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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading cause 
of  cancer related mortality and the fifth most common 
cancer[1] worldwide. Nearly 500 000 cases are diagnosed 
each year in the United States and the incidence increased 
from 1.4 cases per 100 000 between 1976 and 1980 to 2.4 
cases per 100 000 from 1990 to 1995. Furthermore, the 
associated mortality rate and hospitalization showed an 
increase of  41% and 46%, which demands a significant 
challenge in the management of  HCC patients[2]. 

The stage of  disease divides HCC therapy into 
curative versus palliative approaches. Curative treatments 
are reserved for patients without portal vein invasion or 
distant metastases and include percutaneous ablation, 
surgical resection and liver transplantation[3-5]. Palliative 
attempts include liver-directed therapies, rarely systemic 
chemotherapy, and are offered when local extra-hepatic 
spread or distant metastases are present. Palliative therapy 
via transarterial chemoembolization (TACE) may be 
offered for unresectable HCC. TACE involves the injection 
of  chemotherapeutic agents into the hepatic artery[6,7]. 
Multiple large randomized and controlled trials have failed 
to demonstrate a beneficial effect in survival of  patients 
treated with TACE, but meta-analysis of  these trials show 
a slight beneficial effect in survival in comparison with 
conservative treatment[8]. 

For localized HCC in curative situations, which is 
defined by the absence of  macro-vascular invasion and 
metastatic disease with well-preserved hepatic function, 
the initial treatment of  choice is hepatic resection. In case 
of  cirrhosis, optimal candidates for surgical resection 
show a single lesion less than 5 cm in size, with no 
complications of  end-stage liver disease and no significant 
portal hypertension (portal pressure gradient less than 10 
mmHg). Nevertheless, after 5 years there are significant 
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Abstract
AIM: To assess the outcome of patients, who under-
went transarterial chemoembolization (TACE) for 
hepatocellular carcinoma (HCC) and subsequently liver 
transplantation (OLT) irrespective of tumor size when no 
tumor progression was observed.

METHODS: Records, imaging studies and pathology of 
84 patients with HCC were reviewed. Ten patients were 
not treated at all, 67 patients had TACE and 35 of them 
were listed for OLT. Tumor progression was monitored 
by ultrasound and AFP level every 6 wk. Fifteen 
patients showed signs of tumor progression without 
transplantation. The remaining 20 patients underwent 
OLT. Further records of 7 patients with HCC seen in 
histological examination after OLT were included.

RESULTS: The patients after TACE without tumor 
progression underwent transplantation and had a median 
survival of 92.3 mo. Patients, who did not qualify for 
liver transplantation or had signs of tumor progression 
had a median survival of 8.4 mo. The patients without 
treatment had a median survival of 3.8 mo. Independent 
of International Union Against Cancer (UICC) stages, the 
patients without tumor progression and subsequent OLT 
had longer median survival. No significant difference was 
seen in the OLT treated patients if they did not fulfill the 
Milan criteria.

CONCLUSION: Selection of patients for OLT based 
on tumor progression results in good survival. The 
evaluation of HCC patients should not only be based 
on tumor size and number of foci but also on tumor 
progression and growth behavior under therapy.
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recurrence rates (70%) in HCC patients after surgical 
resection, and the 5-year survival rate is 30%. Taken 
together only about 5% of  patients are ideal candidates for 
hepatic resection[9-11]. Therefore liver transplantation (OLT) 
is the only curative approach that addresses the HCC 
lesion as well as the underlying liver cirrhosis[12-15]. 

Initial reports of  liver transplantation in patients with 
HCC showed poor outcomes with a recurrence rate up 
to 50% and a 5-year survival of  less than 40%. In these 
reports many patients underwent OLT in the setting of  
advanced HCC. As a consequence the Milan criteria have 
been put forward to provide guidelines that help select 
HCC patients for curative OLT. The goal of  this effort was 
to achieve comparable survival rates in liver transplanted 
patients with HCC and patients without concomitant 
neoplasias[12].

Patients fulfilling the criteria (single nodule < 5 cm 
or up to three nodules each < 3 cm) have a favorable 
prognosis with 3-year survival rates of  75% up to 85% 
and a recurrence rate of  less than 15%. However, a 
retrospective cohort analysis showed comparable survival 
rates in patients who had solitary nodules less than 6.5 
cm or 3 nodules with a combined diameter of  less than 
8 cm[13], demonstrating that OLT is a potentially curative 
approach for patients with HCC extending the Milan 
criteria. 

However, the general scarcity of  donor livers hampers 
timely liver transplantation. In the interim specific therapy 
such as TACE can be initiated to stabilize the patient’s 
health condition. Because the Milan criteria do not take 
into account tumor progression following non-surgical 
intervention strategies, patients treated with TACE cannot 
be necessarily evaluated on the basis of  these criteria. We 
therefore selected patients for liver transplantation based 
on the lack of  tumor progression during the waiting time 
and determined the clinical outcome in patients who were 
treated with TACE and subsequently underwent liver 
transplantation.

MATERIALS AND METHODS
Study design and characteristics of patients
From January 1995 to March 2002, 77 patients with HCC 
were seen at the Department of  Surgery, University of  
Goettingen. The diagnosis of  HCC was confirmed in 
all patients either by biopsy of  the tumor or by a serum 
alpha-fetoprotein (AFP) measurement. In addition, in 7 
patients who underwent OLT, HCC was diagnosed in the 
histological examination of  the explanted organ.

Patient demographics showed a male: female ratio of  
70:14 and a mean age of  59 ± 11.4 years (range 31-84). 
The main underlying disease of  HCC was liver cirrhosis (n 
= 63, 75%), which could be assigned to the diagnoses of  
alcohol (n = 23), hepatits C (n = 22) and hepatitis B (n = 
18) (Table 1). 

Age, gender, Child-Pugh score and tumor stage of  all 
patients are shown in Tables 2 and 3. At the time of  HCC 
diagnosis, 10 (12%) patients had no evidence of  impaired 
liver function, 28 (33%) patients presented with class A, 
29 (35%) with class B, and 17 (20%) with class C impaired 
liver function according to the Child-Pugh classification. 

The tumor staging according to the UICC criteria of  
patients used in this study is shown in Table 3.

Ten (12%) out of  84 patients were not treated because 
they died before the treatment was started (n = 4), they 
refused treatment (n = 1) or TACE could not be done due 
to their cardio-pulmonary risk (n = 5). The remaining 74 
patients were treated as seen in Table 4. In 7 transplanted 
patients, the HCC was diagnosed after liver transplantation 
and therefore they were not treated before OLT. In the 
other 67 patients TACE was done and 35 of  them were 
listed for OLT. The reasons for not listing a patient for 

Table 1  Diagnostic chart of patients with HCC

1 Haemochromatosis 2, Caroli-syndrome 1, primary biliary cirrhosis 
1, primary sclerosing cholangitis 1, hepatitis C 1, acute liver faliure 1, 
cryptogene cirrhosis 1. The majority of patients had liver cirrhosis secondary 
to viral hepatitis and alcohol-related liver disease.

Diagnoses  n age (yr, mean ± SD)

No liver disease 10    61 ± 12.2
Fibrosis   3 66.7 ± 0.6
Alcohol induced cirrhosis 23    60 ± 8.3
Hepatitis (C) cirrhosis 22 55.9 ± 9.9
Hepatitis (B) cirrhosis 18    55 ± 14.1
Others1   8    56 ± 16.9
Total 84    59 ± 11.4

Table 2  Cirrhosis scoring of study patients according to Child-
Pugh Score

HCC was classified at hospital admission.

Child-Pugh Score  n  Age      Gender

(yr, mean ± SD) Male Female

A 28    56 ± 13.2 26 2
B 29    57 ± 9.7 25 4
C 17    56 ± 9.1 15 2
Total 74 56.3 ± 11.3 66 8

Table 3  Staging of the patients according to UICC

UICC stage  n No cirrhosis Cirrhosis Age (yr, mean ± SD)

Ⅰ   5   1   4    52 ± 11.7
Ⅱ 13   1 12    60 ± 13.5
Ⅲ 11   3   8 60.8 ± 8.0
Ⅳ 55   5 50    58 ± 11.6
Total 84 10 74    59 ± 11.4

Table 4  Treatment modalities of patients with HCC

Treatment n No cirrhosis Cirrhosis

No treatment 10   3   7
TACE, not listed for OLT
TACE, died waiting for OLT

32
15

  6 41

TACE and liver transplantation 20   0 20
Liver transplantation   7   1   6
Total 84 10 74
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liver transplantation were no additional liver cirrhosis (n 
= 10), age older than 65 (n = 11) and persistent alcohol 
disease (n = 11). From the initial 35 patients who were 
listed for OLT, 15 showed tumor progression after 
TACE and were therefore subsequently removed from 
the transplantation list. These patients showed a median 
time of  tumor progression of  3.1 mo. The remaining 20 
patients underwent OLT with a median time on waiting list 
of  7.6 mo.

Chest X-ray, computed tomography (CT) and staging 
by the TNM scoring system of  the UICC was performed 
in all the patients. Tumors that were first identified by 
histopathology of  the explanted liver were classified as 
incidental tumors. 

Selection criteria for OLT
Patients were selected for OLT based on the guidelines of  
Transplantions Gesellschaft (DTG). In addition, patients 
with extrahepatic tumor manifestation did not qualify for 
OLT. Tumor size or number of  tumors were not taken 
into account for listing the patient. The patients received 
TACE and were restaged every 6 wk during waiting time. 
Evidence of  tumor progression resulted in removement 
of  the patients from the waiting list.

Transaterial chemoembolization protocol
Patients were listed for OLT and immediately obtain 
TACE. TACE was performed in cases of  advanced HCC 
stage or when tumors progressed during the staging 
work-up every 6 wk. Patients in advanced tumor stage 
(downstaging group) were listed when they responded to 
the first TACE treatment cycle. Sixty-seven patients were 
subjected to selective TACE before transplantation. The 
chemoembolization solution contained 50 mg epirubicin, 
10 mL lipiodol and 3 mL water-soluble contrast material. 
Embolization was performed until blood flow to the 
tumor stopped. 

The following day CT scanning was performed to 
determine the lipiodol uptake by the tumor tissue. Each 
TACE cycle was repeated every 6 wk and ultrasound, CT 
scan and AFP levels were assessed. Response to TACE 
is defined as constant size of  the tumor and/stable AFP 
levels. Patients showing a positive response to TACE 
remained on the waiting list and were monitored by a 
CT scan (every 3 mo) and determination of  AFP level 
(monthly). Patients with tumor progression under TACE 
treatment were discharged from the waiting list (non-
responder). 

Post-transplantation management and follow-up
Immunosuppressive therapy following OLT consisted 
of  a drug regimen of  Prograf  in combination with 
corticosteroids. Corticosteroids were gradually tapered 
and discontinued within 3 mo. Prograf  was continued 
for one year after OLT unless side-effects were seen. 
The frequency of  the outpatient visits thereafter varied 
according to the patient conditions and types of  compli-
cations. No anti-cancer treatment was given after 
transplantation. All patients were followed up weekly in 
the outpatient clinic for the first month after discharged 
from the hospital. Screening for tumor recurrence was 

assessed by determination of  a-fetoprotein (AFP) and 
ultrasonography every 3 mo. A routine CT scan of  
the abdomen and chest was performed every year, and 
additional imaging techniques (bone scan, magnetic 
resonance imaging) were done if  HCC recurrence was 
suspected. The medical records and pathologic reports 
were analyzed retrospectively. 

Statistical analysis 
We analyzed the statistical significance on recurrence 
and survival of  tumor-related risk factors, tumor size, 
number of  nodules, and Milan criteria. We used the 
Kaplan-Meier method to measure survival and the log-
rank test to analyze statistical differences. Results are 
expressed as mean ± SD. One-way ANOVA was used for 
comparisons between the groups when one measurement 
per experiment was available. Non-normally distributed 
data was calculated after rank transformation. Data were 
calculated by univariate ANOVA. Tukey’s-HSD test was 
used for post hoc comparisons. p < 0.05 was considered 
significant in difference. Survival was estimated using 
Kaplan-Meier/log-rank analysis. All calculations were 
performed using SPSS 10.0®, standard version. 

RESULTS
Tumor progression after TACE 
Chemoembolization was well tolerated in the majority of  
patients. The most common complaints after TACE were 
pain, transient fever, and nausea. No patient developed 
major complications, which required surgical intervention. 
After TACE, 20 (29.2%) showed response and 47 (70.1%) 
showed tumor progression.

Tumor progression defines a group with good survival 
after OLT
As expected, the patients without treatment had the worst 
outcome with a median survival of  3.8 mo as seen in 
Figure 1. The Patients who were treated with TACE but 
did not qualify for liver transplantation due missing sighs 
of  liver cirrhosis (n = 10), age older than 65 (n = 11), 
persistent alcohol disease (n = 11) or tumor progression 
(n = 15) had a median survival of  8.4 mo (Figure 1). The 
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Figure 1  Survival probabilities for the first 5 yr after treatment. Overall HCC 
patient survival who had received TACE and OLT, only TACE and patients who 
received no treatment.

P  < 0.05
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patients who showed no signs of  tumor progression 
during waiting time had an average of  3 sessions of  TACE 
(range, 1 to 10) before OLT. The TACE treated and liver 
transplanted patients (n = 20) had a significant better 
outcome compared with TACE treated patients with a 
median survival of  92.3 mo (Figure 1). The time of  median 
survival in the transplanted group is comparable to OLT 
patients with non-malignant diseases (median survival of  
101.6 mo) and confirms the selection criteria for OLT are 
suitable to select HCC patients for liver transplantation.

Survival dependent on UICC stage
Survival analysis revealed that the patient overall survival 
was dependent on the UICC stage. Patients with UICC 
stageⅠ(n = 5) had an overall survival of  100%, stage Ⅱ (n 
= 13) 64%, stage Ⅲ (n = 11) 45% and stage Ⅳ only 8% (n 
= 55) (Figure 2). 

Lack of tumor progression and subsequent OLT improves 
survival irrespective of UICC stage
Patients, who fulfilled the selection criteria for liver 
transplantation and had no signs of  tumor progression, 
underwent subsequently OLT. Independent of  UICC 
stage, the patients with TACE and OLT had a better 
survival (Figures 3, 4 and 5). None of  the patients with 

UICC stageⅠon the waiting list showed signs of  tumor 
progression. In UICC stage Ⅱ and Ⅲ, 4 patients had 
signs of  tumor progression during waiting time. Seven 
of  the UICC stage Ⅳ patients displayed signs of  tumor 
progression. Independent of  the UICC stage the patients 
without tumor progression and subsequent OLT had a 
significant better median survival. Patients who did not 
fulfill the criteria for liver transplantation or showed signs 
of  tumor progression in UICC stage Ⅲ had a median 
survival of  14.2 mo compared to 39.5 mo in the liver 
transplanted group (Figure 4). In UICC stage Ⅳ patients 
the median survival was 8.6 versus 15.6 mo, respectively. 
The patients who were not treated at all had the worst 
survival with a median survival time of  3.8 mo (Figure  5). 
Taken together, independent of  the UICC stage, the 
survival was significantly better in patients who qualified 
for liver transplantation and without any evidence of  
tumor progression while waiting for OLT (p > 0.05). 

Patients without tumor progression have a comparable 
outcome irrespective of the Milan criteria
Patients, who fullfilled the Milan criteria, are considered 
to have an excellent outcome. Interestingly, in our study 
there was no significant difference (p = 0.19) in survival 
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Figure 2  Kaplan-Meier patient survival curves showing survival dependent on 
UICC stage.
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Figure 3  Kaplan-Meier patient survival curves demonstrating that OLT improved 
survival UICC stageⅠand Ⅱ.

Figure 4  Kaplan-Meier patient survival curves. OLT improved survival UICC stage 
Ⅲ.
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Figure 5  Kaplan-Meier patient survival curves. OLT improved survival UICC stage 
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of  patients, who fullfilled the Milan criteria compared to 
the more advanced patients (Figure 6a). However, the 
patients with tumors less than 5cm had a significantly 
better median survival (p = 0.03) compared to patients 
with tumors larger than 5 cm (Figure 6b).

DISCUSSION
Liver transplantation is the only approach that addresses 
the multifocal hepatocellular carcinoma and also treats the 
underlying cirrhosis but the limited availability of  donor 
organs and the subsequent immunosuppression urge 
criteria of  patient selection. Our data suggest that patients, 
who do not show signs of  tumor progression after TACE 
treatment benefit from OLT irrespective of  UICC stage. 
Without tumor progression, even patients outside of  the 
Milan criteria do have a good outcome. Therefore we 
suggest that patient selection for OLT should be based 
on tumor size and additionally on assessment of  tumor 
progression.

The current UNOS policy for organ allocation among 
patients with HCC favors those with tumors confined 
within the limits of  diameter and number of  nodules 
defined by the Milan criteria[12]. These were derived from a 
prospective study showing significantly better recurrence-
free survival for 35 patients meeting the proposed criteria 
than for 13 patients with HCC exceeding criteria because 
of  preoperative tumor stage underestimation based on 
pathologic analysis of  the liver explants (92% vs 59% at 
4 years). Other study groups proposed to “expand” the 
limits concerning OLT for HCC[16], because studies using 
the extended UCSF criteria (solitary tumor < 6.5 cm, 

three or fewer nodules with the largest lesion < 4.5 cm, 
total tumor diameter < 8 cm or without gross vascular 
invasion) do not worse the outcome of  patients after 
OLT[13]. Therefore, concerns arise whether the Milan 
criteria may be too restrictive, thus excluding patients who 
would otherwise benefit from OLT. The decision for OLT 
is based on tumor size and number of  tumor within the 
liver but not on growth behavior of  the tumor or response 
of  the tumor after bridging therapy. In our present study, 
12 patients were found to have tumor characteristics 
exceeding the Milan criteria and underwent OLT. These 
patients were selected on the tumor progression after 
TACE and the difference in survival among those patients 
compared to patients meeting the Milan criteria did not 
reach statistical significance (p = 0.19). Thus patients 
without tumor progression not fulfilling the Milan criteria 
might benefit from OLT.

Vitale et al[17] described a very low occurrence of  drop-
outs from waiting list, though they had a quite long median 
waiting time of  11 mo[18]. In their study they used the 
following criteria to exclude patients from OLT: short-
listing, general contraindication to transplant, extrahepatic 
spread, vascular invasion or poorly differentiated HCC (G3) 
at pre-OLT percutaneous biopsy. Size and number were 
not considered absolute selection criteria. They suggest 
that adoption of  different selection criteria accounting 
more for tumor biology (grading) rather than tumor size 
and number and a use of  a pre-OLT multimodal strategy 
probably may guarantee a lower number of  drop-outs. Our 
results demonstrate that patients who show no further 
tumor progression under TACE treatment significantly 
(p < 0.05) benefit from OLT. It seems to be an easier 
biological grading method than the routine percutaneous 
biopsy for liver lesions because of  the given potential risk 
of  tumor seeding along the biopsy tract.

Furthermore, current imaging techniques have a high 
incidence of  false-negative and false-positive results 
when evaluating HCC in cirrhosis. Only in 14.3% of  
OLT patients, tumor diameter was correctly identified 
by pretransplant radiological examinations shown by 
Sotiropoulos et al[19,20]. Sensitivity of  radiological imaging 
was especially poor for tumors between 1 and 2 cm and 
less than 1 cm (21% and 0%, respectively), indicating 
that detection of  small HCCs, especially in end-stage 
cirrhotic livers, remains problematic. A critical appraisal 
of  patient characteristics together with great caution when 
interpreting imaging studies is recommended to determine 
candidacy for transplantation. Otherwise many patients are 
not given the opportunity to undergo OLT. 

TACE involves the injection into the hepatic artery of  
chemotherapeutic agents such as doxorubicin, mitomycin, 
or cisplatin with l ipiodol, to promote intra-tumor 
retention of  the medications. TACE has the advantage of  
treating larger tumor-areas, being repeatable and perhaps 
downstaging patients. Disadvantages of  TACE include 
significant toxicity and acute liver failure, especially when 
treating large areas[17]. Even if  downstaging by TACE has 
been reported, TACE has not been shown to improve 
survival or recurrence of  HCC after transplantion. Even 
in patients who were not transplanted, multiple large 
randomized controlled trials have failed to demonstrate 
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a survival benefit. Only a small survival benefit in 
comparison with conservative treatment was seen in 
meta-analysis of  these trials. In addition, none of  the 
current studies have examined the ability of  TACE to 
sustain patients on the transplantation waiting list. Our 
data demonstrate that the patients, who have no tumor 
progression after TACE benefit substantially from OLT. 
Whether these patients would progress without TACE 
remains speculative[19,21-26].

In contrast to other malignant diseases, assessment of  
HCC patients on the waiting list should not only account 
for the current stage, it although should evaluate the tumor 
progression. Multiple genetic lesions within the HCC cells, 
which modulate growth, cell cycle, apoptosis and invasion, 
define tumor progression[27-31]. These genetic lesions 
are not defined in number and location and therefore 
prospective evaluation based on molecular pattern is not 
possible. On the other hand it is practicable to assess 
tumor growth by size and AFP levels. 

Therefore, we conclude that the growth behavior 
of  the tumor (defined as progression under anti-cancer 
therapy) could provide simple but helpful information 
about the recurrence rate and the outcome of  HCC 
patients after OLT. We propose that growth behavior 
(P0 for no progression and P1 for progression) should 
be added to staging systems for classification of  HCC to 
select patients for OLT[32-34].
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