
The multiparametric therapeutic hierarchy scheme (Figure 1).
We adopted an approach inspired by the Grading of Recommendations Assessment, Development, and Evaluation (GRADE) method [1] to graphically represent (Figure 4) the quality of evidence and clinical utility supporting the multiparametric therapeutic hierarchy proposal [2, 3] to manage patients with HCC (Figure 1). Specifically, we used a visualisation similar to that employed in the 2018 European Association for the Study of Liver Disease (EASL) guidelines for managing HCC [4]. To distinguish our qualitative approach from the formal GRADE method commonly used by guideline panels, we explicitly used the terms "quality of evidence" (instead of "certainty of the evidence") and "clinical utility" (instead of "strength of recommendations").
To determine the quality of evidence, we assessed the risk of bias, heterogeneity, imprecision, and indirectness of the results derived from pertinent studies. We distinguished high, intermediate, low, and very low-quality evidence based on this evaluation. For example, we assigned high-quality evidence if well-designed RCTs or comparative observational studies demonstrating a significant effect were available. In a separate process, we also assessed the applicability and relative importance of the outcomes of available studies. We distinguished high, intermediate, or low clinical utility based on this evaluation. For example, we assigned a high clinical utility if the available studies noted a significant survival benefit of a therapeutic strategy over alternatives. We judged that this strategy was feasible and applicable in real-life clinical practice.
The multiparametric therapeutic hierarchy proposal is composed of three main components: the ordinal therapeutic hierarchy concept (left vertical axis), the multiparametric expert decision component (horizontal axis), and the converse therapeutic hierarchy part (right vertical axis). Many robust studies support the ordinal therapeutic hierarchy concept (Figure 1)[2, 5]. These studies demonstrate both the prognostic independence of treatment modality from staging [6–9] and the persistence of the prognostic hierarchy of therapies within each BCLC stage [10–22]. The recent Italian guidelines - based on the GRADE methodology - also support some crucial aspects of the ordinal therapeutic hierarchy, such as the hierarchical superior role of surgery in different BCLC stages [5]. A low risk of bias regarding heterogeneity, imprecision, and indirectness characterises these studies. Thus, we judged the quality of the evidence as high.
The ordinal therapeutic hierarchy concept seeks to replicate the therapeutic decision-making process observed in multidisciplinary meetings composed of highly specialised medical professionals. Within this approach, the feasibility of all treatments is systematically evaluated in a hierarchical order along the left vertical axis (liver transplantation -> surgical resection -> ablation -> intra-arterial therapies -> systemic therapy -> best supportive care) to match each patient with the optimal treatment, thereby minimising the risks of both over- and undertreatment. In contrast to various stage hierarchy models [3], this model offers the distinct advantage of guiding clinicians towards the most efficacious therapy, and if this proves unfeasible, directing them towards alternative approaches ordered according to their proven effectiveness.
Interestingly, mini-invasive liver resection in this novel framework is considered hierarchically superior to open surgery since at least three meta-analyses have proven that the mini-invasive approach determines better mid-long-term survival than the open approach [23–25]. Moreover, it acknowledges the possibility of considering laparoscopic ablation before resorting to intra-arterial therapies, following compelling evidence indicating that it can safely yield optimal survival outcomes [26, 27].
On the other hand, the multiparametric expert decision component (horizontal axis in Figure 1) indicates a comprehensive, evidence-based checklist of all variables that need to be systematically considered in the decision-making process, such as patient fitness, critical tumour features beyond simple tumour stage, liver function parameters, technical feasibility and availability, costs and resources availability for each treatment [2, 3]. 
One distinctive aspect of this proposal is the inclusion of comorbidities in the fitness variable. Specific comorbidities, such as cardiovascular conditions, chronic obstructive pulmonary disease, obesity, and diabetes, may be relative contraindications for specific anti-HCC therapies [28, 29]. To gauge the impact of comorbidities, the Charlson comorbidity index is correlated with the post-treatment outcomes of HCC patients [30, 31]. An increasingly used term to describe a biological state characterised by heightened vulnerability to stressors is "physical frailty" [32]. This concept originates from geriatric medicine, and various tests, including the Fried frailty index [33], are employed to measure frailty. In patients with cirrhosis, sarcopenia serves as a relevant morphological correlate of frailty, with evidence indicating that sarcopenic patients tend to fare worse after major surgery [34].
Another critical parameter, often overlooked in HCC treatment algorithms, is "critical tumour features." As highlighted in the recent BCLC update [35], it is emphasised that performance status assessment only reflects tumour-related symptoms and does not consider baseline symptoms present before cancer diagnosis, which may be linked to pre-existing comorbidities. It is essential to differentiate patient unfitness due to frailty or comorbidities from performance status, which is a surrogate for tumour aggressiveness and independently influences the feasibility of available therapies. The term "extra-hepatic HCC" refers to the presence of extra-hepatic metastases or the invasion of the main trunk of the caval or portal veins. It is vital to distinguish extra-hepatic from intra-hepatic macrovascular invasion, as the latter may sometimes be amenable to surgical or loco-regional therapies [12].
The concept of "aggressive HCC biology" is correctly described when considering tumour burden and tumoral biomarkers, such as alpha-fetoprotein levels, stability or progression following loco-regional therapies, and positive PET scans. These biological variables have been integrated into the validated "extended" criteria for liver transplant [36].
Another important biomarker is the Protein Induced by Vitamin-K Absence-II (PIVKA-II). While underutilised in the Western world [37], several Asian experiences have demonstrated its significant role in HCC diagnosis and prognosis in curative and palliative settings [38–40]. PIVKA-II's independent predictive capacity, distinct from AFP, has been demonstrated following liver resection [39] and transplantation [38]. Combining AFP and PIVKA-II offers a reliable strategy for improving patient evaluation [41].
The location of the HCC tumour is another crucial factor in treatment decisions [42]. Whether the tumour is superficial or deep informs the choice between surgery or ablation. Similarly, a subcapsular position near the abdominal viscera may contraindicate percutaneous ablation, favouring a laparoscopic approach [42].
The assessment of liver dysfunction is typically included in all HCC treatment algorithms but often limited to the definition of the Child-Pugh class (2). Therefore, evaluating liver functional reserve at baseline and during follow-up [38, 43] is more intricate and multifaceted. Various scores, such as the model for end-stage liver disease (MELD), MELD-Na, albumin-bilirubin (ALBI) grade, indocyanine green test, liver stiffness, etc. [44–49], are frequently used to refine information from the Child-Pugh class, as also acknowledged in the updated BCLC algorithm [35].
Furthermore, a direct measurement of portal hypertension or a meticulous evaluation of indirect signs of clinically significant portal hypertension is crucial for assessing the patient's prognosis, regardless of treatment [50]. These assessments are pivotal for evaluating the postoperative risk and the suitability for any treatment, including systemic therapy.
Similarly, calculating remnant liver volume and considering a minimally invasive approach, whether laparoscopic or robotic, are fundamental parameters in the "resectability multiparametric evaluation process"[51].
Finally, the term "unfeasibility" encompasses specific contraindications for each potential therapeutic option, ranging from liver transplant to systemic therapy, with their possible impact visually represented by stars. Feasibility includes both technical and logistic issues, with each treatment presenting its unique technical constraints, which only experienced specialists can overcome. Logistic issues encompass the expertise of specialists performing the procedures, the hospital's case volume, and the presence of a complete team of experts to manage the patient during treatment and the peri-treatment period. Additionally, therapeutic resources may vary geographically, such as the availability of liver grafts from deceased donors. Factors like waiting list size, blood group, and the availability of deceased or living donors can influence the decision to opt for transplantation as the therapeutic solution for a particular patient [52, 53].
The multiparametric expert decision component also considers the balance of treatment benefits/harms, society’s values and preferences, resource use, feasibility, acceptability, and equity (in the unfeasibility variable).  These studies are characterised by a low risk of bias regarding heterogeneity and imprecision but are affected by a high risk of indirectness. Thus, we judged the quality of the evidence as intermediate. Most importantly, the recent EASL guidelines also endorsed the crucial relevance of a multiparametric approach by an expert multidisciplinary tumour board for treatment decisions in patients with HCC [54, 55]. 
Based on these considerations, we represented a high (for ordinal therapeutic hierarchy) and intermediate (for multiparametric expert decision) quality of evidence and a high clinical utility for both in Figure 4 [5].



REFERENCES
1. 	Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, Schünemann HJ (2008) GRADE: an emerging consensus on rating quality of evidence and strength of recommendations. BMJ 336:924–926
2. 	Vitale A, Cabibbo G, Iavarone M, et al (2023) Personalised management of patients with hepatocellular carcinoma: a multiparametric therapeutic hierarchy concept. Lancet Oncol 24:e312–e322
3. 	Trevisani F, Vitale A, Kudo M, Kulik L, Park J-W, Pinato DJ, Cillo U (2024) Merits and boundaries of the BCLC staging and treatment algorithm: Learning from the past to improve the future with a novel proposal. J Hepatol 80:661–669
4. 	Galle PR, Forner A, Llovet JM, Mazzaferro V, Piscaglia F, Raoul J-L, Schirmacher P, Vilgrain V (2018) EASL Clinical Practice Guidelines: Management of hepatocellular carcinoma. J Hepatol 69:182–236
5. 	Cabibbo G, Daniele B, Borzio M, et al (2024) Multidisciplinary Treatment of Hepatocellular Carcinoma in 2023: Italian practice Treatment Guidelines of the Italian Association for the Study of the Liver (AISF), Italian Association of Medical Oncology (AIOM), Italian Association of Hepato-Bilio-Pancreatic Surgery (AICEP), AIGO, AIRO, SIAPeC-IAP,  SIC, SIGE, SIRM, Italian Organ Transplant Society (SITO), and Association of Patients with Hepatitis and Liver Disease (EpaC) – Part I – Surgical treatments. Digestive and Liver Disease 56:223–234
6. 	Serper M, Taddei TH, Mehta R, et al (2017) Association of Provider Specialty and Multidisciplinary Care With Hepatocellular Carcinoma Treatment and Mortality. Gastroenterology 152:1954–1964
7. 	Vitale A, Farinati F, Pawlik TM, et al (2019) The concept of therapeutic hierarchy for patients with hepatocellular carcinoma: A multicenter cohort study. Liver Int 39:1478–1489
8. 	Vitale A, Farinati F, Noaro G, et al (2018) Restaging Patients With Hepatocellular Carcinoma Before Additional Treatment Decisions: A Multicenter Cohort Study. Hepatology 68:1232–1244
9. 	Kawaguchi Y, Hasegawa K, Hagiwara Y, et al (2021) Effect of Diameter and Number of Hepatocellular Carcinomas on Survival After Resection, Transarterial Chemoembolization, and Ablation. American Journal of Gastroenterology 116:1698–1708
10. 	Vitale A, Burra P, Frigo AC, et al (2015) Survival benefit of liver resection for patients with hepatocellular carcinoma across different Barcelona Clinic Liver Cancer stages: A multicentre study. J Hepatol 62:617–624
11. 	Mei J, Li S-H, Wang Q-X, Lu L-H, Ling Y-H, Zou J-W, Lin W-P, Wen Y-H, Wei W, Guo R-P (2020) Resection vs. Sorafenib for Hepatocellular Carcinoma With Macroscopic Vascular Invasion: A Real World, Propensity Score Matched Analytic Study. Front Oncol. https://doi.org/10.3389/fonc.2020.00573
12. 	Famularo S, Donadon M, Cipriani F, et al (2022) Hepatectomy Versus Sorafenib in Advanced Nonmetastatic Hepatocellular Carcinoma. Ann Surg 275:743–752
13. 	Yin L, Li H, Li A-J, Lau WY, Pan Z-Y, Lai ECH, Wu M-C, Zhou W-P (2014) Partial hepatectomy vs. transcatheter arterial chemoembolization for resectable multiple hepatocellular carcinoma beyond Milan Criteria: a RCT. J Hepatol 61:82–8
14. 	Kokudo T, Hasegawa K, Matsuyama Y, et al (2016) Survival benefit of liver resection for hepatocellular carcinoma associated with portal vein invasion. J Hepatol 65:938–943
15. 	Kokudo T, Hasegawa K, Matsuyama Y, et al (2017) Liver resection for hepatocellular carcinoma associated with hepatic vein invasion: A Japanese nationwide survey. Hepatology 66:510–517
16. 	Govalan R, Lauzon M, Luu M, et al (2021) Comparison of Surgical Resection and Systemic Treatment for Hepatocellular Carcinoma with Vascular Invasion: National Cancer Database Analysis. Liver Cancer 10:407–418
17. 	Kim KM, Sinn DH, Jung S-H, Gwak G-Y, Paik Y-H, Choi MS, Lee JH, Koh KC, Paik SW (2016) The recommended treatment algorithms of the BCLC and HKLC staging systems: does following these always improve survival rates for HCC patients? Liver International 36:1490–1497
18. 	Pecorelli A, Lenzi B, Gramenzi A, et al (2017) Curative therapies are superior to standard of care (transarterial chemoembolization) for intermediate stage hepatocellular carcinoma. Liver Int 37:423–433
19. 	Sangiovanni A, Triolo M, Iavarone M, Forzenigo L V., Nicolini A, Rossi G, La Mura V, Colombo M, Lampertico P (2018) Multimodality treatment of hepatocellular carcinoma: How field practice complies with international recommendations. Liver International 38:1624–1634
20. 	Mazzaferro V, Citterio D, Bhoori S, et al (2020) Liver transplantation in hepatocellular carcinoma after tumour downstaging (XXL): a randomised, controlled, phase 2b/3 trial. Lancet Oncol 21:947–956
21. 	Romano P, Busti M, Billato I, D’Amico F, Marchegiani G, Pelizzaro F, Vitale A, Cillo U (2024) Liver resection versus radiofrequency ablation or trans-arterial chemoembolization for early-stage (BCLC A) oligo-nodular hepatocellular carcinoma: meta-analysis . BJS Open 8:
22. 	Vitale A, Romano P, Cillo U, et al (2024) Liver Resection vs Nonsurgical Treatments for Patients With Early Multinodular Hepatocellular Carcinoma. JAMA Surg. https://doi.org/10.1001/jamasurg.2024.1184
23. 	Kabir T, Tan ZZ, Syn NL, Wu E, Lin JD, Zhao JJ, Tan AYH, Hui Y, Kam JH, Goh BKP (2021) Laparoscopic versus open resection of hepatocellular carcinoma in patients with cirrhosis: meta-analysis. British Journal of Surgery 109:21–29
24. 	Pan Y, Xia S, Cai J, Chen K, Cai X (2021) Efficacy of Laparoscopic Hepatectomy versus Open Surgery for Hepatocellular Carcinoma With Cirrhosis: A Meta-analysis of Case-Matched Studies. Front Oncol. https://doi.org/10.3389/fonc.2021.652272
25. 	Kamarajah SK, Gujjuri RR, Hilal MA, Manas DM, White SA (2022) Does minimally invasive liver resection improve long-term survival compared to open resection for hepatocellular carcinoma? A systematic review and meta-analysis. Scandinavian Journal of Surgery 111:145749692110424
26. 	Cillo U, Bertacco A, Fasolo E, et al (2019) Videolaparoscopic microwave ablation in patients with HCC at a European high‐volume center: Results of 815 procedures. J Surg Oncol 120:956–965
27. 	Cillo U, Noaro G, Vitale A, et al (2014) Laparoscopic microwave ablation in patients with hepatocellular carcinoma: a prospective cohort study. HPB 16:979–986
28. 	VanWagner LB, Ning H, Whitsett M, Levitsky J, Uttal S, Wilkins JT, Abecassis MM, Ladner DP, Skaro AI, Lloyd-Jones DM (2017) A point-based prediction model for cardiovascular risk in orthotopic liver transplantation: The CAR-OLT score. Hepatology 66:1968–1979
29. 	Dick AAS, Spitzer AL, Seifert CF, Deckert A, Carithers RL, Reyes JD, Perkins JD (2009) Liver transplantation at the extremes of the body mass index. Liver Transpl 15:968–77
30. 	Charlson ME, Carrozzino D, Guidi J, Patierno C (2022) Charlson Comorbidity Index: A Critical Review of Clinimetric Properties. Psychother Psychosom 91:8–35
31. 	Volk ML, Hernandez JC, Lok AS, Marrero JA (2007) Modified Charlson comorbidity index for predicting survival after liver transplantation. Liver Transpl 13:1515–20
32. 	Lai JC (2016) Defining the threshold for too sick for transplant. Curr Opin Organ Transplant 21:127–32
33. 	Lai JC, Covinsky KE, McCulloch CE, Feng S (2018) The Liver Frailty Index Improves Mortality Prediction of the Subjective Clinician Assessment in Patients With Cirrhosis. American Journal of Gastroenterology 113:235–242
34. 	Ghaferi AA, Birkmeyer JD, Dimick JB (2009) Complications, failure to rescue, and mortality with major inpatient surgery in medicare patients. Ann Surg 250:1029–34
35. 	Reig M, Forner A, Rimola J, et al (2022) BCLC strategy for prognosis prediction and treatment recommendation: The 2022 update. J Hepatol 76:681–693
36. 	Finotti M, Vitale A, Volk M, Cillo U (2020) A 2020 update on liver transplant for hepatocellular carcinoma. Expert Rev Gastroenterol Hepatol 14:885–900
37. 	Poté N, Cauchy F, Albuquerque M, Voitot H, Belghiti J, Castera L, Puy H, Bedossa P, Paradis V (2015) Performance of PIVKA-II for early hepatocellular carcinoma diagnosis and prediction of microvascular invasion. J Hepatol 62:848–854
38. 	Lai Q, lesari S, Sandri GBL, Lerut J (2017) Des-Gamma-Carboxy Prothrombin in Hepatocellular Cancer Patients Waiting for Liver Transplant: A Systematic Review and Meta-Analysis. Int J Biol Markers 32:370–374
39. 	Wang M-D, Sun L-Y, Qian G-J, et al (2022) Prothrombin induced by vitamin K Absence-II versus alpha-fetoprotein in detection of both resectable hepatocellular carcinoma and early recurrence after curative liver resection: A retrospective cohort study. International Journal of Surgery 105:106843
40. 	Yang M, Zhang X, Liu J (2019) Prognostic value of des-γ-carboxy prothrombin in patients with hepatocellular carcinoma treated with transarterial chemotherapy: A systematic review and meta-analysis. PLoS One 14:e0225170
41. 	Lai Q, Ito T, Iesari S, et al (2023) Role of protein induced by vitamin-K absence-II in transplanted patients with HCC not producing alpha-fetoprotein. Liver Transplantation. https://doi.org/10.1097/LVT.0000000000000259
42. 	Vitale A, Peck-Radosavljevic M, Giannini EG, Vibert E, Sieghart W, Van Poucke S, Pawlik TM (2017) Personalized treatment of patients with very early hepatocellular carcinoma. J Hepatol 66:412–423
43. 	Cabibbo G, Aghemo A, Lai Q, Masarone M, Montagnese S, Ponziani FR (2022) Optimizing systemic therapy for advanced hepatocellular carcinoma: the key role of liver function. Digestive and Liver Disease 54:452–460
44. 	Pugh RNH, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R (2005) Transection of the oesophagus for bleeding oesophageal varices. British Journal of Surgery 60:646–649
45. 	Kamath P (2001) A model to predict survival in patients with end-stage liver disease. Hepatology 33:464–470
46. 	Kim WR, Mannalithara A, Heimbach JK, Kamath PS, Asrani SK, Biggins SW, Wood NL, Gentry SE, Kwong AJ (2021) MELD 3.0: The Model for End-Stage Liver Disease Updated for the Modern Era. Gastroenterology 161:1887-1895.e4
47. 	Kim WR, Biggins SW, Kremers WK, Wiesner RH, Kamath PS, Benson JT, Edwards E, Therneau TM (2008) Hyponatremia and Mortality among Patients on the Liver-Transplant Waiting List. New England Journal of Medicine 359:1018–1026
48. 	Johnson PJ, Berhane S, Kagebayashi C, et al (2015) Assessment of Liver Function in Patients With Hepatocellular Carcinoma: A New Evidence-Based Approach—The ALBI Grade. Journal of Clinical Oncology 33:550–558
49. 	Rajakannu M, Cherqui D, Ciacio O, et al (2017) Liver stiffness measurement by transient elastography predicts late posthepatectomy outcomes in patients undergoing resection for hepatocellular carcinoma. Surgery 162:766–774
50. 	Giannini EG, Risso D, Testa R, et al (2006) Prevalence and Prognostic Significance of the Presence of Esophageal Varices in Patients With Hepatocellular Carcinoma. Clinical Gastroenterology and Hepatology 4:1378–1384
51. 	Vitale A, Majno-Hurst P (2019) Towards a personalized approach to hepatic resection in cirrhotic patients. J Hepatol 71:859–861
52. 	Cucchetti A, Gramenzi A, Johnson P, et al (2021) Material deprivation affects the management and clinical outcome of hepatocellular carcinoma in a high-resource environment. Eur J Cancer 158:133–143
53. 	Cillo U, Vitale A, Volk ML, et al (2021) Liver Transplantation for T2 Hepatocellular Carcinoma during the COVID-19 Pandemic: A Novel Model Balancing Individual Benefit against Healthcare Resources. Cancers (Basel) 13:1416
54. 	Sangro B, Argemi J, Ronot M, et al (2025) EASL Clinical Practice Guidelines on the management of hepatocellular carcinoma. J Hepatol 82:315–374
55. 	Vogel A, Chan SL, Dawson LA, et al (2025) Hepatocellular carcinoma: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Annals of Oncology. https://doi.org/10.1016/j.annonc.2025.02.006
 
