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Abstract: During the past years, several therapeutic procedures have been proposed as bridging treatments in patients 
with hepatocellular carcinoma waiting for liver transplantation. Resective surgery, transarterial chemoembolization, 
radiofrequency thermal ablation and percutaneous ethanol injection are the most experienced, with the aim to decrease the 
rate of drop-out from LT waiting list, and the risk of HCC recurrence after transplant. Indeed, for patients within the 
Milan criteria, a time on waiting list exceeding 6-12 months is a known risk factor of tumor progression and drop out. For 
this reason, the application of bridging treatments in these patients might be reasonable and several studies in recent years 
have documented their usefulness to control tumor progression before the transplant. However, the favourable impact of 
these treatments on post-transplant patients’ survival is still under investigation and the available studies provide 
controversial results. Bridging therapies have also been used for the downstaging of tumors exceeding the conventional 
“Milan criteria”. Some recent data regarding multimodal sequential therapies seem to report promising results in terms of 
overall and disease-free survival of treated patients attaining effective downstaging before transplant. 
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INTRODUCTION 

 Hepatocellular carcinoma (HCC) emerging in liver 
cirrhosis within the so called Milan criteria (1 nodule smaller 
than 5 cm or no more than 3 nodules smaller than 3 cm) is 
recognized everywhere as an indication to liver transplan-
tation (LT). In this setting, the major problem is a high 
cumulative probability of drop-out from LT waiting list for 
tumor progression, which has been reported to range 
between 7% and 11% at 6 months, increasing to 38% at 12 
months from the enrollment [1, 2].  
 The use of the Model for End Stage Liver Disease 
(MELD) has provided an important advantage in the 
management of liver transplantation waiting list and to HCC 
patients listed for LT, since 22 additional MELD points are 
given to patients with stage 2 tumors, according to TNM 
classification [3]. In spite of this, in the U.S.A. the cumu-
lative 6-months probability to drop out from LT waiting list 
in the MELD era is comparable to that of patients without 
malignancy (16.9% vs. 13.5%) but becomes significantly 
higher at 12 months (31.8 % vs. 19.1%); significant risk fac-
tors for drop out are a high MELD score or alpha-fetoprotein 
(AFP) serum levels, a large HCC size and an advanced 
patient’s age [4]. 
 For this reason, several therapeutic procedures have been 
proposed in the past as bridge treatments for HCC patients in  
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LT setting. The rationale for their use is the possible dec-
rease of drop-out rate from the waiting list and of the 
evidence of HCC recurrence after transplantation, which is 
less than 15% in patients within Milan criteria undergoing 
LT without any tumor treatment [5]. These beneficial effects 
may also determine an improvement of post-LT overall 
survival. Furthermore, several Authors believe that Milan 
criteria could be expanded without affecting tumor 
recurrence after LT and patient’s survival; the most common 
approach to these patients has been to decrease the size of 
the tumor mass within the conventional transplantability 
criteria [6]. 
 In this article, we analyze the indications and the effec-
tiveness of the various treatment modalities currently applied 
to HCC patients awaiting for LT to avoid the overcoming of 
Milan criteria while in the waiting list, and to downstage 
patients listed beyond the conventional transplantability 
criteria.  

RESECTIVE SURGERY 

 Liver resection has been evaluated in the setting of LT 
with contrasting results. Even if, in most transplant centres, 
transarterial chemoembolization (TACE) and percutaneous 
ablation therapies are the preferred bridging therapeutic 
options, the theoretical advantage of surgery in this setting 
could be a better control of tumor growth since, often, TACE 
and percutaneous treatments do not achieve complete tumor 
necrosis. However, a surgical bridging treatment in patients 
listed for LT entails more periprocedural risks, can only be 
proposed to well compensated patients without severe portal 
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hypertension, and can make the transplant procedure more 
difficult. In a paper by Adam et al., the overall survival and 
disease free survival rates of patients undergoing LT after 
HCC resection were significantly lower than in cirrhotic 
patients with HCC undergoing primary LT [7]. On the con-
trary, Belghiti et al. reported that postoperative course, 
complications, and 3- and 5-year survival rates did not differ 
significantly in HCC cirrhotic patients undergoing primary 
LT or secondary LT after resection [8]. Resection can also be 
considered in two different settings. First, surgery can be 
used as HCC primary therapy and LT reserved as rescue 
therapy for patients developing recurrence; in the series by 
Poon et al., about 80% of patients were still evaluable for 
salvage LT at the time of tumor recurrence [9]. Secondly, 
resection may be used to select patients by the analysis of the 
resected specimen, in the presence of an undifferentiated 
histotype, satellitosis, microvascular invasion or capsular 
effraction [10]. On the whole, according to Belghiti et al., 
resection and transplantation should be considered, in 
selected cases, as associated rather than as alternative 
procedures [11].  

TRANSARTERIAL CHEMOEMBOLIZATION  

 TACE has been extensively used in the past. There are 
not published data from prospective randomized studies but, 
during the nineties, excellent results in terms of post-LT 
recurrence and patient survival have been reported [12, 13].  
 Lesurtel et al. published an interesting paper on the use-
fulness of TACE in HCC patients undergoing LT, according 
to the criteria of the evidence based medicine. The first 
question was: does TACE impact on waiting list dropout? 
Authors concluded that there was no sufficient evidence to 
provide a response due to the absence of prospective com-
parative studies [14]. Hayashi et al. reported a discouraging 
35% of drop out rate in patients with stage 1 or 2 HCC and 
with a mean waiting time of 340 days treated with TACE 
[15]. However, an analysis of the most recent series includ-
ing patients treated with TACE or transarterial chemo-
infusion before LT, showed that the drop out rate due to 
tumor progression is low, ranging between 2.9% and 13% 
with a mean waiting time in the transplant list exceeding 6 
months (Table 1) [16-19]. 
Table 1.  Drop out Rate due to Tumor Progression in HCC 

Patients Waiting for Liver Transplantation (LT) and 
Treated by Transarterial Chemoembolization 
(TACE) or Transarterial Chemoinfusion 

 

Author Number of 
patients 

Mean waiting 
(days) 

Drop-out (%) (HCC 
progression) 

Millonig G 
2007 68 274 2/68 (2.9%) 

Majno P 2007 43 203 4/43 (10%) 

Alba E 2008 56 201 7/63 (11%) 

De Luna 
2008 95 342 12/95 (13%) 

 
 The second important problem debated in the already 
cited paper was the impact of preoperative TACE on HCC 

patients’ survival after LT. Again, the conclusion was that 
there was no sufficient data from prospective randomized 
studies to be evaluated [14]. A recent multicentric retro-
spective case-control study, compares 100 HCC patients 
treated with TACE before transplantation and 100 HCC 
patients transplanted without any bridge treatment. Both 5-
year survival (59% in treated and not treated patients) and 5-
year disease free survival (69% vs. 64% respectively) did not 
differ between the two groups. At post-explant analysis, a 
total or subtotal tumor necrosis exceeding 80% was found in 
about 30% of treated patients, but with no difference in 5-
year survival in respect to untreated patients (63% vs. 54%) 
[20]. In the largest available series, the rate of patients 
treated by TACE reaching a complete tumor necrosis is quite 
uniform, ranging between 27% and 55% in patients within 
Milan criteria (Table 2) [16-21]. Reasonably, these could be 
the patients who could receive a significant survival benefit 
from TACE before LT by reducing the risk of HCC 
recurrence after LT. This seems to be confirmed by Millonig 
et al., in a series of 116 HCC patients undergoing TACE 
before transplantation. Most of the patients were within 
Milan criteria and complete tumor necrosis was obtained in 
27% of the cases. Five-year survival rate was higher in 
patients with a complete tumor necrosis compared to those 
with partial necrosis (86% vs. 66%) even if this difference 
did not reach statistical significance [16].  

Table 2. Performance of TACE Performed before Liver 
Transplantation (LT) in Terms of Total-Subtotal, 
Partial or Inadequate Necrosis of the Treated 
Hepatocellular Carcinoma (HCC). MC: Milan 
Criteria 

 
Tumor necrosis at explant analysis 

Author Number 
of HCCs 

Total-Subtotal 
(80-100%) 

Partial 
(<80%) 

Inadequate 
(<50%) 

Majino P 
1997 (54 pts) 27% 27% 46% 

Graziadei I 
2003 (63 pts) 

In MC 29% 
Out MC 0% 

67% 
73% 

4% 
27% 

Decaens T 
2005 100 30% 20% 50% 

Millonig G 
2007 (106 pts) 27% 77%  

Alba E 2008 128 38% 62% 48% 

De Luna W 
2009 122 

In MC 55% 
Out MC 33% 

18% 
33% 

27% 
33% 

 
 Another important question, is the safety of TACE in 
patients waiting for LT. Since local arteritis may complicate 
TACE, recipients could be exposed to an increased incidence 
of complications, such as hepatic artery thrombosis. How-
ever, this hypothesis has not been confirmed [17, 22, 23].  

RADIOFREQUENCY THERMAL ABLATION  

 Radiofrequency thermal ablation (RFA) has gained wide 
diffusion during the last years as an effective procedure for 
small HCC not amenable to surgical resection. Thermal 
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ablation may be performed using cool or hook needles with 
comparable results [24]. Several papers analyzed the 
usefulness of RFA as a bridging treatment to LT in HCC 
patients. However, only two studies provided data about the 
effectiveness of RFA in avoiding patients’ drop out from LT 
waiting list due to tumor progression. The rate has been 
found to be 0% in one study [25] and 12% in another one 
[26].  
 Some papers about the efficacy of RFA as bridge to 
transplant in HCC patients have been published during the 
last years. These studies show that complete tumor necrosis 
(evaluated on the explanted liver) may be achieved in 47-
75% of the cases with a mean value of 58% [25-29]. A clear 
different effectiveness can be demonstrated analysing tumors 
of different size. In fact, the rate of complete necrosis ranges 
between 50% and 78% in tumors up to 3 cm and between 
13% and 43% in larger tumors [25-27, 29]. Furthermore, a 
tumor size exceeding 3 cm resulted the only risk factor for 
HCC persistence after treatment in two studies [25, 27].  
 As regards RFA-related complications in HCC patients 
listed for LT, the analysis of the largest available series 
demonstrates that the procedure is quite safe. Indeed, the 
mean rate of major complications was as high as 7%, 
including one case of death due to peritoneal bleeding, two 
cases of acute peritonitis/cholecystitis, and one case each of 
severe liver failure treated by urgent transplantation, severe 
persistent liver failure, biliary stenosis, arterial hemorrage 
and small bowel perforation [25-28]. Additionally, the risk 
of tumor seeding along the needle track through the 
abdominal wall appears to be low since only one case has 
been reported in literature [30]; HCC recurrence after LT has 
been shown to be rare (3% on average) (Table 3).  

Table 3.  HCC Recurrence after Liver Transplantation (LT) 
in Patients Undergoing Radiofrequency Thermal 
Ablation (RFA) during the Waiting Time 

 

Author/Year Patients Follow Up (Months, 
Mean and Range) 

Recurrence 
(Patients) 

Mazzaferro 
2004 50 22 2 

Lu 2005 41 15 (0-55) 0 

Pompili 2005 30 34 (3-132) 0 

Brillet 2006 16 25 (0-40) 1 

Rodr.Sanj. 2008 28 32 (2-78) 2 

Overall recurrence: 5/165 (3.0%) 

 

OTHER TREATMENTS 

 TACE and RFA are the bridge treatments to LT most 
frequently used in HCC patients, but also other therapeutic 
options have been proposed. Percutaneous ethanol injection 
(PEI) is the oldest and most experienced locoregional 
treatment for HCC, but is rarely used as a bridge to LT. In 
the largest series by Castrogaudin et al., ethanol injection 
provided a complete necrosis in 58% of patients with small 
tumors of less than 3 cm [31], while in our multicentric 
survey, the rate of complete necrosis was of 30%, in tumors 

of the same size [27]. Both studies reported no PEI-related 
major complications and no case of total necrosis in tumors 
larger than 3 cm [27, 31].  
 Percutaneous laser ablation (PLA) has been recently 
shown to be an effective technique to obtain HCC thermal 
ablation in patients ineligible for surgical resection [32, 33]. 
We recently reported that PLA could provide results 
comparable to RFA in HCC patients waiting LT, since the 
rate of complete necrosis found at the post-explant analysis 
in nodules up to 3 cm was of 62% [34]. Possible advantages 
of PLA include the feasibility of the treatment in patients 
with severe clotting impairment precluding RFA, and the 
lower overall cost of the procedure.  
 The efficacy of radioembolization with 90Yttrium 
microspheres has been recently evaluated by Riaz et al. [35] 
on 38 nodules in 35 patients, 33 transplanted; a complete 
necrosis was observed in 89% of lesions up to 3 cm and in 
65% of lesions between 3 and 5 cm.  

DOWNSTAGING OF HCC BEYOND MILAN 
CRITERIA BEFORE LT 

 It is well known that an acceptable post-LT survival may 
be also achieved expanding the limits of tumor size admitted 
for LT using the so called “UCSF criteria” (single tumor ≤ 
6.5 cm, or ≤ 3 tumors with the largest being ≤ 4.5 cm and a 
total tumor burden ≤ 8 cm) [36]. On the other hand, 
downstaging of HCC within the Milan criteria could be an 
attractive alternative; theoretically, this process allows the 
selection of tumors with a more favourable biology, which 
may be more likely to respond to down-staging treatments 
and to have a good outcome after LT. At this regard, the 
largest series has been reported by Yao et al. [6]; 61 HCC 
patients beyond T2 stage were included in a liver transplant 
program and treated with a multimodal downstaging 
including TACE, RFA, PEI and resective surgery. Eighteen 
patients dropped out for tumor progression and the only 
significant negative prognostic factor was AFP serum values 
> 1000 ng/ml. 43 patients were downstaged within the Milan 
criteria according to imaging and observed for 3 months 
before listing; finally, 35 of these patients were transplanted. 
The post-explant analysis confirmed, for most of them, a 
tumor within T2 stage and, during the follow up, there was 
no evidence of recurrence, with the intention to treat survival 
of 88% at 1 year and of 69% at 5 years.  
 Some other recent papers provided encouraging results 
too. In a study by Chapman et al., 76 patients with HCC 
stage 3 or 4a were tentatively downstaged to T2 tumor using 
TACE. 18 patients (24%) achieved a complete response and 
17 of them were transplanted; the 5-year survival rate and 
HCC recurrence rate after LT were of 94% and 6%, res-
pectively [37]. De Luna et al. included 27 patients with HCC 
beyond Milan criteria in a downstaging program performed 
with TACE. 17 patients were considered downstaged to T2 
tumor (63%) and 15 underwent LT, with a 3-year survival 
rate of 79% and a HCC recurrence rate of 7% [19]. Another 
important study was performed at the University of Bologna 
in Italy, including 177 HCC patients evaluated for LT with a 
single tumor ≤ 8 cm or a bifocal tumor ≤ 5 cm or a 
multifocal tumor with less than 6 nodules, each smaller than 
4 cm with a total diameter ≤ 12 cm. 48 patients were beyond 
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the Milan criteria and underwent an adjuvant multimodal 
therapy using TACE, RFA, PEI and resective surgery. Once 
downstaged to T2 with AFP < 400 ng/ml and a stability of 
the disease for 3 months, they were listed for LT. Thirty-two 
patients were transplanted (67%) with a drop-out rate of 
27%, a 5-year intention to treat survival of 56% and a 3-year 
disease free survival of 71% [38]. 

IMPACT ON POST-LT SURVIVAL OF HCC BRIDGE 
TREATMENTS  

 Independently from the treatment, a key question remains 
to be answered: do bridge treatments improve survival in 
HCC patients submitted to LT? Apart from monocentric 
retrospective series showing contradictory results,pros-
pective randomized studies are lacking. In a study by Bharat 
et al., 46 HCC patients undergoing various bridge treatments 
before LT were compared to 46 matched HCC patients 
transplanted without any treatment. The 5-year survival was 
significantly higher in the treated group (82% vs. 52%) and 
the gain in survival was evident only for patients with tumor 
stage T2-T4, but not for patients with tumor T0-T1. Even the 
5-year disease free survival was higher in the treated group 
(84% vs. 76%) but this difference was not statistically signi-
ficant [39]. In a recent study by Lao et al., 91 untreated HCC 
patients submitted to LT were compared to 33 patients with 
HCC undergoing TACE, RFA or ethanol injection before 
LT; treated patients had significantly larger tumors. HCC 
recurred only in 9 untreated patients and the factors 
significantly linked to tumor recurrence were MELD score < 
14, AFP > 1000 ng/ml and the absence of bridge treatment 
before transplant. The observed disease free survival was 
better in treated patients, but the cumulative survival was not 
significantly different [40]. Heckmann et al. compared the 
outcomes of 50 HCC patients treated with a bridge therapy 
with 73 HCC patients not treated before LT; they found no 
significant trend towards the improvement of 5-year survival 
in treated patients (81% vs. 71%) [41]. Finally, the study by 
Porrett et al., comparing 30 treated to 33 untreated patients 
before transplant, failed to show any survival difference 
between the groups. However, it should be pointed out that 
only 20% of the treated patients had a complete HCC 
necrosis at the post-explant analysis [30]. 

CONCLUSION 

 Due to the absence of prospective randomized studies, 
there is no data providing level I evidence that to treat HCC 
can reduce the drop out rate from the waiting list due to 
tumor progression and improve post-LT survival [42]. On 
the other side, for patients listed within the Milan criteria, the 
prolongation of the waiting time over 6-12 months without 
treatment is a well recognized risk factor of tumor progres-
sion and drop out from the list or post-transplant tumor 
recurrence [1, 2, 4]. For this reason, the best strategy for this 
subgroup of patients should be to perform the transplant 
within 6 months, avoiding the pre-transplant therapy [11]. 
However, in agreement with the current AASLD guidelines 
for the management of HCC, if a prolonged waiting time is 
predicted, the application of bridging treatments appears to 
be reasonable in order to contain tumor progression [43].  

 TACE should be reserved to lesions > 3 cm, eventually in 
multimodal treatment strategies or applied to all cases not 
eligible to percutaneous treatments, independently from 
tumor size. One third of the cases achieve a complete 
necrosis of the treated lesion, which could lead to improved 
survival after LT. RFA could be the treatment of first choice 
for lesions up to 3 cm, since a complete tumor necrosis could 
be obtained in more than 60% of the cases at the post-
explant analysis. The risk of major complications related to 
RFA in these patients appears to be quite low, but it should 
be a good clinical practice to limit the needle insertions and 
to avoid the treatment of superficially located lesions. PEI 
seems to show a lower efficacy, and should be  reserved to 
small lesions located in sites considered “dangerous” for 
RFA (e.g. near the gallbladder or bowel loops). PLA and 
radioembolization with 90Yttrium microspheres appear to be 
promising therapeutic tools, but further studies are needed to 
confirm their role and efficacy in these patients. Anyhow, all 
the ablation procedures should be evaluated with caution in 
patients with a reduced liver function, in order to avoid 
irreversible liver failure and severe complications precluding 
LT. 
 In carefully selected patients, HCC downstaging using 
TACE alone or combined in multimodal sequential therapies 
to meet the conventional criteria for LT, seems to provide 
promising results in terms of overall and disease-free sur-
vival. Furthermore, the achievement of T2 stage on imaging 
methods, a stable disease after effective downstaging during 
a 3-months follow up period, and AFP serum value < 1000 
ng/ml before and < 400 ng/ml after a successful downstag-
ing, seem to be predictive of favourable post-LT outcome in 
downstaged patients [6, 38].  

ABBREVIATIONS 

HCC = Hepatocellular carcinoma 

LT = Liver transplantation 

MELD = Model for end stage liver disease 

AFP = Alpha-fetoprotein 

TACE = Transarterial chemoembolization 

RFA = Radiofrequency thermal ablation 

PEI = Percutaneous ethanol injection 

PLA = Percutaneous laser ablation 

UCSF = University of California, San Francisco 
AASLD = American Association for the Study of the  
  Liver 
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