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INTRODUCTION 

 

 

 

Hepatocellular carcinoma (HCC) constitutes a current major health problem, as is the 

third leading cause of cancer death [1], the sixth leading cause of cancer overall, and it is 

responsible of around 90% of primary liver cancers on cirrhotic liver [2].  

Treatment options for HCC are numerous, but it is still a complex theme, as the 

caretakers usually have to not only treat the cancer but have to treat the underlying liver 

disease. Therefore, classically, the choice varies mainly according to tumoral staging, 

characteristics, laboratory data and the hepatic functional reserve of the patients.  

During the last years, there have been many advancements on the field of HCC diagnosis 

and treatment, and the last published guidelines of international societies like the 

European Association for the Study of the Liver or the American Association for the Study 

of the Liver [2-3], agree that personalised surveillance based on individual risk 

assessment is needed, and have therefore included the use of new tools, like 

standardisation of liver imaging procedures and diagnostic criteria, use of minimally 

invasive surgery in complex cases with the integrated role of liver transplantation, 

transitions between surgical, locoregional, and systemic therapies, radiation therapies, and 

lately, the use of combination immunotherapies at various stages of disease and of 

artificial intelligence (AI) in radiology.  

In the end, there is a general agreement that there is an absolute need for a 

multiparametric assessment of individual risks and benefits, considering the patient’s 

perspective, by a multidisciplinary team encompassing various specialties.  
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In case of early HCC, up until now there are only few known treatment options with 

demonstrated curative intent available, including surgical resection, liver transplantation 

(LT) [4] and, as recently demonstrated, radiation treatment [5]. However, up to 70% of 

newly diagnosed patients are in the intermediate to advanced stages of HCC, and less 

than 20% of those patients have surgical indications at the time of diagnosis [3, 6-8].  

In patients with intermediate-to-advanced stage HCC, loco-regional treatments are 

indicated and can have a curative intent [4], and it has been proved over the years that 

loco-regional therapies represent valid options to improve survival in non-surgical 

patients [9], and have a key role as a bridging treatment or as a downstaging option for 

patients on liver transplant waiting lists.  

Liver transplantation, indeed, still stands as the most important potentially curative 

therapy, especially in cirrhotic patients, where it can constitute a curative option even in 

the absence of an HCC [7,9]. Liver transplant is usually reserved for patient with 

localized and early stage, but not resectable, HCC (Barcelona Clinic Liver Cancer stage 

A) [ref. 6-10 da tesi spec]. A major drawback of liver transplants, however, is the scarcity 

of donors which leads to an estimated drop out of around 20% of patients while still on 

the waiting lists due to the progression of their disease [2]. Therefore, it is important to 

have therapeutic options that can be effective to avoid disease progression while on the 

waiting lists. Locoregional therapies are the most used treatment to maintain transplant 

eligibility, and trans-arterial chemoembolization (TACE) is the most used one. [2-4] 

To select patient eligible for liver transplant, among the years, different criteria have been 

searched and developed. Firstly, the Milan Criteria, published in 1996, which have been 

the first criteria universally recognised for liver transplantation. [10] According to this 

system, in order to have access to the transplant, patients should not present with 

neoplastic vascular invasion, and should have either no more than 3 hepatic lesions, each 

one with a maximum diameter ≤ 3 cm, or a single lesion with a diameter ≤ 5 cm. [10] It 

has been since demonstrated that, following these directions, liver transplant would led to 

excellent performances, with an acceptable rate of recurrence free survival (incidence of 

recurrence of around 10% at 5 years after the transplant) and an overall survival similar to 

that of non-oncologic patients who undergo liver transplantation (survival rate of 73,3% 

at 5 years) [10-14].  
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By strictly following Milan criteria, however, only 30-40% of all HCC patients could 

have access to the waiting lists [11-12; 15-16] Therefore, scientific research has been 

focused on finding other criteria that could allow for an expansion of these indications, 

allowing therefore a less-strict access to the liver transplant waiting lists, without 

compromising the recurrence-free survival (RFS) and the overall survival (OS) rates.  

In time, other criteria have been proposed. Among them, the “Up-to-Seven” is one of the 

most used. According to this system, the sum of the biggest tumoral mass (in cm) and the 

total number of tumors diagnosed on imaging, should be inferior or equal to seven. [17] 

In this subgroup of HCC patients, indeed, in the absence of microvascular invasion, it has 

been found that the 5-year survival rate is 71.2%, which is similar to the outcome 

obtained with Milan criteria [17]. 

Up to this day, an international consensus on the expansion of the aforementioned criteria 

has not been reached [4;18]. According to the current edition of the guidelines of societies 

like the European Association for the Study of the Liver (EASL), the best results in term 

of after-transplant survival are reached by following the Milan criteria, and for this reason 

they are still the most used ones up to this day. [2;4;18] 

In order to allow to as many patients as possible to access liver transplant without 

compromising RFS and OS, therefore, a different approach was then tested, by recurring 

to actual “neoadjuvant therapies” or “bridging therapies” that could be built to lessen or 

stabilize the tumoral burden of the patient, even in intermediate stage patients, while still 

using Milan criteria as endpoint [4; 15; 18-21] 

Bridging therapies are defined as techniques designed to prevent tumor progression while 

on the waiting list, in patients who meet transplantability criteria. It aims to control and 

prevent tumor progression in patients waiting for a matching donor, with the goal of 

reducing dropouts from the waiting list. Indeed, the low number of donors relative to 

demand generates a sharp increase in waiting time, which is reflected in a dropout rate of 

30-40% per year in the absence of treatment. [11, 15, 19, 21; 22-25]. However, the 

efficacy of bridging in improving OS and post-transplant RFS is limited to patients with a 

complete pathologic response to the tumor [19, 22, 23, 25]. In this scenario, it becomes of 

the outmost importance to correctly identify patients with favourable tumoral 

characteristics and patients who respond well to downstaging or bridging techniques, as 

this would suggest a less aggressive tumoral biology, and in this context, radiology can 
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have an important role in predicting tumoral characteristics and therefore oncologic 

patients’ prognosis, both by searching for specific imaging patterns and clinical 

characteristics and by using radiomics or other artificial intelligence-based software.  

Downstaging, instead, is defined as the reduction of the total tumoral burden by using 

loco-regional treatments in patients who are outside Milan criteria or Up-to-Seven criteria 

from the start but who do not present vascular invasion or distant metastasis [18-20]. The 

rationale is to select a subgroup of patients who otherwise would not be able to have 

access this treatment options but who present with a less aggressive tumoral biology and 

that can therefore have a better prognosis even if outside classical transplant eligibility 

criteria. [11-13; 15-16; 18-20] The aim is to offer to a wider range of patients a technique 

that would be curative for both HCC and cirrhosis, while maintaining a similar survival 

rate between patients who undergo downstaging and patient who fit Milan criteria from 

the start. [13-15; 18-20]  

Among loco-regional treatments, TACE has become the first-line primary or adjuvant 

clinical treatment strategy and is the most chosen treatment to maintain transplant 

eligibility [2]  

Locoregional treatments were experimented for the first time as a downstaging technique 

in 1997 at Hôpital Paul Brousse in Villejuif (Paris, France) by the research group of 

Majno et al. [26] In their study, 5-year RFS was of 71% in patients who responded to 

trans-arterial chemoembolization (TACE), 29% in patients who did not reach an adequate 

downstaging, and 49% in patients who did not receive any treatment [26]. Recent meta-

analyses have demonstrated the efficacy of downstaging [ref 11, 19-20; 27] and it is 

recognized by current guidelines that, if effective, it allows liver to extend liver 

transplantation also to BCLC stage B patients safely [4, 18]. The studies published to 

date, however, are burdened by the lack of a common protocol and uniform study design, 

are based on small populations, and have short patient follow-up periods. In many 

recently published studies, there is a tendency to use TACE as first-line therapy, often in 

multiple sessions or in combination with other loco-regional modalities. In fact, TACE 

has been shown to be particularly useful and effective compared with other loco-regional 

treatments, and it has been proven effective both for loco-regional control of disease and 

for its ability to induce tumor necrosis. [ref 13, 27, 22-23; 28-32] Thus, however, there is 

no precise estimate of the true efficacy of TACE in downstaging HCC patients. 
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Pathologic response is an excellent prognostic factor, as it provides information not only 

on actual necrosis but also on microvascular invasion and the presence of satellite 

nodules. However, such information can only be fully obtained retrospectively, nor it is 

possible to envision a resection for every single treated lesion in every patient. Therefore, 

there is a need for pre-transplant imaging biomarkers that may be able to predict the 

pathologic response and, more importantly, the outcome of the patients. 

Radiological assessment of treatment response is the only method that can evaluate 

treatment efficacy and subsequent patients’ outcome, together with blood markers like 

alpha-fetoprotein. However, there is a lack of studies on large populations that focus on 

the possible existence of any prognostic criteria at imaging or that studies possible 

connection between imaging response classifications and prognostic predictions in terms 

of RFS and OS.  

Liver loco-regional treatments used for bridging and downstaging are chosen based on 

various tumor factors, such as size, number, tumor location, or residual liver function [3, 

19-21; 33-34]. TACE is nowadays the standard for loco-regional treatments also in 

patients with intermediate-stage disease and preserved liver function (BCLC B). [2-5; 33, 

35]. Population-based studies show that the number of TACE performed each year is 

higher than all other therapies for HCC combined [36]. It is also the most common 

bridging therapy offered to patients on the waiting list for liver transplantation (>70% in 

the United States) [2, 3, 19-21, 33, 36]. 

TACE was first employed in 1977, with the goal of administering chemotherapy directly 

at the site of the tumor, by taking advantage of the preferential perfusion of HCCs from 

the hepatic artery for the delivery of antitumoral therapy, whilst carrying the least 

possible amount of side effects. [30-31, 32, 24-25, 33, 36-38]  

There are several techniques for performing TACE. 

Conventional TACE (c-TACE) consists of the intra-arterial injection of an emulsion of 

chemotherapeutic agent (e.g., Doxorubicin) and an oleic carrier (Lipiodol, Guerbet) at the 

level of the tumor, followed by optional embolization of the tumoral feeding vessels 

usually with gelatine sponges [6, 31]. The aim is inducing tumor necrosis while providing 

a greater and prolonged concentration of the drug inside the lesion when compared with 

mere intravenous administration and combining it by tumoral ischemia secondary to 
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tumoral feeding arteries occlusion. [2, 3, 33, 35-36]. Necrosis will be assessed on imaging 

and, later, on the anatomopathological examination conducted on the explanted liver if 

transplant or resection were performed [35].  

Subsequent evidence has shown that, indeed, Lipiodol is unable to slow the release of 

chemotherapy into the neoplastic tissue, thus, side effects related to the rapid release of 

high doses of drug into the systemic circulation have been reported. [39]. To overcome 

this criticality of c-TACE, the use of pre-formed microspheres loaded with a 

chemotherapeutic agent was later introduced in this procedure [40]. The microspheres 

ensure the controlled release of higher amounts of drugs into the tumoral lesion over a 

longer period of time. The rationale for this new technique, called TACE with drug-

eluting beads (DEB-TACE), is to prolong the contact time between the tumoral cells and 

the cytotoxic drug, avoiding damages to the hepatic microcirculation, since this type of 

damage is responsible for the possible occurrence of the minor systemic effects reported 

in literature. [41] 

Imaging assessment of TACE tumoral response is therefore of the outmost importance in 

determining the success of treatment and in guiding future therapy decisions. 

The assessment of treatment response is performed by applying several radiological 

criteria. The constant increase in the use of loco-regional therapies for the treatment of 

HCC has raised the issue of which would be the best modality to measure response rate. 

Traditionally, response on imaging in oncological patients is measured in terms of tumor 

shrinkage using the standard Response Evaluation Criteria in Solid Tumors (RECIST), 

whose last version is the 1.1 [RECIST]. RECIST 1.1 criteria [42] are the most used 

imaging response criteria and are based solely on changes in the sum of the major 

diameters of the target tumor lesions before and after a treatment. A decrease of at least 

30% in the sum of the diameter of the target lesions compared to baseline sum diameters 

and the absence of progression of disease of non-target lesions should be achieved to have 

a partial response, while a complete response is reached when there is the disappearance 

of all target and non-target lesions. When there is at least a 20% relative or a 5 mm 

absolute increase of sum of the diameters of target lesions compared to smallest sum ever 

recorded for the patient, instead, it will be classified as a progressive disease.  

Albeit useful for many cancers post-treatment follow-up, these criteria can be misleading 

when applied to molecular-targeted or loco-regional therapies in HCC [43-45], since 
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tumor necrosis may not always be paralleled by a reduction in tumor size. Some studies, 

indeed, later proved that these criteria were not adequate in HCC patients undergoing 

loco-regional treatments, as they underestimate tumor necrosis [33, 44, 46-47]. 

Furthermore, in case of HCC, if was also demonstrated that classic RECIST criteria are 

not useful to predict the survival of patients with HCC [48], therefore other system was 

needed.  

EASL, then, proposed the evaluation of tumor enhancement components as an 

independent biomarker of response assessment. [48] The EASL suggested to measure the 

post-treatment changes of the size of the area of tumor enhancement on contrast enhanced 

imaging [49]. EASL criteria, in this way, track the relative changes in the two-

dimensional amount of tumor tissue with enhancement after treatment, thus reflecting the 

amount of necrosis truly caused by the treatment. [48] 

More recently, the American Association for the Study of Liver Disease (AASLD) has 

proposed a modified version of the original RECIST criteria (mRECIST) [50], based on 

the evaluation of only the viable tumoral portions, identified as the portions of the lesion 

that still showed post-contrast enhancement, with the aim of improving the EASL 

guidelines [2-3, 46, 47, 50].  

In contrast to EASL criteria and in agreement to RECIST 1.1 criteria, mRECIST are 

unidimensional criteria, and include a maximum of two target lesions per organ. The 

mRECIST follow the same cut-off values for percentage of size variations as RECIST 1.1 

to define its response classes and provides specific recommendations for the evaluation of 

new lesions, portal vein thrombosis, malignant lymphadenopathy, ascites and lung 

effusion. According to mRECIST, for lesion evaluation, the reader should identify two 

lesions, call targets, which not necessarily are the largest lesions on the study but are 

those with better visibility. Size must be above 1 cm, and margins must be clear [50]. 

These lesions must have enhancement, and only the hypervascular tumor portion must be 

measured, as the non-enhancing part is assumed to be necrotic [50]. Based on the 

differences in the sum of the largest diameters of the hypervascular portions of the target 

lesions between the follow-up and the baseline, patients are classified into four categories, 

the same ones as the RECIST 1.1: complete response (CR), partial response (PR), stable 

disease (SD) and disease progression (PD) [50]. 
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However, even the mRECIST criteria cannot be applied with the same effectiveness in all 

contexts. The use of imatinib, another targeted anticancer agent used in cancers like 

gastrointestinal tumors (GISTs), led to the development of other criteria by Choi et al. 

[51] that combined the sum of tumoral sizes with the measurement of tumor density, and 

are based on the principle that an alteration in density could reflect the presence of 

tumoral areas with reduced vascularization or necrosis [48]. Choi's criteria predict 

response to imatinib very effectively in patients with GISTs, correlated accurately with 

survival, and have also proven to be a possible option for evaluating the effects of 

chemotherapy in HCC [48, 52]. However, these criteria, while theoretically applicable 

also to lesions treated with DEB-TACE, cannot not be applied effectively in patients 

undergoing c-TACE, due to the hyperdense appearance of the Lipiodol on CT.  In table 1 

a table resuming the principal difference among the existing imaging response guideline 

is presented (Table 1). 

Therefore, to date, mRECIST criteria are the most widely used criteria for evaluating the 

radiological response of HCC treated with locoregional treatments [6, 9, 10, 30, 39] and 

reaching CR according to these criteria is considered an independent prognostic factor in 

patients with HCC. [9,10, 45-47, 30] There are a few studies that have demonstrated that 

EASL and mRECIST overall response rates to TACE successfully correlate with survival 

and demonstrate that both EASL and mRECIST could be used in preference to standard 

RECIST criteria [43, 50, 53-54]. 
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Table 1. Comparison between the major imaging response criteria commonly used in 

post-treatment evaluation of oncological patients.  

 

 



12 
 

However, there are few studies in literature comparing imaging response to 

anatomopathological examination of HCC treated locoregionally. These studies looked at 

the accuracy of these criteria compared to the reference standard, the pathological 

analysis performed on the explanted livers and found a significant correlation between 

necrosis percentage and mRECIST classification [43, 55-56]. However, they are usually 

single-centred and limited in population size.  

Up until today, in literature, improved post-LT survival in patients undergoing TACE 

before liver transplant remains equivocal [57]. 

Post-TACE imaging is commonly performed on Computed Tomography (CT) or 

Magnetic Resonance Imaging (MRI) according to international guidelines. To date, there 

are no studies that have unequivocally established the superiority of either method over 

the other [58], but the choice conventionally falls to CT for reasons of practicality, since 

it is widely available and is less expensive than MRI [58]. The major limitation of CT, 

however, is the presence of beam-reinforcing artifacts caused by Lipiodol, which can 

make the assessment of the persistence of a viable tumor remnant difficult [35, 58]. 

A few studies are suggesting that the Lipiodol uptake pattern seen on CT can be used both 

to predict necrosis of the nodule undergoing TACE and to predict its risk of local 

recurrence [58-60]. In particular, tumors with a CR according to mRECIST and complete 

lipiodol retention had significantly higher rates of tumor necrosis on pathology than those 

with a CR but incomplete retention (mean 95% vs. 68%, respectively) [33, 35] According 

to this hypothesis, incomplete lipiodol deposition appearance may be due to the 

incomplete catheterization and treatment injection in all tumor feeders. In this case, there 

is a high probability to have residual enhancement on follow-up CT and less necrosis 

percentage on explant [33]. 

Even in the presence of a complete response according to mRECIST criteria, tumor 

necrosis is lower when Lipiodol is heterogeneously and incompletely distributed. [33, 58-

60] The hypothesis is that the portions of the tumor between Lipiodol depots, while not 

hypervascular, might still contain nonnecrotic tumoral cells [33,60]. However, there are 

still only few studies regarding possible correlations between the uptake pattern and the 

actual assessment of necrosis on anatomic-pathological examination.  
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As stated, studies to date have established the efficacy of loco-regional treatments prior to 

liver transplantation. Several randomized controlled trial (RCT) studies have 

demonstrated that TACE can delay tumor progression to varying degrees, thereby 

providing a potential surgical or transplant opportunities for patients initially deemed 

unresectable [61-63]. It has been demonstrated that the tumoral response varies from 

patient to patient due to the heterogeneous tumor biological behaviour, including 

differences in gene expression, vascular invasion status, and size [7]. This heterogeneity 

also results in a higher incidence of local tumor recurrence, around 46%, 58%, and 63% 

at 2, 3, and 5 years of posttreatment [64-66]. Furthermore, incomplete necrosis has been 

assessed as a risk factor for post-liver transplant HCC recurrence [67].  

Therefore, more accurate selection of patients by searching other prognostic imaging 

markers (such as tumor response criteria) is needed. Multicentric studies in large 

populations are also needed to better define prognostic and selection criteria for patients 

to undergo liver transplantation.  

Several works have already investigated the radiopathological correlation between 

response category and tumoral necrosis, however multicentric and perspective evaluations 

are needed [43, 55-56; 68-70]. Moreover, and more importantly, the impact of response 

categorization according to mRECIST on patient outcome after liver transplantation has 

not been largely explored in literature. 

We have found relatively few studies in the literature evaluating the radiopathological 

correlation between patients' imaging response classification and actual necrosis found on 

pathology on the explanted liver in subjects undergoing TACE alone before 

transplantation.  

Of note, there is limited data on the potential prognostic value of radiological assessment, 

namely mRECIST categories in patients with HCC who undergo liver transplantation, in 

terms of both disease-free survival (DFS) and overall survival (OS). Assessing this is 

crucial for optimizing patient management and treatment. A recent study by Radovitch et 

al. did not find a significant difference in patient survival after liver transplantation based 

on mRECIST response. However, this study retrospectively included only 70 patients 

from a single centre. 
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Considering this, the primary aim of this study was to evaluate the impact of radiological 

response to TACE, assessed by mRECIST, on outcomes (in terms of OS and RFS) in a 

large multicentric cohort of patients who underwent liver transplantation for HCC and to 

assess if mRECIST could be used effectively to predict the post-transplant outcome in 

patients treated with TACE for HCC before liver transplantation.  In addition, as a 

secondary objective, we aimed to assess the correlation between radiological response 

and pathological tumor necrosis, as well as to explore whether any clinical, biological or 

procedural factors were predictive of tumor necrosis. 
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MATERIALS AND METHODS 

 

 

 

 

 

Characteristics of the Study 

A retrospective multicentric study was conducted, involving eight different French 

transplant centres in France: Hôpital Beaujon (Hôpitaux Universitaires Paris Nord Val de 

Seine, Assistance Publique Hôpitaux de Paris, Clichy, Paris), Hôpital Henri Mondor 

(Assistance Publique Hôpitaux de Paris, Créteil, Paris), Hôpital Paul Brousse (Assistance 

Publique Hôpitaux de Paris, Villejuif, Paris), Hôpital de La Pitié Salpêtrière (Hôpitaux 

Universitaires Pitié Salpêtrière, Assistance Publique Hôpitaux de Paris, Paris), Hôpital 

Croix-Rousse (Hospices Civils de Lyon, Lyon) Hôpital Trousseau (Centre Hospitalier 

Universitaire de Tours, Tours), Hôpital Pontchaillou (Centre Hospitalier Universitaire de 

Tours de Rennes de Rennes, Rennes), and Hôpital de la Timone (Centre Hospitalier 

Universitaire de Tours de Marseille, Marseille).   The local ethics committee has 

approved this study. 

From January 2012 to December 2017 data of all patients who underwent at least one 

TACE session for HCC followed by a liver transplant were retrieved from the hospitals' 

databases and joined together in a multicentre common database of liver transplantation 

for HCC, called TH4CHC.   

In each of the patients in the database, treatment decisions were made within a 

multidisciplinary meeting; the presence of cirrhosis of the liver was confirmed 

histologically by biopsy or on the operative piece (in the case of hepatectomy before 

transplantation); the indication for TACE followed EASL or EASL-EORTC guidelines 
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[2, 71]; the indication for transplantation was based on Child-Pugh classification, MELD 

score, and Milan criteria, and in each case every clinical decision was indicated by the 

multidisciplinary meeting. 

 

 

Patient Population 

Starting from a large population from all the centres included, inclusion criteria 

considered for this study were the following:  

1) patients that were above 18 years old. 

2) patients in which at least one HCC nodule was diagnosed, as per definition of the 

American College of Radiology (ACR) criteria and EASL clinical practice 

guidelines [2, 53, 72], and whose HCC nodule could be considered as target lesion 

on CT or MRI according to the mRECIST criteria (i.e. arterial phase 

hyperenhancement and at least 1 cm size, well-defined margins and well visible 

on baseline imaging).  

3) patients that had undergone at least one TACE session before the liver transplant. 

4) patients for which at least a multiphasic CT/MRI performed before the TACE 

procedure was available on the hospital database.  

5) patients with available data for the interventional sessions performed, including 

complete descriptions of the procedure followed and of the technical decision 

taken (i.e., final embolization, selectivity of the catheterization).  

6) patients that had at least one between multiphasic CT or MRI available in the 

hospital database and performed after the last TACE session but before the liver 

transplant procedure.   

7) availability of a complete pathological report for the explanted liver, including full 

description of each nodule found.  

 

In all eligible patients, the following exclusion criteria were considered:  

1) presence of artifacts in acquired images,  

2) suboptimal timing of acquisition of post-contrast phases,  
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3) examinations performed without contrast medium administration,  

4) absence of a reference standard for the final diagnosis.  

5) performance of loco-regional treatments other than TACE in the time period 

between the first diagnosis and liver transplant, including radiotherapy 

6) resection of lesions treated with TACE upon transplantation (> 3 months before) 

7) incomplete medical records or pathology report 

8) performed any other systemic or local treatment beside TACE 

9) presented with non-malignant conditions or non-HCC malignancy (e.g., 

cholangiocarcinoma, hepatocholangiocarcinoma, metastases from unknown 

tumors et) at explant. 

 

For each patient, clinical data were collected, including history of cirrhosis and its 

aetiology, alpha-fetoprotein levels, presence of ascites, encephalopathy, albumin levels, 

prothrombin time, Child Pugh and MELD (Model for End-stage Liver Disease) score.  

Tumors whose response could not be assessed by mRECIST criteria at baseline or follow-

up (e.g., infiltrating HCC, hypovascular HCC in the arterial phase), lesions revealed to be 

noncancerous at explant, or cases in which an ambiguous anatomopathological 

correlation was not possible were excluded from the analysis. The study was conformed 

to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the 

Institutional Review Board. Informed consent was waived due to the retrospective design 

of the study.  
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Figure 1. Flowchart showing the selection of the final study sample. CCC = cholangiocarcinoma; 

HCC-CCC: hepatocholangiocarcinoma 

 

 

 

 

 

During the time period included in the study, 750 patients underwent TACE followed by 

liver transplantation for HCC, and among them, 364 patients were excluded for the 

following reasons: a) incomplete or inadequate clinical, pathological or imaging data (n = 

100); b) patients undergoing other locoregional treatments, mainly radiofrequency 

ablation or microwave ablation (n= 184); c) performance of abdominal radiotherapy upon 

transplantation (n = 14); d) performance of radioembolization before liver transplant (n = 

2); e) resection of the nodule treated with TACE long before transplantation (n = 39); f) 

presence of other malignancies beside HCC on pathology (n = 39); and g) absence of 

tumoral malignant lesions at explant (n = 3). The flowchart of selection of patients 

included in the study is presented in detail in Figure 1. 
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Imaging technique 

Each patient underwent multiphase contrast-enhanced CT and/or MRI with liver 

protocols acquired in accordance with LI-RADS technical recommendations [72]. The 

median time between the last CT or MRI exam and liver transplant was 45 days (IQR 20–

90 days). The median time between the last TACE session and the liver transplant was 7 

months (IQR 4-13 months). Due to the retrospective and multicentric design of the study, 

all CT and MRI examinations with contrast medium were performed on different 

machines, which, however, shared common technical features in order to be able to 

participate in the study.  

 

CT scans were performed on multidetector CT with a multiphasic protocol involving a 

baseline acquisition, followed by the injection of contrast agent with bolus tracking 

technique with a region of interest (ROI) placed in the abdominal aorta, typically at the 

level of the celiac axis and a threshold of 150 HU. Patients were intravenously 

administered a weight-based dose of iodinated contrast agent, and the following phases 

were acquired: late arterial (15-30 s), portal (60-75 s) and late venous (180 s) phases. The 

contrast agent used was of non-ionic iodinated type with 350 mg I/mL, injected with a 

power injector at a rate of 3-4 ml/s with a dose of approximately 2 ml/kg of product via 

16-18 G needle-cannula through the right antecubital vein. The maximum reconstruction 

thickness was 2.5 mm. No oral contrast medium was used. 

 

MRIs were performed on 1.5T or 3T field machines and with a dedicated abdominal coil. 

The imaging protocol included at least these sequences: gradient-recalled-echo (GRE) 

T2-weighted pre-contrast axial sequences with and without fat saturation, fast-spin echo 

(FSE) T2-weighted and GRE T1-weighted axial sequences both in phase and phase 

opposition, diffusion-weighted (DWI) sequences, and the Apparent Diffusion Coefficient 

maps (ADC map). 

The dynamic study was performed on three-dimensional T1-weighted GRE sequences 

with fat suppression and using bolus tracking technique. Either 0.1 mmol/kg of gadobenic 
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acid (Multihance, Bracco Imaging) or gadoteric acid (Dotarem, Guebert) were 

administered through a 16-18 G intravenous catheter at the right antecubital site, with 

arterial (18 s), venous (60 s), late portal (180 s) and, if gadobenic acid was used, an 

hepatospecific phase acquisitions 2 h after the contrast medium injection. 

MRI exams were acquired before and after the intravenous administration of extracellular 

gadolinium-based contrast agent, injected with a power injector at a rate of 2 ml/s. Post-

contrast phases included at least one late hepatic arterial portal venous (70 to 90 seconds), 

and delayed (180 seconds) phases. Hepatobiliary phase (HBP) images were acquired 2 

hours after the administration of Gd-BOPTA (Gadobenate Dimeglumine, Multihance, 

Bracco Imaging, Milan, Italy) in 3D GRE with fat saturation sequences on both axial and 

coronal planes. Of all patients, 124 underwent MRI upon transplantation, of which 100 

studies were performed with Gd-BOPTA. 

 

 

Radiological Analysis and Response Assessment 

For each patient, both baseline and the last pre-transplant CT or MRI were analysed.  

The exams were reviewed by a single reader, a radiologist sub specialized in abdominal 

radiology with 7 years of experience in liver imaging.  

Pre- and post-TACE CT and MRI scans of patients were retrieved and reviewed using the 

Picture Archiving and Communication System common to different hospitals 

(Carestream PACS) and were evaluated following mRECIST criteria [50].  

Baseline examinations were defined as the first imaging available performed before the 

first TACE session. Only lesions meeting non-invasive diagnostic criteria for HCC per 

LI-RADS recommendations or pathologically proven lesions and with at least one target 

lesion adapt for mRECIST assessment were considered (i.e., two lesions with arterial 

enhancement, larger than 10 mm in the axial plane, and with sharp contours).  

A maximum of two target lesions (as per mRECIST recommendations) and one non-

target lesion were evaluated for each patient, to avoid mismatches in radiopathological 

analysis in cases of multiple lesions. Thus, the maximum number of lesions evaluated per 
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patient for mRECIST assessment and radiopathological correlation was limited to three 

for each case. Nevertheless, the total number of lesions per patient was recorded. 

 

After the TACE sessions, the presence of residual or recurrent tumour inside the treated 

lesion was assessed by mRECIST criteria [50, 61] by measuring the longest diameter of 

the enhancing part of the treated lesion on pre-transplant examinations and comparing it 

to the baseline examination.  

Response to TACE was therefore classified using four categories: a) complete response 

(CR) when enhancement was no longer seen; b) partial response (PR) when at least a 

30% decrease in the sum of the diameters of the target lesions was recorded; 3) 

progressive disease (PD) when an increase of at least a 20% of the diameters of the target 

lesions was seen; 4) stable disease (SD) when there was neither sufficient shrinkage to 

qualify for PR nor sufficient increase to qualify for PD.  

The appearance of new lesions in post-TACE imaging was also categorized as PD. 

Response evaluation was compared with radiological reports and in case of 

inconsistencies, consensus was reached by a second senior radiologist, who was blinded 

to patient data but aware of the study aim.  

For each patient it was checked whether each nodule was targeted by chemoembolization 

or not. Targeted nodules were then included in a nodule-by-nodule (NBN) level analysis 

(see statistical analysis part). 

 

 

 

TACE Procedure  

All included patients were treated with at least one TACE session before liver 

transplantation, either conventional lipiodol TACE (cTACE) or drug-eluting bead TACE 

(DEB-TACE).  
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The decision to perform TACE as bridging or downstaging therapy was discussed for 

each patient by a tumor board, which included oncologists, hepatologists, radiologists, 

interventional radiologists, and hepatic surgeons. Before each TACE session, a team of 

interventional radiologists chose the most appropriate approach for each patient. All 

TACE procedures were performed under local anaesthesia and according to guidelines or 

expert consensus [73].  

TACE procedures techniques slightly varied across the different centres but were 

performed under local anaesthesia by one senior radiologist, with at least 5 years of 

experience in hepatic interventional radiology to ensure the standardization of the 

treatment process.  

In all cases, procedures take place as follows: a femoral or radial approach was obtained 

with Seldinger technique using a 4F or 5F introducer angiographic catheters. After 

catheterization of the celiac trunk (or superior mesenteric in case anatomical variants 

were present) a digital subtraction angiography and/or a 3-D cone beam CT angiography 

was performed to identify each HCC target lesion and their feeding arteries. This is 

followed by catheterization as selectively as possible, with 2.0–2.7-F microcatheters, 

followed by the treatment delivery according to one of these two modalities:  

1) in case of c-TACE, injection of an emulsion of chemotherapeutic agent 

(depending on the centre performing the procedure, mainly 50-70 mg doxorubicin 

or in a few cases idarubicin), and emulsified poppy seed oil (Lipiodol, Guerbet, 

France). This was followed, if possible, by complementary feeding vessels 

embolization, whenever indicated, performed by injection of gelatine sponges 

(Gelitaspon, Gelita Medical B.V.).  

2) in case of DEB-TACE, injection of microspheres with a diameter of 100–300 μm 

or 300–3500 μm loaded with chemotherapy, mainly doxorubicin or epirubicin. 

Optional embolization was performed at the end of the procedure. 

 

The treatment was considered “selective” if performed in the tumor afferent or segmental 

arteries, nonselective otherwise. At the end of the procedure, an additional angiographic 

or 3D check is performed to verify Lipiodol uptake and devascularization at the tumor 

level (Figure 2).  
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For each patient, the time elapsed between TACE treatment and transplantation, the type 

of procedure performed, and the number of total sessions performed were recorded and 

evaluated. 

 

 

 

Figure 2. Example of TACE treatment of an HCC. (1) Arterial phase axial CT image 

demonstrating the presence of a hepatocellular carcinoma in segment II (arrow). (2) TACE 

procedure: the target lesion is recognized, and the feeding arteries are identified with a 3D-

angiography. 3) Catheterization of the celiac trunk through a 5 French Cobra catheter. 4) Selective 

angiography of the S2 branch. 5) Injection of the doxorubicin and oleic vector (Lipiodol) 

emulsion (arrow: injected treatment). 6) End of procedure 3D final check to assess Lipiodol 

uptake by the treated lesion.   
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Features analysed 

For each patient, complete medical records were acquired and analysed, so as to have 

access to both clinical and imaging data. In particular:  

 

Laboratory data 

The following clinical-laboratory features at baseline and before transplantation were 

registered and analysed: alpha-fetoprotein (AFP), albumin, creatinine, bilirubin, 

prothrombin rate (PT), presence of ascites or encephalitis, and as per clinical pre-

transplant scores, Milan criteria, Child-Pugh and MELD (Model for End-stage Liver 

Disease) scores. 

 

Imaging features 

The imaging features analysed on pre-TACE and pre-transplant imaging included: total 

number of active tumoral lesions (i.e., number of HCC lesions with enhancement 

present), location inside the liver, maximum diameter of the tumoral hypervascular 

portions on the target and non-target lesions in the axial plane.  

 

 

Anatomopathological assessment 

Following transplantation, expert pathologists specialised in liver pathology conducted 

comprehensive gross and histologic analyses on all explanted livers. All pathological 

reports for patients included in the study were retrieved. Pathological details, including 

number of viable nodules and number of total nodules, maximum size of explanted 

nodules, location of each nodule, and the extent of tumoral necrosis, were extracted from 

pathology reports and for each nodule a radio pathological correspondence was searched 

for from the reading of the pathological report. In case of active residual tumor, several 

microscopic criteria were systematically evaluated by the pathologist for each HCC 

nodule found, including:  
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1) tumoral differentiation: classified according to the Edmonson–Steiner grading 

system into grade 1, well differentiated; grade 2, moderately differentiated; grade 

3, poorly differentiated.  

2) architectural patterns (microtrabecular, macrotrabecular, pseudoglandular, and 

compact) 

3) capsule integrity 

4) vascular invasion 

5) presence of satellite nodules. 

Tumoral necrosis was assessed semi quantitatively on the study, and major necrosis was 

defined as > 90% of necrosis, medium when between 50 and 90%, and minor if < 50%. 

Necrosis exceeding 90% was categorized as major necrosis, given its association with 

improved overall and recurrence-free survival post-liver transplantation in previous 

studies [32, 74-75]. In cases of heterogeneous tumor differentiation, classification was 

based on the lowest differentiated grade observed. For partial necrosis, the percentage of 

necrotic tissue relative to the total tumor tissue was determined by the pathologist. 

 

 

Follow-up and survival 

For each patient, all imaging examinations and/or consultations up to the last available 

were searched in the electronic archives.  

After LT, patients’ follow-up included ultrasound (US) performed every three months 

during the first year after the transplantation, followed by US every six months thereafter. 

CT and/or abdominal MRI were performed if recurrence was suspected based on follow-

up US findings, elevated serum AFP levels, or clinical symptoms such as new onset of 

weight loss or fatigue. Recurrence was defined as the appearance of a new lesion 

according to mRECIST criteria in follow-up imaging in the absence of suspicious 

imaging for a new primary. It was confirmed through follow-up imaging showing tumor 

growth and/or rising serum AFP levels. When the diagnosis of recurrence remained 

uncertain, a percutaneous guided biopsy was performed to obtain histological 

confirmation. 
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In this study, we evaluated both disease-free survival (DFS) and overall survival (OS) as 

clinical endpoints. Disease free survival (DFS) was defined as the time from 

transplantation to disease recurrence and/or death from recurrent disease after 

transplantation; overall survival (OS) was defined as the time from transplantation to the 

date of death. DFS and OS were evaluated in each patient.  

 

 

Nodule by nodule analysis and subgroup analysis 

A nodule-by-nodule analysis (NBN), including only patients with ≤2 HCCs was 

performed using a multilevel (centre- and patient-specific random effects) linear 

regression with downsizing (%) after TACE as the continuous response variable. A 

subgroup analysis on patients with only TACE session performed was also included to 

see if this cohort would have different prognostic factors when compared to the general 

population (i.e., different tumoral biology when compared to the rest of the population).  

 

 

Statistical analysis 

Categorical data were summarized as numbers (n) and percentages (%), while continuous 

data were reported as medians with interquartile ranges (IQR) or as mean and standard 

deviation (SD), according to their distribution. Categorical variables were expressed as 

effective values and percentages. 

Chi-square tests or Fisher's tests were used to compare categorical variables, and Mann-

Whitney or Kruskal-Wallis tests for continuous variables. To compare the continuous 

variables of two groups, the Mann-Whitney test was used. 

Correlation between tumoral downsizing and pathological necrosis was assessed with 

Spearman's rank correlation. To compare the continuous variables of more than two 

groups, the nonparametric Kruskal-Wallis test was used followed by comparison for each 

individual pair of groups by Dunn's test. 
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To evaluate the impact of clinical, biological and radiological factors associated with DFS 

and OS a multivariable Cox model regression with centre-specific cluster robust variance 

was performed.  

RFS and OS were estimated by Kaplan-Meier curves, and log-rank tests were used to 

compare the different subgroups. In the absence of events (death and/or recurrence), the 

patient was censored at the date of the last available follow-up. 

To evaluates factors associated with tumoral downsizing (HCC size reduction between 

baseline and pre-LT imaging) a nodule-by-nodule analysis (NBN), including patients 

with ≤2 HCCs was performed using a multilevel (centre- and patient-specific random 

effects) linear regression with downsizing (%) as the continuous response variable.  

Levels of statistical significance were set at a two-tailed P value of 0.05. There were no 

missing values. Statistical analyses were performed using SPSS software (version 26) and 

R statistical software version (R version 4.2.0). 
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RESULTS 

 

 

 

 

Patients’ characteristics and follow-up  

Initially, 750 patients who performed at least one TACE upon transplantation were 

selected across the centres. A total of 386 patients were finally selected and included in 

the study.  

The median age of the population included at transplantation was 59 years-old 

(interquartile range, IQR: 54, 63), with a male sex prevalence (328/386; 85.2%). At 

baseline, 206/386 patients (53.4%) were already beyond Milan criteria, and the median 

MELD score was 10 (IQR: 8, 15). Two hundred and fifty-four patients (65.8%) were in 

Child Pugh class A, 102 in class B (26.5%), and 30 in class C (7.7%). In the population, 

the primary etiology of the cirrhosis was alcohol for 50.5% (195/386), followed by 

dysmetabolic liver disease (in 11.1% of cases, hepatitis C virus (HCV) in 23.8%, hepatitis 

B virus (HBV) in 9.3%, and other rare causes of cirrhosis. In 6 patients (1.6%) the HCC 

developed in a non-cirrhotic liver. At transplantation, the median AFP value was 7.95 U/l 

(IQR 4.94, 15.60) and MELD score was 10 (IQR 8.00, 15.00).  Detailed characteristics of 

the population are in Table 2. 

At baseline, the median number of HCCs were 2 (IQR: 1, 3). One hundred and twenty-

two (31.7%) patients had a single lesion, 125 (32.5%) had two, 79 (20.5%) had three, and 

59 (15.3%) had more than three lesions.  

Up to two target lesions and one non-target lesion were selected in each patient in order to 

be able to perform the mRECIST evaluation. The median sum of the two target lesions 

considered according to mRECIST was 41 mm (IQR: 30, 51). In no patient was 

neoplastic invasion of the portal vein suspected on pre transplantation imaging. 
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Before liver transplantation the median residual tumor diameter according to mRECIST 

was 12 mm (IQR: 5-20). The median number of active lesions per patient was 1 (IQR: 0-

2) and 26 patients had more than 4 HCC lesions. No patients had neoplastic invasion of 

the portal vein.  

 

Table 2. Descriptive analysis of the whole population, including clinical data, number of lesions, 

number of TACE, and distribution among the different imaging response categories. 

 

Data Whole population (median) 

N 386 

Male sex 328 (85.2) 

Age (years) 59.00 [54.00, 63.00] 

Out Milan (before TACE) 206 (53.4) 

Number of MRECIST-lesions at baseline 2.00 [1.00, 3.00] 

Sum of MRECIST lesions diameter at baseline 

(HCC1+HCC2) (mm) 41.00 [30.00, 51.00] 

Primary etiology 
 

Alcohol 195 (50.5) 

HBV 36 (9.3) 

HCV 92 (23.8) 

No cirrhosis 6 (1.6) 

Other 14 (3.6) 

Steato-hepatitis 43 (11.1) 

Number of TACEs in total 2.00 [1.00, 3.00] 

Number of TACEs targeting HCC1 2.00 [1.00, 2.00] 

Number of TACEs targeting HCC2 0.00 [0.00, 0.00] 

Number of MRECIST-lesions at transplantation 1.00 [0.00, 2.00] 

Sum of MRECIST lesions diameter at transplantation 

(HCC1+HCC2) 10.00 [0.00, 25.00] 

Sum of downsizing (HCC1+HCC2) (%) -76.19 [-100.00, -33.33] 
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Downsizing target HCC1 (%) -79.29 [-100.00, -25.13] 

Downsizing target HCC2 (%) -47.37 [-100.00, 0.00] 

Time between first and last TACE (months) 2.82 [0.00, 7.46] 

Time between last TACE and Transplantation 

(months) 7.02 [3.72, 12.35] 

MRECIST response 
 

Complete response 142 (36.8) 

Partial response 127 (32.9) 

Progressive disease 39 (10.1) 

Stable disease 78 (20.2) 

AFP at transplantation 7.95 [4.94, 15.60] 

MELD at transplantation 10.00 [8.00, 15.00] 

Score AFP 0 [0, 0] 

Abbreviations: mRECIST: modified Response Evaluation Criteria in Solid Tumors; HCC: 

Hepatocellular Carcinoma; HBV: Hepatitis B Virus; HCV: Hepatitis C Virus; TACE: Trans-

Arterial Chemoembolization; AFP: Alpha-fetoprotein; MELD: Modified End-Stage Liver Disease 

 

 

The inclusion time considered for the patients was between 2012 and 2017; and the 

follow up period was between 2012 and 2021, yielding a minimum 5-year follow-up 

period per patient after transplantation. The median follow-up time after liver transplant, 

was 103 months (95% confidence interval, CI: 98 - 124 months) with an estimated 3 and 

5-years OS of 89.2% ± 0.16 and 79%, ± 0.21 respectively, and 3- and 5-years DFS of 

85.7% ± 0.18 and 76% ± 0.22, respectively.  Figure 3 
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Figure 3. 65-year-old patient with alcoholic cirrhosis. Pictures A and B show the presence of a 

lesion with non-rim hyperenhancement on arterial phase (A) followed by wash-out (B) on delayed 

phase. These characteristics are compatible with an HCC. The patient consequently underwent 

TACE procedure, with no residual enhancement in the pre-transplant imaging follow-up 

performed (C-D) and therefore categorized as CR according to mRECIST criteria. This patient 

after the transplant did not present any relapse of the disease at 5-years follow-up (last picture). 
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TACE procedures 

The total number of TACE sessions performed was 768, with a median number of TACE 

sessions per each patient of 2 (IQR: 1-3; range 1-7). For what concerns the timing, the 

time delay between the first available imaging and the first TACE session performed was 

1 month (IQR: 0, 3).  

The median time between first and last TACE session was 2.8 months (IQR: 0, 7.5), and 

the median timing between the last TACE session and the transplant was 5 months (IQR: 

2,11).  

At baseline, the median sum of the targeted lesions (target 1 + target 2) was 41 mm (IQR: 

29.5, 51). In total, 145 (37.6%) and 143 (37%) patients underwent 1 and 2 procedures 

before transplantation, respectively; 69 (17.9%), on the other hand, underwent 3 sessions, 

and 29 (7.5%) more than 3 sessions, up to a maximum of 7 treatments per patient.  

In regard to the procedures performed across the centres, the specific technical details per 

procedure were as follows: 

● c-TACE vs DEB-TACE: of all the procedures completed, 677 (88%) were 

performed with conventional Lipiodol injection (c-TACE), while 91 (12%) with 

pre-charged beads (DEB-TACE). 

● Selectiveness of the procedures: in 310 (40.4%) cases the session was performed 

in a selective way (therefore the treatment was injected at the level of the peduncle 

or the segment where the lesion was detected), while in 458 cases (59.6%) it was 

non-selective (performed either at the level of the hepatic lobe or the entire liver, 

or at the level of the hepatic sector of the lesion).  

● Chemotherapeutic agent administered: in most cases, doxorubicin was 

administered. In detail, doxorubicin was used in 705 cases (91.8%), while 

epirubicin was chosen in 63 sessions (8.2%). 

● Complementary embolization: in all TACE sessions, final embolization at the end 

of procedure was performed in 627 cases (81.6%), while no complementary 

embolization was preferred in 141 cases (18.4%). 

 

 



33 
 

Global Survival Outcomes  

In the cohort median DFS was 142 months (95% C.I. 122,6-161) and median OS was 142 

months (95% C.I. 118-166). 

At the end of the follow-up, 139 patients (36 %) died, among which 61 (44 %) had a 

recurrence of disease. Among the whole population, after liver transplant, 66 (17%) 

patients had a recurrence; 61 (92,5%) of which died during the follow-up. Survival curves 

for the whole cohort of patients are represented in Figure 4.  

 

 

 

Figure 4. Overall survival (OS; first table) and Disease-free Survival (DFS; second table) of the 

whole population. At the end of the observation time, median DFS and median OS were 142 

months. 
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Imaging response assessment with mRECIST and impact on outcome 

 

At baseline, the imaging performed was CT in 254 (65.8%) and MRI in 132 (34.2%) 

patients. Prior to liver transplantation, the last imaging exam performed was CT in 271 

(70,2%) of patients, while MRI was chosen in 115 (29.7%) patients. The median timing 

between last imaging and transplant was 3 months (IQR: 1,8) 

According to the mRECIST categorization assessed on pre-liver transplantation imaging 

142/386 (36.8%) of patient were classified as complete response (CR), 127 (32.9%) as 

partial response (PR), 20.2% of patients (78/386) had a stable disease (SD) and 10.1% 

(39/386) were classified as progressive disease (PD). Patients’ characteristics according 

to mRECIST response assessment are summarized in Table 2 while the multivariable 

Cox model for DFS and OS for both patients’ characteristics and pre-transplant 

mRECIST assessment is detailed in Table 3. 

In particular, with complete response as a reference, each type of mRECIST response on 

the last examination performed upon liver transplant was independently associated with 

DFS, with hazard ratio (HR) in partial vs. complete response of: 2.04 (95% CI: 1.17, 

3.55); in stable vs. complete response:  3.98 (95% CI: 2.39, 6.64); in progressive vs. 

complete response: 7.65 (95%CI: 4.27, 13.7); all p<0.01. 

Similar results were obtained for OS, with hazard ratio (HR) in partial vs. complete 

response of 2.12 (95% CI: 1.22, 3.71); stable vs. complete response:  3.98 (95% CI: 2.19, 

7.23); progressive vs. complete response: 6.34 (95%CI: 3.45, 11.7); all p<0.01. In out 

Milan patients it was observed HR of 2.2 (95% IQR 1.6, 3.02) for DFS and 2.08 (95% 

IQR 1.4, 2.8) for OS.  

When comparing the different mRECIST response categories to DFS and OS, the results 

obtained were the following:  

Median OS was 137 months in patients classified as PR (95% C.I. 120-154), 142 in SD 

(95% C.I. 92.6 – 114), and 75 months (95% C.I. 46.7 – 103.3) in patients classified as 
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PD. Median OS was not reached for CR patients. In the comparison of survival curves 

with the log-rank test, p value was < 0.001.  

 

Table 3. Cox multivariate analysis of disease-free survival (DFS) and overall survival (OS) for 

each response category and for the main patients’ characteristics recorded. Hazard ratios (HR) for 

each analysed element are also provided, together with 95% confidence intervals and p-values.  

 

DFS OS 

Characteristic HR1 95% CI1 p-value HR1 95% CI1 p-value 

Time-fixed variables       

Age (/10years) 1.15 0.93, 1.43 0.194 1.17 0.93, 1.47 0.176 

Etiology       

    Alcohol Ref Ref  Ref Ref  

    HBV 1.21 0.81, 1.81 0.355 1.25 0.83, 1.88 0.281 

    HCV 0.94 0.67, 1.32 0.738 0.99 0.71, 1.40 0.974 

    No cirrhosis 1.78 0.61, 5.20 0.289 1.86 0.48, 7.14 0.369 

    Other 0.48 0.09, 2.60 0.395 
 

0.54 
0.09, 3.18 0.496 

    Steato-hepatitis 1.06 0.65, 1.74 0.805 1.0 0.57, 1.74 0.986 

Sex       

    Female Ref Ref  Ref Ref  

    Male 0.91 0.61, 1.37 0.649 0.98 0.67, 1.44 0.925 
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Out Milan au diagnostic 2.21 1.62, 3.02 <0.001 2.03 1.45, 2.84 <0.001 

MELD (/2points) 1.09 1.03, 1.15 0.003 1.09 1.02, 1.16 0.008 

Log10(AFP) 1.91 1.45, 2.52 <0.001 
 

1.95 
1.45, 2.61 <0.001 

Overall number of 

TACEs 
1.33 1.10, 1.61 0.003 1.27 1.06, 1.52 0.008 

Log10 (timing diagnosis 

to transplant) 
0.43 0.25, 0.72 0.002 0.46 0.29, 0.72 <0.001 

Time-varying variables       

TACE targeting HCC 1 

(%) 
1.15 1.05, 1.25 0.002 1.13 1.04, 1.24 0.005 

Number of active HCC + 

size the largest 
0.75 0.67, 0.84 <0.001 

 

0.75 
0.67, 0.85 <0.001 

MRECIST       

    Complete response Ref Ref  Ref Ref  

    Partial response 2.04 1.17, 3.55 0.012 2.12 1.22, 3.71 0.008 

    Progressive disease 7.65 4.27, 13.7 <0.001 
 

6.34 
3.45, 11.7 <0.001 

    Stable disease 3.98 2.39, 6.64 <0.001 3.98 2.19, 7.23 <0.001 

1 HR = Hazard Ratio, CI = Confidence Interval    

Abbreviations: mRECIST: modified Response Evaluation Criteria in Solid Tumors; HCC: 
Hepatocellular Carcinoma; HBV: Hepatitis B Virus; HCV: Hepatitis C Virus; TACE: Trans-Arterial 
Chemoembolization; AFP: Alpha-fetoprotein; MELD: Modified End-Stage Liver Disease 
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Results obtained for DFS were similar. Median DFS was 137 in PR patients (95% C.I. 

120.2 – 153.7), 142 in SD (95% C.I. 89.9 – 112), and 58 months for PD (95% C.I. 44.5 – 

71.5). Median DFS was not reached in CR patients. In the comparison of survival curves 

with the log-rank test, p value was < 0.001. All complete survival curves can be found in 

Figure 4 and Figure 5.  

 

Figure 4. Difference in overall survival (OS) curves according by the mRECIST response 

reached upon transplantation.  Log rank p value: < 0.001 
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Figure 5. Difference in disease-free survival (DFS) curves according by the mRECIST response 

reached upon transplantation. Log rank p value: < 0.001 

 

 

 

 

 

 

 



40 
 

 

The effects of the tumoral downsizing induced on the HCC nodules as seen on imaging 

on post-transplant DFS was also analysed. A reduction in size of 10% was associated 

with a reduction of 0.94 on the risk of death or tumor recurrence (95% CI: 0.92, 0.95; p < 

0.001). (Figure 6). 

 

 

Figure 6. Effects of downsizing HCC with TACE on the DFS, demonstrating that a 10% 

reduction in size is linked to a reduction of the risk of death by HCC (p < 0.001).  
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Nodule by nodule level analysis 

A nodule-by-nodule analysis including nodules targeted at least by one TACE session 

(281 HCC in 239 patients) was performed. Median tumor downsizing after TACE 

procedures was -100% (IQR: -100, -36) and was correlated with pathological tumoral 

necrosis (r = -0.51; -0.59, -0.42, | p < .001) 

Multivariate analysis for tumoral downsizing showed that HCC size at baseline (p<0.01),  

differentiation grade (p < 0.001), the  TACE targeting the larger HCC  (p = 0.040), the 

presence of microvascular invasion  p = 0.037), satellite nodules (p = 0.006)  

complementary embolization (p = 0.047) and a selective (pedicular) approach (p = 0.036) 

were independently associated with tumoral downsize after TACE (Table 4). 

 

 

Table 4. Nodule by nodule multivariate regression analysis for tumoral downsizing after TACE 

demonstrating all procedural and pathological factors statistically significantly connected with 

tumoral downsizing. 

Parameter Coefficient 95% CI p 

Size at baseline (/1cm) -9.39 [-12.83, -5.95] < .001 

AFP [log10]                         2.77 [ -7.19, 12.73] 0.584 

Number of TACEs 5.18 [ -1.00, 11.35] 0.100 

TACE targeting HCC 1 

(/10%) -3.54 [ -6.92, -0.17] 0.040 

Differential Grade 

   

No active tumour Ref Ref Ref 

G1 21.49 [  9.30, 33.68] < .001 
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G2-G3 35.99 [ 22.37, 49.62] < .001 

Satellites nodules 18.96 [  5.52, 32.41] 0.006 

Microvascular invasion 15.69 [  0.93, 30.45] 0.037 

Embolisation -15.68 [-31.18, -0.19] 0.047 

Beads -2.45 [-18.01, 13.10] 0.756 

Pedicule -12.15 [-23.49, -0.81] 0.036 

Two active HCCs                                     -10.65 [-21.96,  0.67] 0.065 

Abbreviations: CI = Confidence Interval; AFP: Alpha-fetoprotein; TACE: Trans-Arterial 

Chemoembolization; HCC: Hepatocellular Carcinoma 

 

 

 

Number of TACE Sessions and Survival 

The number of TACE sessions per each patient was also compared to the survival 

probability.  

Overall number of TACEs sessions were associated with both DFS (HR 1.33; 95%C.I. 

1.10 - 1.61; p = 0.003) and OS (HR 1.27; 95%C.I. 1.06 - 1.52; p = 0.008).  

When stratifying patients according to the number of TACE, patients who underwent 

only one session showed the worst DFS and OS, whereas patients who underwent two 

sessions showed the highest DFS and OS, then, the more TACE sessions were performed, 

the lower the survival rate was. Same results were obtained with the OS (all with p < 

0.001) (Figure 7). 
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Figure 7. Graphic showing the relationship between the number of TACE sessions and disease-

free survival (DFS) in the post-transplant follow-up. As seen, the subgroup that performed only 

one TACE session showed the worst survival, while having performed two TACE sessions was 

linked to the best DFS, followed by three sessions, up to 7 sessions.  

 

 

 

When focusing on the subgroup of patients with only one TACE session, the DFS was 

compared to that of the rest of the population included in the study. However, the DFS 

was not statistically different when compared to patients who performed more than one 

TACE session (p =0.79 – Figure 8).  

In this subgroup, however, DFS and OS were different according to the mRECIST 

response category (p = 0.001 and p < 0.001, respectively). In detail, median DFS was 

128, 142, and 83 months for PR, ST and PD, respectively, while not reached for CR. 
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Furthermore, median OS was 128, 109 and 83 months for PD, ST and PD, respectively. 

All data are included on Figure 9 and Figure 10. 

 

 

Figure 8. Subgroup analysis on DFS in patients with one TACE only. In this Kaplan-Meier curve 

the disease-free survival of patients who performed only one TACE session and patients who 

performed more than one TACE was not statistically different. 
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Figure 9. Survival analysis on the subgroup of patients with one TACE only. Kaplan-Meier curve 

shows that disease-free survival of patients who performed only one TACE session was different 

according to the response categories assessed by mRECIST. Around 40 months there is a 

significant difference among PD patients and other categories.  
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Figure 10. Survival analysis on the subgroup of patients with one TACE only. Kaplan-Meier 

curve shows the overall survival of patients who performed only one TACE session was different 

according to the response categories assessed by mRECIST.  
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Anatomopathological analysis 

 

The median time between last TACE and transplantation was 7 (IQR: 3.7, 12.3) months.  

Anatomopathological analysis on the explanted livers showed a total of 1515 tumoral 

lesions of which 1161 were viable (76.6%). The median size of the tumoral lesions found 

was 26 mm (IQR: 18, 36.2) - Figure 11 

Among the patients, on pathological analysis, 302 (78.2%) did not present microvascular 

invasion on explant. Satellite nodules were found in 82 patients (21.2%).  

In all targeted lesions (two target and one non-target) found on explant, with a total of 

867 HCC lesions, the overall median necrosis was 70% (IQR: 20-100). In 299 nodules 

there was a 100% necrosis (34.6%). In 384 there was a necrosis > 90% (44.2%), while in 

163 nodules (18.8%) it was reached a necrosis percentage between 50 and 89%, and in 

318 (36.7%) nodules there was a necrosis percentage between 0 and 49%. Of these 

nodules, 578/867 (66.7%) had vital tumoral residue on pathology. In particular, the 

histologic grade of the HCC nodules found was well differentiated in 298 (51.6%), 

moderately differentiated in 248 (43%) and poorly differentiated in 32 nodules (5.4%).  

For what concerns the population, Median necrosis > 50% was obtained in 279 patients 

(72.3%) and necrosis > 90% in 147 (38%). In detail, 38% (147) had a major necrosis on 

explant, 4.2% (132) medium necrosis, and 107 patients (28%) had poorly necrotized 

nodules.  
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Figure 11. 62-year-old female patient, HCV-related cirrhosis. Above is the patient's first 

computed tomography (CT) scan examination, in which a 6-cm-diameter hepatocarcinoma (HCC) 

in the posterior sector of the right lobe of the liver (arrow, A), with non-rim enhancement in the 

arterial phase (B) and washout in the portal (C) and late (D) phases, is clearly visible. The patient 

then underwent TACE. In the central line is the post-TACE CT control before transplantation. In 

baseline condition (E), the residual Lipiodol is clearly visible. In the three post-contrastographic 

phases (arterial (F), portal (G), late (H)), no residual enhancement or suspicious wash-out is 

present, so the patient is in CR, complete response. As an ancillary finding, the appearance of 

ascites is noted. Bottom, section of the explanted liver. Anatomopathological analysis of the 

treated nodule: well-differentiated HCC nodule, necrosis > 90%, in the absence of microvascular 

invasion or satellite nodules. 
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By looking at the mRECIST classification and the pathological data found, major 

necrosis was reached in 147 patients, and their pre-transplantation mRECIST 

categorization was the following: 98 were CR patients, 35 PR, 12 SD and 2 PD.  

Necrosis between 50 and 90% was reached in 123 patients, distributed as follows: 30 CR, 

65 PR, 32 SD and 5 PD. Minor necrosis was seen in 107 patients, 14 classified as CR, 27 

PR, 34 SD and 32 PD. 

In patients with CR, median necrosis percentage found at explant was 100% (IQR: 73.7 – 

100%), in PR it was 70% (IQR: 50-83.3%), 50% in SD (IQR: 20-70.8%) and 20% (IQR: 

10-36.6%) in PD. The comparison between each group showed a significant difference 

both between CR and SD, PR and SD and in the comparison between CR and PR vs PD 

(p<0.05). 

If we consider objective response as the sum of CR and PR and non-responders as the 

sum of SD and PD, the median necrosis percentage was 40% in non-responders (IQR: 

15.8-65%) and 80% (IQR: 60-100%) in patients with an objective response to TACE on 

imaging (p<0.01).  

 

 

Disease recurrence 

Of the whole population, 66 (17%) patients had a diagnosis of disease recurrence. The 

median time of onset of recurrence was 22 months (IQR=11.7; 37.7 months). Sixty-one 

of these patients died at the end of data collection, and in this group, the median time 

between diagnosis of relapse and death was 12 months (IQR= 3; 17 months). 

Of the 66 patients with post-transplant recurrence, 8 (12.1%) were classified as CR on 

imaging and of these 1 had a mean necrosis greater than 90%, 7 less than 50%. In all 

patients, viable tumor nodules were present (range:1-5), in 2 microvascular tumor 

invasion and in 2 satellite micronodules. 

Fifteen patients (22.7%) were classified PR. Only one had necrosis greater than 90% and, 

in every patient, active nodules were present (range 1-16). Eight patients had 

microvascular tumor invasion and 6 satellite micronodules. 
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Twenty-one patients (31.8 %) were classified as PD, in none of them major necrosis had 

been achieved, in 16 microvascular invasion and satellite tumor nodules were present. All 

had active HCC nodules on explant (range 1-46). 

Seventeen (25.7 %) patients were classified as SD, all had active tumor nodules on 

explant and no one more than 90% necrosis on histology. Six had microvascular tumor 

invasion and 9 satellite tumoral nodules. 
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DISCUSSION 

 

 

 

 

General outcome considerations:  

The findings of this study underscore the prognostic significance of radiological response 

to TACE in patients with hepatocellular carcinoma (HCC) undergoing liver 

transplantation. The results demonstrate a strong correlation between tumor response, as 

assessed by mRECIST criteria, and post-transplant outcomes. Specifically, mRECIST 

response was an independent factor associated with both DFS and OS, as confirmed by 

the better outcome of responders. These results are in agreement with the growing 

emphasis on incorporating response assessment into pre-transplant decision-making 

algorithms. 

In our population, mRECIST criteria correlate well with tumor necrosis of TACE-treated 

HCCs evaluated at histopathological analysis after liver transplantation, with a higher 

degree of necrosis and better outcome in case disease control was reached with TACE 

upon transplantation. Furthermore, among the possible choices for response assessment 

on multimodality imaging, mRECIST is confirmed to be clinically relevant for the 

evaluation of HCC after locoregional therapies such as TACE.  

Our data also suggest that the technique and modality in which TACE sessions are 

performed have an impact on the long-term survival of the patients, especially performing 

a complementary embolization and using a selective approach for treatment were 

independently associated with tumoral response in the nodule-by-nodule analysis.  
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Tumor necrosis is known to be one of the main prognostic criteria in transplanted patients 

to predict outcome, this data can unfortunately be assessed only on explant. According to 

our results and in line with previous literature, mRECIST correlate with major necrosis, 

which is an independent prognostic factor in both OS and post-transplant DFS [29, 30, 

31-32; 74-76], especially when a cut-off of 90% necrosis is considered [29-32]. 

This study adds to the existing literature by reinforcing the role of imaging biomarkers, 

such as mRECIST, in predicting histopathologic response and guiding therapeutic 

strategy. By adopting a multicentre design and incorporating a large sample size, our 

findings provide a robust validation of the prognostic utility of mRECIST assessment for 

TACE response before transplantation. 

 

 

Survival and mRECIST 

Regarding the survival analysis, the results of the whole population were superimposable 

to the post-transplant OS rates achieved in the other survival cohorts of the studies of 

HCC patients undergoing transplantation [11-13; 10, 14, 17], with a survival of 79% at 5 

years after transplantation. 

Furthermore, the estimated DFS was 76% at five years after transplantation, a percentage 

similar to the cohorts in the literature for both downstaging [13, 17-18; 26, 77-79] and 

bridging [10-13,18, 25, 75, 79-80]. 

Although the benefit of TACE as a bridging strategy to liver transplantation has been well 

established in preventing dropouts from waitlists due to tumor progression, the use of 

radiological response as a predictive marker of long-term post-transplant outcomes 

remains less explored. Our findings suggest that radiological response to TACE, when 

assessed using the mRECIST criteria, serves as a strong independent predictor of both OS 

and DFS following liver transplantation. 

Studies have already investigated the beneficial effects of TACE as bridging therapy on 

patient outcome after liver transplantation, however most of them did not focus on 
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radiological response. Many of the previous studies on TACE and transplantation 

evaluated bridging therapy largely in terms of dropout prevention, time to transplant, or 

pathological response, without fully integrating radiological parameters into their 

predictive modelling.  

For example, Seehofer et al. and Graziadei et al. evaluated TACE’s ability to maintain 

patients within transplant criteria while on the waiting list but did not directly link 

radiological response categories to post-LT survival [23, 27]. Similarly, Chapman et al. 

examined the role of TACE in downstaging Out-Milan patients, but relied on RECIST 

1.1, which are known to underestimate tumor response after locoregional therapies, due to 

its reliance on size-based metrics alone [28; 50] and therefore should not be applied to 

assess response to TACE.  

When looking specifically at studies focusing on patient who only underwent TACE upon 

liver transplantation for HCC, the results of our study confirm and extend the existing 

evidence on the prognostic value of radiological response assessed via mRECIST.  

In line with the findings of Bargellini et al. [43], we observed a high objective response 

rate and a significant correlation between mRECIST response and both disease-free and 

overall survival. Bargellini reported a 78.1% objective response rate using mRECIST, 

with a 67.4% agreement between imaging and pathology. Our results further validate 

these observations, emphasizing that radiological response strongly correlates with 

histological necrosis and patient outcomes, particularly when major necrosis (>90%) is 

achieved. Although they identified strong imaging-pathology correlation, survival 

analysis was not an endpoint. Our findings confirm the prognostic value of mRECIST for 

predicting major necrosis but also go further by demonstrating that radiological response 

is an independent predictor of both OS and DFS. 

Similarly, Dioguardi Burgio et al. [35] highlighted a statistically significant association 

between complete response on mRECIST and major tumor necrosis, which we also 

observed in our cohort. Their findings on the prognostic role of complete lipiodol 

deposition strengthen the use of radiological markers as surrogates for effective tumor 

devascularization. These imaging features provide a non-invasive estimate of post-TACE 

tumor viability, which, in our study, corresponded to superior post-transplant survival. 

However, this work was limited to correlational data, without survival endpoints. Our 
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study complements and expands upon these findings by linking imaging biomarkers to 

clinically meaningful long-term outcomes, underscoring the prognostic utility of 

mRECIST beyond pathology alone. 

Our results differ slightly from those of Radovitch et al. [70], who recently reported a 

moderate concordance between mRECIST and histological necrosis (56.6%), and a lack 

of statistically significant survival advantage for complete responders. While they 

observed higher DFS in complete responders (71% vs 54%), the difference did not reach 

statistical significance. In contrast, our study demonstrated a clear survival benefit, 

suggesting that differences in sample size, treatment protocols, or radiological 

interpretation thresholds may account for this discrepancy. Moreover, they examined 

disease-free survival and observed higher 5-year DFS in complete responders (71% vs 

54%), which was slightly higher in our study.  

Other studies, such as those by Riaz et al. [55-56], support our findings regarding the high 

predictive value of enhancement-based criteria like EASL and mRECIST. In the study by 

Riaz, Lewandoski et al. [55], lesions showing partial response by both WHO and EASL 

had a 75% rate of complete necrosis, while progressive disease predicted <50% necrosis 

with 100% specificity. Although these studies used multiple criteria (WHO, EASL, 

RECIST), they uniformly reinforce the superiority of enhancement-based metrics over 

mere size-based measurements in reflecting viable tumor burden in HCC—a conclusion 

echoed by our multivariate analysis showing that mRECIST can be used as an 

independent predictor of survival.  

In contrast, El Gazzaz et al. [68] found substantial discordance between pre-transplant 

imaging and explant pathology, noting that RECIST underestimated necrosis in 38% of 

cases.  

Finally, Shim et al. [69] observed a weaker but still meaningful correlation between 

mRECIST and pathological necrosis.  

Notably, despite the growing recognition of the importance of radiological response, very 

few studies to date have systematically linked imaging criteria with survival in a 

transplant context. Our study therefore addresses a critical gap in the literature by not 

only reaffirming the histologic validity of mRECIST but by showing that radiological 
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response has direct prognostic implications for transplant candidates. Overall, our study 

provides a unique multicentric validation for mRECIST as a prognostic imaging 

biomarker. It reaffirms that the objective response following TACE—as defined by 

mRECIST—is predictive not only of histological tumor necrosis but also of long-term 

survival. 

This positions mRECIST not simply as a diagnostic adjunct but as a decision-making tool 

that could be used for dynamic patient selection and prioritization on the liver transplant 

waiting list. 

In sum, our study builds on and extends prior literature by offering one of the most 

comprehensive analyses to date linking radiological response (via mRECIST), 

pathological necrosis, and long-term survival outcomes in a multicentre transplant cohort. 

These findings support the integration of mRECIST into pre-transplant evaluation 

algorithms and argue for its consideration as a formal selection criterion alongside 

traditional staging systems and serum biomarkers. – Table 5 
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Study 

 

Size  

Type of study Radiolo- 

gical 

Response 

Results of the 

Study 

Radpath 

correlation with 

necrosis 

Influence 
on survival 

 

El Gazzaz 

et al. 

128 Prospective 

Monocentric 

RECIST, EASL 1) Only done in 

57% of population 

2)Significant 

difference in 

tumor 

staging between 

the last CT/MR 

before LT and 

explant regarding 

the number and 

size of lesions 

(p=0.01) 

1) RECIST 

underestimated 

necrosis in 38%, 

overestimation in 

5%  

2) RECIST does not 
correlate accurately 
with tumor necrosis 

1) 
Pathologic 
necrosis 
influences 
survival 

2) 3y OS e 

RFS: 82% 

(100% 

necrosis) 

and 80% 

(Partial 

necrosis) 

Riaz A, 

Lewandow

ski RJ, et al. 

35 Retrospective 

Monocentric 

WHO, EASL 1) Both reached 

≥85% specificity 

for predicting 

complete 

pathologic 

necrosis. 

2)  complete 

necrosis was seen 

in 37% of the 

treated lesions. 

1) Lesions with both 

EASL and WHO PR 

showed complete 

pathologic necrosis 

in 75% of the cases. 

Lesions that 

showed both WHO 

and EASL PD 

showed < 50% 

necrosis in 100%  

2) EASL response 

resulted in 100% 

sensitivity 

 

N.A. 

Riaz A, 

Memon K, 

et al. 

81 Retrospective 

Monocentric 

RECIST, 

WHO, EASL  

2) The product of 

WHO and EASL 

demonstrated 

better ROC than 

the individual 

guidelines alone 

EASL response had 

significant odds 

ratios for predicting 

complete 

pathologic necrosis 

 

N.A. 
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Shim JH, et 

al. 

51 Retrospective 

Monocentric 

mRECIST, 

EASL 

1)  mRECIST– 

Lipiodol and EASL–

Lipiodol 

measurements 

showed weaker 

correlation with 

pathologic 

findings, with g-

values of 0.797and 

0.846, respectively 

Response 

estimation based 

on measurement of 

iodized oil deposits 

as necrosis on CT 

when applying 

enhancement 

criteria after 

chemoembolization 

correlates well with 

actual pathologic 

class 

N.A. 

Bargellini I, 

et al. 

178 Retrospective 

Monocentric 

mRECIST 1) Objective 

response rate was 

78.1% (139/178), 

with 86 cases 

(48.3%) of 

complete response 

(CR). 

agreement 

between mRECIST 

and pathology was 

obtained in 67.4%, 

with 10.7% of 

underestimation 

and 21.9% of 

overestimation of 

tumor response at 

CT 

N.A. 

Dioguardi 

Burgio M, 

et al.  

58 Retrospective 

Monocentric 

mRECIST, 

RECIST, EASL 

1)  nodules with 

100% necrosis 

were smaller than 

those with 90%-

99% necrosis 

2)  those 

presenting with 

complete 

lipiodol deposition 

(61%) had a 

significantly higher 

rate of necrosis  

 

1) Besides tumor 

response to 

mRECIST or EASL 

criteria 

(P<0.001 for both 

readers), complete 

lipiodol deposition 

(P<0.001) was 

associated with 

major tumor 

necrosis  

2) CR to mRECIST 

was statistically 

associated with 

major necrosis  

(P<0.001) 

N.A. 

Radovitch 

H, et al. 

70 Retrospective 

Monocentric 

mRECIST, 

EASL, RECIST 

1)  34% of the 

patients had 

complete 

1)  The 

concordance rate 

between the 

1)  survival 

was greater 

for patients 
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Table 5. Previous literature comparisons in terms of radiopathological correlation and 

survival prediction for patient who undergo TACE upon liver transplantation.  

 

 

The mRECIST criteria represent an important milestone in response assessment.  

By focusing on viable tumor, defined as the portion of the lesion that presents with 

arterial phase hyperenhancement (APHE), mRECIST can better capture the biological 

radiological 

response of all the 

nodules, 

regardless of the 

radiological scale 

used, only 13% 

had complete 

lipiodol uptake of 

all the nodules. 

2)  In 

hypervascular 

nodules, complete 

radiological 

response 

concerned 75% 

and 36% of the 

nodules complete 

lipiodol uptake.  

3)  On histological 

analysis, major 

tumor necrosis 

was found for all 

nodules in 34% of 

patients.  

radiological 

evaluation scales 

and tumor necrosis 

was 56.56% for 

mRECIST and 

57.38% for the 

EASL. 

2)   Of the 44 

nodules with 100% 

lipiodol uptake, 

only 56.8% had a 

major histological 

response with 

necrosis ≥ 90% 

with a CR: 

76.4% vs. 

58.0% (p = 

.2384) but 

not 

statistically 

significant.  

2) No 

factors 

studied had 

a 

prognostic 

influence 

on OS  

3) DFS 

60.2% at 5 

years, 97.7 

months 

median in 

the 

population 

4) DFS was 

71% vs 54% 

(p=0.2083) 

in CR vs 

incomplete 

responders 
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efficacy of treatments like TACE, which primarily induce ischemic necrosis rather than 

immediate tumor shrinkage [35, 43, 50].  

 

In our multicentre cohort, mRECIST-based classification was significantly associated 

with both OS and DFS, even after adjustment for known prognostic variables such as 

MELD score, AFP level, and adherence to Milan criteria, with survival curves that 

reached a statistical significance in all response categories (CR, PR, SD, PD).  

 

The lack of statistical significance in this publication is likely related to the very small 

patient monocentric cohort (70 patients) and shorter median follow-up. Conversely, our 

study, which had the advantage to refer to a larger and multicentric population, showed 

that mRECIST categories were independently predictors of both overall survival and 

disease-free survival, and survival was different according to mRECIST response to 

TACE.  

Indeed, when compared to complete response, the risk of death/recurrence increased by 2 

for partial response, is quadrupled in case of stable disease, and increases sevenfold in 

progressive disease on pre-transplant imaging.   

 

Moreover, we found that radiological response was not only significant in a categorical 

framework but also as a continuous variable: every 10% reduction in viable tumor 

diameter (calculated by mRECIST criteria on imaging) was independently associated to a 

6% reduction in post-transplant mortality in both DFS and OS (HR 0.94). This aligns 

with the broader concept that tumor burden—both in terms of quantity and biological 

activity—plays a critical role in long-term outcomes, and that even modest reductions 

may yield clinical benefit. 

 

Importantly, these findings suggest that mRECIST may not only be valuable for 

evaluating bridging efficacy but could also be used for prognostic stratification and even 

listing decisions, particularly in marginal cases. A patient with borderline criteria who 
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demonstrates excellent response to TACE may carry better biological behaviour than a 

patient technically within Milan but with stable or progressive disease after TACE. 

 

In line with previous studies, we also confirmed that association between factors such as 

AFP level, MELD score, and Milan criteria status remained predictive of survival [81-

82]. Interestingly, longer timing between HCC diagnosis and liver transplantation was 

associated with reduced risk of recurrence and death, likely reflecting a “test-of-time” 

effect where patients with indolent tumor biology remain stable long enough to undergo 

transplant after TACE. This supports prior hypotheses that bridging therapy may act as a 

selection filter, allowing only tumors with favorable biology to advance to transplant [83].  

In conclusion, controlling the tumoral spread by TACE over a longer time allows to select 

patients with more favorable outcomes.  

 

 

 

 

Nodule By Nodule - Technical Factors 

Our study, concordantly with previous literature, showed that mRECIST criteria 

correlated well with tumor anatomopathological necrosis. We especially appreciate a 

mean necrosis ≥ 90% in CR patients (median 100%). This result consolidates data already 

obtained in other studies [29-33]. 

To better analyse our understanding of tumor response dynamics following TACE, we 

conducted a nodule-by-nodule analysis, which offered insight into the interplay between 

radiological downsizing and pathological necrosis. This level of analysis is particularly 

relevant in the setting of multifocal HCC, where inter-nodular heterogeneity in 

vascularization, biology, and response can significantly influence overall patient 

outcomes. Our findings demonstrated a strong correlation between radiological 

downsizing and histopathologic necrosis, reinforcing the validity of imaging as a 
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surrogate for biological efficacy. These results were consistent with other studies 

performed on the same argument [35, 43].  

 

Interestingly, larger tumors within the included cohort showed more favorable 

radiological responses to TACE than smaller lesions. At first glance, this observation may 

appear counterintuitive, given that larger tumors are generally associated with poorer 

prognosis. However, this result must be considered in the setting of a small tumor size 

population such as the pre-liver transplant population. In the context of pre-LT 

population—where overall tumor sizes are smaller, and selection is stricter—this finding 

is biologically plausible. Indeed, in large lesions there is a tendency to have a more robust 

and organized arterial neovascularization when compared to infra-centimetric lesions, 

which can facilitate more effective catheterization and targeted embolization during 

TACE procedures. In contrast, the visualization of smaller (sub-centimetric) lesions could 

be challenging during the operation. Furthermore, small hypervascular lesions often pose 

technical challenges: they may be difficult to visualize, harder to selectively catheterize, 

and less likely to retain lipiodol or drug-eluting beads, resulting in suboptimal treatment 

delivery [35, 43; 84]. This suggests that technical visibility and arterial anatomy play a 

pivotal role in determining TACE efficacy at the lesion level. 

 

Moreover, our analysis revealed that specific pathological features typically associated 

with more aggressive HCC—such as poor differentiation, presence of satellite nodules, 

and microvascular invasion— were independently and significantly associated with lower 

tumoral downsizing on imaging. These findings are in line with existing literature 

identifying these histologic features as predictors of tumor resistance to locoregional 

therapies [10, 13] These results support the growing consensus that tumor biology—not 

just size or number—should be central to response assessment and patient stratification. 

A well-differentiated HCC with favorable vascular architecture may respond better to 

embolization than a poorly differentiated lesion of similar size, thus emphasizing the need 

for integrated radio-pathologic evaluation. 
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We also explored the impact of technical variables on treatment response. Notably, TACE 

procedures that employed selective approaches (e.g., catheterization of tumor-feeding 

arteries, as opposed to lobar approaches) were associated with significantly greater 

radiological downsizing and increased histologic necrosis. This finding aligns with the 

results from Golfieri et al., who demonstrated that superselective TACE achieved 

complete tumor necrosis in 53.8% of cases, compared to 29.8% with lobar embolization 

(p = 0.013) [84]. 

These results underline the importance of considering technical features both before and 

after TACE to comprehensively assess risk factors for tumor response [73] 

 

Additionally, the use of combined embolic strategies, particularly lipiodol-based 

chemotherapy followed by embolic agents (mainly gelatine sponge), was associated with 

improved lesion control. The synergy of these methods may enhance tumor ischemia and 

drug retention, especially in hypervascular lesions. These findings are consistent with the 

broader literature suggesting that combination TACE protocols, especially those utilizing 

drug-eluting beads (DEB-TACE) or conventional lipiodol-based TACE, can lead to more 

profound and durable tumor devascularization [73]. 

 

Collectively, our findings highlight the importance of technical optimization in TACE 

delivery, including use of selective or super selective catheterization, attention to lesion 

visibility and feeder anatomy, consideration of lesion-specific features such as size and 

enhancement pattern, and thoughtful choice of embolization strategy. 

 

Given that TACE response—both radiological and pathological—is a key prognostic 

factor in patients undergoing liver transplantation, a standardized, high-quality approach 

to locoregional therapy is essential. These data also underscore the need for 

interdisciplinary coordination between interventional radiologists, hepatologists, and 

transplant surgeons, to ensure that TACE not only bridges patients to transplant but 

actively selects those with favorable tumor biology. 
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Number of TACE procedures 

 

Another important point to be analysed in HCC patients’ management is the number of 

TACE treatments to which patients should be subjected to. In fact, international 

guidelines state that TACE is the first-line loco-regional treatment in both BCLC B and 

waitlisted patients. [2, 3, 4, 85] Some studies had shown that mRECIST progression after 

loco-regional treatment was predictive of a worse post-transplant outcome for HCC 

patients [16-18], both within and beyond the Milan criteria, or of a high risk of drop-out 

in the case of patients who remain on the waiting list for a longer time. Therefore, it was 

proposed to exclude these patients from transplantation but, according to the expert 

opinion of the International Consensus Conference on Liver Transplants for HCC and 

other subsequent studies [77, 82], if tumor progression is shown but the overall tumor 

burden does not exceed the initial tumor burden, or if the patient still remains within the 

Milan criteria, loco-regional treatments should be repeated until the patient becomes 

eligible for transplantation or until disease stability is achieved [4,18]. 

 

However, according to the results of our study, overall, an increasing number of TACE 

sessions was predictive of a worse outcome. Nevertheless, when stratifying patients by 

the number of TACE sessions, those who underwent only one TACE session before 

transplantation had a worse survival rate. The best outcome was observed in patients who 

underwent two TACE sessions, after which DFS decreased as the number of sessions 

increased.  

This is probably explained by the fact that the subgroup of patients with single TACE 

should be further divided into different patterns. Tumors that respond quickly to TACE 

are likely to be less aggressive or more easily treated tumors, and, in any case, the disease 

is more easily controlled until transplantation. Patients not responding to TACE, 

according to mRECIST, were associated with lower DFS. Likely, these patients were 

transplanted too quickly, thereby selecting biologically unfavourable tumors with a higher 

risk of recurrence. Nevertheless, when focusing on mRECIST response after TACE in 
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this subgroup of patients, responding patients showed better outcomes after LT, thus 

reinforcing the importance of radiological assessment after treatment.  

In addition, post-transplant tumor recurrence was more frequent in patients that 

underwent more than two TACE sessions, as could be expected in patients who did not 

reach disease control quickly with loco-regional treatments, reflecting probably a worse 

tumoral biology of the treated tumor. Again, this stresses the importance of radiological 

assessment after TACE before LT. 

 

 

 

Limitations 

This study has several limitations that must be considered when interpreting the results. 

First the retrospective approach could have introduced selection bias. To apply mRECIST 

criteria we excluded HCC tumors with atypical patterns, showing no arterial 

enhancement, considering that there are some studies correlating the presence of arterial 

enhancement to better TACE answer [86]. Histopathological analysis was retrieved from 

medical records, nevertheless this was performed by expert pathologists in all centres. 

More studies are needed to confirm some of the results hereby presented and to explore 

more the relationship between mRECIST, clinical factors and survival.  
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CONCLUSIONS 

 

 

The findings of this study underscore the prognostic significance of radiological response 

to TACE in patients with HCC undergoing LT.  The results demonstrate a strong 

correlation between tumor response, as assessed by mRECIST, and post-transplant 

outcomes. Specifically, mRECIST response was an independent factor associated with 

both DFS and OS, confirmed by the better outcome of responders. 

The prognosis of patients with LT for HCC is associated with TACE response and 

radiological response assessed by mRECIST criteria can be used to stratify patient 

outcome. Indeed, mRECIST criteria are shown to be very effective in predicting the rate 

of tumor necrosis and, consequently, the prognosis of patients. For this reason, the 

radiological response to TACE should be considered as an additional parameter in patient 

selection before liver transplantation. 

  

Furthermore, this study provides and confirms the importance of an appropriate TACE 

technique, indeed, a selective approach and embolization optimize the downsizing of 

targeted HCC, which histologically translates into increased necrosis.  

The best OS and RFS can be predicted in patients in whom at post-treatment imaging the 

presence of an objective response or, at least, disease control can be defined. Moreover, 

the number of sessions required to be able to succeed in controlling the patient's disease is 

a key element in selecting patients with a better outcome. 

We also observed that every 10% reduction of dimension (as calculated by mRECIST 

criteria) is linked to a reduction of post-transplant death, in both DFS and OS (HR 0.94), 

thus confirming the impact of reducing tumor burden in patient outcome. 

mRECIST response could be considered as an additional parameter to select patients 

within the waiting list for liver transplantation for HCC.  
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