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Abstract
BACKGROUND
[bookmark: _Hlk61439767]Careful selection of hepatocellular carcinoma (HCC) patients prior to chemoembolization treatment is a daily reality, and is even more necessary with new available therapeutic options in HCC. 

AIM
To propose two new models to better stratify patients and maximize clinical benefit: “6 and 12” and “pre/post-TACE-predict” (TACE, transarterial chemoembolization). 

METHODS
We evaluated and compared their performance in predicting overall survival with other systems {Barcelona Clinic Liver Cancer (BCLC), Albumin-Bilirubin (ALBI) and NIACE [Number of tumor(s), Infiltrative HCC, alpha-fetoprotein, Child-Pugh (CP), and performance status]} in two HCC French cohorts of different stages enrolled between 2010 and 2018. 

RESULTS
The cohorts included 324 patients classified as BCLC stages A/B (cohort 1) and 137 patients classified as BCLC stages B/C (cohort 2). The majority of the patients had cirrhosis with preserved liver function. “Pre-TACE-predict” and “6 and 12” models identified three distinct categories of patients exhibiting different prognosis in cohort 1. However, their prognostic value was no better than the BCLC system or NIACE score. Liver function based on CP and ALBI grades significantly impacted patient survival. Conversely, the “post-TACE-predict” model had a higher predictive value than other models. The stratification ability as well as predictive performance of these new models in an intermediate/advanced stage population was less efficient (cohort 2). 

CONCLUSION
The newly proposed “Pre-TACE-predict” and “6 and 12” models offer an interesting stratification into three categories in a recommended TACE population, as they identify poor candidates, those with partial control and durable response. The models' contribution was reduced in a population with advanced stage HCCs. 
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Core Tip: Management of hepatocellular carcinoma (HCC) has significantly changed over the past few years. The introduction of new systemic therapies, including immune checkpoint inhibitors has improved survival, especially in patients with advanced stage HCC. Careful selection of patients prior to transarterial chemoembolization (TACE) is crucial. “Up-to-seven criteria” have been proposed for subclassification of intermediate stages. More recently, two models (“6 and 12”; “pre-TACE-predict”) have been developed to improve patient stratification and refine prognosis, overcoming the limitations of points-based scores. In this retrospective multi-center French study, we evaluated and compared these two new models to validate their prognostic value and applicability in clinical current practice.

INTRODUCTION
Careful selection of patients with hepatocellular carcinoma (HCC) before performing transarterial chemoembolization (TACE) treatment remains a daily reality. HCC therapeutic management in the West is based on the Barcelona Clinic Liver Cancer (BCLC) system endorsed by the European Association for the Study of the Liver (EASL) and the American Association for the Study of Liver Diseases (AASLD) guidelines[1,2]. However limitations in its ability both to guide this procedure and more generally to manage intermediate-stage HCCs are recognized[3]. Despite serious improvements in patient selection, TACE modalities, efficacy [using modified response evaluation criteria in solid tumors (mRECIST)][4] and discontinuation criteria[5], this treatment usually fails to achieve sustained control of the disease, despite an objective response in about 50% of patients[6]. Despite subclassification propositions for intermediate stages[7,8] using up-to-seven criteria arbitrarily, clinicians have also continued to promote scores both to refine individual prognosis and guide therapeutic decisions. “Pre- and post-TACE-predict” models[9] have been developed accordingly, in consideration of TACE daily practices, based on a very large cohort of non-surgical HCC patients, some beyond the intermediate stage. Using continuous variables, to overcome the limitations of points-based scores, and online calculators, it offers a four-group stratification with survival prediction superior to the Hepatoma Arterial-embolization Prognostic score[10] and its different versions[11]. The “six-and-twelve”[12] model is another new score designed to stratify HCC patients recommended for TACE treatment. Based on simple addition, it defines three distinct prognosis populations (the sum is ≤ 6; or > 6 but ≤ 12; or > 12), with one over twelve who will not benefit from TACE treatment. To date, no model has really proved suitable as a prognostic tool and/or as an aid to the decision-making process. We do not yet have biomarkers or driver mutations to help us select beyond classic criteria such as tumor size and number. The scores could be helpful, and their relevance is supported by emerging treatment options[13] and trials currently underway evaluating the combination of TACE plus immune checkpoint inhibitors (ICIs). Recently, the combination of TACE with sorafenib, used as an anti-angiogenic agent before the procedure, has demonstrated a benefit on progression-free survival (PFS)[14]. A simple model, which identifies one group that benefits sustainably from TACE treatment, a second one that benefits only partially by delaying progression and a third with no benefits, i.e. TACE-refractory patients, could provide valuable guidance for clinicians. The aims of this study are to assess and compare the prognostic value of these two recent models with other commonly used systems and to further explore their suitability in two French cohorts including patients with HCCs of different stages.

MATERIALS AND METHODS
Study population
This retrospective study was performed on two French cohorts of HCC patients undergoing conventional (c) TACE treatment. The first cohort was a multicenter cohort (Marseille, Nancy, cohort 1) with 324 patients displaying comparable BCLC staging to those in the study by Wang et al[12], and the second cohort was a single-center cohort (Nice, cohort 2) with 137 patients displaying comparable BCLC staging to those in the study by Han et al[9]. Patients enrolled were screened from January 2010 to December 2018. HCC diagnosis was either based on imaging according to EASL[1]/AASLD[2] criteria, or histology if no cirrhosis or typical imaging of HCC was found. We selected all treatment-naïve patients not curable by resection or ablation, and those who received TACE for HCC recurrence after curative therapies. We excluded patients treated by pre-operative TACE (before resection or liver transplantation), those who received TACE in combination with other therapies (ablation or systemic therapy), those with impaired performance status (PS) > 1 and/or liver function [Child-Pugh (CP) B 8/9], and those with metastatic disease. Decision of TACE was adopted in all three centers following a multidisciplinary team discussion. Candidates selected for this retrospective analysis were therefore: (1) those with multinodular HCC featuring arterial enhancement, PS 0, CP A or B7 grade; (2) those with early HCC according to the stage treatment migration concept[1]; and (3) those with segmental or more peripheral portal venous invasion and/or slight impairment of PS (PS 1), CP A or B7 grade classified as stage C in the BCLC system. Baseline and follow-up demographic, clinical, biological and radiological characteristics were collected prospectively and analyzed retrospectively following a similar process in all three centers that regularly collaborate in the field of HCC. The local institutional review board in each center approved the study protocol.

TACE treatment and follow-up
Treatment procedure: A conventional TACE procedure was applied in each center. The protocol combined an emulsion of epirubicin (20-50 mg) and iodized oil (3-10 mL), followed by embolization with absorbable gelatin sponge particles, adjusted to the tumor volume. Selective embolization of tumor-feeding vessels was performed until blood flow discontinuation on angiography. This supra-selective approach was prioritized and systematically applied when a portal venous invasion was present. A second TACE session was delivered six to eight weeks later in case of partial disease control. Conversely, treatment was discontinued when clear progression or serious adverse events occurred. Additional TACE sessions were scheduled "on demand", following radiological and AFP results every 12 wk. Response to TACE was evaluated, after each procedure, on dynamic computed tomography (CT) and/or magnetic resonance imaging, according to the mRECIST[4], based on a measurement of the tumor's enhanced viable component. Homogeneous and dense-deposited areas of iodized oil (lipiodol) in the tumor on CT were further considered as criteria related to tumor response. Similar treatment and follow-up regimes were conducted in all three centers.

Risk stratification according to scoring/staging systems
Risk stratification based on “pre-TACE-predict”, “6 and 12” and NIACE[15] [Number of tumor(s), Infiltrative HCC, AFP, CP class, and Eastern Cooperative Oncology Group (ECOG) PS] scores, Albumin-Bilirubin (ALBI)[16] grade and “post-TACE-predict” model were calculated (Table 1). 

Statistical analysis
Continuous variables are presented as medians (interquartile range) and categorical data as frequencies (percentage). Overall survival (OS) was the endpoint used. Survival time was defined as the time interval between HCC diagnosis and death or time of last follow-up. Proportionality of the subdistribution hazards was assessed both by inspecting Schoenfeld-type residuals and by testing the correlation of these residuals with time[17]. OS were compared between staging systems using Kaplan-Meier estimates and compared using the Log-Rank test for overall comparison, and the Sidak test adjusted for multiple comparisons. Cox proportional hazards regression was performed and hazard ratios were retrieved with their 95% confidence interval (CI). One, two, and three-year predictive accuracies of staging systems were assessed using the area under receiver operating characteristic curve (AUROC). AUROCs were compared between staging systems using the Delong approach, having defined Pre-TACE-Predict and Post-TACE-Predict as references[18]. The Concordance (C)-index was also assessed and compared to determine the performance of staging systems across time. The larger the C-index, the more accurate the prognostic prediction was. C-index values were compared among each staging system using the Delong approach. All P values were considered significant at α-level = 0.05. All calculations were performed using the SAS V9.4 statistical software (SAS Institute Inc., Cary, NC, United States).

RESULTS
A description of patients is provided in Table 2. Both cohorts contained mostly males (85% and 92% for cohort 1 and cohort 2, respectively). Median age was 68 (62-74) years in cohort 1 and 67 (57-75) years in cohort 2. All HCC patients with cirrhosis had well-preserved liver function before first TACE session. HCCs were primarily linked to hepatitis C virus infection, high-risk alcohol consumption or non-alcoholic steatohepatitis. Liver cancers appeared multinodular in more than 50% of cases. These two cohorts varied according to BCLC staging, ECOG PS, tumor size, and mean number of TACE sessions.

Predictive abilities of staging/scoring systems for survival in cohort 1 (n = 324)
Median duration of follow-up time in that first group was 24.4 (15.0-36.8) mo. A total of 81% of patients died during this period. Kaplan-Meier analyses found that OS distribution among BCLC staging, the “6 and 12” and NIACE scores subgroups varied significantly in this multicenter cohort including early and intermediate stage HCCs (P < 0.0001 for all) (Table 3 and Figure 1). The “pre-TACE-predict” model also identified subgroups of different prognosis with survival ranging from 38 (30-68) (category 1) to 11 (8-15) mo (category 4) (P < 0.0001). However, the two lowest risk categories did not show a statistically significant difference in survival (Table 3 and Figure 2). Liver function also influenced survival outcomes; median OS varied between CP classes [CP-A, 27 (25-31) mo; CP-B7, 21 (15-24) mo (P = 0.0003)], and ALBI grades [grade 1, 35 (25-43) mo; grade 2, 26 (22-28) mo; grade 3, 16 (12-24) mo (P = 0.0029)].
Performances of the “pre-TACE-predict” model and other systems to predict survival are reported in Table 4. Time-dependent AUROC values and concordance-indices of the “pre-TACE-predict” model were not significantly different to those of other systems (BCLC, CP and ALBI grades), except for NIACE score that provided a better prognostication ability [C-index (pre-TACE) 0.59 (0.56-0.61) vs (NIACE) 0.70 (0.64-0.77), P = 0.0004]. The performance of the “post-TACE-predict” model outperformed other systems (BCLC, CP and ALBI grades).

Predictive abilities of staging/scoring systems for survival in cohort 2 (n = 137)
Median duration of follow-up time in the second group was 19 (10-32) mo. A total of 74% of patients died during this period. The “pre and post-TACE-predict” models score also identified subgroups of different prognosis with survival times ranging from 26 (21-44) mo (category 1) to 12 (5-15) mo (category 4) (P = 0.0032), and from 36 (23-44) mo to 9 (5-15) mo (P = 0.0022), respectively. However, there was some overlap between the three lowest risk categories when considering multiple comparisons (Table 5 and Figure 3). Kaplan-Meier analyses found that OS distribution among BCLC staging, CP and ALBI grades subgroups varied significantly. Conversely, OS distribution did not differ significantly across the “6 and 12” score subgroups within this cohort including intermediate and advanced HCCs. Time-dependent AUROC values and concordance-indices of the “pre- and post-TACE-predict” models were not significantly different to those of other systems (BCLC, NIACE score, CP and ALBI grades), except for the “6 and 12” score that provided a lower prognostic value [C-index (6 and 12) 0.52 (0.41-0.63) vs (pre-TACE) 0.63 (0.53-0.73), P = 0.0087; C-index (6 and 12) 0.52 (0.41-0.63) vs (post-TACE) 0.63 (0.52-0.73), P = 0.0232; respectively]. 

DISCUSSION
Firstly, our findings showed, as demonstrated previously[9], that the “pre and post-TACE-predict” models could stratify survival among recommended TACE candidates in cohort 1. We observed similar results for survival time compared to the original study[9] and similar performances for survival prediction. However, the two lowest risk categories exhibited no significant difference in survival when applying the “pre-TACE-predict” model (P = 0.9707) as reported in the validation cohorts in the study by Han et al[9]. Thus, this new model mainly identified three patient groups with different prognosis as the “6 and 12” score, and not four as mentioned previously. Moreover, the “pre-TACE-predict” model predictive value was comparable to that of other systems (BCLC staging, ALBI grade). The NIACE score was more powerful within this multicenter French cohort, but it encompasses an important feature, namely tumor appearance. TACE performances are based on nodule size, number and morphology. Patients with poorly limited HCCs are usually considered to be poor responders to TACE or with less sustained response compared to well-limited encapsulated HCC. Many reasons are involved: the lack of a safety margin related to the procedure, capsular tumor invasion and microsatellite lesions widely linked to these forms of HCCs[19] are usually both fed by the hepatic artery and portal vein[20]. Conversely, the “post-TACE-predict” model identified four different prognostic groups and not surprisingly outperformed other models; treatment response is an independent predictor of survival after TACE[21].
Secondly, this stratification into three categories proposed by the “pre-TACE-predict” or “6 and 12” models is attractive and reflects the different scenarios (Figure 4) with patients who sustainably benefit from TACE, while some intermediate stages still have a high risk of progression, and others may not achieve benefit from TACE and therefore may require earlier initiation of systemic treatment[13]. The different models, especially “pre-TACE-predict”, “6 and 12” and NIACE scores identify a population of patients who do not benefit from TACE and therefore are deemed TACE refractory, accounting for less than 10% of our population (Figure 1) vs 15% to 45% of patients in the study by Han et al[9], which means a change in our practices resulting in better patient selection. Conversely, these different models identified a first group of patients accounting for around 50% of our population who benefit sustainably from TACE, as this treatment may sometimes lead to complete tumor necrosis[22]. However, local and/or distant intrahepatic recurrences are commonly observed including in patients who achieved complete response following TACE[5]. These recurrences sometimes have a more invasive pattern[23], and became TACE resistant. Portal venous supply of HCC nodules, resulting from impaired arterial flow following repeated TACE, may help tumor survival[24]. This group may require additional treatment. Antiangiogenic therapy could enhance TACE efficacy[25]. In a new prospective randomized controlled study, Kudo et al[14] reported that combining cTACE plus sorafenib improves PFS based on a new definition of progression in patients with unresectable HCC. The authors propose another drug management; in contrast with other studies[26,27], sorafenib was introduced two to three weeks before the first TACE in an attempt to decrease vascular endothelial growth factor upregulation. This study requires further confirmation, since population size was limited and criteria for PFS are not yet consensual, but provides new insights, especially for patients who are considered TACE responders. The three scores also highlight an intermediate group (risk category 3 following “pre-TACE-predict”, or sum of tumor size and number over six and not exceeding twelve in the “6 and 12” score) accounting for one-third of the population (Figure 1) as reported in the original study[9]. This population, whose TACE delays tumor progression with an estimated median survival of 18 (16-21) mo, is well defined as opposed to the intermediate stage subclassifications (“outside up-to-seven criteria”). This group would deserve additional treatment to improve TACE efficacy, the whole purpose of the combined approaches with ICIs. TACE impacts the immune microenvironment of the tumor and may augment the effects of ICIs. Ongoing studies are currently underway[28].
Thirdly, the models' usefulness was reduced in our single center cohort including both intermediate and advanced stage HCCs (cohort 2) as in some cohorts that contributed to the development of the “pre-/post-TACE-predict” models[9]. The “6 and 12” score did not differentiate between subgroups with different prognosis. The low sample size may have affected this outcome, but other factors beyond tumor number or size influenced the prognosis in that population, especially vascular invasion[11]. The “6 and 12” model was developed based on a cohort of early (over 50%) and intermediate stage HCCs[12]. In a recent study, the “6 and 12” score survival prediction decreased within a population with slightly altered PS[29]. Thus, this model should be limited to TACE recommended candidates. It should also be stated that the performance of the “pre-TACE-predict” and NIACE scores was poorer for patient stratification with mainly two subgroups (Figure 3); thus, no model outperformed the BCLC system within this population. Moreover, the “post-TACE-predict” model identified only two subgroups of patients with different survival time. No study has shown a significant correlation between survival and radiological response following TACE treatment for HCCs with vascular invasion.
Fourthly, since pre-treatment scores contribution is comparable in a recommended TACE population combining a three-group stratification with therapeutic decision support, which model should be promoted? The simplicity of the “6 and 12” score by adding “the sum of largest tumor size and number” outperforms existing systems for daily medical practice even those with an online calculator. The recommendation for TACE results from a multi-disciplinary discussion with different clinicians who should both know and master at least one model. Other systems include some additional key features that may affect OS[15,30], but those parameters are not routinely recorded such as tumor morphology due to lack of consensus regarding radiological procedures and criteria that should be applied. However, liver function remains a key criterion in our cohorts of cirrhotic patients as CP and ALBI grades also identified subgroups with different prognosis (Figures 1 and 3). This is one of the limitations of the “6 and 12” model in our population.
Our study is limited by its retrospective design; therefore, selection and confounding biases are both possible. Moreover, sample size in cohort 2 was relatively small, and probably affected the results. A further limitation relies on the fact that we considered only the main treatment.

CONCLUSION
In sum, the two latest models (“6 and 12”, “pre-TACE-predict”) share comparable prognostic value with the BCLC system in our recommended TACE population. The newly proposed “pre-TACE-predict” model does not outperform the other models for predicting survival. However, it provides similar to the “6 and 12” score, an interesting three-subgroup stratification (long-term control, delay in progression and poor responders) especially when considering new available systemic therapies and future options. The usefulness of these scores was less apparent within our HCC cohort with advanced stages.

ARTICLE HIGHLIGHTS
Research background
Transarterial chemoembolization (TACE) is currently recommended for intermediate stage hepatocellular carcinomas (HCCs), while in practice TACE is performed beyond the recommendations. New therapeutic options in advanced HCC require careful selection of patients prior to TACE treatment, since some patients may not benefit from this therapy and may impair their liver function.

Research motivation
Two recently developed models entitled "pre-TACE-predict” and “Six-and-Twelve” both easy-to-use and powerful, have been designed accordingly, to identify suitable and inappropriate candidates and thus help in the decision-making process.

Research objectives
To evaluate and compare the performance of both new models in survival prediction, and their potential contribution to patient treatment strategy.

Research methods
This is a retrospective multicenter study performed on two French cohorts with HCC of different stages, including 324 patients classified as Barcelona Clinic Liver Cancer (BCLC) stages A/B (cohort 1) and 137 patients classified as BCLC stages B/C (cohort 2), respectively. All of these patients (treatment naïve or with recurrence after curative therapies) received conventional TACE treatment as the main therapy during a period from 01/2010 to 12/2018. Survival prediction was calculated based on these two new models and compared to the BCLC system and established prognostic scores [Albumin-Bilirubin grade, NIACE (Number of tumor, Infiltrative HCC, Child-Pugh, Alpha-fetoprotein, Eastern Cooperative Oncology Group Performance Status)] using concordance-index and area under the receiver operating characteristic curve across time.

Research results
The "pre-TACE-predict" model identified three rather than four groups of patients with different prognosis within a recommended TACE candidate cohort (cohort 1), similar to the “6 and 12” model. Its prognostic value was no higher than other systems, as opposed to the "post-TACE-predict" model that includes response to treatment. The contribution of both new models was reduced in our second cohort with advanced stage HCCs (cohort 2), as prognosis is influenced by variables other than tumor size or number and TACE efficacy is unclear in HCC with vascular invasion.

Research conclusions
Both “pre-TACE-predict” and “6 and 12” models offer an interesting stratification into three groups in a recommended TACE population, by defining respectively a first group with durable control but prone to recurrence, a second partially controlled group prone to progression and a third group that do not benefit from this treatment.

Research perspectives
With further refinement prior to chemoembolization, the “6 and 12” and “pre-TACE-predict” models allow us to consider the future scenarios of TACE therapy with (1) HCC patients who might benefit from adjuvant therapy to prevent recurrence (after a complete response to TACE); (2) others who might benefit from a combined therapy following a partial response to TACE; and (3) others who should be treated with a systemic exclusive therapy. 
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Figure Legends
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Figure 1 Patients’ allocation and survival according to scoring systems in cohort 1 (recommended transarterial chemoembolization patients). NIACE: Number of tumor(s), Infiltrative hepatocellular carcinoma, Alpha-fetoprotein, Child-Pugh class, Eastern Cooperative Oncology Group Performance Status; 6&12: “Six-and-Twelve”; ALBI: Albumin-Bilirubin; NS: Not significant; G: Grade; C: Category; TACE: Transarterial chemoembolization.
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Figure 2 Kaplan-Meier analysis of overall survival according to “pre-transarterial chemoembolization-predict” model in the multicenter French hepatocellular carcinoma cohort (n = 324). C: Category.
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Figure 3 Patients’ allocation and survival according to scoring systems in cohort 2 (intermediate/advanced stage hepatocellular carcinomas). NIACE: Number of tumor(s), Infiltrative hepatocellular carcinoma, Alpha-fetoprotein, Child-Pugh class, Eastern Cooperative Oncology Group Performance Status; 6&12: “Six-and-Twelve”; ALBI: Albumin-Bilirubin; NS: Not significant; G: Grade; C: Category; TACE: Transarterial chemoembolization.
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Figure 4 Summary of the study (patients‘ stratification according to the newly proposed scoring systems: “6 and 12” and “Pre-TACE-Predict”). TACE: Transarterial chemoembolization; PS: Performance status; PVT: Portal vein thrombosis; EHS: Extra-hepatic spread; “6&12”: “Six-and-Twelve”; cTACE: Conventional transarterial chemoembolization; OS: Overall survival; ICIs: Immune checkpoint inhibitors.

Table 1 Summary of points-based scores
	Prognostic systems
	Constituents
	Risk stratification

	Pre-TACE-predict
	Pre-TACE score was calculated according to the following equation = 0.313 × tumor number (0 = single, 1 = multifocal) + 1.252 × log10 tumor size (cm) + 0.230 × baseline log10 AFP (ng/mL) + [-0.0176 × baseline albumin (g/L)] + 0.458 × baseline log10 bilirubin (mcmol/L) + 0.437 × VI (0 = no, 1 = yes) + 0.149 × HBV (0 = no, 1 = yes) + 0.333 × alcoholic (0 = no, 1 = yes) + 0.211 × other etiology if not HCV/HBV/alcoholic (0 = no, 1 = yes)
	C-1: ≤ 0.94, C-2: > 0.94 to ≤ 1.47, C-3: > 1.47 to ≤ 2.10, C-4: > 2.10

	Post-TACE-predict
	Post-TACE score was calculated according to the following equation 0.207 × tumor number (0 = single, 1 = multifocal) + 1.129 × log10 tumor size (cm) + 0.147 × baseline log10 AFP (ng/mL) + 0.750 × baseline log10 bilirubin (mcmol/L) + 0.447 × VI (0 = no, 1 = yes) + 0.469 × PR (0 = no, 1 = yes) + 1.143 × SD (0 = no, 1 = yes) + 1.354 × PD (0 = no, 1 = yes)
	C-1: ≤ 1.82, C-2 > 1.82 to ≤ 2.49, C-3: > 2.49 to ≤ 3.37, C-4: > 3.37

	6 and 12
	6 and 12 score = tumor size in cm + tumor number 
	≤ 6/6-12/> 12

	NIACE
	Tumor nodules ≥ 3, Infiltrative vs Nodular HCC, AFP ≥ 200 ng/mL, Child-Pugh grade A/B, PS ≥ 1
	1 point, 1.5 / 0 point(s), 1.5 points, 0/1.5 points, 1.5 points
	≤ 1/1.5-3/> 3

	ALBI
	The ALBI score was calculated according to the following equation = 0.66 × log10 bilirubin - 0.085 × albumin (bilirubin level in mcmol/L and albumin level in g/L)
	Grade 1: ≤ -2.60, Grade 2: > -2.60 to ≤ -1.39, Grade 3: > -1.39


TACE: Transarterial chemoembolization; AFP: Alpha-fetoprotein; VI: Vascular invasion; HCV: Hepatitis C virus; HBV: Hepatitis B virus; PR: Partial response; SD: Stable disease; PD: Progressive disease; PS: Performance status; C: Category; 6 and 12: Six-and-Twelve.

Table 2 Baseline characteristics of hepatocellular carcinoma patients undergoing transarterial chemoembolization treatment
	Demographic variables
	Marseille/Nancy cohort, n = 324
	Nice cohort, n = 137

	Age, median (Q1-Q3), yr
	68 (62-74)
	67 (57-75)

	Gender n (%)
	
	

	Male/Female
	276 (85)/48 (15)
	126 (92%)/11 (8)

	Liver disease n (%)
	
	

	HCV/HBV/Alcoholism/MS/other
	129 (40)/14 (4)/122 (38)/42 (13)/17 (5)
	55 (40)/8 (6)/44 (32)/11 (8)/19 (14)

	ECOG (PS-0/1) n (%)
	324 (100)
	69 (50)/68 (50)

	Cirrhosis n (%)
	311 (96)
	118 (86)

	Tumor variables
	
	

	Tumor size, mm, median (Q1-Q3)
	35 (25-50)
	46 (25-70)

	Nodule (s): n (%) 1/2/3/4/≥ 5
	95 (29)/72 (22)/80 (25)/38 (12)/39 (12)
	20 (15)/22 (16)/63 (46)/32 (23)/0

	Vascular invasion
	0
	24 (18%)

	Laboratory variables
	
	

	AFP, ng/mL, median (Q1-Q3)
	16.3 (6.0-120.3)
	18 (1-600)

	PT (%), median (Q1-Q3)
	76 (64-88)
	90 (79-100)

	Albumin (g/L), median (Q1-Q3)
	35 (28-38)
	37 (33-41)

	Total bilirubin (mcmol/L), median (Q1-Q3)
	19.0 (13.7-28.7)
	11 (8-19)

	Platelet count, 109/L, Median (IQR)
	106 (82-153)
	-

	Child-Pugh grade n (%) A/B7
	249 (77)/75 (23)
	126 (92)/11 (8)

	ALBI grade 1/ 2/3 n (%)
	64 (20)/230 (71)/30 (9)
	52 (38)/79 (58/6 (4)

	BCLC stage A/B/C n (%)
	145 (45)/179 (55)/0
	0/58 (42)/79 (58)

	“6 and 12” score allocation n (%)
	
	

	≤ 6/6-12/> 12
	154 (48)/163 (50)/7 (2)
	51 (37)/73 (53)/13 (10)

	NIACE score allocation n (%)
	
	

	≤ 1/1.5-3/> 3
	168 (52/134 (41)/22 (7)
	41 (30)/72 (52)/24 (18)

	1Pre-TACE allocation n (%)
	
	

	C-1/C-2/C-3/C-4
	47 (15)/144 (44/109 (34)/23 (7)
	32 (23)/35 (26)/47 (34)/23 (17)

	TACE session, mean (SD)
	2.7 ± 1.8
	4.0 ± 2.3

	Radiological response (after first TACE)
	
	

	CR/PR/SD2/PD n (%)
	176 (54)/67 (21)/15 (5)/66 (20)
	34 (25)/88 (64)/6 (4)/9 (7)


1Available data for 323 patients for score calculation. HCC: Hepatocellular carcinoma; TACE: Transarterial chemoembolization; HCV: Hepatitis C virus; HBV: Hepatitis B virus; MS: Metabolic syndrome; ECOG (PS): Eastern Cooperative Oncology Group (performance status); AFP: Alpha-fetoprotein; PT: Prothrombin Time; ALBI: Albumin-Bilirubin; BCLC: Barcelona Clinic Liver Cancer; “6 and 12”: “Six-and-Twelve”; NIACE: Number of tumor(s), Infiltrative hepatocellular carcinoma, Alpha-fetoprotein, Child-Pugh class, Eastern Cooperative Oncology Group Performance Status; C: Category; SD: Standard deviation; CR: Complete response; PR: Partial response; SD2: Stable disease; PD: Progressive disease.

Table 3 Kaplan-Meier survival analysis according to scores and other systems in cohort 1 (n = 324)
	[bookmark: _Hlk47894762]Scoring/Staging systems
	OS (95%CI), mo
	P value (log-rank)
	Sidak1
	Hazard ratio (95%CI)
	P value

	2Pre-TACE-predict
	
	< 0.0001
	
	
	

	Category 1 (n = 47)
	38 (30-68)
	
	Ref
	Ref
	

	Category 2 (n = 144)
	32 (28-36)
	
	0.9707
	1.45 (0.96-2.19)
	0.0769

	Category 3 (n = 109)
	18 (16-21)
	
	< 0.0001
	2.99 (1.97-4.54)
	< 0.0001

	Category 4 (n = 23)
	11 (8-15)
	
	< 0.0001
	4.87 (2.81-8.47)
	< 0.0001

	2Post-TACE-Predict
	
	< 0.0001
	
	
	

	Category 1 (n = 74)
	44 (35-66)
	
	Ref
	Ref
	

	Category 2 (n = 125)
	32 (25-35)
	
	0.0725
	1.94 (1.35-2.78)
	0.0003

	Category 3 (n = 80)
	19 (16-24)
	
	< 0.0001
	4.33 (2.92-6.41)
	< 0.0001

	Category 4 (n = 44)
	12 (8-13)
	
	< 0.0001
	14.0 (8.89-22.15)
	< 0.0001

	“6 and 12” score
	
	< 0.0001
	
	
	

	Sum ≤ 6 (n = 154)
	31 (27-35)
	
	Ref
	Ref
	

	Sum 6-12 (n = 163)
	20 (17-24)
	
	0.0009
	1.55 (1.21-1.99)
	0.0005

	Sum > 12 (n = 7)
	15 (5-19)
	
	< 0.0001
	3.80 (1.76-8.21)
	0.0007

	BCLC staging 
	
	< 0.0001
	
	
	

	A (n = 145)
	35 (29-38)
	
	-
	Ref
	

	B (n = 179)
	19 (17-23)
	
	-
	1.88 (1.47-2.41)
	< 0.0001

	NIACE score 
	
	< 0.0001
	
	
	

	≤ 1 (n = 168)
	35 (28-36)
	
	Ref
	Ref
	

	1.5-3 (n = 134)
	20 (16-23)
	
	< 0.0001
	1.92 (1.49-2.48)
	< 0.0001

	> 3 (n = 22)
	11 (5-16)
	
	< 0.0001
	6.23 (3.87-10.02)
	< 0.0001

	Child-Pugh class 
	
	0.0003
	
	
	

	A (n = 249)
	27 (25-31)
	
	-
	Ref
	

	B (n = 75)
	21 (15-24)
	
	-
	1.66 (1.26-2.19)
	0.0003

	ALBI grade 
	
	0.0029
	
	
	

	Grade 1 (n = 64)
	35 (25-43)
	
	Ref
	Ref
	

	Grade 2 (n = 230)
	26 (22-28)
	
	0.1228
	1.50 (1.06-2.11)
	0.0216

	Grade 3 (n = 30)
	16 (12-24)
	
	0.0016
	2.30 (1.41-3.75)
	0.0009


1Sidak test for multiple comparisons. 
2Available data for 323 patients for score calculation. OS: Overall survival; CI: Confidence interval; “6 and 12”: “Six-and-Twelve”; Ref: Reference; BCLC: Barcelona Clinic Liver Cancer; NIACE: Number of tumor(s), Infiltrative hepatocellular carcinoma, Alpha-fetoprotein, Child-Pugh class, Eastern Cooperative Oncology Group Performance Status; ALBI: Albumin-Bilirubin.

Table 4 Comparison of predictive accuracy for overall survival between pre-/post transarterial chemoembolization-predict and staging/scoring systems in cohort 1 (n = 324)
	Scoring/Stage systems
	1-yr AUROC
	P (vs Ref)
	2-yr AUROC
	P (vs Ref)
	3-yr AUROC
	P (vs Ref)
	C-index
	P (vs Ref)

	Pre-TACE-predict
	0.67
(0.60-0.75)
	Ref
	0.60
(0.56-0.64)
	Ref
	0.57
(0.53-0.60)
	Ref
	0.59
(0.56-0.61)
	Ref

	“6 and 12” score
	0.65
(0.56-0.74)
	0.6040
	0.64
(0.58-0.70)
	0.1425
	0.63
(0.57-0.70)
	0.0347
	0.66
(0.58-0.73)
	0.0806

	[bookmark: _Hlk47893842]BCLC staging
	0.60
(0.52-0.67)
	0.0549
	0.64
(0.58-0.69)
	0.1705
	0.61
(0.55-0.67)
	0.1537
	0.61
(0.54-0.68)
	0.4459

	NIACE score
	0.77
(0.69-0.84)
	0.0254
	0.69
(0.63-0.75)
	0.0010
	0.69
(0.63-0.75)
	< 0.0001
	0.70
(0.64-0.77)
	0.0004

	Child-Pugh class
	0.56
(0.49-0.63)
	0.0399
	0.55
(0.51-0.60)
	0.1574
	0.54
(0.49-0.59)
	0.4784
	0.59
(0.55-0.64)
	0.8075

	ALBI grade
	0.63
(0.57-0.69)
	0.3997
	0.56
(0.51-0.61)
	0.1972
	0.55
(0.49-0.61)
	0.7351
	0.62
(0.55-0.68)
	0.3909

	Post-TACE-predict
	0.81
(0.76-0.87)
	Ref
	0.73
(0.68-0.78)
	Ref
	0.73
(0.67-0.78)
	Ref
	0.74
(0.68-0.80)
	Ref

	“6 and 12” score
	0.65
(0.56-0.74)
	< 0.0001
	0.64
(0.58-0.70)
	0.0011
	0.63
(0.57-0.70)
	0.0029
	0.66
(0.58-0.73)
	0.0145

	BCLC staging
	0.60
(0.52-0.67)
	< 0.0001
	0.64
(0.58-0.69)
	0.0005
	0.61
(0.55-0.67)
	< 0.0001
	0.61
(0.54-0.68)
	0.0002

	NIACE score
	0.77
(0.69-0.84)
	0.1673
	0.69
(0.63-0.75)
	0.1263
	0.69
(0.63-0.75)
	0.1927
	0.70
(0.64-0.77)
	0.2562

	Child-Pugh class
	0.56
(0.49-0.63)
	< 0.0001
	0.55
(0.51-0.60)
	< 0.0001
	0.54
(0.49-0.59)
	< 0.0001
	0.59
(0.55-0.64)
	< 0.0001

	ALBI grade
	0.63
(0.57-0.69)
	< 0.0001
	0.56
(0.51-0.61)
	< 0.0001
	0.55
(0.49-0.61)
	< 0.0001
	0.62
(0.55-0.68)
	0.0051


“6 and 12”: “Six-and-Twelve”; AUROC: Area under receiver operating characteristic curve; C-index: Concordance index; Ref: Reference; BCLC: Barcelona Clinic Liver Cancer; NS: Non-significant; NIACE: Number of tumor(s), Infiltrative hepatocellular carcinoma, Alpha-fetoprotein, Child-Pugh class, Eastern Cooperative Oncology Group Performance Status; ALBI: Albumin-Bilirubin.

Table 5 Kaplan-Meier survival analysis according to scores and other systems in cohort 2 (n = 137)
	Scoring/Staging systems
	OS (95%CI), mo
	P value
	Sidak1
	Hazard ratio (95%CI)
	P value

	
	
	(log-rank)
	
	
	

	Pre-TACE-Predict
	
	0.0032
	
	
	　

	Category 1 (n = 32)
	26 (21-44)
	
	Ref
	Ref
	

	Category 2 (n = 35)
	30 (17-50)
	
	0.8786
	0.83 (0.46-1.52)
	0.5463

	Category 3 (n = 47)
	16 (11-20)
	
	0.2611
	1.56 (0.92-2.65)
	2.6614

	Category 4 (n = 23)
	12 (5-15)
	
	0.0418
	2.27 (1.24-4.14)
	0.0079

	Post-TACE-Predict
	
	0.0022
	
	
	

	Category 1 (n = 36)
	36 (23-44)
	
	Ref
	Ref
	

	Category 2 (n = 38)
	21 (12-30)
	
	0.4851
	1.47 (0.83-2.61)
	0.1843

	Category 3 (n = 48)
	16 (12-24)
	
	0.0699
	1.89 (1.10-3.23)
	0.0203

	Category 4 (n = 15)
	9 (5-15)
	
	0.0022
	3.68 (1.79-7.55)
	0.0004

	“6 and 12” score
	
	0.8633
	
	
	

	Sum ≤ 6 (n = 51)
	26 (16-36)
	
	Ref
	Ref
	

	Sum 6-12 (n = 73)
	18 (15-23)
	
	0.8328
	1.12 (0.74-1.70)
	0.5913

	Sum > 12 (n = 13)
	24 (3-48)
	
	0.8867
	1.09 (0.54-2.18)
	0.8159

	BCLC staging
	
	0.0234
	
	
	

	B (n = 58)
	29 (18-39)
	
	-
	Ref
	

	C (n = 79)
	16 (13-21)
	
	-
	1.58 (1.06-2.36)
	0.0253

	NIACE score
	
	< 0.0001
	
	
	

	≤ 1 (n = 41)
	29 (21-43)
	
	Ref
	Ref
	

	1.5-3 (n = 72)
	22 (16-30)
	
	0.5463
	1.38 (0.86-2.19)
	0.1782

	> 3 (n = 24)
	9 (5-12)
	
	< 0.0001
	3.69 (2.09-6.51)
	< 0.0001

	Child-Pugh class
	
	< 0.0001
	
	
	

	A (n = 126)
	23 (18-29)
	
	-
	Ref
	

	B (n = 11)
	9 (6-11)
	
	-
	4.74 (2.34-9.59)
	< 0.0001

	ALBI grade
	
	< 0.0001
	
	
	

	Grade 1 (n = 51)
	32 (25-44)
	
	Ref
	Ref
	

	Grade 2 (n = 77)
	17 (12-21)
	
	0.0074
	1.93 (1.26-2.97)
	0.0026

	Grade 3 (n = 9)
	9 (1-16)
	
	< 0.0001
	6.82 (3.14-14.83)
	< 0.0001


1Sidak test for multiple comparisons. OS: Overall survival; CI: Confidence interval; “6 and 12”: “Six-and-Twelve”; Ref: Reference; BCLC: Barcelona Clinic Liver Cancer; NIACE: Number of tumor(s), Infiltrative hepatocellular carcinoma, Alpha-fetoprotein, Child-Pugh class, Eastern Cooperative Oncology Group Performance Status; ALBI: Albumin-Bilirubin.
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