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Abstract 
AIM: To assess the possible effect of two different types of preoperative transcatheter arterial chemoembolization (TACE) on recurrence-free survival after liver transplantation (LT) in patients with hepatocellular carcinoma (HCC) and to analyze the effects of TACE on tumor histology.

METHODS: We retrospectively analyzed the histological features of 130 HCC nodules in 63 native livers removed at transplantation. Patients who received any other type of treatment such as radiofrequency tumor ablation, percutaneous ethanol ablation or who were not treated at all were excluded. All patients in the present study were within the Milan criteria at the last imaging findings before transplantation. Doxorubicin-eluting bead TACE (DEB-TACE) was performed in 22 patients (38 nodules), and conventional TACE (c-TACE) in 16 (25 nodules). Patients’ and tumors’ characteristics were retrospectively reviewed. We performed a per-nodule analysis of the explanted livers to establish the mean percentage of necrosis of any nodule treated by TACE (conventional or DEB) and a per-patient analysis to establish the percentage of necrosis in the cumulative tumor area, including 21 nodules not reached by TACE. Inflammatory and fibrotic changes in the tissue surrounding the tumor nodule were analyzed and categorized as poor/absent, moderate and enhanced reaction. Uni- and multivariate analysis of risk factors for HCC-recurrence were performed.

RESULTS: The number and diameter of the nodules, the time spent on the waiting list and the number of treatments were similar in the two groups. A trend towards higher appropriate response rates (necrosis ≥ 90%) was observed in the DEB-TACE group (44.7% vs 32.0%, P = 0.2834). The mean percentage of necrosis in the cumulative tumor area was 58.8% ± 36.6 in the DEB-TACE group and 50.2% ± 38.1 in the c-TACE group (P = 0.4856). Fibrotic and inflammatory reactions surrounding the tumor nodule were markedly more common in the DEB-TACE group (P < 0.0001, for both the parameters). The three-year recurrence-free survival was higher in DEB-TACE-treated patients than in conventionally treated patients (87.4% vs 61.5%, P = 0.0493). Other factors affecting recurrence-free survival included viable tumor beyond Milan criteria on histopathological examination, the percentage of necrosis on CTA ≤ 50% and a pre-transplant serum α-fetoprotein level greater than 70 ng/mL. On multivariate analysis, the lack of treatment with DEB-TACE, high levels of α-fetoprotein and viable tumor beyond Milan Criteria at histology examination were identified as independent predictors of tumor recurrence.
 
CONCLUSION: DEB-TACE can effectively promote tumor necrosis and improves recurrence-free survival after LT in HCC.

© 2013 Baishideng. All rights reserved.

[bookmark: _GoBack]Key words: Liver transplantation; Hepatocellular carcinoma; Transcatheter arterial chemoembolization; Doxorubicin-Eluted Bead; Tumor histology; Recurrence-free survival; Locoregional therapies.
[bookmark: OLE_LINK101][bookmark: OLE_LINK107]
Core tip: The manuscript reports the experience with a newer technique of transarterial chemoembolization (TACE) that uses doxorubicin-eluted beads (DEB) for the treatment of hepatocellular carcinoma in liver transplant candidates. The results of DEB-TACE were compared to those of conventional TACE, and remarkably, a significantly higher recurrence-free survival after liver transplantation was observed in patients who were treated with DEB TACE. The histological pattern observed in the area surrounding the tumor nodules of DEB-TACE patients was characterized by an intense inflammatory and fibrotic reaction, which could play a role in limiting tumor spread during waiting list time.

Nicolini D, Svegliati-Baroni G, Candelari R, Mincarelli C, Mandolesi A, Bearzi I, Mocchegiani F, Vecchi A, Montalti R, Benedetti A, Risaliti A, Vivarelli M. Doxorubicin-eluting bead vs conventional transcatheter arterial chemoembolization for hepatocellular carcinoma before liver transplantation.

[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK61][bookmark: OLE_LINK84][bookmark: OLE_LINK90]Available from: URL: 
DOI:

31

INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for approximately 5% of all cancers, with more than 500000 new cases diagnosed each year[1]. The link between liver cirrhosis and HCC is well known; more than 90% of HCCs develop in cirrhotic livers, and 3%-8% of cirrhotic patients are diagnosed as HCC carriers each year[2]. Ideally, liver transplantation (LT) is the best treatment option for HCC, as it removes both the tumor and the underlying chronic condition[3]. 
[bookmark: OLE_LINK144][bookmark: OLE_LINK145]Milan selection criteria (MC) of LT candidates with HCC, based on the number and size of the tumor nodules, has led to 5-year survival rates well above 70% and recurrence rates below 15%[4]. Currently, more than 30% of LT recipients in the United States are HCC carriers[5]. 
In an intent-to-treat purpose, one of the major limitations of LT in HCC carriers is the time spent on the waiting list; the risk of tumor progression increases with time, resulting in a cumulative probability of dropout from the waiting list of 7.2% for a 6-month waiting time, which rises to 37.8% and 55.1% for 12 and 18 mo of waiting time, respectively[6].
To attempt to cure to a larger number of HCC carriers, two strategies have been outlined. The first is to downstage those tumors that exceed the Milan criteria at the time of the first observation, thereby allowing transplantation. The second strategy is to delay the tumor growth using locoregional treatments while the patient is on the waiting list to reduce the dropout rate. The response to locoregional treatment is related to patient prognosis and seems to denote favorable tumor biology[7-10]. 
Transcatheter arterial chemoembolization (TACE) is the most frequently used treatment of HCC in LT candidates[11]. TACE is usually performed by administering a mixture of epirubicin and Lipiodol to concentrate the drug within the tumor. This is followed by a gelatin sponge (conventional TACE, c-TACE) to obtain occlusion of the feeding arteries of the tumor, with the aim of producing infarction and necrosis of the tumor tissue. Recently, a novel doxorubicin-eluting bead (DEB) has been developed to bind, deliver and elute chemotherapeutic drugs in the tumor area during TACE. Pre-clinical and clinical studies have demonstrated that DEB-TACE produces a higher drug concentration within the tumor than c-TACE while maintaining a lower systemic concentration[12-14].
The assessment of the tumor response after TACE remains a critical issue; the Response Evaluation Criteria in Solid Tumors (RECIST), based on the sum of the largest diameter of target lesions on computed tomography (CT) or magnetic resonance (MR) before and during treatment, can be misleading when assessing the treatment-related tumor necrosis, which is not necessarily associated with a reduction in tumor diameter[15, 16]. In 2001, a panel of experts concluded that an estimation of the reduction of viable tumor (recognized as the non-enhancing areas on a CT scan) should be considered the optimal method to assess local response (modified-RECIST)[17].
However, CT findings often underestimate the residual tumor extent, which can be accurately determined only at histology[18]; in this regard, LT represents a unique setting to correctly assess tumor necrosis induced by TACE, as the whole native liver becomes available for histological examination. 
Although excellent tumor necrosis rates induced by TACE are reported in LT recipients[19], the impact of TACE on recurrence-free survival remains to be established[20-22].  
The aim of this study was to compare DEB-TACE with c-TACE by assessing the histological features of the tumor nodules in native livers removed at transplantation, focusing on the degree of necrosis, as well as to assess the recurrence-free survival of HCC recipients after LT.

MATERIALS AND METHODS
From August 2005 to March 2011, 63 liver transplants were performed in patients with HCC on cirrhosis in our center. We retrospectively analyzed the histological features of 130 HCC nodules in 63 native livers removed at transplantation (2.06 nodules per patient). Patients who received any other type of treatment, including radiofrequency tumor ablation (RFA) or percutaneous ethanol ablation (PEA), or those who were not treated at all were excluded from the present analysis, as described in Figure  1. Thirty-eight patients who received one or more TACEs as the only neoadjuvant therapy before LT represent the study population.  
The policy of our center for TACE is to downstage those tumors that are initially beyond the MC. In the present study, only those patients who were successfully downstaged within the MC and therefore underwent LT are considered; TACE was also performed in those patients who fulfilled the MC and entered the waiting list with an expected waiting time longer than 2 mo. Based on the imaging findings, all the patients in the present study were within the Milan criteria at the time of transplantation.
As the initial endpoint of our study was to confirm the safety of DEB-TACE and to assess its efficacy in achieving tumor necrosis in comparison with c-TACE, we performed a per nodule analysis of the explanted livers to establish the mean percentage of necrosis of any nodule treated by TACE (conventional or DEB). Twenty-one nodules were not reached by the treatment due to the failure to visualize the tumor’s feeding arteries during arteriography (20 cases) or failure to visualize the tumor itself in the pre-LT imaging (1 case); these 21 nodules were not included in the “per nodule” analysis to assess the mean percentage of necrosis produced by TACE. However, these nodules were taken into account in the “per patient analysis” and in the “survival analysis” to precisely quantify the neoplastic burden of each patient, which could influence the prognosis. 
Demographics (age, sex), etiology of cirrhosis, the Child-Pugh and the Model for End Stage Liver Disease (MELD score), radiological and pathological tumor classification according to MC, laboratory tests, imaging studies and pathology reports were recorded for each patient. Factors related to tumor biology, such as serum alpha-fetoprotein, microvascular invasion (MVI) and grading, that play a key role in determining tumor recurrence[23-26] were compared between the 2 groups. The waiting time for LT and the interval between the last TACE and LT were also calculated. Computed tomography scans were performed one month after TACE and every 3 mo thereafter; candidates who were initially beyond MC at imaging were reassessed by two interventional radiologist according to the European Association for the Study of the Liver (EASL) guidelines[17] to define the amount of tumor necrosis after TACE. When radiologic findings demonstrated viable tumor beyond MC, chemoembolization was repeated.
In addition to the type of TACE, the impact of the following risk factors on recurrence-free survival was also assessed: adherence to MC at pathology (considering only the viable portion of each nodule), tumor grading (G3-G4), the presence of MVI, the presence of multiple nodules at pathology, a percent necrosis in the cumulative tumor area (CTA) less than or equal to 50%, high levels of α-fetoprotein (> 70 ng/mL) and the need to repeat TACE before LT. 

Transcatheter arterial chemoembolization
All patients underwent baseline celiac and superior mesenteric arteriography via a femoral artery approach. Prior to embolization, liver vascular anatomy was identified to check the patency of the portal vein and visualize the arterial feeders of the tumor(s). The procedure was defined as “superselective” when the tip of a highly flexible coaxial microcatheter (2.7 Fr; Progreat; Terumo) was successfully placed in the branches supplying the tumor. When nodules were fed by multiple tiny arteries or when multinodular disease was present, TACE was performed with segmental or lobar (only for c-TACE group) catheterization (non-superselective TACE). Conventional TACE was performed by administering a mixture of 50 mg of epirubicin (Pfizer, New York) in an emulsion with lipiodol (Guebert, Aulnay-sousBois, France), followed by embolization with gelatin sponge particles (SPONGOSTAN; Johnson and Johnson, Gargrave, United Kingdom). DC beads (Biocompatibles, Farnham, Surrey, UK) became available at our institution beginning in June 2007; thereafter, patients were randomly assigned to one of the two techniques. The caliber of beads was chosen based on the type of catheterization, the vascularity of the lesion, and the tumor diameter. DEB-TACE was performed using 100– to 300-μm beads for single lesions < 50 mm without arteriovenous shunts, whereas in larger tumors, multilobulated lesions or suspected satellites, one vial of 100- to 300-μm beads and one vial of 300- to 500-μm beads were injected. DC beads were impregnated with 75 mg of doxorubicin in each vial to a maximum of 150 mg of doxorubicin loaded in two vials of DC beads (4 mL total). 

Histopathology
After LT, a dedicated liver pathologist performed the analysis of all the explanted livers, which were serially cut into sections of approximately 0.5 cm in thickness. The presence of cirrhosis was confirmed in all cases. Every lesion suspected to be HCC was completely paraffin-embedded, and multiple histological sections were made. Tumor grade according to the Edmonson and Steiner[27] classification and the presence of MVI were also assessed, except when complete necrosis of the tumor was achieved. The necrosis rate of each nodule was expressed as the percentage of necrotic tissue within the whole area of the nodule; necrosis was categorized as complete (100%), appropriate (90% or greater), partial (between 51% and 89%), or inadequate (50% or lower) as described previously [28, 29]. The sum of the tumor diameters, CTA, and the cumulative necrotic and viable areas (including not-treated nodules) were measured in each patient to calculate the percentage of tumor necrosis within the cumulative tumor area (% necrosis on CTA). Adherence to MC was assessed during the pathological examination using only the viable portion of each nodule. Inflammatory and fibrotic changes in the tissue surrounding the tumor nodule were analyzed and categorized as poor/absent, moderate or enhanced reaction. The localization of microspheres with respect to the 38 HCC nodules treated with DEB-TACE was assessed and defined as intratumoral (exclusively within the tumor capsule), peritumoral (outside the nodule but within 5 millimeters of the tumor capsule), intra- and peritumoral or extratumoral (microspheres found in the cirrhotic parenchyma beyond 5 millimeters from the tumor capsule). 

Statistical analysis 
Continuous variables were reported as the mean and standard deviation or as median and range and were compared using Student’s t test or Mann-Whitney U test when appropriate. Categorical variables were reported as numbers and percentages and compared using Fisher’s exact test. Recurrence-free survival was calculated from the day of surgery to the first follow-up visit at which tumor recurrence was diagnosed or, in patients without recurrence, to the most recent follow-up visit. Follow-up of those patients who died without evidence of recurrence was censored at the time of death. The impact of each individual variable in determining HCC recurrence-free survival was assessed using the Kaplan-Meier method and compared using the log-rank test. Continuous variables, including pre-LT serum alpha-fetoprotein levels and the percentage of necrosis on CTA, were dichotomized; cutoff values were defined according to receiver operating characteristic curve (ROC) analysis[30]. To identify factors independently related to HCC recurrence, the multivariate Cox proportional-hazard regression analysis was applied, taking in account only the variables that proved significant in the univariate analysis. A two-sided P value of less than 0.05 was considered statistically significant in all cases.

RESULTS
Twenty-two patients underwent DEB-TACE, and 16 underwent c-TACE. Age at LT, gender, etiology and severity of cirrhosis were comparable in the two treatment arms (Table 1).
No major complications were observed after TACE. The post-embolization syndrome (transient fever, abdominal pain, nausea) was the most common complication following chemoembolization in both groups; all side effects were successfully treated with medical therapy. The median time spent on the waiting list was similar in the two groups (3.3 mo in the c-TACE, 2.9 in the DEB-TACE group, respectively, P = 0.5844).
DEB-TACE and c-TACE were repeated in 12 (54.5%) and 8 (50%) patients, respectively; the maximum number of treatments per patient was 3. The post-LT mean follow-up time was 34.9 ± 19.0 and 46.8 ± 25.6 mo for the DEB-TACE and c-TACE groups, respectively (P = 0.1065). No patients were lost at follow-up.

Nodule analysis according to the type of TACE 
The size and focality of the tumors were comparable in the two groups at explant examination. The mean tumor necrosis was 55.7% ± 41.9% and 52.2% ± 40.9% in DEB- and c-TACE groups, respectively (P = 0.7420). A trend towards a higher probability of an appropriate response was observed in the DEB-TACE group (17/38, 44.7% of nodules) in comparison with the c-TACE group (8/25, 32.0% of nodules), although this difference was not statistically significant (P = 0.2834). No difference in necrosis was found comparing the superselective procedures performed with DEB-TACE or c-TACE (76.2% ± 33.8 vs 69.1% ± 36.5, P = 0.5803). However, independent of the type of TACE (DEB or conventional), superselective procedures resulted in a higher percentage of necrosis than did non-superselective procedures (73.9 ± 34.3 vs 31.3 ± 37.0, P = 0.0018) (Table 2).
Microscopically, tumor necrosis was mixed, colliquative and coagulative in all cases. In the DEB-TACE group only, a “foreign body reaction” with granulomatosis giant cells was observed in the tissue surrounding the tumor in 20 out of 22 patients (90.1%). As described in Figure 2, the nonspecific acute inflammatory infiltrate, containing foamy histiocytes and lymphocytes, was more enhanced at the tumor periphery of DEB-TACE-treated nodules in comparison with the c-TACE-treated ones. In most cases, DEB-TACE-treated nodules were surrounded by thick walls of tissue made of degenerated collagen fibers, inflamed granulation tissue, and hyalinization. The peri-tumor fibrous tissue of the nodules treated with c-TACE was thinner and apparently less affected by the secondary changes induced by DEB-TACE. These features were not dependent on the time between last treatment and LT; patients with nodules surrounded by an enhanced or mild fibrotic reaction were transplanted 4.2 ± 4.0 mo after TACE, whereas patients with poor-absent fibrosis were transplanted 6.0 ± 4.1 mo after TACE (P = 0.2024).
The distribution of microspheres with respect to the 38 nodules treated by DEB-TACE was intratumoral (11/38, 28.9%), intra- and peritumoral (14/38, 36.8%), peritumoral (10/38, 26.3%) and extratumoral (3/38, 7.9%). Nodules’ necrosis differed with respect to the distribution of beads (85.9%, 57.0%, 34.5% and 10% for intratumoral, intra- and peritumoral, peritumoral and extratumoral distribution, respectively, P = 0.0041). 

Patient analysis according to the type of TACE 
Ten of 17 patients were successfully downstaged within the MC; the effectiveness of DEB-TACE and c-TACE was similar to this regard. Seven out of 17 patients who were beyond MC at the imaging performed before TACE (8 patients in DEB-TACE and 9 in c-TACE group) remained outside the MC at pathology; the failure to accurately stage the tumor during the imaging performed before the LT was related to the misdiagnosis of complete necrosis (Table 3).
The number of nodules that were not reached by TACE (21/84, 25%) was similar in the 2 groups (13/51, 25.4% in DEB-TACE and 8/33, 24.2% in c-TACE group, P = 0.8934). The mean diameter of the missed nodules was 1.1 ± 0.5 cm, and 10 out of these 21 nodules (47.6%) were equal or inferior to 1 centimeter in size. The number of HCC nodules, the sum of the tumor diameters and the CTA (also including untreated nodules) were similar in the two groups. The mean percentage of necrosis on CTA was 58.8% and 50.2% in the DEB- and c-TACE group, respectively (P = 0.4856); no difference in terms of response to treatment in various subcategories was observed. Risk factors for recurrence, such as a pre-transplant serum α-fetoprotein greater than 70 ng/mL (Table 1), tumor grading and microvascular invasion were similarly distributed in the two treatment arms. 

Recurrence and survival after LT
 Overall 3-year survival after LT was 73.9% and 58.7% in the DEB-TACE and c-TACE groups, respectively (P = 0.7511). Seven (18.4%) patients experienced tumor recurrence after LT; the main site of recurrence was the liver (5 patients), the spinal cord and the liver concurrently (1 patient) and the adrenal gland (1 patient). The mean time to recurrence was 17.0 ± 5.5 mo; three out of seven patients were alive with recurrence at the time of publication. 
The three-year recurrence-free survival was significantly higher in patients who were treated preoperatively with DEB-TACE than with c-TACE (87.4% vs 61.5%%, P = 0.0493, Figure 3A). 
Other factors affecting recurrence-free survival included Milan Criteria unfulfilled at pathology, percentage of necrosis on CTA lower than 50% and pre-transplant serum α-fetoprotein levels greater than 70 ng/mL (Figure 3B, C and D). On multivariate analysis, a lack of treatment with DEB-TACE, serum α-fetoprotein levels exceeding 70 ng/mL and Milan Criteria unfulfilled at pathology were independent predictors of tumor recurrence (Table 4).

DISCUSSION
Among patients with HCC awaiting LT, TACE is the most commonly used neo-adjuvant therapy[11]. Although TACE can successfully downstage 24% to 63% of HCCs, pre-LT treatment is not clearly associated with any survival benefit[22, 31-33]; in a large multicenter study, the 5-year recurrence-free survival was 67% in patients treated with TACE prior to LT and 64% in those not treated[20].
Unlike conventional TACE, which is the most commonly used technique, DEB-TACE is based on calibrated microspheres made of non-degradable polymers that produce permanent vascular embolization and increase intra-tumor drug delivery. There are 3 substantial pharmacokinetic advantages associated with DEB-TACE: a continuous elution of the drug for prolonged time, a higher concentration locally into the tumor and a lower systemic exposure to the drug in comparison with c-TACE[12]. In a preclinical study, Hong at al. demonstrated that the peak of doxorubicin within the tumor is registered after three days, and drug levels remain high up to fourteen days after treatment[14].
Several clinical studies have compared DEB and conventional TACE in non-transplant settings. A recent randomized study including 212 patients failed to demonstrate a significant difference in the overall radiological response, although a better safety profile and a trend toward a better response rate was observed for DEB-TACE[13]. Malagari et al[34] demonstrated that DEB-TACE was able to stabilize disease in a higher percentage of patients when compared with bland embolization (embolic agents without drug), but the survival rate at 12 mo did not differ in the two groups. In another prospective study, complete and partial response rates, tumor recurrence and overall survival were similar with DEB-TACE and conventional TACE[35]. Although a retrospective study recently suggested a higher 2-year survival rate in DEB-TACE patients[36], the superiority of this technique remains to be further investigated. 
Liver transplant candidates exhibit completely different characteristics than those patients considered in the above-mentioned studies. First, HCC in LT candidates is not advanced. Furthermore, the response to TACE in terms of tumor necrosis has clinical relevance only in those patients who require downstaging, whereas in the others, the goal is to halt tumor progression. Last, recurrence-free survival, measured following LT, is a realistic endpoint, as in the non-transplant setting, TACE is not intended to be curative[37]. 
Few reports are available about the results of DEB-TACE in LT candidates. A small study from Milan reported a higher complete histological necrosis rate (77%) in patients treated with DEB-TACE. However, only 8 patients had been treated with DEB-TACE in that study, while the 8 patients of the control group received bland embolization (non-loaded microspheres), with very low complete necrosis rates (27.2%)[38]. Unlike from the present study, Farris et al. recently reported a significantly higher necrosis rate after c-TACE in comparison with DEB-TACE (66.4% vs 46.1%)[39].However, no mention of the HCC recurrence-free survival of the patients was made in these studies.
In our series, histopathological examination of the native livers did not indicate a significant difference between DEB-TACE and conventional TACE with regard to the effectiveness of the two different procedures in inducing histological necrosis and achieving tumor downstaging. However, a peculiar histological pattern was associated with DEB-TACE; DEB-TACE was characterized by an intense inflammatory and fibrotic reaction in the area surrounding the tumor tissue that was not observed in those patients treated with conventional TACE. Remarkably, a lower tumor recurrence rate after LT was associated with DEB-TACE. Furthermore, DEB-TACE was identified as an independent predictor of recurrence-free survival in the multivariate analysis. The others independent prognostic determinants found in the present study, serum alpha-fetoprotein levels and adherence to MC at histopathological examination, have been previously identified by others to be strictly linked with HCC recurrence after LT[3].  
Pretransplant ablative treatments have the potential to decrease the release and growth of HCC metastases. As the release of tumor cells can be intermittent, the continuous elution of doxorubicin and the distribution of loaded beads in the vessels around the nodule might maintain a prolonged antineoplastic effect and explain the lower recurrence rate observed in the DEB-TACE group. The biological significance of the intense tissue reaction that surrounds the tumor treated with DEB-TACE must to be further investigated. However, one might speculate that the tissue reaction could play a role in limiting tumor spread.
The difference in the chemotherapeutic agent employed in the two different TACE techniques (epirubicin in c-TACE and doxorubicin in DEB-TACE) is unlikely to have influenced the results; in a large randomized controlled that compared c-TACE made using a lipiodol emulsion containing epirubicin or doxorubicin, no difference in the incidence of adverse reactions, changes in alpha-fetoprotein, extent of tumor reduction or the survival rates between the two drugs was reported[40].
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK23][bookmark: OLE_LINK119][bookmark: OLE_LINK180][bookmark: OLE_LINK200]Although further confirmation of our findings with randomized controlled trials is warranted, our report seems to indicate that the use of DEB-TACE in LT recipients with HCC can increase recurrence-free survival after liver transplantation.

COMMENTS
Background
Transcatheter arterial chemoembolization (TACE) is the most common locoregional treatment in cirrhotic patients with hepatocellular carcinoma (HCC) awaiting liver transplantation (LT), and the main objective of TACE is to prevent tumor progression in HCC patients who have already met the criteria for transplantation or to downstage tumors initially outside Milan Criteria to allow LT. In addition to conventional TACE (c-TACE), based on mixtures of anticancer drugs, lipiodol and a gelatin sponge, a procedure with calibrated doxorubicin-loaded microspheres has been recently developed (DEB-TACE). In pre-LT setting, only a few reports have compared the impact of different TACE regimens on tumor histology and recurrence-free survival after transplantation.

Research frontiers
Pre-clinical and clinical studies have demonstrated that DEB-TACE produces a higher drug concentration within the tumor than does c-TACE in presence of a lower systemic concentration, but its superiority in inducing tumor necrosis and increasing recurrence-free survival remains to be further investigated. As the whole native liver becomes available for histological examination, LT represents a unique setting to correctly assess necrosis and histological changes in tumor nodules of patients treated by TACE. This approach can be useful in developing new strategies to decrease the release of HCC metastases in patients awaiting LT.    

Innovations and breakthroughs
In our series, a lower tumor recurrence rate after LT was observed in patients who were treated preoperatively with DEB-TACE. Although no significant differences were observed in terms of tumor necrosis between DEB and c-TACE, a peculiar histological pattern was associated with DEB-TACE, characterized by an intense inflammatory and fibrotic reaction in the area surrounding the tumor tissue. This finding, in addition to the prolonged antineoplastic effect of loaded beads in the vessels around the nodule, could limit tumor spread during time on the waiting list and could explain the lower postoperative recurrence rate observed in the DEB-TACE group. 

Applications 
According to the results of this study, DEB-TACE is an effective locoregional tool for the management of HCC patients awaiting liver transplantation and can increase recurrence-free survival after LT.

Terminology
TACE indicates transcatheter arterial chemoembolization. DEB-TACE indicates TACE with calibrated, doxorubicin-loaded microspheres used to bind, deliver and elute chemotherapeutic drugs in the tumor area. c-TACE indicates the conventional TACE procedure, performed by administering a mixture of epirubicin in an emulsion with lipiodol followed by a gelatin sponge to obtain occlusion of the feeding arteries of the tumor. HCC indicates hepatocellular carcinoma. LT indicates liver transplantation.

Peer review
The authors present an interesting retrospective single-center study that clearly addresses pre-LT treatment of HCC. The authors highlight an important locoregional therapeutic tool, DEB-TACE, which has become increasingly utilized and can improve the outcomes of LT for HCC. The explanted livers underwent very close pathological scrutiny to judge the effects of the 2 different therapies; data analysis is well done. The paper is well written, and the manuscript improves significantly on the knowledge of the role of DEB-TACE in the management of HCC. 
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Figure 1 Flow chart of the patients included in the study. TACE: Transcatheter arterial chemoembolization; DEB: Doxorubicin-eluting bead; HCC: Hepatocellular carcinoma; LT: Liver transplantation; PEA: Percutaneous ethanol ablation; RFA: Radiofrequency tumor ablation; 

Figure 2 Inflammatory and fibrotic changes in the tissue surrounding the tumor nodules. TACE: Transcatheter arterial chemoembolization; DEB: Doxorubicin-eluting bead.

Figure 3 Recurrence-free survival probabilities according to the following. A: Pre-transplant treatment type (log-rank P value = 0.0493); B Adherence to milan criteria at pathology (log-rank P value < 0.0001); C Percentage of necrosis in the cumulative tumor area (Log-rank P value = 0.0098); D: Pre-transplant serum α-fetoprotein level (log-rank P value = 0.0008). TACE: Transcatheter arterial chemoembolization; DEB: Doxorubicin-eluting bead; LT: Liver transplantation.
















Table 1 Baseline characteristics of the study population n (%)
	
Variable
	All treated
patients (38)
	Type of TACE
	P value

	
	
	DEB-TACE
22 patients
	c-TACE
16 patients
	

	Age at LT (yr)
	56.5 ± 6.5
	57.2 ± 6.5 
	55.6 ± 6.5
	0.4545

	Male gender
	34 (89.5)
	19 (86.4)
	15 (93.7)
	0.6245

	MELD Score
	10 (6-27)
	9 (6-27)
	10 (7-16)
	0.4688

	Etiology of cirrhosis 
	
	
	
	0.1834

	   HCV-related
	22 (57.9)
	10 (45.5)
	12 (75.0)
	

	   HBV-related
	11 (28.9)
	8 (36.3)
	3 (18.7)
	

	   Non-viral
	5 (13.2)
	4 (18.2)
	1 (6.3)
	

	Waiting list time (mo)
	3.1 (0.1-26.7)
	2.9 (0.1-24.3)
	3.3 (0.6-26.7)
	0.5844

	Interval between last TACE and LT (mo)
	3.6 (0.1-15.9)
	2.3 (0.2-13.8)
	5.5 (0.9-15.9)
	0.0625

	Repeated TACE
	20 (52.6)
	12 (54.5)
	8 (50.0)
	0.7817

	Adherence to MC at imaging before TACE
	
	
	
	0.3243

	   Within MC
	21 (55.3)
	14 (63.6)
	7 (43.7)
	

	   Beyond MC
	17 (44.7)
	8 (36.4)
	9 (56.3)
	

	BCLC Stage before TACE
	
	
	
	0.3243

	   A
	21 (55.3)
	14 (63.6)
	7 (43.7)
	

	   B
	17 (44.7
	8 (36.4)
	9 (56.3)
	

	Number of nodules before TACE
	2 (1-5)
	2 (1-5)
	2 (1-5)
	0.8708

	Nodule number class before TACE 
	
	
	
	0.2222

	   1 nodule
	16 (42.1)
	8 (36.4)
	8 (50.0)
	

	   1 < nodules < 4 
	13 (34.2)
	10 (45.4)
	3 (18.8)
	

	   nodules ≥ 4
	9 (23.7)
	4 (18.2)
	5 (31.2)
	

	1Serum α-fetoprotein > 70 ng/mL
	8/33 (24.2)
	3/18 (16.7)
	5/15 (33.3)
	0.4811

	Post-LT follow-up  (mo)
	39.9 ± 22.5
	34.9 ± 19.0
	46.8 ± 25.6
	0.1065


Continuous variables are reported as the mean and standard deviation or median and range and compared using Student’s t test or the Mann-Whitney U test as appropriate. Categorical variables are reported as numbers and percentages. 1Value of serum α-fetoprotein was not available for 5 patients. TACE: Transcatheter arterial chemoembolization; DEB: Doxorubicin-eluting bead; MC: Milan criteria; LT: Liver transplantation; HCV: Hepatitis C virus; HBV: Hepatitis B virus.























Table 2 Analysis of the treated nodules according to the type of transcatheter arterial chemoembolization (Per nodule analysis) n (%)
	Variable
	All treated nodules
63 in 38 patients
	Type of TACE
	p value

	
	
	DEB-TACE
38 in 22 patients
	c-TACE
25 in 16 patients
	

	Degree of necrosis 
	54.3%  ±  41.2%
	55.7%  ±  41.9%
	52.2%  ±  40.9%
	0.7420

	Complete necrosis (100%)
	21 (33.3)
	14 (36.8)
	7 (28.0)
	0.5877

	Histological Response
	
	
	
	0.2834

	   Appropriate (Necrosis ≥ 90%)
	25 (39.7)
	17 (44.7)
	8 (32.0)
	

	   Partial (50% < Necrosis < 90%)
	9 (14.3)
	3 (7.9)
	6 (24.0)
	

	   Inadequate (Necrosis ≤  50%)
	29 (46.0)
	18 (47.4)
	11 (44.0)
	

	Diameters of nodules (cm)
	2 (0.7-10)
	1.8 (0.7-4.5)
	2.2 (1-10)
	0.1752

	Number of nodules
	
	
	
	0.2492

	   Single
	17 (27.0)
	8 (21.1)
	9 (36.0)
	

	      Degree of necrosis 
	63.1%  ±  37.8%
	69.7%  ±  34.8%
	57.2%  ±  41.5%
	0.5144

	   Multiple 
	46 (73.0)
	30 (78.9)
	16 (64.0)
	

	      Degree of necrosis
	51.1%  ±  42.3%
	52.0%  ±  43.4%
	49.4%  ±  41.7%
	0.8454

	Modality of TACE
	
	
	
	0.3015

	   Superselective
	34 (54.0)
	23 (60.5) 
	11 (44.0)
	

	      Degree of necrosis     
	73.9%  ±  34.3%
	76.2%  ±  33.8%
	69.1%  ±  36.5%
	0.5803

	 Non-superselective
	29 (46.0)
	15 (39.5%)
	14 (56.0)
	

	      Degree of necrosis    
	31.3%  ±  37.0%
	24.3%  ±  33.3%
	38.9%  ±  40.5%
	0.2970


Analysis performed considering nodules reached by transarterial treatment (targeted lesions). Continuous variables are reported as median and range or mean and standard deviation and compared using the Student’s t test or Mann-Whitney U test as appropriate. Categorical variables are reported as numbers and percentages. TACE: Transcatheter arterial chemoembolization; DEB: Doxorubicin-eluting bead.





Table 3 Patient analysis according to the type of transcatheter arterial chemoembolization (Per patient analysis) n (%)
	
Variable
	All treated patients (38)
	Type of TACE
	p value

	
	
	DEB-TACE
22 patients
	c-TACE
16 patients
	

	Number of nodules per patients
	2.2  ±  1.3
	2.2  ±  1.2
	2.1  ±  1,4
	0.7019

	Untreated nodules
	21/84 (25.0)
	13/51 (25.4)
	8/33 (24.2)
	0.8934

	Nodule number class at pathology
	
	
	
	0.1473

	   1 nodule
	17 (44.7)
	8 (36.4)
	9 (56.3)
	

	   1 < nodules < 4
	14 (36.8)
	11 (50.0)
	3 (18.7)
	

	   ≥ 4 nodules
	7 (18.4)
	3 (13.6)
	4 (25.0)
	

	Sum of tumor diameters (cm)
	4.2  ±  2.8
	4.1  ±  2.4
	4.5  ±  3.3
	0.5813

	CTA (cm2)
	5.5 (0.8-78.5)
	4.6 (1.5-19.1)
	7.2 (0.8-78.5)
	0.8592

	Necrosis on CTA
	55.2%  ±  37.0%
	58.8%  ±  36.6%
	50.2%  ±  38.1%
	0.4856

	Adherence to MC at pathology
	
	
	
	0.4250

	   Within MC
	31 (81.6)
	19 (86.4)
	12 (75.0)
	

	   Beyond MC
	7 (18.4)
	3 (13.6)
	4 (25.0)
	

	Histological response
	
	
	
	0.2896

	   Appropriate (necrosis on CTA ≥ 90%)
	11 (28.9)
	8 (36.4)
	3 (18.7)
	

	   Partial (50% <necrosis on CTA < 90%)
	8 (21.1)
	3 (13.6)
	5 (31.3)
	

	   Inadequate (necrosis on CTA ≤ 50%)
	19 (50.0)
	11 (50.0)
	8 (50.0)
	

	Risk factors for recurrence
	
	
	
	

	   Microvascular invasion 
	7 (18.4)
	5 (22.7)
	2 (12.5)
	0.4271

	   1Grading > 2
	7 (18.4)
	2/18 (11.1)
	5/14 (35.7)
	0.1948


Analysis includes the 21 nodules not reached by transarterial treatment (non-targeted lesions). Continuous variables are reported as medians and ranges or means and standard deviations. Categorical variables are reported as numbers and percentages. 1Assessment of tumor grading was not available for 6 patients who had complete necrosis at explant examination. TACE: Transcatheter arterial chemoembolization; DEB: Doxorubicin-eluting bead.






Table 4 Univariate and multivariate analysis of risk factors related to tumor recurrence
	Risk factors
	Univariate analysis
	
	Multivariate analysis

	
	3-years recurrence-free survival rate (%)
	HR
(95% CI)
	Log Rank
P value
	
	Exp(b)
(95% CI)
	p value

	Tumor grading G3-G4 (vs G1-G2)
	66.7 vs 74.2
	1.76
(0.289-13.149)
	0.4934
	
	
	

	Presence of microvascular invasion (vs absence)
	60.0 vs 80.7
	2.74
(0.451-39.277)
	0.2071
	
	
	

	Multiple nodules at pathology (vs single)
	69.1 vs 85.7
	2.15
(0.460-9.070)
	0.3478
	
	
	

	Repeated TACE (vs single)
	74.1 vs 80.0
	1.08
(0.244-4.821)
	0.9148
	
	
	

	Necrosis on CTA ≤ 50% (vs >50%)
	59.3 vs 100.0
	NA1
	0.0098
	
	NA1
	NA1

	MC unfulfilled at pathology (vs fulfilled)
	21.4 vs 92.0
	13.84
(10.121-636.416)
	<0.0001
	
	11.60
(1.932-69.646)
	0.0077

	Absence of DEB-TACE (vs presence)
	61.5 vs 87.4
	4.47
(1.005-22.188)
	0.0493
	
	15.45
(1.457-163.766)
	0.0237

	α-fetoprotein > 70 ng/mL (vs ≤ 70 ng/mL)
	33.3 vs 90.9 
	10.31
(4.749-370.242)
	0.0008
	
	15.31
(1.766-132.614)
	0.0137


1HR calculation and the inclusion of the covariate in the multivariate analysis was not applicable due to the lack of hepatocellular carcinoma recurrence events in necrosis on the cumulative tumor area (CTA) > 50% group. TACE: Transcatheter arterial chemoembolization; DEB: Doxorubicin-eluting bead.





