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1.  Introduction 

Hepatocellular carcinoma (HCC) ranks as the fifth most common cancer in the 

world with an increasing incidence, and represents the third most common cause of 

death from cancer worldwide. Chronic infection with hepatitis B or C viruses 

dramatically increases the risk of HCC and is the main etiology of HCC worldwide. 

Liver transplantation (LT) appears ideally suited for HCC, as it involves complete 

oncological resection and correction of the underlying liver dysfunction. However, the 

early results of LT for HCC were disappointing. In 1996, tumor criteria proposed by the 

Milan group in Italy (single tumor ≤5cm, 2-3 tumors none of them >3cm, no vascular 

invasion) made the break-through in the history of LT for HCC in cirrhosis. Most 

transplant centers and the United Network for Organ Sharing have since adopted these 

criteria, which are now commonly referred to as the “Milan criteria.” 

The increasing incidence of hepatitis C related cirrhosis in the Western world 

during the past 2 decades led to a corresponding increase of the related HCC-new cases. 

Additionally, due to improvements in the medical/conservative therapy of patients with 

advanced liver cirrhosis on the one hand, and the expanding application of a MELD-

based organ allocation policy in more transplant registries on the other, the “gap” 

between new registrations in the waiting list and transplanted patients shows a 

continuous rise worldwide. The resulting increasing scarcity of organs led to efforts to 

“expand” the donor pool, in order to offer LT to more cirrhotic patients. Concerning the 

HCC patients, these efforts were shared to 3 directions: 1) taking advantage of the 

technical innovations in LT, with the use of partial liver grafts, 2) taking advantage of 

the innovations in perfusion solutions, allocation rules, intraoperative management and 

intensive care unit treatment, with the use of expanded criteria donor grafts, and 3) 

expanding the well-established Milan criteria to less conservative ones.  

 The expansion of the tumor-specific criteria for LT beyond Milan is discussed 

controversially worldwide. However, expansion of the criteria naturally carries a risk of 

increased post-LT recurrence. The existence of several scoring systems in the era of LT 

for HCC shows on the one hand the widely conviction of the transplant community that 

the well-established Milan criteria are too restrictive, bereaving from many HCC 

patients the LT opportunity; on the other hand, this situation reflects some limitations of 

the existing pre-transplant radiological evaluation. Multiple reports in the radiology 
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literature address nodule detection in cirrhotic livers by means of CT, MRI, or 

ultrasonography. However, most studies showed insufficiency of the existing radiology 

methods to detect a small HCC<2cm in the cirrhotic liver. Furthermore, the 

identification of tumors <1cm is more than limited. The presence of microvascular 

invasion and, in some cases, macrovascular invasion of segmental branches can usually 

be determined by pathologic inspection of the explanted liver. This, together with the 

inaccurate tumor detection, leads to upgrading of the tumor stage or the classification 

according to the different sorts of criteria in the post-LT period, in comparison to the 

assumed stages by radiological evaluation. More important, however, is the fact that 

many patients are not given the opportunity to undergo LT on the basis of inaccurate 

radiological and clinical preoperative staging. Besides, between a third and half of 

patients currently receive pre-LT bridging treatments such as transartetial embolization 

(TACE) and radiofrequency ablation (RFA). The resulting necrosis can significantly 

affect tumor behaviour, making the objective assessment of tumour size and 

microvascular invasion very difficult.  

 

2. Research objectives 

 The Milan criteria on the one side can guarantee optimal long-term outcomes for 

patients with HCC in cirrhosis, but on the other side they are very restrictive; since as a 

large volume hepatobiliary and transplant centre we have evaluated increasing number 

of HCC patients during the past decade, we have tried to explore the existing 

possibilities to offer the transplant modality to more HCC patients. For this purpose we 

have built a corresponding database in December 2000, including retrospectively all 

HCC patients evaluated for LT since April 1998 in our centre, and prospectively 

developing and expanding this database from December 2000 up to September 2007. 

Since LT is the best treatment option for HCC patients in cirrhosis, but it is not possible 

to be offered to every HCC patient, we have tried to open up the Milan criteria, in order 

to transplant more HCC candidates and to determine prognostic factors outside the 

Milan criteria, which can offer an acceptable long-term outcome.  

 In our research objectives following aspects were examined: 

Bridging treatments 

 1. LT without bridging treatment – monotherapies for HCC 
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 2. LT after bridging treatment 

  a. Down staging / down sizing with TACE 

  b. Complete tumor necrosis 

  c. AFP decrease to negative or very-low levels (<30ng/mL)  

  

Ethical issues 

 LT for alcoholic liver disease and HCC – LDLT? 

 

Pre-translant radiological assessment 

 1. Accuracy of radiological staging 

 2. “incidentally” found HCC 

 

Extended listing criteria 

 1. Patients outside Milan / within UCSF criteria  

 2. Portal vein thombosis 

 3. Pulmonary nodules- granulomas? 

 

Expansion of donor pool 

 1. Extended criteria donors- rescue organ offers 

 2. Split LT 

 3. LDLT 

 4. Institutional results 

 

Meta analyses 

 1. Hilar lymphadenectomy for hilar lymphadenopathy 

 2. Prognostic factors for tumor recurrence 

 3. Prognostic factors for survival 

 
3.  Material and methods 

 Evaluation and follow-up protocol for patients with HCC in cirrhosis 

1056 patients with HCC were presented to our outpatient clinic for assessment 

of surgical resection or LT during the study period. The standard initial evaluation 
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addressed the exclusion of extrahepatic liver disease and operability/operative risk. In 

cases of end-stage liver disease, LT was discussed as a possible therapeutic option. 

Patients with live donors were evaluated on a case-by-case basis according to their age, 

severity of liver disease, AFP levels, and HCC characteristics at the time of 

presentation. Milan criteria were not considered an absolute contraindication in cases of 

LDLT. Whereas patients within Milan criteria at first evaluation and no further 

contraindications were further evaluated to LT without any additional tumor-related 

treatment, patients outside Milan criteria underwent bridging treatment in most cases, 

such as TACE or RFA. The decision to perform RFA or TACE was made on an 

individual basis according to tumor characteristics, anatomical considerations, severity 

of cirrhosis and the general condition of each patient. Pre-operative tumor evaluation for 

potential candidates included abdominal ultrasonography, thoraco-abdominal CT and/or 

magnetic resonance imaging, as well as bone scintigraphy. Serial levels of AFP were 

obtained prior to and after LT. Perioperative mortality was defined as patient death 

within 45 days after LT. 

Careful pathologic study (1cm slices) of all livers removed at LT was 

performed. Pre and postoperative information on number of tumors, lobar distribution, 

maximal tumor diameter, presence or absence of microvascular and macrovascular 

invasion, and extrahepatic tumor spread, was computed. Total tumor diameter for 

patients with multiple tumor nodules was calculated by adding the greatest diameter of 

each lesion. Tumor classification was made according to the 6th Edition of the TNM 

System of classification of the UICC. Of special interest were the extent of tumor 

necrosis and the viability (if any) of the ablated tumors.  

 Follow-up studies included CT scans of the abdomen and chest, and 

measurement of AFP levels every 4 months during the first year after LT, every 6 

months during the second year, and yearly thereafter.  

 

3.1  Bridging treatments 

3.1.1 LT without bridging treatments - Monotherapies as treatment for 

hepatocellular carcinoma in cirrhosis 

Analysis of our institutional data was performed, in order to evaluate and 

compare long term results after liver resection, TACE, and LT when implemented as 
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monotherapies in patients with HCC and cirrhosis. A total of 185 consecutive HCC 

patients with cirrhosis and no prior tumor treatments were included in this study. 

 

3.1.2 LT after bridging treatment 

3.1.2.a Tumor down-staging/down-sizing with TACE  

In this study we evaluated the efficacy of TACE in patients with HCC who 

underwent LT by correlating the pathological findings in the explanted livers with the 

clinical classification of the tumors prior to TACE. The data of 22 patients with liver 

cirrhosis undergoing TACE for HCC prior to LT according to our institutional TACE 

protocoll were included. Tumor up staging in pathology was documented as tumor-

progression, whereas “steady disease” was considered when the same tumor stage was 

described both in radiology and pathology. Tumor regression was characterized by 

down staging or by the absence of vital tumor by pathological exam. 

 

3.1.2.b LT after complete tumor necrosis following bridging treatment  

 Analysis of our institutional data was performed, in order to evaluate the course 

of the disease in transplanted patients with HCC and cirrhosis, in whom pathologic 

examination showed complete tumor necrosis after performance of TACE or RFA 

during the waiting time to LT. Ten patients were included. 

 

3.1.2.c AFP decrease to undetectable or very low (<-30ng/mL) levels  

 The purpose of this study was to evaluate the outcome after LT of HCC 

patients with undetectable (<10 ng/mL) and/or very low (11-30 ng/mL) AFP values, 

both in our series and in the literature. Fifty-one transplanted HCC patients were 

included in this study. 

 

3.2 Ethical issues 

3.2.1 LT for alcoholic liver disease and HCC – place for adult LDLT? 

Based on our latest experience in evaluating cirrhotic patients with HCC in 

alcoholic liver disease (ALD) for LDLT, relevant ethical issues based in the evaluation 

of the donor, a family member of the recipient in most of cases, led us to review both 
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our center experience and the existing literature about LT for HCC in alcoholic liver 

cirrhosis and in the absence of viral hepatitis. 

 

3.3 Pre-transplant radiological assessment 

3.3.1 Radiological versus pathological staging for HCC in cirrhosis  

In this study, we evaluated the accuracy of radiological imaging techniques by 

comparing pre-and post-operative findings in 70 patients who underwent LT at our 

centre with diagnosis of HCC. Thirty-five of them underwent LDLT, 32 orthotopic full-

size DDLT and the remaining three deceased donor SLT.  

 

3.3.2 Incidentally found HCC  

 The purpose of this study was to describe our experience with LT and incidental 

HCC (iHCC) and to present the findings of a literature search about LT and iHCC. 

Thirty-six patients were included in this study. On March 2005, PubMed and Medline 

were accessed and searched to estimate the incidence and the outcome of iHCC in liver 

explants after LT. A systematic data analysis was performed.  

 

 

3.4 Extended listing criteria 

3.4.1 LT for patients beyond Milan/ within UCSF criteria 

The purpose of this study was to retrospectively evaluate the results after LT for 

HCC patients beyond the Milan but within the UCSF criteria based on pathological 

findings. Four patients were included in this study. 

 

3.4.2 LT for HCC and portal vein thrombosis  

The purpose of this study was to further evaluate the outcome of recipients with 

portal vein thrombosis (PVT) in deceased and live donor liver transplantation. Data 

corresponding to transplanted HCC patients with PVT documented in pathological 

exam were reviewed by two experienced pathologists. Special consideration was given 

to the presence of thrombotic material within the portal vein, as well as to the benign or 

malignant nature of the thrombus. An experienced radiologist re-studied the most recent 
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pre-transplant radiological imaging studies of all cases where PVT was identified in the 

explant liver. 

 

3.4.3 Pulmonary modules at risk in patients undergoing LT for HCC  

The recent availability of sophisticated radiological imaging during the pre-

transplant evaluation has led to a new clinical problem in the treatment of HCC patients: 

the diagnosis of small pulmonary nodules. We analyzed our prospectively collected data 

on patients transplanted at our Center with a diagnosis of HCC. We specifically 

addressed pulmonary nodules detected by pretransplant imaging studies and categorized 

as granulomas.  

 

3.5 Expanding the donor pool 

3.5.1 Extended criteria donor for LT for HCC – rescue organ offers 

We herein describe our experience with seven “livers that nobody wanted” 

within Eurotransplant, which had been official rejected on 34 different occasions by 

other transplant centers. These livers were implanted onto patients in good clinical 

condition with HCC and cirrhosis. 

 

3.5.2 Split LT for HCC 

An alternative option to organ shortage is the performance of deceased donor 

SLT. We herein describe our experience with deceased donor SLT for HCC. 

 

3.5.3 LDLT for HCC 

Being part of a transplant center with an initially “liberal” policy concerning 

LDLT for HCC, we presented in this study our institutional results. Data from 57 

patients with HCC who underwent LDLT in our institution were included.  

 

3.5.4 Institutional results 

 We report herein our experience with 100 consecutive LT for HCC performed at 

our Department, during the study-period. Transplanted patients with complete necrosis 

of the HCC after bridging treatment and no preoperative diagnostic biopsies, with a 

post-transplant diagnosis of cholangiocarcinoma, and children, were excluded. 
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4.  Results 

4.1  Bridging treatments 

4.1.1 LT without bridging treatments - Monotherapies as treatment for 

hepatocellular carcinoma in cirrhosis  

Median survival after resection, TACE, and LT was 11, 14 and 23 months, 

respectively. Five-year cumulative survival after resection, TACE and LT was 23%, 

10% and 59% respectively (p=0.001). Five-year cumulative disease-free survival after 

resection and LT was 15% and 77% respectively (p=0.002). The presence of 

complications in the resection group (p=0.004), MELD score (p=0.0003) and maximum 

tumor diameter (p=0.05) in the TACE group, and tumor grade (p=0.01) and 

complications (p=0.004) in the LT group were found to be independent predictors of 

survival. Five years survival for patients within the Milan criteria after resection, TACE 

and LT was 26%, 37% and 66%, respectively. Five years survival for patients outside 

the Milan criteria for patients undergoing LT was 53%. LT represents the best 

oncological treatment option for patients with HCC in the setting of cirrhosis, even for 

those beyond the Milan criteria. Considering the scarcity of available organs, liver 

resection remains the best alternative option. TACE remains a potential therapy in 

patients within the Milan criteria, where it may be more beneficial than resection. 

 

4.1.2 LT after bridging treatment 

4.1.2.a Tumor down-staging/down-sizing with TACE 

There was no treatment-related morbidity in this patients’ group. Tumor 

regression was proved in 11/21 patients (52.4%) whereas steady disease was observed 

in 7/21 patients (33.4%). In 5 patients (23.8%) no vital tumor was found by pathological 

examination. Tumor regression was observed only in one of the five patients having a 

multifocal tumor prior to TACE. Tumor progression was observed in 3/21 patients 

(14.3%). Our data show that TACE provides acceptable local tumor control as bridging 

treatment before liver transplantation. Although the majority of our patients (15/21, 

71.4%) had 2 or more tumor lesions at the beginning of treatment, tumor progression 

was observed in only a minority (14.3%) of patients. However, multifocal tumors could 

not be successfully under-staged through this treatment and, furthermore, vital tumor 
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was always observed in pathology; the useless of TACE in multifocal disease has to be 

re-estimated. 

 

4.1.2.b LT after complete tumor necrosis following bridging treatment 

 There were 8 men and 2 women. Percutaneous RFA was performed under 

computed tomographic guidance in 4 patients. The remaining 6 patients underwent 

TACE. Five of them received one session of TACE, while the remaining one received a 

series of 4 sessions prior to LT. Six patients had solitary nodules with a median 

diameter of 3.5cm (range 2.5-4.2cm). Four of them underwent RFA. Segmental tumor 

chemoembolization was performed in 2 patients. The remaining 4 patients had 2 tumors 

each with a median total diameter of 4.4cm (range 4.2-6.0cm) prior to TACE. They 

underwent bilobar hepatic chemoembolization, which understaged the tumors prior to 

LDLT. Six patients underwent deceased donor LT. LDLT was performed in 4 patients. 

All patients are alive without recurrence after a median follow-up of 19 months. 

Achievement of 100% tumor necrosis by means of bridging treatments followed by LT 

for HCC is characterized by a very low recurrence rate and should receive further 

consideration and study. 

 

4.1.2.c AFP decrease to undetectable or very low (<-30ng/mL) levels 

 Four-year overall and recurrence-free survival was 81% and 79%, 

respectively. Twenty-nine patients (57%) were within the Milan criteria. Ablative 

bridging treatments were attempted in 27 instances, and were associated with 

significantly worse overall and recurrence-free survivals (p=0.0209 and p=0.0111, 

respectively). Patients with AFP values<30ng/mL and no bridging treatments 

experienced 4-year overall and recurrence-free survivals of 96% and 95%, respectively. 

HCC patients with AFP values <30ng/mL who undergo LT with no bridging treatments 

experience excellent outcomes, independent of the Milan listing criteria. 

 

4.2 Ethical issues 

4.2.1 LT for alcoholic liver disease and HCC – place for adult LDLT? 

The postoperative course was uneventful in all but one patient. Three-year 

overall and recurrence free survival rates were 82% and 73%, respectively. Nine 
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patients were alive, after a median follow-up of 29 months. This was the first study to 

evaluate liver transplantation for HCC in ALD. Although outcomes are excellent, the 

evaluation of patients with ALD and HCC constitutes a challenging topic in 

transplantation surgery, especially when LDLT is considered. An interdisciplinary 

structured approach is recommended, with special emphasis on ethical considerations. 

 

4.3 Pre-transplant radiological assessment 

4.3.1 Radiological versus pathological staging for HCC in cirrhosis 

 Only ten (14.3%) of the 70 patients considered had tumor diameter, which was 

correctly identified by pre-transplant radiological examinations. Twenty-four patients 

(34.2%) had correct identification of the number of tumors present. Fifty patients 

(71.4%) had incorrect measurements of tumor diameter of more than 1cm. Sensitivity of 

radiological imaging was especially poor for tumors between 1-2cm and <1cm (21% 

and 0% respectively). Best accuracy of 60% was found for both the Milan and UCSF 

criteria. No significant difference was found between the two patient groups concerning 

the accuracy of the various systems/criteria of classification. Current imaging 

techniques have a high incidence of false-negative and false-positive results when 

evaluating HCC in cirrhotics. A critical appraisal of patient characteristics together with 

great caution when interpreting imaging studies is recommended to determine 

candidacy for transplantation. 

 

4.3.2 Incidentally found HCC 

Incidentally found HCC was detected in 5 of the 432 patients. All 5 patients are 

currently alive without evidence of tumor recurrence after a median follow-up of 43 

months. On the other hand, in the group of the 31 patients with previously known HCC, 

22 of them are at the moment alive in a median follow-up of 28 months. When 

comparing the 2 groups, no difference in survival could be found (p=0.1674). Literature 

reports of 705 instances with iHCC over the past 20 years showed a statistical “better 

survival” in only 24 cases. Literature reports showed a remarkable “deviation” of the 

expected tumor characteristics for the iHCC. Obviously, this is because of a widely 

characterization of iHCC, including also tumors which are rather undetected HCC 

during the waiting time to LT. A more precise definition for the iHCC is needed. 
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4.4 Extended listing criteria 

4.4.1 LT for patients beyond Milan/ within UCSF criteria 

Three ourt of 4 patients were currently alive after a median follow-up of 57 

months. One patient died 20 months post-LT as a result of complications from hepatitis. 

Of the three who are alive, one underwent surgery for HCC recurrence 81 months post-

LT. The remaining two have no evidence of tumor 56 and 57 months post-LT, 

respectively. Our results, as well as the reviewed literature, showed that only a small 

percentage of transplanted HCC patients could be classified as “beyond Milan-within 

UCSF”. These patients seem to have acceptable overall, as well as recurrence free 

survivals. Large-volume patients’ series, intention-to-treat analysis based on the 

radiological findings and multi-center prospective studies are required, in order to 

further explore the outcome of patients “beyond Milan-within UCSF” criteria and to 

better define the risk/benefit ratio of a potential expansion of the current listing criteria. 

 

4.4.2 LT for HCC and portal vein thrombosis 

The origin of PVT in HCC patients could be accurately evaluated in 58% of the 

patients. Forty two percent of patients had no evident portal vein invasion and only 17% 

of cases had tumor thrombi. One third of patients experienced tumor recurrence within 

the first post-LT year, and one third of patients became long-term survivors (median 

survival of 36 months) without tumor recurrence. One-year survival was 92%. Nine 

patients were alive after a median follow-up period of 25 months. PVT in the setting of 

HCC is characterized by poor patient outcome. However, a respectable number of 

instances are not accurately evaluated preoperatively, making the decision to exclude 

these patients from LT sometimes a challenging dilemma. 

 

4.4.3 Pulmonary modules at risk in patients undergoing LT for HCC 

Pre-transplant CT evaluation of pulmonary nodules in patients with HCC 

showed 90% accuracy. There was only one incorrect reading in a patient where a 

metastasis was misdiagnosed as a pulmonary granuloma. Two patients died after 

developing pulmonary metastases 17 and 19 months post-LT. Seven patients were alive 

with no evidence of tumor after a median follow-up of 48 months post-LT. Pulmonary 
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nodules in patients with HCC should be characterized as nodules at risk, and evaluated 

very closely during the pre- / post-LT periods. Further reports from other centers may 

help the development of a transplant policy for this special topic.  

 

4.5 Expanding the donor pool 

4.5.1 Extended criteria donor for LT for HCC – rescue organ offers 

One patient had initial poor graft function but subsequently recovered. One 

patient developed primary graft nonfunction and died. There was one arterial 

complication requiring re-intervention. Median intensive care unit and hospital stays 

were 3 and 22 days respectively. One patient developed renal insufficiency, which 

recovered 3 months later. Six patients are currently alive, with follow-up periods 

ranging from 7 to 35 months. One patient developed HCC recurrence in the allograft 

and underwent a successful atypical liver resection 23 months after transplantation. LT 

with such “livers that nobody wants” constitutes an additional option for patients with 

HCC and cirrhosis. The risk-benefit ratio in these instances should be evaluated on a 

case-by-case individual basis. 

 

4.5.2 Split LT for HCC 

There were 5 men and one woman with a median age of 60 years. Median 

waiting time to LT was 82 days. Extended right split grafts (segments I, IV-VIII) were 

transplanted in 5 patients. One patient received a right split graft. In situ harvesting was 

performed in 4 instances and ex situ in the remaining 2. Median cold ischemia time was 

10 hours. Primary non-function was not observed. Median intensive care unit stay was 4 

days. There were neither vascular nor biliary complications. The postoperative course 

was uneventful in half of the patients. Two patients were re-operated because of an 

abscess caused by a liver necrosis in the marginal zone of segment IV. One patient died 

for reasons unrelated to liver function or to the surgical intervention. The remaining 5 

patients are alive after a median follow-up of 20 months. Deceased donor split LT 

constitutes an additional option for patients with HCC and cirrhosis. The potential risks 

of using “split livers” as well as the potential benefits of transplanting patients unlikely 

to survive the waiting list period must be evaluated on an individual basis.  
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4.5.3 LDLT for HCC 

Overall 3-year survival was 62%. When 45-day mortality was excluded, it 

increased to 71%. Age proved to be a predictor of survival irrespective of the 45-day 

mortality. MELD score and AFP level predicted survival in cases inclusive and 

exclusive of 45-day mortality, respectively. Significant cut-off values were patient-age 

over 60 years, MELD-score above 22, and AFP-level greater than 400ng/mL. A scoring 

system was developed. Survival rate at 3 years when including 45-day mortality was 

72% for score=2 and 41% for score>2, respectively (p=0.0146). When excluding 45-

day mortality survival rate at 3 years was 90% for score=2 and 32% for score>2, 

respectively (p=0.00002). Our results could further enhance current guidelines on age, 

MELD score, and AFP level for patients with HCC being evaluated to undergo LDLT. 

 

4.5.4 Institutional results 

 Patient survival among patients within the Milan criteria was 77% and 66% at 1 

and 5 years, versus 76% at 1 year and 54% at 5 years among those beyond the criteria 

(p=0.22). Regarding survival, significant associations were found for tumor grading in 

our series. Tumor recurrence was significantly associated with AFP levels, tumor 

grading, vascular invasion, Milan and UCSF criteria in univariate analysis, as well as 

with tumor grading and UCSF criteria by mulrivariable analysis. 

 

5.  Discussion 

5.1 Study results 

LT for HCC in cirrhosis is doubtless the best therapy option for patients with 

HCC meeting the worldwide-adapted Milan criteria. However, due to the reasons 

already reported in this work, regarding organ shortage, rising HCC incidence, accuracy 

of radiological methods, improvements of surgical techniques, peri-operative 

management and immunosuppression, innovations in allocation rules, and experience 

gained with outcomes of patients with HCCs exceeding the Milan criteria in 

pathological evaluation, many transplant centres have tried to explore some possibilities 

to expand the organ pool for adult patients with HCC. Representing a large volume 

transplant centre, with longstanding experience in all above mentioned issues, we have 

focused in a prospective developing database of patients with HCC in cirrhosis in 
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several concepts of potential expansion of the recipient pool, from less conservative to 

more liberal ones.  

Analysis of the results of our somewhat liberal HCC transplant policy in the 

LDLT setting has shown that parameters such as AFP serum levels, MELD score, and 

the age of the patient represent applicable and objective evaluation tools. Besides, 

applying less conservative tumor number/size listing criteria in the context of extended 

criteria donors led to 5-year survival of more than 50% for patients exceeding the Milan 

criteria, rewarding such a policy and confirming that LT represents the best treatment 

option from oncological point of view also for HCC patients, with patients exceeding 

the Milan criteria included. However, due to the higher rate of tumor recurrence and the 

organ scarcity the topic is surely still open to further proposals for optimization of 

patient selection.  

 

5.2 Meta analyses 

5.2.1 Impact of hilar lymph nodes metastases on tumor recurrence and survival 

in patients with HCC undergoing LT 

Hilar lymph node (LN) involvement in cases of HCC constitutes a 

contraindication for LT. However, the frequent presence of LN enlargement due to 

chronic inflammation in cases of hepatitis-C induced cirrhosis represents a diagnostic 

dilemma. The goal of our study was to determine the prognostic significance of hilar 

LN metastases on patient survival and tumor recurrence. A systematic review and meta-

analysis of the results was performed. The outcome of patients with positive hilar LN 

(study group) was compared to that of patients with negative LN (reference group). 

Among 34 retrospective clinical studies screened, 5 clinical studies evaluating tumor 

recurrence after LT for HCC according to hilar LN status fulfilled the criteria. Five 

further clinical studies evaluated patients’ survival in reference to LN metastases. A 

significant correlation between tumor positive LN and tumor recurrence was shown 

(exact estimation of common odds ratio by 10.44, 95% confidence interval of 3.431 to 

38.59). Furthermore, data analyses using the Fisher-combination test regarding patient 

survival in the 2 groups showed a statistical difference (p-value <0.0001). The negative 

prognostic value of hilar LN metastasis for both tumor recurrence and survival was 

confirmed by this analysis. Given the ever-present diagnostic dilemma associated with 
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enlarged hilar LN, especially in hepatitis C positive patients, hilar LN sampling during 

LT for HCC could better define patients at risk.  

 

5.2.2 Tumor recurrence after LT for HCC based on 1,198 cases 

Recurrence of HCC after LT for HCC in the setting of liver cirrhosis is a 

frequent occurrence. The goal of our study was to systematically review tumor 

characteristics leading to HCC recurrence after LT. A systematic review and meta-

analysis of the results was performed. Of 45 clinical studies screened, 9 fulfilled the 

study criteria. These studies contained from 21 to 316 patients, for a total of 1198 

patients. A fixed effects model was applied. A significant correlation between vascular 

invasion, not well differentiated HCC, tumor size >5cm, HCC exceeding the Milan 

criteria, and HCC recurrence post-LT was shown (common odds ratio of 8.727, 2.89, 

13.32 and 4.205, respectively). High-risk pathology for HCC recurrence is characterized 

by not well-differentiated tumors and by HCCs that exceed the Milan criteria. A clinical 

application of these data may be a scoring system, which includes the tumor grading in 

the evaluation and listing of HCC patients to LT. 

 

5.2.3 LT for HCC: Metaanalysis of prognostic factors 

We herein present the findings of a literature review, intended to systematically 

expose and combine the statistical findings of other study groups during the past 2 

decades. Meta-analysis showed significant associations for all variables evaluated (AFP, 

tumor number, tumor size, lobar distribution, vascular invasion, tumor differentiation, 

Milan criteria and UCSF criteria) both for survival and recurrence in the performed 

univariate TPM analyses. Interestingly, meta-analysis of the available multivariable 

studies showed no significant associations between Milan/UCSF criteria and survival or 

tumor recurrence. Although the results of this study are coming to add some 

corroborative evidence in this special field of transplant surgery for malignancy, they 

also open the discussion about the prognostic power of the current listing criteria. 
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6.  Conclusion 

 The present study offers a refinement of prognostic factors for performance of 

LT for extended HCC criteria. According to our findings, patients with HCC in cirrhosis 

outside the radiological Milan criteria may be transplanted with acceptable long-term 

results, if the following presuppositions are covered: 

1) No extrahepatic tumor 

2) No macrovascular invasion 

3) Well or moderate tumor differentation (excluding poor tumor grading) 

4) AFP levels ≤400ng/mL  

5) recipient age ≤60 years 

6) recipient labMELD Score ≤22. 

 The inclusion of these parameters in a scoring system and the internal and 

external validation in a large volume patient series will be the next step, in order to offer 

a scoring system based on preoperatively available criteria, which combine tumor and 

physical/cirrhosis related characteristics. Performance of LT using grafts from extended 

criteria donors, or partial liver grafts as deceased split liver grafts or living donor liver 

grafts represent reliable solutions to this direction.  
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