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Abstract
AIM: To investigate whether transarterial chem
oembolization (TACE) before liver transplantation (LT) 
improves long-term survival in hepatocellular carcinoma 
(HCC) patients.

METHODS: A retrospective study was conducted 
among 204 patients with HCC who received LT from 
January 2002 to December 2010 in PLA General 
Hospital. Among them, 88 patients received TACE 
before LT. Prognostic factors of serum α-fetoprotein 
(AFP), intraoperative blood loss, intraoperative blood 
transfusion, disease-free survival time, survival time 
with tumor, number of tumor nodules, tumor size, 
tumor number, presence of blood vessels and bile duct 
invasion, lymph node metastasis, degree of tumor 
differentiation, and preoperative liver function were 
determined in accordance with the Child-Turcotte-
Pugh (Child) classification and model for end-stage 
liver disease. We also determined time of TACE 
before transplant surgery and tumor recurrence and 
metastasis according to different organs. Cumulative 
survival rate and disease-free survival rate curves were 
prepared using the Kaplan-Meier method, and the log-
rank and χ 2 tests were used for comparisons.

RESULTS: In patients with and without TACE before 
LT, the 1, 3 and 5-year cumulative survival rate was 
70.5% ± 4.9% vs  91.4% ± 2.6%, 53.3% ± 6.0% vs  
83.1% ± 3.9%, and 46.2% ± 7.0% vs  80.8% ± 4.5%, 
respectively. The median survival time of patients with 
and without TACE was 51.857 ± 5.042 mo vs  80.930 ± 
3.308 mo (χ 2 = 22.547, P  < 0.001, P  < 0.05). The 1, 3 
and 5-year disease-free survival rates for patients with 
and without TACE before LT were 62.3% ± 5.2% vs  
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ablation (RFA)[3-10]. Some researchers propose that 
TACE before LT can help patients meet the strict 
Milan criteria and thus prolong postoperative long-
term survival[11]. However, other researchers propose 
that it is inappropriate to perform adjuvant treatment 
before LT for patients with HCC because spread and 
metastasis may occur at the liver puncture site[12,13]. It 
has also been reported that incomplete local treatment 
may cause sarcomatous changes in patients with 
HCC[14]. Kim et al[15] reported that treatment before 
LT has a significant impact on the prognosis if the 
volume ratio of the active tumor is > 10%. Wong et 
al[16] reported that the chance of necrosis was < 75% 
in five patients, due to local/non-local recurrence, and 
the use of RFA, TACE, or cisplatin gelatin injection.

In China, the tumor volume in the vast majority of 
patients with HCC already exceeds the Milan criteria 
when they receive treatment. Also, these patients 
always have a long-term history of liver cirrhosis, and 
varying degrees of portal hypertension symptoms are 
also seen in some patients. For such patients, there 
is still no consensus about whether it is necessary to 
adopt adjuvant therapy, such as TACE, which is more 
commonly used in China before transplantation. Thus, 
a retrospective analysis was carried out to assess the 
influence of preoperative TACE on long-term survival 
rates in liver transplant patients.

MATERIALS AND METHODS

Clinical data
We analyzed retrospectively 204 patients with HCC and 
cirrhosis receiving LT from January 2002 to December 
2010.

Patients constitution
Two hundred and four patients met the inclusion 
criterion, 180 male and 24 female, with ages ranging 
from 31 to 68 years [average: 50 (50.23 ± 7.88) 
years]. There were 88 and 116 patients in the groups 
with and without TACE, respectively. The duration of 
follow-up was 96 mo with a follow-up rate of 100%. 
All donors made voluntary donations, including 155 
cases of cardiac death and 49 living donors. No donor 
was a condemned donor. The PLA General Hospital 
Ethics Committee reviewed and supervised the entire 
donation process to ensure compliance with these 
requirements.

Preoperative examination
Preoperative diagnosis of HCC relied on imaging exam
inations such as ultrasound, computed tomography (CT) 
and enhanced nuclear magnetic resonance imaging 
(MRI). All patients received radionuclide bone scans, 
chest CT, and/or positron emission tomography-CT 
examinations to exclude extrahepatic metastases.
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98.9% ± 3.0%, 48.7% ± 6.7% vs  82.1% ± 4.1%, and 
48.7% ± 6.7% vs  82.1% ± 4.1%, respectively. The 
median survival time of patients with and without TACE 
before LT was 50.386 ± 4.901 mo vs  80.281 ± 3.216 
mo (χ 2 = 22.063, P  < 0.001, P  < 0.05). TACE before 
LT can easily lead to pulmonary or distant metastasis 
of the primary tumor. Although there was no significant 
difference between the two groups, the chance of 
metastasis of the primary tumor in the group with TACE 
was significantly higher than that of the group without 
TACE.

CONCLUSION: TACE pre-LT for HCC patients increased 
the chances of pulmonary or distant metastasis of the 
primary tumor, thus reducing the long-term survival 
rate.

Key words: Liver transplantation; Hepatocellular car
cinoma; Transarterial chemoembolization; Long-term 
survival rate; Disease-free survival rate
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Core tip: Hepatocellular carcinoma (HCC) has a high 
prevalence in China. Patients always have a long-term 
history of liver cirrhosis, varying degrees of portal 
hypertension symptoms, and the tumor volume exceeds 
the Milan criteria when they receive treatment. Whether 
it is necessary to adopt transarterial chemoembolization 
(TACE), which is more commonly used in China pre-
transplantation, when the patients in waiting state. This 
study assessed the influence of preoperative TACE on 
long-term survival in liver transplantation (LT). TACE 
pre-LT in patients with HCC increased the chances of 
pulmonary or distant metastasis of the primary tumor, 
thus reducing long-term survival.
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INTRODUCTION
About 600000 people die of hepatocellular carcinoma 
(HCC) annually, making it one of the most common 
malignancies worldwide[1]. Only about 10%-30% of 
patients have the opportunity for surgery[2], which is 
mainly liver resection and liver transplantation (LT). 
There is considerable controversy about whether 
liver transplant patients in the waiting period should 
receive other adjuvant therapy, such as transarterial 
chemoembolization (TACE) and radiofrequency 



Inclusion criteria
Patients who had no lung or abdominal metastases 
or lymph node metastasis, as determined by chest 
and abdominal CT or MRI examination; patients who 
had no metastases, as determined by whole-body 
bone scan; patients whose HCC was confirmed by 
postoperative pathology; and patients who had long-
term follow-up.

Exclusion criteria
Patients who had serious perioperative complications 
or died, and patients who died of non-liver-related 
diseases.

Patient information
Clinical data included age (years), serum α-fetoprotein 
(AFP), blood loss, intraoperative blood transfusion, 
disease-free survival time, and survival time with 
tumor. AFP was divided into four groups: normal 
range ≤ 20 ng/L, 20-400 ng/L, 400-1000 ng/L, 
and > 1000 ng/L. Tumor size was divided into 
three groups: meeting the Milan criteria (≤ 5 cm), 
complying with the UCSF criteria (5-8 cm), and 
beyond the UCSF criteria (≥ 8 cm). The degree of 
tumor differentiation was in accordance with the 
Edmondson grade: level Ⅰ was highly differentiated 
(G1); Ⅱ and Ⅲ were moderately differentiated (G2); 
and Ⅳ was low differentiation (G3). Grades Ⅰ and 
Ⅱ were classified as well-differentiated, and Ⅲ and 
Ⅳ as poorly differentiated. Numbers of lesions, 
determined on the basis of preoperative CT, MRI, and 
pathological examinations, were divided into single 
and multiple groups. Preoperative liver function was 
determined in accordance with the Child classification 
and the model for end stage liver disease (MELD). 
Based on time of TACE from transplant surgery, the 
patients were divided into three groups: ≤ 1 mo, 
1-3 mo, and ≥ 3 mo. Survival state was divided 
into live and dead groups. Liver surgery was divided 
into whole liver transplantation and living donor 
transplantation groups. The patients were divided into 
tumor recurrence and no tumor recurrence groups. 
According to postoperative complications, patients 
were divided into four groups: no complications, biliary 
complications, vascular complications, and infection. 
Tumor recurrence and metastasis were divided 
according to different organs: liver, lung and bone.

Liver resection and tumor histopathological evaluation
Numbers of tumor nodules, tumor size, tumor number, 
presence of blood vessels and bile duct invasion, and 
lymph node metastasis were determined. Tumor grade 
was determined according to the standard Edmondson 
classification. For multiple tumors, total tumor 
diameter was the maximum diameter of each tumor.

Postoperative immunosuppressive and other therapies
Cyclosporine A + mycophenolate mofetil + methylpre
dnisolone (CsA + MMF + Pred) and tacrolimus (FK506 

+ MMF + Pred) were used as the main postoperative 
regimens. Intravenous infusion of hepatitis B immu
noglobulin, combined with oral administration of 
lamivudine and other antiviral drugs, was adopted 
after surgery to prevent any recurrence of hepatitis B.

TACE before LT
Femoral artery puncture was carried out according to 
the Seldinger method. A catheter was inserted into the 
target vessel branches (usually the hepatic or superior 
mesenteric artery and other arteries) for imaging to 
determine the location, size, number, and artery of 
the tumor. After catheter infusion chemotherapy, a 
vessel was inserted to the supplying arteries (proper 
hepatic artery, left and right hepatic artery, or branch 
artery) of the tumor, and iodized oil, chemotherapy 
drug suspensions, and gelatin sponge were injected 
for thrombosis.

Follow-up
All patients were followed up after surgery. Methods 
of follow-up included inpatient and outpatient follow-
up and telephone calls. Liver transplant patients were 
checked monthly in the first 6 mo, and then every 
2 mo in the second 6 mo. After that, patients were 
examined every 3-6 mo. The patient’s condition 
changes were recorded, and routine examinations 
of blood, liver and kidney function, blood drug 
concentrations, and qualitative and quantitative 
examination of hepatitis B virus were performed. 
Tumor recurrence and metastasis were monitored by 
AFP, CT, color Doppler ultrasound, chest radiography, 
whole-body bone ECT, and other tests. The time and 
location of tumor recurrence and the time and cause of 
death were recorded.

Statistical methods
Measurement data are presented as mean ± SD 
or median, and the t test or χ 2 test was used for 
comparisons between the groups. Survival analysis 
was performed using the Kaplan-Meier method, and 
the log-rank test was used to compare the survival 
probability. The cumulative survival rate was expressed 
as rate ± SE, and P < 0.05 was considered to indicate 
a significant difference. SPSS version 16.0 (SPSS, 
Chicago, IL, United States) was used.

RESULTS
Patient data
Basic data for the 204 cases are shown in Table 1. 
There were 88 cases with preoperative TACE and 
116 without preoperative TACE. The basic data of the 
two groups were similar. There was no statistically 
significant difference between age, Child classification 
or MELD score, AFP values​​, intraoperative blood loss, 
or intraoperative autotransfusion between the groups. 
However, disease-free survival time and survival 
time with tumor between the two groups did show 
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significant differences (P < 0.05). The differences 
in sex, MELD score, Child classification, surgical 
approach, and postoperative complications between 
the two groups were not significant (P > 0.05). The 
results are shown in Table 2.

Postoperative pathological data
Postoperative pathological data for the two groups 
of patients are shown in Table 3. Tumor size was 
divided into three groups: meeting the Milan criteria 
(≤ 5 cm), complying with the UCSF criteria (5-8 cm), 
and beyond the UCSF criteria (≥ 8 cm). The degree 
of tumor differentiation was in accordance with the 
Edmondson grade: a moderate-high differentiation 
group and a moderate-low differentiation group; the 
two groups showed no significant difference (P > 0.05). 
The size, number, and vascular invasion in the two 
groups showed significant differences (P < 0.05).

Influence of TACE before LT on long-term and disease-
free survival
The 1, 3 and 5-year cumulative survival rates of the 
patients with TACE before LT were 70.5% ± 4.9%, 
53.3% ± 6.0%, and 46.2% ± 7.0%, respectively, 
while for patients without TACE treatment before LT, 
they were 91.4% ± 2.6%, 83.1% ± 3.9%, and 80.8% 
± 4.5%, respectively. The median survival times of the 
patients with and without TACE before LT were 51.857 
± 5.042 and 80.930 ± 3.308 mo, respectively (χ 2 = 
22.547, P < 0.001, P < 0.05), and the cumulative 
survival curves are shown in Figure 1. The 1, 3 and 
5-year disease-free survival rates of the patients 
with TACE before LT were 62.3% ± 5.2%, 48.7% 
± 6.7%, and 48.7% ± 6.7%, respectively, while for 
patients without TACE treatment before LT, they were 
98.9% ± 3.0%, 82.1% ± 4.1%, and 82.1% ± 4.1%, 
respectively, and cumulative disease-free survival 
curves are shown in Figure 2. The median survival 
times of patients with and without TACE treatment 

significant differences (P < 0.05).

Categorical data between the groups with and without 
preoperative TACE 
Tumor recurrence and AFP in the two groups showed 
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Table 1  Statistical data of the groups with and without 
preoperative transarterial chemoembolization

Demographics TACE 
(n  = 88)

No TACE 
(n  = 116)

t P  value

Age (yr) 49.34 ± 8.06 50.90 ± 7.70 -1.401   0.163
Child  7.33 ± 2.69  7.23 ± 2.46  0.267   0.789
MELD  8.36 ± 7.16  8.07 ± 5.74  0.324   0.747
IBL (mL)  2944.32 ± 4008.34  2528.79 ± 2681.56  0.886   0.377
IOA (mL)  1910.34 ± 2902.87  1539.53 ± 2532.91  0.972   0.332
AFP (ng/L)  3439.08 ± 6623.56  1922.59 ± 5180.01  1.835   0.068
Disease-free 
survival time 
(mo) 

 20.77 ± 17.52  32.79 ± 22.63 -4.131 < 0.001a

Survival time 
with tumor (mo)

 1.88 ± 3.10 0.68 ± 2.10  3.278    0.001a

aP < 0.05, TACE vs no TACE. TACE: Transarterial chemoembolization; 
Child: Child-Turcotte-Pugh classification; MELD: Model for end-stage 
liver disease; AFP: α-fetoprotein; IBL: Intraoperative blood loss; IOA: 
Intraoperative autotransfusion.

Table 2  Categorical data of the groups with and without 
preoperative transarterial chemoembolization treatment

Variables and stratification TACE 
(n  = 88)

No TACE 
(n  = 116)

χ 2 P  value

Sex   0.352   0.553
   Male 79 101
   Female   9   15
MELD   5.269   0.072
   < 15 80 104
   15-25   5   12
   > 25   3     0
Child   0.207   0.902
   A 56 77
   B 14 18
   C 18 21
Operation method   1.874   0.171
   CDLT 71 84
   LDLT 17 32
AFP 14.141    0.003a

   < 20 21 47
   ≤ 400 22 38
   400-1000 18   9
   > 1000 27 22
Tumor recurrence 21.983 < 0.001a

   No 46 96
   Yes 42 20
Complications   3.064   0.382
   No 66 97
   Complication of bile 
duct

  8   9

   Complication of vessel   7   6
   Infection   7   4

aP < 0.05, TACE vs no TACE. TACE: Transarterial chemoembolization; 
Child: Child-Turcotte-Pugh classification; MELD: Model for end-
stage liver disease; AFP: α-fetoprotein; CDLT: Cadaveric donor liver 
transplantation; LDLT: Living donor liver transplantation.

Table 3  Postoperative pathological data for the two groups 
of patients

Variables and 
stratification 

TACE 
(n  = 88)

No TACE 
(n  = 116)

χ 2 P  value

Tumor size   6.569    0.037a

   Within Milan criteria 38 70
   Within UCSF criteria 22 24
   Beyond UCSF criteria 28 22
Vascular invasion 12.138 < 0.001a

   No 48 90
   Yes 40 26
Tumor Edmondson grade   2.521   0.112
   Well-moderate 57 87
   Moderate-poor 31 29
Number of tumors 15.632 < 0.001a

   Solitary 38 82
   Multiple 50 34

aP < 0.05, TACE vs no TACE. TACE: Transarterial chemoembolization.
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before LT were 50.386 ± 4.901 and 80.281 ± 3.216 
mo, respectively (χ 2 = 22.063, P < 0.001, P < 0.05). 

Influence of time of TACE from LT on location and 
recurrence of the tumor
The 62 patients with tumor recurrence were divided 
into three groups according to tumor size: those 
meeting the Milan criteria, complying with UCSF 
criteria, and beyond the UCSF criteria. Based on the 
time of TACE treatment from transplant surgery, the 

patients were divided into three groups: ≤ 1, 1-3 and 
≥ 3 mo. As seen in Table 4, the results showed that 
the groups with and without TACE treatment showed 
significant differences (P < 0.05).

Tumor recurrence and metastases were divided 
according to different organs: liver, lung and bone, 
and multiple metastases. The results showed that for 
the groups beyond USCF with and without TACE, χ 2 = 
10.459, P = 0.015 and P <0.05, respectively, while for 
the groups meeting the Milan criterion and USCF with 
and without TACE treatment, there was no significant 
difference (P > 0.05). As seen in Table 5, the number 
of cases with pulmonary and distant metastasis in 
the TACE groups was higher than that of the groups 
without TACE.

DISCUSSION
LT as a curative and effective therapy for HCC can 
remove the tumor and cirrhosis of the liver tissue 
and avoid malignant changes in residual disease in 
liver tissue[17,18]. However, whether TACE before LT 
is suitable for patients with HCC is still controversial. 
Grasso and others have suggested that preoperative 
adjuvant therapy has no effect on the recurrence rate 
when the Milan criteria are not followed[19]. Yao et al[20] 
have proposed that proper preoperative treatment is 
necessary for patients exceeding the Milan criteria. 
Roayaie and others have suggested that preoperative 
TACE combined with postoperative doxorubicin 
chemotherapy has satisfactory therapeutic effects for 
large liver cancers and LT[21]. Aggressive preoperative 
treatment may have a positive role in reducing 
neoplasm stage, and thus reduce the rate of tumor 
recurrence.

Our results suggest that sex, MELD score, Child 
classification, surgical approach, postoperative 
complications, and other general clinical data in the 
groups with and without TACE made no significant 
difference. The 1-, 3- and 5-year cumulative survival 
rates of the patients with and without TACE were 
significantly different (χ 2 = 22.547, P < 0.001, P < 
0.05). The cumulative disease-free survival rates of 
the two groups were also significantly different (χ 2 = 
22.063, P < 0.001, P < 0.05). These results indicate 
that preoperative TACE had no positive role on the 
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Figure 1  Cumulative survival curves of patients plotted using the Kaplan-
Meier method. Green line: Cumulative survival curve of the 116 patients 
with TACE before LT; Blue line: Cumulative survival curve of the 88 patients 
without TACE before LT. The cumulative survival rates of the two groups 
showed a significant difference (P < 0.05, log-rank test). TACE: Transarterial 
chemoembolization; LT: Liver transplantation.
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Figure 2  Cumulative disease-free survival curves of patients plotted 
using the Kaplan-Meier method. Green line: Cumulative disease-free survival 
curve of the 116 patients with TACE before LT; Blue line: Cumulative disease-
free survival curve of the 88 patients without TACE before LT. The cumulative 
disease-free survival rates of the two groups showed a significant difference 
(P < 0.05, log-rank test). TACE: Transarterial chemoembolization; LT: Liver 
transplantation.

Table 4  Comparison of the groups with and without 
transarterial chemoembolization treatment at different times 
from the liver transplantation

TACE No TACE χ 2 P  value

≤ 1 mo 1-3 mo ≥ 3 mo

Milan criteria 2 1 8 5 16    0.001a

UCSF criteria 1 1 7 6 15    0.002a

BUCSF criteria 8 9 5 9 31 < 0.001a

aP < 0.05, TACE vs no TACE. TACE: Transarterial chemoembolization.
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long-term or disease-free survival rates for HCC. 
Indeed, on the contrary, they may reduce the lifetime 
of the patients. Docaens and others have proposed 
that preoperative TACE does not prolong long-term 
survival[3]. Sarasin and others noted that only when 
liver cancer patients waited > 8 mo for LT did the 
tumor show unfavorable prognostic factors for LT[22]. If 
the waiting time for LT is 1-2 mo, TACE may have no 
effect. If the waiting time for LT is a few months, TACE 
may make the tumor remain at the earliest state, and 
thus may be beneficial in controlling tumor growth 
during the period of waiting for a donor.

In the 62 cases of patients with tumor recurrence, 
tumor size (meeting the Milan criteria, complying with 
UCSF criteria, and beyond the UCSF criteria) and the 
time of TACE from transplant surgery (≤ 1, 1-3 and 
≥ 3 mo) in the groups with and without TACE did 
show significant differences (χ 2 = 16.0, P = 0.001; 
χ 2 = 15.0, P = 0.002; χ 2 = 31.0, P < 0.001, P < 
0.05, respectively). Tumor recurrence and metastasis 
were divided according to different organs: liver, lung 
and bone, and multiple metastases. Comparisons 
between the TACE and non-TACE groups showed that 
TACE before LT may cause pulmonary and distant 
metastases. The number of cases meeting the USCF 
criteria in the TACE group was higher than in the 
non-TACE group, although there was no significant 
difference between them. For patients beyond the 
USCF criteria, larger tumors were more common in 
the TACE group, and comparison of the two groups 
showed a significant difference (P < 0.05). The 
mechanism remains unclear.

The current study shows that residual liver cancer 
cells and normal liver tissue undergo gene expression 
changes after TACE; that is, TACE can promote 
angiogenesis factor expression in residual tumor 
cells. Animal experiments have demonstrated that 
after TACE, in tumor remnants, vascular endothelial 
growth factor (VEGF) and basic fibroblast growth 
factor, microvascular density, and proliferative activity 
of the non-embolized tumor cells increased[23]. An et 
al[24] found that VEGF levels in the peripheral blood of 
patients with HCC after TACE increased, and expression 
of VEGF by cancer cells and noncancerous liver cells in 
surgical specimens from a two-stage operation after 
TACE also increased. Li et al[25] found that part of the 
non-embolized liver appears to undergo compensatory 
hyperplasia and increased proliferative activity after 

TACE. The possibility for recurrence and metastasis of 
residual HCC cells increases after TACE. The remnants 
of normal liver tissue may lead to recurrence of HCC, 
due to cirrhosis and an increase in compensatory 
hyperplasia and proliferative activity after TACE. 
Furthermore, recent studies have shown that the 
establishment of collateral circulation after TACE is 
a major factor for HCC recurrence and metastasis, 
which may lead to more vulnerable growth in other 
parts of the tumor cells with high metastatic potential. 
The specific mechanisms remain to be studied further. 
However, at least based on current findings, there is 
no conclusive evidence that preoperative TACE before 
LT can prolong long-term survival after LT in patients 
with HCC[21,26-33].

In conclusion, for the patients with HCC before LT, 
especially for patients who can undergo LT in < 3 mo, 
preoperative TACE is not appropriate and may result in 
lung and/or distant metastases. However, whether this 
conclusion applies to other transplant centers needs 
further study.
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HCC had no positive influence on long-term survival or disease-free survival 
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Table 5  Tumor recurrence and metastasis in the groups with and without transarterial chemoembolization

TACE No TACE χ 2 P  value

Liver Lung Bone M Liver Lung Bone M

Milan criteria 2   7 0 2 1 3 0 1   0.019 0.990
UCSF criteria 0   7 0 2 1 3 0 2   2.083 0.353
BUCSF criteria 3 11 0 8 5 3 1 0 10.459  0.015a

aP < 0.05, TACE vs no TACE. TACE: Transarterial chemoembolization.
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rates, however increased the chances of pulmonary metastasis or distant 
metastasis of the primary tumor. It can be reduced the long-term survival rate.
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