careful patient selection by considering liver function, tumor location, and tumor burden is crucial.

CONCLUSION
[bookmark: _Hlk149419878]The present study verified the discrepancy between guideline recommendations and real-world clinical practice in the treatment of stage B HCC, with liver resection often chosen against guideline recommendations, resulting in improved survival for selected patients. Multidisciplinary evaluation is crucial for the selection of appropriate curative treatments in patients with stage B HCC, considering patient characteristics and institutional expertise. Prospective studies are required to further assess the clinical implications of curative treatments in stage B HCC.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is a major global health concern, and the second leading cause of cancer mortality worldwide. Treatment guidelines are based on the Barcelona Clinic Liver Cancer staging system, but in East Asian countries, liver resection is often preferred to transarterial chemoembolization for stage B HCC due to better survival outcomes.

Research motivation
The need for regional adaptations in HCC treatment guidelines to improve the prognosis of patients with stage B HCC.

Research objectives
This study aims to evaluate adherence to international HCC guidelines in South Korea using data from 2008-2016, investigate the treatment strategies for stage B HCC, analyze the impact of guideline non-adherence on survival, and identify patient subgroups who may benefit from guideline deviation to improve real-world management.

Research methods
In this retrospective analysis, data from the Korea Central Cancer Registry from 2008 to 2016 were utilized. Patients with stage B HCC were categorized into groups based on treatment adherence to HCC guidelines from Asian Pacific, European, and American associations for the study of liver diseases. The primary outcome was HCC-related deaths, with tumor recurrence as a secondary outcome; statistical analysis was performed using Kaplan-Meier curves with log-rank tests and multivariable Cox regression analysis to analyze survival outcomes and predictors.

Research results
The adherence to European Association for the Study of the Liver and American Association for the Study of Liver Diseases HCC treatment guidelines exhibit a declining trend over time in South Korea. Curative treatments, which were a deviation from guideline recommendations, led to significantly improved survival rates. Patients receiving upward treatments were < 70 years of age, and had platelet counts > 105/μL and serum albumin levels ≥ 3.5 g/dL.

Research conclusions
This study, based on real-world data in South Korea, revealed a persistent gap between treatment guideline recommendations and real clinical practice for patients with stage B HCC; liver resection, which was often chosen against guideline recommendations, resulted in improved survival for selected patients.

Research perspectives
These findings suggest that expanding the eligibility criteria for liver resection in specific patient groups may be beneficial. The study also highlights the need for careful patient selection through a multidisciplinary approach when considering curative treatments for stage B HCC. However, prospective studies are needed to further evaluate the clinical implications of curative treatments in stage B HCC.
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Figure Legends
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Figure 1 Flow chart of classification according to hepatocellular carcinoma guidelines. Group 1: Guideline-adherent group; Group 2: Upward treatment group; Group 3: Downward treatment group. AASLD: American Association for the Study of Liver Diseases; APASL: Asian Pacific Association for the Study of the Liver; EASL: European Association for the Study of the Liver; HCC: Hepatocellular carcinoma.
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Figure 2 Changes in the rate of adherence to hepatocellular carcinoma guidelines over time. AASLD: American Association for the Study of Liver Diseases; APASL: Asian Pacific Association for the Study of the Liver; EASL: European Association for the Study of the Liver; HCC: Hepatocellular carcinoma.
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Figure 3 Kaplan-Meier survival curves of hepatocellular carcinoma-related deaths for hepatocellular carcinoma patients according to European Association for the Study of the Liver guideline. A: Kaplan-Meier curve of hepatocellular carcinoma (HCC)-related deaths between 2008 and 2012 according to the 2000 European Association for the Study of the Liver (EASL) guidelines; B: Kaplan-Meier curve of HCC-related deaths between 2013 and 2016 according to the 2012 EASL guidelines.
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Figure 4 Kaplan-Meier survival curves of hepatocellular carcinoma-related deaths for hepatocellular carcinoma patients according to American Association for the Study of Liver Diseases guideline. A: Kaplan-Meier curve of hepatocellular carcinoma (HCC)-related deaths between 2008 and 2010 according to the 2000 American Association for the Study of Liver Diseases (AASLD) guidelines; B Kaplan-Meier curve of HCC-related deaths between 2011 and 2016 according to the 2010 AASLD guidelines.
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Figure 5 Kaplan-Meier survival curves of hepatocellular carcinoma-related deaths for hepatocellular carcinoma patients according to Barcelona clinic liver cancer subclassification. A: Kaplan-Meier curve of hepatocellular carcinoma (HCC)-related deaths between 2008 and 2016 in substage B1 HCC patients according to the European Association for the Study of the Liver (EASL) guidelines; B: Kaplan-Meier curve of HCC-related deaths between 2008 and 2016 in substage B2 HCC patients according to the EASL guidelines.

Table 1 Modified Bolondi or Kinki subclassification system
	Subclassification
	B1
	B2
	B3

	Child-Pugh score
	5-7
	5-7
	8, 9

	‘Beyond Milan’ and within ‘up to 7 criteria’
	In
	Out
	Any

	
	
	
	In
	Out

	Concept of treatment strategy
	Curative
	Non-curative
	Curative intent if within up-to-7 criteria
	Palliative, no treatment

	Treatment option
	Resection
	TACE with DC beads
	Transplantation
	HAIC

	
	RFA
	HAIC
	RFA
	Superselective TACE with DC beads

	
	Superselective cTACE
	Sorafenib
	Superselective cTACE
	


RFA: Radiofrequency ablation; cTACE: Conventional transarterial chemoembolization; TACE: Transarterial chemoembolization; DC: Drug-eluting; HAIC: Hepatic arterial infusion chemotherapy.


Table 2 Baseline characteristics of patients with hepatocellular carcinoma between 2008 and 2016 according to the 2000 and 2012 European Association for the Study of the Liver guidelines
	Variables
	2000 EASL guidelines (HCC patients, 2008-2012)
	2012 EASL guidelines (HCC patients, 2013-2016)

	
	Guideline-adherent
	Upward treatment
	P value
	Guideline-adherent
	Upward treatment
	Downward treatment
	P value

	No. of patients
	269.0
	77.0
	
	168.0
	82.0
	47.0
	

	Age (yr)
	60.7 ± 10.4
	57.5 ± 10.2
	0.017
	62.6 ± 10.5
	60.9 ± 9.7
	64.8 ± 9.0
	0.100

	Male sex (n, %)
	226 (84.0)
	68 (88.3)
	0.469
	146 (86.9)
	70 (85.4)
	40 (85.1)
	0.921

	BMI (kg/m2)
	24.5 ± 4.3
	24.6 ± 3.1
	0.919
	23.8 ± 3.3
	23.6 ± 4.2
	23.2 ± 3.4
	0.626

	DM (n, %)
	79 (29.4)
	10 (13.0)
	0.004
	51 (30.4)
	24 (29.3)
	14 (29.8)
	0.984

	Hypertension (n, %)
	98 (36.4)
	28 (38.4)
	0.991
	58 (34.5)
	40 (48.8)
	19 (40.4)
	0.095

	Etiology
	
	
	
	
	
	
	

	Hepatitis B (n, %)
	166 (61.7)
	51 (66.2)
	0.469
	99 (58.9)
	51 (62.2)
	27 (57.4)
	0.729

	Hepatitis C (n, %)
	36 (13.4)
	8 (10.4)
	0.487
	26 (15.5)
	5 (6.1)
	4 (8.5)
	0.014

	Alcohol (n, %)
	98 (36.4)
	30 (39.0)
	0.685
	72 (42.9)
	41 (50.0)
	21 (44.7)
	0.566

	Ascites (n, %)
	23 (8.6)
	1 (1.3)
	0.085
	19 (11.3)
	9 (11.0)
	7 (14.9)
	0.522

	Creatinine (mg/dL)
	1.0 ± 0.6
	0.9 ± 0.2
	0.160
	0.9 ± 0.5
	1.0 ± 0.6
	0.9 ± 0.3
	0.624

	Sodium (mmol/L)
	139.4 ± 3.2
	140.3 ± 2.9
	0.021
	138.7 ± 2.9
	139.1 ± 3.8
	137.8 ± 2.7
	0.074

	Alanine aminotransferase (IU/L)
	49.2 ± 35.8
	43.5 ± 32.8
	0.206
	50.7 ± 44.0
	43.7 ± 26.3
	43.9 ± 30.9
	0.297

	Platelet count (109/L)
	143.8 ± 71.5
	172.8 ± 68.1
	0.002
	146.4 ± 69.6
	175.8 ± 74.4
	173.6 ± 91.6
	0.005

	Serum albumin (g/dL)
	3.8 ± 0.5
	4.1 ± 0.6
	< 0.001
	3.8 ± 0.5
	4.1 ± 0.5
	3.6 ± 0.6
	< 0.001

	Total bilirubin (mg/dL)
	1.1 ± 1.2
	1.0 ± 0.6
	0.475
	1.0 ± 0.9
	0.9 ± 0.8
	1.1 ± 0.7
	0.173

	INR
	1.1 ± 0.1
	1.1 ± 0.2
	0.017
	1.1 ± 0.2
	1.1 ± 0.1
	1.1 ± 0.1
	0.064

	Child-Pugh score
	5.5 ± 0.7
	5.2 ± 0.5
	0.025
	5.5 ± 0.9
	5.3 ± 0.7
	5.8 ± 1.0
	0.021

	MELD score
	8.8 ± 2.5
	7.8 ± 2.2
	0.002
	8.7 ± 2.7
	8.0 ± 2.5
	8.8 ± 2.4
	0.164

	Alpha-fetoprotein (ng/mL)
	1772.6 ± 7218.6
	1826.7 ± 5996.8
	0.952
	3757.3 ± 19911.7
	3186.6 ± 20583.6
	2553.0 ± 9928.3
	0.918

	Numbers of tumor
	3.7 ± 1.3
	2.8 ± 1.2
	< 0.001
	3.7 ± 1.3
	3.0 ± 1.3
	4.0 ± 1.4
	< 0.001

	Maximum tumor diameter (cm)
	4.8 ± 3.0
	4.8 ± 2.2
	0.989
	5.1 ± 3.1
	5.9 ± 3.4
	6.0 ± 3.7
	0.070


Data are presented as mean ± SD or number (%). BMI: body mass index; DM: Diabetes mellitus; EASL: European Association for the Study of the Liver; HCC: Hepatocellular carcinoma; INR: International normalized ratio; MELD: Mayo End-Stage Liver Disease.


Table 3 Baseline characteristics of patients with hepatocellular carcinoma between 2008 and 2016 according to the 2005 and 2010 American Association for the Study of Liver Diseases guidelines
	Variables
	2005 AASLD guidelines (HCC patients, 2008-2010)
	2010 AASLD guidelines (HCC patients, 2011-2016)

	
	Guideline-adherent
	Upward treatment
	P value
	Guideline-adherent
	Upward treatment
	P value

	No. of patients
	130
	46
	
	287
	154
	

	Age (yr)
	60.8 ± 8.9
	58.3 ± 10.2
	0.286
	62.6 ± 10.8
	59.6 ± 10.0
	0.005

	Male sex (n, %)
	106 (81.5)
	40 (87)
	0.498
	252 (87.8)
	130 (84.4)
	0.319

	BMI (kg/m2)
	24.6 ± 4.5
	24.2 ± 2.6
	0.533
	24.1 ± 3.4
	24.0 ± 3.9
	0.811

	DM (n, %)
	32.3
	19.6
	0.131
	87 (30.3)
	33 (21.4)
	0.046

	Hypertension (n, %)
	40.8
	30.4
	0.289
	107 (37.3)
	63 (40.9)
	0.456

	Etiology
	
	
	
	
	
	

	Hepatitis B (n, %)
	86 (66.2)
	30 (34.8)
	0.908
	164 (57.1)
	93 (60.4)
	0.656

	Hepatitis C (n, %)
	14 (10.8)
	5 (10.9)
	0.985
	43 (15.0)
	16 (10.4)
	0.087

	Alcohol (n, %)
	47 (36.2)
	19 (41.3)
	0.596
	117 (40.8)
	68 (44.2)
	0.492

	Ascites (n, %)
	4 (3.1)
	4 (9.5)
	0.156
	14 (4.9)
	36 (23.4)
	< 0.001

	Creatinine (mg/dL)
	1.0 ± 0.7
	0.9 ± 0.2
	0.345
	0.9 ± 0.4
	0.9 ± 0.7
	0.786

	Sodium (mmol/L)
	140.0 ± 3.0
	139.8 ± 4.0
	0.736
	139.1 ± 2.8
	138.6 ± 3.6
	0.092

	Alanine aminotransferase (IU/L)
	51.3 ± 36.6
	42.6 ± 25.3
	0.138
	48.5 ± 40.7
	42.7 ± 27.0
	0.112

	Platelet count (109/L)
	146.1 ± 70.3
	151.3 ± 74.1
	0.669
	151.2 ± 67.8
	158.3 ± 79.1
	0.326

	Serum albumin (g/dL)
	3.9 ± 0.4
	3.8 ± 0.7
	0.063
	3.9 ± 0.5
	3.8 ± 0.7
	0.146

	Total bilirubin (mg/dL)
	0.9 ± 0.4
	1.6 ± 2.5
	0.005
	0.9 ± 0.4
	1.2 ± 1.2
	< 0.001

	INR
	1.1 ± 0.1
	1.2 ± 0.2
	0.074
	1.1 ± 0.1
	1.1 ± 0.2
	< 0.001

	Child-Pugh score
	5.3 ± 0.5
	5.8 ± 1.2
	< 0.001
	5.3 ± 0.5
	5.8 ± 1.1
	< 0.001

	MELD score
	8.6 ± 2.0
	9.2 ± 3.5
	0.186
	8.2 ± 2.1
	9.1 ± 3.3
	< 0.001

	Alpha-fetoprotein (ng/mL)
	1516.5 ± 5731.8
	440.0 ± 1635.9
	0.212
	2442.3 ± 10522.8
	3862.8 ± 23036.1
	0.379

	Numbers of tumor
	3.7 ± 1.3
	3.0 ± 1.3
	0.001
	3.7 ± 1.3
	3.1 ± 1.3
	< 0.001

	Maximum tumor diameter (cm)
	4.3 ± 1.9
	4.1 ± 1.9
	0.579
	5.1 ± 3.0
	5.5 ± 3.5
	0.169


Data are presented as mean ± SD or number (%). AASLD: American Association for the Study of Liver Diseases; BMI: Body mass index; DM: Diabetes mellitus; HCC: Hepatocellular carcinoma; INR: International normalized ratio; MELD: Mayo End-Stage Liver Disease.


Table 4 Distribution of treatment strategies according to each hepatocellular carcinoma guideline
	Treatment strategy
	2000 EASL
	2012 EASL
	2005 AASLD
	2010 AASLD
	2010 APASL

	
	Adherence
	Upward
	Adherence
	Upward
	Downward
	Adherence
	Upward
	Adherence
	Upward
	Adherence
	Upward
	Downward

	Total, n (%)
	269 (76.2)
	77 (21.8)
	168 (56.6)
	82 (27.6)
	47 (15.8)
	130 (71.8)
	46 (15.5)
	287 (61.2)
	154 (32.8)
	486 (91.7)
	22 (4.7)
	22 (4.7)

	Liver resection
	0
	56 (72.7)
	0
	57 (63.4)
	0
	0
	26 (56.5)
	0
	87 (56.5)
	94 (19.3)
	0
	0

	Liver transplantation
	0
	11 (14.3)
	0
	4 (4.9)
	0
	0
	6 (13.0)
	0
	9 (5.8)
	0
	11 (50)
	0

	Radiofrequency ablation
	0
	6 (7.8)
	0
	7 (8.5)
	0
	0
	4 (8.7)
	0
	10 (6.5)
	0
	11 (50)
	0

	TACE
	261 (97)
	0
	168 (100)
	0
	0
	130 (100)
	10 (21.7)
	269 (93.7)
	45 (28.2)
	6
	0
	0

	TACE with drug-eluting beads
	0
	4 (5.2)
	0
	10 (12.2)
	0
	0
	0
	12 (4.2)
	2 (1.3)
	14 (2.9)
	0
	0

	Radioembolization (Yttrium-90)
	0
	0
	0
	4 (4.9)
	0
	0
	0
	0
	1 (0.6)
	4 (0.8)
	0
	0

	Chemotherapy
	8 (1.9)
	0
	0
	0
	13 (27.7)
	0
	0
	3 (0.9)
	0
	0
	0
	20 (90.7)

	Radiation therapy
	0
	0
	0
	0
	2 (4.3)
	0
	0
	0
	0
	0
	0
	0

	No treatment
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2 (9.1)


Data are presented as number (%). AASLD: American Association for the Study of Liver Diseases; APASL: Asian Pacific Association for the Study of the Liver; EASL: European Association for the Study of the Liver; HCC: Hepatocellular carcinoma; TACE: Transarterial chemoembolization.


Table 5 Univariate and multivariate Cox regression analysis for hepatocellular carcinoma -related death according to 2000 and 2012 European Association for the Study of the Liver guidelines
	Variables
	2000 EASL guidelines (HCC patients, 2008-2012)
	2012 EASL guidelines (HCC patients, 2013-2016)

	
	Univariate analysis
	Multivariate analysis
	Univariate analysis
	Multivariate analysis

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

	Age (≥ 70 yr)
	1.339 (1.004-1.783)
	0.046
	1.300 (0.961-1.758)
	0.089
	1.838 (1.336-2.529)
	< 0.001
	1.765 (1.269-2.687)
	0.001

	Male sex
	1.239 (0.875-1.754)
	0.227
	
	
	0.592 (0.401-0.874)
	0.008
	0.610 (0.409-0.910)
	0.153

	BMI (≥ 25kg/m2)
	0.890 (0.695-1.140)
	0.356
	
	
	0.829 (0.606-1.135)
	0.242
	
	

	DM
	1.153 (0.880-1.510)
	0.301
	
	
	1.027 (0.740-1.424)
	0.875
	
	

	Hypertension
	1.072 (0.836-1.375)
	0.583
	
	
	1.026 (0.757-1.391)
	0.867
	
	

	Etiology
	
	
	
	
	
	
	
	

	Hepatitis B
	0.902 (0.704-1.156)
	0.415
	
	
	0.852 (0.624-1.165)
	0.316
	
	

	Hepatitis C
	1.056 (0.743-1.501)
	0.763
	
	
	1.270 (0.822-1.962)
	0.282
	
	

	Alcohol
	1.109 (0.866-1.420)
	0.393
	
	
	0.960 (0.711-1.295)
	0.787
	
	

	Ascites
	
	
	
	
	
	
	
	

	Mild
	2.499 (1.543-4.048)
	< 0.001
	
	
	1.552 (0.962-2.503)
	0.072
	
	

	Moderate to severe
	1.302 (0.486-3.509)
	0.597
	
	
	1.736 (0.767-3.929)
	0.186
	
	

	Creatinine (> 1 mg/dL)
	1.283 (0.975-1.689)
	0.076
	
	
	1.123 (0.786-1.605)
	0.524
	
	

	Sodium (> 135 mmol/L)
	0.620 (0.411-0.937)
	0.024
	
	
	0.615 (0.408-0.929)
	0.021
	
	

	Alanine aminotransferase (> 80 IU/L)
	1.166 (0.813-1.672)
	0.403
	
	
	0.886 (0.556-1.412)
	0.610
	
	

	Platelet count (> 105/μL)
	0.685 (0.529-0.886)
	0.004
	0.672 (0.507-0.890)
	0.006
	0.735 (0.526-1.025)
	0.07
	
	

	Serum albumin (≥ 3.5 g/dL)
	0.694 (0.523-0.921)
	0.011
	
	
	0.605 (0.428-0.855)
	0.004
	
	

	Total bilirubin (> 1.2 mg/dL)
	1.529 (1.153-2.027)
	0.003
	
	
	1.510 (1.096-2.081)
	0.012
	1.391 (0.998-1.938)
	0.051

	INR (> 1.2)
	1.303 (0.982-1.729)
	0.067
	
	
	1.333 (0.904-1.967)
	0.147
	
	

	Child-Pugh score (≥ 7)
	1.808 (1.187-2.754)
	0.006
	
	
	1.586 (0.994-2.530)
	0.053
	
	

	MELD score (> 9)
	1.463 (1.112-1.926)
	0.007
	
	
	1.438 (1.035-1.998)
	0.030
	
	

	Alpha-fetoprotein (≥ 200 ng/mL)
	1.287 (0.993-1.668)
	0.056
	
	
	1.626 (1.196-2.211)
	0.002
	1.392 (1.001-1.936)
	0.049

	Numbers of tumor (> 3)
	1.810 (1.419-2.309)
	< 0.001
	1.685 (1.293-2.196)
	< 0.001
	1.654 (1.219-2.244)
	0.001
	1.673 (1.178-2.275)
	0.003

	Maximum tumor diameter (cm)
	
	
	
	
	
	
	
	

	< 2
	Ref
	
	
	
	Ref
	
	
	

	2-5
	0.642 (0.409-1.008)
	0.054
	0.969 (0.608-1.545)
	0.894
	1.489 (0.807-2.750)
	0.203
	1.725 (0.908-3.276)
	0.096

	5-10
	1.061 (0.666-1.689)
	0.803
	1.862 (1.136-3.055)
	0.0138
	1.694 (0.912-3.148)
	0.095
	2.378 (1.228-4.603)
	0.010

	> 10
	2.511 (1.328-4.748)
	0.005
	4.377 (2.268-8.448)
	< 0.001
	4.023 (2.051-7.892)
	< 0.001
	4.358 (2.120-8.956)
	< 0.001

	Treatment
	
	
	
	
	
	
	
	

	Guideline adherence
	Ref
	
	
	
	Ref
	
	
	

	Upward
	0.372 (0.263-0.525)
	< 0.001
	0.448 (0.310-0.647)
	< 0.001
	0.631 (0.426-0.935)
	0.022
	0.720 (0.478-1.086)
	0.117

	Downward
	
	
	
	
	1.974 (1.362-2.859)
	< 0.001
	1.838 (1.257-2.687)
	0.002


95%CI: 95%confidence interval; BMI: Body mass index; DM: Diabetes mellitus; EASL: European Association for the Study of the Liver; HCC: Hepatocellular carcinoma; HR: Hazard ratio; INR: International normalized ratio; MELD: Mayo End-Stage Liver Disease.


Table 6 Univariate and multivariate Cox regression analysis for hepatocellular carcinoma-related death according to 2005 and 2010 American Association for the Study of Liver Diseases guidelines
	Variables
	2005 AASLD guidelines (HCC patients, 2008-2010)
	2010 AASLD guidelines (HCC patients, 2011-2016)

	
	Univariate analysis
	Multivariate analysis
	Univariate analysis
	Multivariate analysis

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

	Age (≥ 70 yr)
	1.229 (0.809-1.865)
	0.334
	1.210 (0.896-1.635)
	0.214
	1.775 (1.376-2.289)
	< 0.001
	1.587 (1.206-2.089)
	0.001

	Male sex
	1.237 (0.776-1.972)
	0.371
	
	
	0.832 (0.602-1.152)
	0.268
	
	

	BMI (≥ 25 kg/m2)
	1.164 (0.819-1.654)
	0.397
	
	
	0.827 (0.650-1.053)
	0.123
	
	

	DM
	0.990 (0.681-1.438)
	0.958
	
	
	1.236 (0.954-1.600)
	0.109
	
	

	Hypertension
	1.129 (0.798-1.596)
	0.493
	
	
	1.101 (0.868-1.398)
	0.428
	
	

	Etiology
	
	
	
	
	
	
	
	

	Hepatitis B
	0.867 (0.608-1.235)
	0.429
	
	
	0.828 (0.652-1.051)
	0.121
	
	

	Hepatitis C
	1.068 (0.633-1.801)
	0.807
	
	
	1.225 (0.884-1.698)
	0.223
	
	

	Alcohol
	1.155 (0.815-1.637)
	0.417
	
	
	0.994 (0.785-1.259)
	0.961
	
	

	Ascites
	
	
	
	
	
	
	
	

	Mild
	1.984 (0.872-4.516)
	0.102
	
	
	1.907 (1.303-2.791)
	0.001
	
	

	Creatinine (> 1 mg/dL)
	1.322 (0.901-1.940)
	0.153
	
	
	1.206 (0.919-1.582)
	0.176
	
	

	Sodium (≥ 135 mmol/L)
	0.876 (0.445-1.724)
	0.702
	
	
	0.573 (0.407-0.807)
	0.002
	
	

	Alanine aminotransferase (> 80 IU/L)
	1.021 (0.614-1.699)
	0.937
	
	
	0.968 (0.670-1.400)
	0.865
	
	

	Platelet count (> 105/μL)
	0.590 (0.414-0.839)
	0.003
	0.684 (0.518-0.904)
	0.008
	0.736 (0.568-0.952)
	0.020
	
	

	Serum albumin (≥ 3.5 g/dL)
	0.865 (0.573-1.306)
	0.491
	
	
	0.533 (0.408-0.696)
	< 0.001
	0.596 (0.416-0.855)
	0.005

	Total bilirubin (> 1.2 mg/dL)
	1.619 (1.102-2.378)
	0.014
	
	
	1.509 (1.162-1.959)
	0.002
	
	

	INR (> 1.2)
	1.229 (0.838-1.802)
	0.291
	
	
	1.421 (1.054-1.915)
	0.021
	
	

	Child-Pugh score (≥ 7)
	1.430 (0.667-3.065)
	0.358
	
	
	1.822 (1.288-2.577)
	0.001
	2.429 (1.434-4.114)
	0.001

	MELD score (> 9)
	1.465 (1.018-2.108)
	0.040
	
	
	1.521 (1.163-1.988)
	0.002
	
	

	Alpha-fetoprotein (≥ 200 ng/mL)
	1.436 (1.004-2.055)
	0.048
	
	
	1.319 (1.029-1.692)
	0.029
	
	

	Numbers of tumor (> 3)
	1.458 (1.036-2.051)
	0.030
	1.570 (1.208-2.040)
	0.001
	1.830 (1.443-2.320)
	< 0.001
	1.870 (1.426-2.452)
	< 0.001

	Maximum tumor diameter
	
	
	
	
	
	
	
	

	< 2
	Ref
	
	
	
	Ref
	
	
	

	2-5
	0.767 (0.408-1.442)
	0.411
	0.967 (0.606-1.543)
	0.889
	0.974 (0.623-1.522)
	0.908
	1.294 (0.794-2.107)
	0.310

	5-10
	0.925 (0.475-1.800)
	0.818
	1.792 (1.093-2.939)
	0.021
	1.459 (0.929-2.291)
	0.101
	2.210 (1.338-3.650)
	0.002

	> 10
	4.267 (0.918-19.839)
	0.064
	3.437 (1.784-6.623)
	< 0.001
	2.692 (1.578-4.594)
	< 0.001
	3.261 (1.834-5.797)
	< 0.001

	Treatment
	
	
	
	
	
	
	
	

	Guideline adherence
	Ref
	
	
	
	Ref
	
	
	

	[bookmark: _Hlk103589538]Upward
	0.442 (0.283-0.691)
	< 0.001
	0.465 (0.322-0.670)
	< 0.001
	0.678 (0.524-0.879)
	0.003
	0.478 (0.333-0.685)
	< 0.001


95%CI: 95% confidence interval; AASLD: American Association for the Study of Liver Diseases; BMI: body mass index; DM: diabetes mellitus; HCC: Hepatocellular carcinoma; HR: Hazard ratio; INR: International normalized ratio; MELD: Mayo End-Stage Liver Disease.
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