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Abstract

:

Simple Summary


The XXL trial has recently shown that biological downstaging is an effective strategy to also allow liver transplantation into patients with more advanced hepatocellular carcinoma without alternative curative options. Some potential limits of the XXL downstaging protocol are (a) the rather high downstaging failure rate (i.e., 32%), and (b) the additional prioritization of transplantation for patients with a potential good prognosis without transplant, i.e., those obtaining a complete response to downstaging. In this study, we showed that, using aggressive surgical downstaging, it is possible to considerably decrease the downstaging failure rate. Moreover, we showed that it is possible to avoid an immediate prioritization of transplantation for patients with a sustained complete response to downstaging by applying a “wait and see” policy. This policy seems to spare a relevant number of organs without worsening patient outcome.




Abstract


The XXL trial represents the first prospective validation of “biological downstaging” in liver transplantation (LT) for hepatocellular carcinoma. The aim of this study was to compare the Padua downstaging protocol to the XXL protocol in terms of downstaging failure rates and patient outcome. A total of 191 patients undergoing aggressive surgical downstaging and potentially eligible for LT from 2012 to 2018 at our center were retrospectively selected according to XXL trial criteria. Unlike the XXL trial, patients with a complete response to downstaging did not receive any prioritization for LT. Downstaging failure was defined as stable progressive disease or post-treatment mortality. The statistical method of “matching-adjusted indirect comparison” was used to match the study group to the XXL population. Downstaging failure rate was considerably lower in the study group than in the XXL trial (12% vs. 32%, d value = |0.683|). The survival curves of our LT group (n = 68) overlapped with those of the LT-XXL group (p = 0.846). Survival curves of non-LT candidates with a sustained complete response (n = 64) were similar to those of transplanted patients (p = 0.281). Our study represents a validation of the current Padua and Italian policies of denying rapid prioritization to patients with complete response to downstaging. Such a policy seems to spare organs without worsening patient outcome.
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1. Introduction


Liver transplantation (LT) represents the best therapy for patients with hepatocellular carcinoma (HCC) regardless of tumor stage [1,2]. Among HCC patients, LT offers the highest survival benefit first to those with decompensated cirrhosis (advanced stage), second to those in the intermediate stage [2,3,4], and more generally to all HCC patients without effective therapeutic alternatives to LT. Patients with early-stage HCC and well-compensated cirrhosis usually represent a low transplant benefit category, since they show great potential for non-transplant curative therapies, such as liver resection or ablation, as alternatives to LT [5]. Intermediate-stage HCC patients have an optimal post-LT outcome when they fulfill validated extended criteria [6,7,8,9] or when they have a good response to a downstaging protocol [10,11,12].



There are two main downstaging strategies. The first strategy aims to bring a patient whose tumor burden is outside accepted criteria for LT to within acceptable criteria (i.e., morphological downstaging). The second strategy aims to select tumors with a good biology and, thus, good outcomes with low risks, irrespective of morphological criteria (i.e., biological downstaging) [10].



While morphological downstaging received strong scientific validation more than 10 years ago by two prospective studies [11,12], until 2020, the scientific evidence promoting biological downstaging remained weak. The XXL trial [13] has great merit in representing the first prospective validation of “biological downstaging” in LT for HCC. This trial has some relevant limits, however. Some limits are strictly ethical, since they concern the use of randomization to deny the best therapy for HCC (i.e., LT) to the unfortunate patients enrolled in the control arm, and others are statistical, since they concern a significantly smaller finally enrolled sample size than the planned sample size.



Other potential limits are strictly clinical and concern the effectiveness of downstaging and LT. First, the XXL trial used almost exclusively nonsurgical loco-regional therapies to obtain a radiological downstaging, while there is now good evidence that mini-invasive surgical therapies (i.e., resection or laparoscopic ablation), when properly selected, offer better results than loco-regional therapies in intermediate-stage patients [14,15,16,17]. Second, in the XXL trial, both patients with a complete (CR) and a partial response (PR) to downstaging procedures were prioritized for LT.



In our center, we have historically adopted an aggressive downstaging protocol [18,19] mainly based on surgical mini-invasive therapies [15,16,17].



Moreover, an alternative approach to XXL biological downstaging, now reaching wide consensus in Italy [19,20], is to give priority of LT only for patients with radiological evidence of HCC after downstaging (PR), while adopting a “wait and see” approach for those with a CR, selecting for LT only CR patients developing HCC recurrence during close follow-up and denying immediate listing for LT to those with sustained CR.



The aim of this study was to compare our aggressive downstaging protocol with a “wait and see” strategy for CR patients with the XXL protocol in terms of downstaging failure rates and patient outcome.




2. Materials and Methods


2.1. Patient Enrollment


From January 2014 to December 2018, a total of 1390 patients affected by HCC underwent surgical procedures (i.e., liver resection or laparoscopic thermal ablation) at the Hepatobiliary Surgery and Liver Transplantation Unit, University of Padua. This population was retrospectively screened according to XXL trial inclusion/exclusion criteria [13]. As described in Figure 1, almost half of the population was excluded for elderly age, and another relevant proportion was excluded due to Milan criteria at radiology. The final enrolled population, therefore, included 191 patients (Figure 1).




2.2. Downstaging Protocol


As previously described, there are two fundamental differences in the management of downstaging and patient selection in our experience compared to the XXL protocol.



The first difference concerns the characteristics of downstaging treatment procedures. In our center, we have, over the years, developed aggressive and multimodal downstaging strategies based mainly on a surgical approach, including in patients with intermediate-stage multifocal HCC [15,16,17,18,19]. In particular, we have given more and more space to laparoscopic microwave thermal ablation, which allows us to aggressively treat single nodules up to 5 cm or more nodules simultaneously with a minimal impact on cirrhosis even in the presence of clinically significant portal hypertension [15,16,17]. As in other experiences [21], liver resection has also been frequently used for downstaging purposes in patients with multifocal HCC, often in association with laparoscopic thermal ablation. Downstaging procedures adopted in the enrolled population of 191 patients are summarized in Table 1. The first treatment our patients usually undergo is surgical (i.e., liver resection and/or laparoscopic ablation), leaving loco-regional therapies only for eventual completion of downstaging when the first treatment was not radical.



As in the XXL protocol, each treatment cycle might include a series of single or combined sessions of surgical or locoregional treatments, and downstaging is considered concluded after multidisciplinary discussion in cases of (1) complete radiological tumor response, (2) best achievable response, or (3) technical infeasibility to proceed. Response to treatments is evaluated at 30 to 90 day intervals by CT scan or MRI, laboratory tests, and measurement of AFP. At the end of the downstaging phase, tumor response is assessed by CT scan or MRI according to the mRECIST criteria. We define “downstaging failures” as all cases of stable or progressive disease (SD and PD, respectively) or patient death within 6 months of the end of downstaging procedures.



The second fundamental difference between our and the XXL downstaging protocols concerns the selection of patients to be placed on the transplant list after downstaging. In the last 15 years, we have given great importance to the response to therapy as a criterion for the selection of patients to be transplant candidates [18,19]. Moreover, after a long and fruitful national consensus that lasted until 2015, all Italian transplantation centers have introduced a selection criterion based on the response to pretransplant therapy; this criterion excludes from transplantation or gives a very low priority to patients with HCC who obtain a complete radiological response after pre-LT therapies [20]. As described in the XXL paper itself [13], this consensus was the main reason for the early termination of the trial.



In our center, in particular, only patients with PR to downstaging (i.e., with the presence of active tumor at radiology) were included in the transplant list, while patients with radiological CR to downstaging were maintained in close follow-up (i.e., without inclusion in the waiting list). The latter patients were placed on the transplant waiting list only in cases of HCC recurrence during follow-up. For this reason, in our center, we also retain the possibility to prognostically evaluate a cohort of patients with sustained CR after successful downstaging who never entered the waiting list for LT, since they never developed HCC recurrence during the study period.




2.3. Study Objectives


The primary objective of this study was to assess the effectiveness of our predominantly surgical aggressive downstaging protocol in terms of the proportion of downstaging failures compared to the proportion of XXL protocol failures.



The secondary objective was to evaluate the impact on survival of our peculiar selection protocol (i.e., excluding LT patients with a sustained CR to LT) on patients reaching successful downstaging.




2.4. Statistical Analysis


The characteristics of the enrolled population were expressed as medians (range) for continuous variables and as frequencies (%) for categorical variables. The statistical method of “matching-adjusted indirect comparison (MAIC)” [22] was used to make our population similar and comparable to that initially enrolled in the XXL protocol. This statistical method was developed to allow comparison between two studies, controlled for baseline characteristics, when individual patient data are available for only one of the two studies. In this approach, the population that has the individual data available (our study cohort) is adjusted and weighed in such a way that it becomes completely superimposable on the population in which only the aggregated data are available (XXL population). Once the population with individual data is weighed, it is possible to produce comparative evidence by comparing the effectiveness of treatments in the two populations. To achieve this “matching”, we used the “Ebalance” package of the statistical software STATA. For the purpose of this study, we defined the “raw population” as our initial unweighted population, while the “study population” represented the final weighted population.



Because p-values can be biased by population size and only aggregate data were available for the XXL population, results from the comparisons between covariate subgroups were reported as the effect size (d value); values lower than |0.1| indicated very small differences between means, values between |0.1| and |0.3| indicated small differences, values between |0.3| and |0.5| indicated moderate differences, and values greater than |0.5| indicated considerable differences [23].



For survival analysis, a time horizon from the end date of the downstaging until the death of the patient or last patient’s follow-up (before or after LT) was considered. The date of the last follow-up was 31 December 2020. Follow-up length and survival were expressed as medians (95% confidence interval or interquartile range). The overall survival curves were constructed using the Kaplan–Meier method and compared with the log-rank test. To compare our survival curves with those of the XXL study, the latter were digitized using the software “Engauge digitizer”, and the resulting coordinates were used to reconstruct the individual survival data of XXL patients. This method was developed by Guyot et al. [24].



The statistical significance was set at p < 0.05. Statistical calculations were performed using JMP® Pro 15.2.0 (2019 SAS Institute Inc., Cary, NC, USA) and STATA 13.0 (1985–2013 StataCorp LP, College Station, TX, USA).





3. Results


3.1. Population Characteristics


Upon comparing the general characteristics of our raw population with those of the XXL population [13], the following moderate–considerable differences (d value > |0.3|) appeared (Table 2): our population included older patients, a higher proportion of females, hepatitis C virus, and decompensated cirrhosis, HALT-HCC [7] score > 17, and a lower proportion of HCC at first diagnosis just before downstaging.



Using the statistical MAIC method, we obtained a study population (weighted population) from our raw data for comparison with the XXL population. As shown in Table 2, the previous differences between the two populations were no longer evident.




3.2. Effectiveness of Surgical Downstaging


Postprocedural morbidity and mortality after downstaging in the study group were very low; the incidence of clinically relevant morbidity (i.e., potentially life-threatening complications or requiring surgical, radiological or endoscopic interventions) was 7.33%, while that of postoperative early mortality (i.e., within 3 months) was 2.09%.



The rate of response to downstaging in the study and XXL groups is shown in Figure 2. In the XXL cohort, the rate of patients with downstaging failure (including 13 tumor progressions during treatment, two patient deaths, and nine patients who dropped out during the observation phase) after downstaging was 32%, considerably higher than that in our study group (12%, d value = |0.683|)). The difference between the study and XXL groups in terms of the partial response rate was instead moderate (41% vs. 26%, d value = |0.376|).




3.3. Survival Analysis


After successful downstaging, 45 XXL patients (61%) were randomized to LT (LT XXL group, n = 23) or non-LT (non-LT XXL group, n = 22), and they had median follow-up of 71 months (IQR 60–85) [13]. In the study group, 168 patients (88%) had a successful downstaging and they had a median follow-up of 40 months (IQR 34–45).



Among the 168 study group patients, 68 were listed for LT; these included 41 patients with PR to downstaging, and 27 patients with initial CR to downstaging, developing a new HCC recurrence during follow-up. Among listed patients, 51 finally received LT (51/68 = 75%) after a median time from the end of downstaging to LT of 15.0 months (IQR, 6.0–21.4) and eight are still waiting on LT since they obtained a CR after bridging therapies (8/68 = 12%), while nine dropped out from the waiting list due to HCC progression (9/68 = 13%). Among the remaining 100 patients of the study group, 64 patients were not listed for LT due to a “sustained CR” to downstaging (non-LT sustained CR group). The remaining 36 patients were patients with an initial PR to downstaging that, during further evaluation for LT, had a tumor progression contraindicating listing.



Since all 45 tumor progressions (nine dropouts from the WL and 36 initial PR patients with HCC progression contraindicating listing) among 168 successful downstaged study group patients (27%) occurred more than 6 months from the end of downstaging procedures, they were not considered as downstaging failures.



The 1, 2, and 4 year survival rates in the XXL (n = 45) and study (n = 168) groups were 100%, 71%, and 59% and 82%, 76%, and 56%, respectively (Figure 3a, p = 0.818).



We then compared Kaplan–Meier survival curves of the LT XXL group (n = 23) to those of the LT study group (n = 68), and we did not find any significant difference (Figure 3b, p = 0.846).



Moreover, survival figures of the non-LT XXL (n = 22) and non-LT Padua (n = 100) groups of patients completely overlapped (Figure 3c, p = 0.744).



However, when we compared the survival outcomes of the 64 non-LT sustained CR study group patients with those of the 91 LT patients (23 LT XXL + 68 LT study group patients), interestingly, any statistical difference between LT and non-LT groups disappeared (Figure 4a, p = 0.281). Conversely, 36 non-LT PR patients had a significantly lower survival perspective than other groups (Figure 4a, p = 0.000).



Furthermore, if we considered together our LT group (n = 68) and our non-LT sustained CR group (n = 64), we obtained a cohort of 132 patients using only 51 organs (51/132 = 39%) with a mid–long-term survival outcome similar to that of the LT XXL-group (Figure 4b, p = 0.699) where the organ/patient ratio was 91% (21/23).





4. Discussion


The XXL trial represents the first prospective study demonstrating the effectiveness of biological downstaging [13]. This peculiarity of the XXL protocol has enabled its comparison with our population of patients subjected to aggressive surgical downstaging [15,16,17,18,19]. From the analysis of our raw (unweighted) population in comparison with the XXL trial population (Table 2), the following differences emerged:




	
Our population was older (61 vs. 56 years): this can be explained by the fact that only patients with age ≤ 65 years were enrolled in the XXL trial [13], although, in the appendix of the same paper (https://ars.els-cdn.com/content/image/1-s2.0-S1470204520302242-mmc1.pdf (accessed on 13 January 2021)), an upper age limit of 69 years was described as the first inclusion criterion (Supplementary Materials);



	
The rate of HCV cirrhosis patients reported was lower in our cohort, (46.8% vs. 66%). This difference emerged likely because our most recent cohort was probably affected by the progressive decrease in HCV patients due to increasing use of DAA’s eradication therapy [25,26,27];



	
There was a higher number of patients undergoing downstaging for a recurrent HCC (51% vs. 14%). This aspect is probably justified by the fact that ours is a tertiary referral center, and a large part of our case history is made up of patients already undergoing nonsurgical loco-regional therapies (intra-arterial therapy and percutaneous ablation) at other centers for which they are no longer eligible.








To the best of our knowledge, this is the first application of the “matching-adjusted indirect comparison (MAIC)” method [22] in the field of LT for HCC. This method made possible the comparison and a perfect matching between our real population (based on individual data) and the XXL trial population (for which we had only aggregated data).



The first main result of this study was that our aggressive surgical downstaging policy [15,16,17,18,19] resulted in a very low probability of downstaging failures, considerably lower than that of the XXL trial (12% vs. 32%, Figure 2). This result is in line with emerging evidence from the literature proving the effectiveness of surgical approaches also for intermediate HCC [14,15,16,17,18,19,28,29,30]. Although our protocol provides for surgical interventions differently from the XXL trial where the majority of patients underwent loco-regional therapies, our lower risk of downstaging failure was not associated with increased invasiveness (i.e., postoperative morbidity/mortality). This is probably due to the considerable prevalence in our case history of a laparoscopic approach that allows for a lower risk of postoperative decompensation and mortality, as now solidly demonstrated in the literature [15,16,17,18,19,31]. However, it is important to underline that, in the enrolled patients, potentially curative therapies, such as ablation or resection, were not used with a curative intent due to the baseline extension of HCC and underlying liver cirrhosis. In the enrolled patients, conversely, ablation and resection were only used with a downstaging intent in order to decrease the tumor burden and to make eligible for LT patients initially considered beyond transplant criteria.



A second relevant result of this study is that our transplant survival curve completely overlapped with that of the LT-XXL group (Figure 3b). From this perspective, our study represents a sort of external validation of a biological downstaging strategy, as that presented in the XXL trial. This result is also more important considering that we did not give any transplant priority to patients with CR after downstaging. Our peculiar post-downstaging selection protocol was dictated by a center policy in which the response to therapy is a fundamental criterion for the selection of patients to be transplant candidates [19]. The same policy has been recently adopted by all Italian transplant centers [20]. The introduction of this new selection criterion in Italy, in fact, was probably the main reason for the early interruption of the XXL trial [13].



The choice of not giving priority to patients with CR after downstaging is also supported by the excellent prognosis they have in terms of survival without LT; the survival curve of our non-LT sustained CR group (n = 64), in fact, was similar to that of LT groups and significantly better than that of 36 non-LT PR patients (Figure 4a).



In a post hoc multivariable Cox analysis of the Mazzaferro’s study [13], the authors estimated that the transplant survival benefit was 26.5 months (95% CI 13.6 to 39.3) in patients presenting with PR and 9.9 months (−5.5 to 25.3) in those presenting with CR after downstaging. In our study, it was not possible to calculate a formal transplant survival benefit in patients with CR after downstaging, since these patients were not prioritized for LT in our experience. However, the absence of a statistically significant difference between the survival curves of the LT group and those of the non-LT sustained CR group (Figure 4a) suggests that, in our study, patients with CR after downstaging also likely have a very low survival transplant benefit.



The most important result of this study in terms of its potential impact in clinical practice is that our policy to give transplant priority to PR patients and to use a “wait and see” approach for CR patients has the potential to spare a relevant number of organs without worsening patient outcome (Figure 4b). The organ/patient ratio was, in fact only 39% in our study vs. 91% in the XXL trial.



On these bases, we strongly believe that our study has at least two clinically relevant significances. First, this study represents a sort of first mono-center validation of the current Italian policy of denying transplant priority to patients with CR after downstaging [20]. Second, our results also potentially have international clinical relevance. In fact, in the majority of international downstaging protocols, especially in the US [11,32,33], patients with CR after downstaging currently have the same prioritization for LT as patients with PR after downstaging. Our study, therefore, has the potential to suggest to other centers worldwide that the best clinical strategy is probably to differentiate the transplant priority of HCC patients after successful downstaging on the basis of radiological response (i.e., PR priority > CR priority).



This study has some important limitations, however. First, this was a mono-center and retrospective study. However, it is important to underline that only three prospective studies on HCC downstaging before LT have been published in the literature, and these studies enrolled 48 [12], 61 [11], and 74 patients [13], respectively. Only Mazzaferro [13] conducted a multicenter study, but it enrolled only 74 patients, where only 23 patients had LT. This evidence suggests that it is very difficult to design and develop a large multicenter prospective study within this very niche topic. Our sample size is considerably larger than that of previous prospective studies [11,12,13], and this aspect makes our results possibly more solid than those of the XXL study, at least from a statistical point of view.



A second limitation of this study is a relatively short follow-up when compared to that of the XXL trial. This relevant difference was due to a different patient enrollment period in the two studies (XXL trial 2011–2015 vs. study group 2014–2018). The reduced follow-up in our population makes the medium–long-term results concerning post-transplant neoplastic relapses less reliable. This limitation is not so relevant, however, considering that there is strong evidence that the majority of post-LT HCC recurrences occur within 24 months from transplant [34,35] and that 24 months was the minimum follow-up of our study group.



Lastly, we had a subgroup of patients with PR after downstaging who were not included in the LT waiting list due to HCC progression during follow-up. This group of 36 patients had a poor prognosis, significantly worse than that of LT or non-LT sustained CR patients (Figure 4a). In the XXL trial, no patients were lost after randomization, probably due to a very short waiting time to LT of 3 months (IQR 2–5) and to the systematic use of sorafenib to stabilize response to downstaging [13]. In our study, median time to LT was significantly longer at 15.0 months (IQR, 6.0–21.4) and we did not routinely use sorafenib after downstaging. It is very difficult to hypothesize the introduction of an XXL-like short waiting time in a real-life clinical situation. However, it is plausible to think that, by giving a higher priority to PR patients and using the new systemic opportunities for HCC treatment [36], the size of this subgroup of patients with a poor prognosis may be reduced in number in the future.




5. Conclusions


Aggressive surgical downstaging is effective and safe, with a low probability of failure, in terms of both disease progression and post-procedural mortality and morbidity.



Downstaging based on biological criteria leads to excellent post-transplant survival results, similar to those of patients transplanted at earlier stages of the disease.



Our study represents a validation of the current Italian policy of denying transplant priority to patients with CR after downstaging. Non-LT sustained CR patients have in fact an excellent survival outcome, comparable to that of patients with PR undergoing transplant, and they should be included in the list only in case of tumor recurrence. The main advantage of this policy, avoiding LT to patients with a good prognosis (i.e., sustained CR patients), is to potentially spare a relevant number of organs if compared to the XXL policy.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/cancers13102406/s1: Supplementary: XXL protocol inclusion and exclusion criteria.





Author Contributions


Conceptualization, A.V., F.S. and U.C.; methodology, A.V.; validation, A.V., F.S., A.B., E.G., F.D., D.B., F.E.D., P.A., P.B., Q.L. and U.C.; formal analysis, A.V.; investigation, A.V.; data curation, F.S. and A.B.; writing—original draft preparation, U.C., A.V.; writing—review and editing, A.V., F.S., A.B., E.G., F.D., D.B., F.E.D., P.A., P.B., Q.L. and U.C.; supervision, P.A., P.B., Q.L., and U.C.; project administration, A.V., F.S., A.B., E.G., F.D., D.B., F.E.D., P.A., P.B., Q.L. and U.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the ethical guidelines of the 1975 Declaration of Helsinki. Ethical review and approval were waived for this study, since, according to the Italian laws, no specific patient approval is needed for any retrospective analysis; however, patients provided written informed consent for every diagnostic and therapeutic procedure (liver transplantation included).




Informed Consent Statement


Specific patient consent to this study was waived, since, according to the Italian laws, no specific patient approval is needed for any retrospective analysis; however, patients provided written informed consent for every diagnostic and therapeutic procedure (liver transplantation included).




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy restrictions according to Italian law.




Acknowledgments


We thank Alessandro Cucchetti for his statistical support, As well as the Department of Medical and Surgical Sciences, Alma Mater Studiorum, University of Bologna, Italy, and the Morgagni–Pierantoni Hospital, Forlì, Italy.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Vitale, A.; Trevisani, F.; Farinati, F.; Cillo, U. Treatment of Hepatocellular Carcinoma in the Precision Medicine Era: From Treatment Stage Migration to Therapeutic Hierarchy. Hepatology 2020, 72, 2206–2218. [Google Scholar] [CrossRef] [PubMed]

	



Cillo, U.; Vitale, A.; Volk, M.L.; Frigo, A.C.; Grigoletto, F.; Brolese, A.; Zanus, G.; D’Amico, F.; Farinati, F.; Burra, P.; et al. The survival benefit of liver transplantation in hepatocellular carcinoma patients. Dig. Liver Dis. 2010, 42, 642–649. [Google Scholar] [CrossRef]

	



Vitale, A.; Volk, M.; Cillo, U. Transplant benefit for patients with hepatocellular carcinoma. World J. Gastroenterol. 2013, 19, 9183–9188. [Google Scholar] [CrossRef] [PubMed]

	



Cillo, U.; Vitale, A.; Polacco, M.; Fasolo, E. Liver transplantation for hepatocellular carcinoma through the lens of transplant benefit. Hepatology 2017, 65, 1741–1748. [Google Scholar] [CrossRef] [PubMed]

	



Ioannou, G.N. Transplant -related survival benefit should influence prioritization for liver transplantation especially in patients with hepatocellular carcinoma. Liver Transpl. 2017, 23, 652–662. [Google Scholar] [CrossRef]

	



Yao, F.Y.; Ferrell, L.; Bass, N.M.; Watson, J.J.; Bacchetti, P.; Venook, A.; Ascher, N.L.; Roberts, J.P. Liver transplantation for hepatocellular carcinoma: Expansion of the tumor size limits does not adversely impact survival. Hepatology 2001, 33, 1394–1403. [Google Scholar] [CrossRef]

	



Sasaki, K.; Firl, D.J.; Hashimoto, K.; Fujiki, M.; Diago-Uso, T.; Quintini, C.; Eghtesad, B.; Fung, J.J.; Aucejo, F.N.; Miller, C.M. Development and validation of the HALT-HCC score to predict mortality in liver transplant recipients with hepatocellular carcinoma: A retrospective cohort analysis. Lancet Gastroenterol. Hepatol. 2017, 2, 595–603. [Google Scholar] [CrossRef]

	



León Díaz, F.J.; Pérez Daga, J.A.; Sánchez Pérez, B.; Fernández Aguilar, J.L.; Montiel Casado, C.; Aranda Narváez, J.M.; Suárez Muñoz, M.A.; Romacho López, L.; Santoyo Villalba, J.; Santoyo Santoyo, J. Up-to-7 Criteria for Hepatocellular Carcinoma Liver Transplantation: A Retrospective Analysis of Experiences. Transplant. Proc. 2016, 48, 2969–2972. [Google Scholar] [CrossRef] [PubMed]

	



Duvoux, C.; Roudot-Thoraval, F.; Decaens, T.; Pessione, F.; Badran, H.; Piardi, T.; Francoz, C.; Compagnon, P.; Vanlemmens, C.; Dumortier, J.; et al. Liver transplantation for hepatocellular carcinoma: A model including α-fetoprotein improves the performance of Milan criteria. Gastroenterology 2012, 143, 986–994. [Google Scholar] [CrossRef]

	



Toso, C.; Mentha, G.; Kneteman, N.M.; Majno, P. The place of downstaging for hepatocellular carcinoma. J. Hepatol. 2010, 52, 930–936. [Google Scholar] [CrossRef]

	



Yao, F.Y.; Kerlan, R.K., Jr.; Hirose, R.; Davern, T.J., III; Bass, N.M.; Feng, S.; Peters, M.; Terrault, N.; Freise, C.E.; Ascher, N.L.; et al. Excellent outcome following down-staging of hepatocellular carcinoma prior to liver transplantation: An intention-to-treat analysis. Hepatology 2008, 48, 819–827. [Google Scholar] [CrossRef]

	



Ravaioli, M.; Grazi, G.L.; Piscaglia, F.; Trevisani, F.; Cescon, M.; Ercolani, G.; Vivarelli, M.; Golfieri, R.; D’Errico Grigioni, A.; Panzini, I.; et al. Liver transplantation for hepatocellular carcinoma: Results of down-staging in patients initially outside the Milan selection criteria. Am. J. Transplant. 2008, 8, 2547–2557. [Google Scholar] [CrossRef]

	



Mazzaferro, V.; Citterio, D.; Bhoori, S.; Bongini, M.; Miceli, R.; De Carlis, L.; Colledan, M.; Salizzoni, M.; Romagnoli, R.; Antonelli, B.; et al. Liver transplantation in hepatocellular carcinoma after tumour downstaging (XXL): A randomised, controlled, phase 2b/3 trial. Lancet Oncol. 2020, 21, 947–956, Erratum in: 2020, 21, e373. [Google Scholar] [CrossRef] [PubMed]

	



Farinati, F.; Vanin, V.; Giacomin, A.; Pozzan, C.; Cillo, U.; Vitale, A.; Di Nolfo, A.M.; Del Poggio, P.; Benvegnu’, L.; Rapaccini, G.; et al. BCLC stage B hepatocellular carcinoma and transcatheter arterial chemoembolization: A 20-year survey by the Italian Liver Cancer group. Liver Int. 2015, 35, 223–231. [Google Scholar] [CrossRef] [PubMed]

	



Cillo, U.; Vitale, A.; Dupuis, D.; Corso, S.; Neri, D.; D’Amico, F.; Gringeri, E.; Farinati, F.; Vincenzi, V.; Zanus, G. Laparoscopic ablation of hepatocellular carcinoma in cirrhotic patients unsuitable for liver resection or percutaneous treatment: A cohort study. PLoS ONE 2013, 8, e57249. [Google Scholar] [CrossRef] [PubMed]

	



Cillo, U.; Bertacco, A.; Fasolo, E.; Carandina, R.; Vitale, A.; Zanus, G.; Gringeri, E.; D’Amico, F.; Bassi, D.; Neri, D.; et al. Videolaparoscopic microwave ablation in patients with HCC at a European high-volume center: Results of 815 procedures. J. Surg. Oncol. 2019, 120, 956–965. [Google Scholar] [CrossRef] [PubMed]

	



Cillo, U.; Noaro, G.; Vitale, A.; Neri, D.; D’Amico, F.; Gringeri, E.; Farinati, F.; Vincenzi, V.; Vigo, M.; Zanus, G.; et al. Laparoscopic microwave ablation in patients with hepatocellular carcinoma: A prospective cohort study. HPB 2014, 16, 979–986. [Google Scholar] [CrossRef] [PubMed]

	



Cillo, U.; Vitale, A.; Grigoletto, F.; Gringeri, E.; D’Amico, F.; Valmasoni, M.; Brolese, A.; Zanus, G.; Srsen, N.; Carraro, A.; et al. Intention-to-treat analysis of liver transplantation in selected, aggressively treated HCC patients exceeding the Milan criteria. Am J Transplant. 2007, 7, 972–981. [Google Scholar] [CrossRef] [PubMed]

	



Vitale, A.; D’Amico, F.; Frigo, A.C.; Grigoletto, F.; Brolese, A.; Zanus, G.; Neri, D.; Carraro, A.; D’Amico, F.E.; Burra, P.; et al. Response to therapy as a criterion for awarding priority to patients with hepatocellular carcinoma awaiting liver transplantation. Ann. Surg. Oncol. 2010, 17, 2290–2302. [Google Scholar] [CrossRef]

	



Cillo, U.; Burra, P.; Mazzaferro, V.; Belli, L.; Pinna, A.D.; Spada, M.; Nanni Costa, A.; Toniutto, P.; I-BELT (Italian Board of Experts in the Field of Liver Transplantation). A Multistep, Consensus-Based Approach to Organ Allocation in Liver Transplantation: Toward a “Blended Principle Model”. Am. J. Transplant. 2015, 15, 2552–2561. [Google Scholar] [CrossRef]

	



Peng, Y.; Liu, F.; Xu, H.; Wei, Y.; Li, B. Is laparoscopic liver resection suitable for selected patients with BCLC stage B HCC? A propensity score-matched analysis. HPB 2020, 22, 595–602. [Google Scholar] [CrossRef]

	



Signorovitch, J.E.; Sikirica, V.; Erder, M.H.; Xie, J.; Lu, M.; Hodgkins, P.S.; Betts, K.A.; Wu, E.Q. Matching-adjusted indirect comparisons: A new tool for timely comparative effectiveness research. Value Health 2012, 15, 940–947. [Google Scholar] [CrossRef] [PubMed]

	



Burnand, B.; Kernan, W.N.; Feinstein, A.R. Indexes and boundaries for “quantitative significance” in statistical decisions. J. Clin. Epidemiol. 1990, 43, 1273–1284. [Google Scholar] [CrossRef]

	



Guyot, P.; Ades, A.E.; Ouwens, M.J.; Welton, N.J. Enhanced secondary analysis of survival data: Reconstructing the data from published Kaplan-Meier survival curves. BMC Med. Res. Methodol. 2012, 12, 9. [Google Scholar] [CrossRef]

	



Ioannou, G.N.; Green, P.K.; Berry, K. HCV eradication induced by direct-acting antiviral agents reduces the risk of hepatocellular carcinoma. J. Hepatol. 2018, 68, 25–32. [Google Scholar] [CrossRef] [PubMed]

	



Brancaccio, G.; Vitale, A.; Signoriello, G.; Gaeta, G.B.; Cillo, U. Changing indications for liver transplant: Slow decline of hepatitis viruses in Italy. Infect. Dis. 2020, 52, 557–562. [Google Scholar] [CrossRef]

	



Zanetto, A.; Shalaby, S.; Vitale, A.; Mescoli, C.; Ferrarese, A.; Gambato, M.; Franceschet, E.; Germani, G.; Senzolo, M.; Romano, A.; et al. Dropout rate from the liver transplant waiting list because of hepatocellular carcinoma progression in hepatitis C virus–infected patients treated with direct-acting antivirals. Liver Transplant. 2017, 23, 1103–1112. [Google Scholar] [CrossRef]

	



Roayaie, S.; Jibara, G.; Tabrizian, P.; Park, J.-W.; Yang, J.; Yan, L.; Schwartz, M.; Han, G.; Izzo, F.; Chen, M.; et al. The role of hepatic resection in the treatment of hepatocellular cancer. Hepatology 2015, 62, 440–451. [Google Scholar] [CrossRef] [PubMed]

	



Kim, K.M.; Sinn, D.H.; Jung, S.H.; Gwak, G.-Y.; Paik, Y.-H.; Choi, M.S.; Lee, J.H.; Koh, K.C.; Paik, S.W. The recommended treatment algorithms of the BCLC and HKLC staging systems: Does following these always improve survival rates for HCC patients? Liver Int. 2016, 36, 1490–1497. [Google Scholar] [CrossRef] [PubMed]

	



Pecorelli, A.; Lenzi, B.; Gramenzi, A.; Garuti, F.; Farinati, F.; Giannini, E.G.; Ciccarese, F.; Piscaglia, F.; Rapaccini, G.L.; Di Marco, M.; et al. Italian Liver Cancer (ITA.LI.CA) group. Curative therapies are superior to standard of care (transarterial chemoembolization) for intermediate stage hepatocellular carcinoma. Liver Int. 2017, 37, 423–433. [Google Scholar] [CrossRef]

	



Belli, G.; Fantini, C.; D’Agostino, A.; Cioffi, L.; Langella, S.; Russolillo, N.; Belli, A. Laparoscopic versus open liver resection for hepatocellular carcinoma in patients with histologically proven cirrhosis: Short- and middle-term results. Surg. Endosc. 2017, 21, 2004–2011. [Google Scholar] [CrossRef]

	



Kardashian, A.; Florman, S.S.; Haydel, B.; Ruiz, R.M.; Klintmalm, G.B.; Lee, D.D.; Taner, C.B.; Aucejo, F.; Tevar, A.D.; Humar, A.; et al. Liver Transplantation Outcomes in a U.S. Multicenter Cohort of 789 Patients with Hepatocellular Carcinoma Presenting Beyond Milan Criteria. Hepatology 2020, 72, 2014–2028. [Google Scholar] [CrossRef]

	



Mehta, N.; Dodge, J.L.; Grab, J.D.; Yao, F.Y. National Experience on Down-Staging of Hepatocellular Carcinoma Before Liver Transplant: Influence of Tumor Burden, Alpha-Fetoprotein, and Wait Time. Hepatology 2020, 71, 943–954. [Google Scholar] [CrossRef] [PubMed]

	



Lai, Q.; Vitale, A.; Halazun, K.; Iesari, S.; Viveiros, A.; Bhangui, P.; Mennini, G.; Wong, T.; Uemoto, S.; Lin, C.-C.; et al. Identification of an upper limit of tumor burden for downstaging in candidates with hepatocellular cancer waiting for liver transplantation: A west–east collaborative effort. Cancers 2020, 12, 452. [Google Scholar] [CrossRef] [PubMed]

	



Cillo, U.; Giuliani, T.; Polacco, M.; Manley, L.M.H.; Crivellari, G.; Vitale, A. Prediction of hepatocellular carcinoma biological behavior in patient selection for liver transplantation. World J. Gastroenterol. 2016, 22, 232–252. [Google Scholar] [CrossRef] [PubMed]

	



Giannini, E.G.; Aglitti, A.; Borzio, M.; Gambato, M.; Guarino, M.; Iavarone, M.; Lai, Q.; Sandri, G.B.L.; Melandro, F.; Morisco, F.; et al. Overview of immune checkpoint inhibitors therapy for hepatocellular carcinoma, and the ITA.LI.ca cohort derived estimate of amenability rate to immune checkpoint inhibitors in clinical practice. Cancers 2019, 11, 1689. [Google Scholar] [CrossRef] [PubMed]








[image: Cancers 13 02406 g001 550] 





Figure 1. Enrolled population according to XXL inclusion/exclusion criteria [13]. 
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Figure 2. Effectiveness of downstaging in the study and in XXL populations. In five patients of the XXL group (7%), response to downstaging was not described (three developed contraindications to LT, while two withdrew consent) in the study [13]. These patients were not randomized. Abbreviations: CR, complete response; PR, partial response; DW, downstaging. 
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Figure 3. Kaplan–Meier survival curves comparing XXL and study groups: whole population (a); patients undergoing LT (b); patients in the non-LT XXL and study groups (c). 
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Figure 4. Kaplan–Meier survival curves comparing (a) non-LT study sustained CR group (n = 64) vs. LT groups (n = 91) and (b) LT study group + non-LT sustained CR group (n = 132) vs. LT XXL group (n = 23). 
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Table 1. Summary of downstaging procedures in the Padua population.
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	Procedure
	First Treatment

n (%)
	Other Therapies

n (%)





	Resection ± laparoscopic ablation
	71 (37%)
	7 (4%)



	Laparoscopic ablation
	113 (59%)
	12 (6%)



	Laparotomic ablation
	4 (2%)
	2 (1%)



	Percutaneus ablation
	3 (2%)
	10 (5%)



	Intra-arterial therapies
	-
	62 (32%)



	Total
	191
	93
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Table 2. Characteristics of the study group before and after weighting, and comparison with the XXL population.
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	Characteristics
	Raw Population

(n = 191)
	Study Population

(n = 191)
	XXL Population

(n = 74)





	Age >56 years old
	145 (76%) *
	95 (50%)
	37 (50%)



	Female sex
	32 (17%) *
	13 (7%)
	5 (7%)



	BMI
	26 (18–38)
	26 (18–38)
	26 (19–33)



	HCV
	89 (47%) #
	125 (66%)
	49 (66%)



	HBV
	41 (22%)
	31 (16%)
	12 (16%)



	Alcohol/dysmetabolic
	42 (22%)
	20 (11%)
	11 (15%)



	MELD score
	8 (6–21)
	8 (6–21)
	8 (6–17)



	Child–Pugh class B
	50 (26%) *
	23 (12%)
	9 (12%)



	CRPH *
	80 (42%)
	95 (50%)
	37 (50%)



	First HCC diagnosis
	95 (49%) *
	167 (88%)
	64 (86%)



	No. of nodules
	3 (1–10)
	3 (1–10)
	3.5 (1–9)



	Diameter of the largest nodule (mm)
	40 (10–80)
	40 (10–80)
	41.5 (12–80)



	Sum of diameters (mm)
	70 (26–200)
	70 (26–200)
	75.5 (13–155)



	Tumor burden
	7 (5–13)
	7 (5–13)
	7.3 (5.2–13)



	AFP <13 ng/mL
	103 (54%)
	95 (50%)
	37 (50%)



	BCLC stage B
	158 (83%)
	162 (85%)
	63 (85%)



	Up-to-78 out
	101 (53%)
	104 (55%)
	41 (55%)



	UCSF criteria out
	124 (65%)
	104 (55%)
	41 (55%)



	French Model9 high risk (>2 points)
	109 (57%)
	97 (51%)
	38 (51%)



	HALT-HCC score ≥17
	60 (32%) *
	1 (1%)
	0 (0%)







* indicates considerable differences (i.e., d value > |0.5|); # indicates moderate differences (i.e., d value between |0.3| and |0.5|). Abbreviations: BMI, body mass index; HCV, hepatitis C virus; HBV, hepatitis B virus; MELD, Model for End Stage Liver Disease; CRPH, clinically relevant portal hypertension; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; UCSF, University of California San Francisco; HALT-HCC, Hazard Associated with Liver Transplantation for Hepatocellular Carcinoma. Portal hypertension is defined as the presence of esophageal varices or platelet counts < 100,000/mL associated with splenomegaly. Tumor burden is calculated as the sum of the number of nodules and the size (in cm) of the major nodule.
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