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Introduction
Hepatocellular carcinoma (HCC) is a major health problem, 
with more than 620,000 new cases every year worldwide.  
HCC is the sixth most common carcinoma worldwide with 
more than 0.6 million deaths annually.  Additionally, it is the 
third highest cause of cancer-related death globally, behind 
lung and stomach cancers[1].  Because of alcohol abuse, fla-
vacin, environmental contamination and the prevalence of 
Hepatitis B, the incidence and mortality of HCC in China is 
higher than in any other country in the world[2].  Presently, the 
incidence rates for HCC in China are approximately 347,000 
people per year, accounting for 55% of the world; in addition, 

the mortalities total 323,000 people per year, accounting for 
45% of the world.

As the early symptoms of HCC are atypical and difficult 
to diagnose, most patients are diagnosed as advanced and 
metastatic, and only about 15% of patients are eligible for 
surgical resection[3].  Despite recent improvements in surveil-
lance programs and diagnostic tools allowing identification 
of small suspicious nodules, only 30% to 40% of patients with 
HCC are eligible for curative treatments[4].  In well-selected 
patients, resection and liver transplantation provide 5-year 
survival rates of 70%, whereas local ablation with radio fre-
quency results in a 5-year survival rate of 50%[5].  These treat-
ments change the natural course of the disease.  Tumor relapse 
complicates half of the patients at 3 years, and none of the 14 
randomized controlled trial (RCT)s published thus far provide 
a strong rationale for the establishment of a standard adjuvant 
therapy[6].

For patients with advanced HCC who are not eligible for 
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surgery, drug therapy is the main treatment method[7].  In 
addition, patients who have recurrence after liver transplanta-
tion and surgical resection require drug treatment.  However, 
since the patients often have liver diseases (hepatitis, cirrhosis 
and liver dysfunction), the treatment of advanced HCC is very 
difficult[8].  Thus far, no systematic therapy has been shown to 
improve survival in patients with advanced HCC[9–13].  There-
fore, patients with advanced HCC have a poor prognosis.  The 
median survival time (MST) of advanced HCC in China is 
only 3 to 6 months, and a slightly longer MST of 6 to 9 months 
in Europe and the United States.

Sorafenib (Nexavar, Bayer Pharmaceuticals) is a small 
molecule that can inhibit tumor cell proliferation and tumor 
angiogenesis as well as increase the rate of apoptosis in a 
wide range of tumor models[14, 15].  Sorafenib works by inhib-
iting the serine/threonine kinases Raf-1, B-Raf, the receptor 
tyrosine kinase activity of vascular endothelial growth factor 
receptors (VEGFRs) 1, 2, and 3 and platelet-derived growth 
factor receptor β (PDGFR-β)[14, 15].  Cellular signaling pathways 
mediated by Raf-1 and vascular endothelial growth factor 
(VEGF) have been implicated in the molecular pathogenesis of 
HCC[16–19], providing a rationale for investigating sorafenib for 
this indication.  In preclinical experiments, sorafenib had anti-
proliferative activity on liver cancer cell lines, and it reduced 
tumor angiogenesis and tumor-cell signaling.  Moreover, 
sorafenib increased tumor-cell apoptosis in a mouse xenograft 
model of human HCC[20].  In 2005, sorafenib was approved 
for therapy of advanced renal carcinoma by the FDA.  In this 
article, patients with multiple recurrences of HCC after liver 
transplantation were studied.  They received either transarte-
rial chemoembolization (TACE) combined with sorafenib or 
TACE only.  The efficacy and treatment-induced toxicities of 
sorafenib were studied.

Materials and methods
Patients and staging evaluation
Subject recruitment
From November 2004 to December 2009, patients with multi-
ple recurrences of HCC after liver transplantation from Shang-
hai Eastern Hepatobiliary Surgery Hospital with the following 
selection criteria were enrolled.

Inclusion criteria
Patients were included based on the following criteria:

1) Patients with multiple recurrences of HCC after liver 
transplantation and they were not eligible for surgery; 2) Clini-
cal diagnosis of recurrent tumor and/or metastatic lesions of 
hepatocellular carcinoma according to the EASL diagnostic 
criteria; 3) Liver function was Child A or Child B; 4) Recurrent 
tumor and/or metastatic lesions with at least one lesion con-
firmed by CT or MRI.

Exclusion criteria
Patients were excluded based on the following criteria:

1) Drug allergy history; 2) Other tumors or a history of heart 
disease; 3) Brain metastasis or digestive tract hemorrhage his-

tory in the previous 30 days.

Adverse effects assessment grading
Hand-foot skin reaction grading

1) Hand and/or foot numbness, insensitivity/paresthesia, 
tingling, discomfort, swelling or redness, where these anoma-
lies do not affect normal activities.

2) Hand and/or foot pain in erythema and edema that affect 
the patients’ activities.

3) Hands and/or feet appear wet, scaling, ulcers, bullae, 
severe pain, and/or severe discomfort, where patients are 
unable to perform daily activities.

Hypertension grading
1) Asymptomatic and transient (<24 h) increase, increased 

amplitude >20 mmHg (diastolic blood pressure), or blood 
pressure >150/100.  No treatment required.

2) Recrudescent and persistent (>24 h) increase, increased 
amplitude >20 mmHg (diastolic blood pressure), or blood 
pressure >150/100.  Requires single drug treatment.

3) Requires more than one high intensity medical treatment.
4) Life crisis occurs (for example, hypertensive crisis).
5) Death.

Diarrhea grading
1) Compared with the baseline, number of defecation <4; 

stoma discharge increased slightly.
2) Compared with the baseline, number of defecation is 4-6; 

Intravenous infusion <24 h; moderate increase in stoma dis-
charge.

3) Compared with the baseline, number of defecation ≥7; 
Fecal incontinence; intravenous infusion ≥ 24 h; hospitaliza-
tion; stoma discharge has severe increase.

4) Life crisis occurs (for example, hemodynamic distur-
bance).

5) Death.

Treatment 
Informed consent was required and obtained from all patients 
prior to the initiation of treatment.  Ten patients were assigned 
to the TACE group, and ten patients were assigned to the 
TACE + sorafenib group.  In the TACE + sorafenib group, 
patients received 400 mg of sorafenib orally twice daily, 
spaced 12 h apart, on a continuous basis.  Dose modification to 
400 mg once daily was permitted if grade 3 or 4 hematologic 
toxicity, skin toxicity, hypertension, and/or hepatic dysfunc-
tion defined by the NCI-CTCAE 3.0 occurred.  The treatment 
continued until a liver function of Child C grade occurred.  
The start point of the study was defined as the time of liver 
cancer recrudescence after liver transplantation; the endpoint 
was the time of patient death.

Therapeutic effect evaluations
The main therapeutic measurement is overall survival.  
According to the RECIST standard, we evaluated therapeutic 
effects after 4 to 6 weeks for patients treated with TACE and 
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sorafenib.  The results were divided into complete response 
(CR), partial response (PR), stable disease (SD), and progres-
sive disease (PD).  CR, PR and SD (surviving 12 weeks or 
more) were regarded as positive results.

Follow up
In the first three months, all patients were required to be 
evaluated monthly during their treatment.  Three months 
later, patients had to be monitored every 2 months.  As a 
requirement of the protocol, each follow-up session included 
a complete history and physical examination, routine labora-
tory tests including liver function tests, blood routine, CT 
scan (1 and 3 months), AFP, and B-Mode Ultrasonography.  
Concentration of FK506 and Hepatitis B surface antibody titer 
were measured on a monthly basis during the treatment and 
at every follow-up visit after the termination of the treatment.  
Tumor response was measured from one month after the ini-
tiation of the treatment using the RECIST criteria.  The radio-
logical responses were evaluated by diagnostic radiologists 
independent of this study and verified by the investigators.  
The adverse effects were evaluated at each visit during and 
after the treatment.

Prognostic parameters
This study selected nine pathological parameters to explore 
factors influencing the prognosis of patients with multiple 
recurrences of HCC after liver transplantation.  These param-
eters include preoperative tumor size, preoperative vascular 
tumor thrombi, preoperative bilirubin, preoperative Child-
Pugh grade, preoperative white protein, multiple tumor 
before liver transplantation, hepatic cirrhosis background, pre-
operative alpha-fetoprotein (AFP) level (grade 1: ≤20, grade 2: 
20-400, grade 3: 400-1000, grade 4: >1000) and age.  

Statistical analysis
Independent-sample T test, Fisher’s Exact Test and Chi-square 
Test were performed using SPSS software version 15.0 (SPSS, 
Chicago, IL, USA) to investigate whether there were signifi-
cant differences in indicated parameters between the two 
groups with different therapeutic schedules (Table 1).

Three types of survival time were analyzed: tumor-free sur-
vival time (from operation to recurrence), survival time after 
multi-recurrence (from recurrence or therapy of sorafenib to 
the end of the study) and overall survival time (from opera-
tion to the end of the study).  Survival curves were generated 
by the Kaplan-Meier method and the lifetime of the two treat-
ment groups were compared by the Log-rank method of SPSS 
15.0.  Univariate analysis was performed by the Log-rank 
method while multivariate analysis was performed by the 
Cox regression method.  All reported P values are two-sided.  
P<0.05 was considered statistically significant.

Results
Study patients
From November 2004 to December 2009, we enrolled patients 
with HCC from Shanghai Eastern Hepatobiliary Hospital.  

The study enrolled a total of 20 patients.  After nearly 5 years 
of tracking, we collected nearly 20 cases of liver transplant 
patients in the surgery clinic.  Of those, the percent of female 
patients was 10% and the overall 3-year recurrence rate was 
50%, but no female patients had recrudescence.  Patient char-
acteristics are listed in Table 1.  There was no statistically 
significant difference of the collected parameters(including : 
preoperative tumor size, hepatic cirrhosis background, tumor 
free survival time after liver transplantation, etc.) between the 
two groups.

Treatment outcome
The median survival time (MST) after multiple recurrences in 
the TACE and TACE+Sorafenib group were 6 months (95% 
CI=2.59–9.41) and 14 months (95% CI=5.30–22.7), respec-
tively (Table 2).  This survival was significantly different as 
determined by the Log-rank method (P=0.005) (Figure 1).  At 
the time of this analysis, 18 patients (90%) were deceased: 5 
patients died of liver failure, 2 patients died of myelosuppres-
sion, 10 patients died of respiratory failure that was caused by 

Table 1. Data of the 20 patients with multiple recurrences of HCC after 
liver transplantation.   

      Variable TACE TACE+Sorafenib P                                   
 
Gender 
Male 10 10 
Age (year) 43.40±7.31 46.30±5.95 0.327
AFP (ng/mL)   0.785
≤ 20 1 1 
20–400 4 2 
400–1000 1 1 
>1000 4 6 
Tumor size (cm) 9.98±1.96 9.52±4.63 0.778
Multiple recrudescence   0.656
No 6 4 
yes 4 6 
Vascular tumor thrombi   1.000
No 3 4 
yes 7 6 
Hepatic cirrhosis   1.000
No 3 2 
yes 7 8 
Child-Pugh score   1.000
A 6 5 
B 4 5 
Bilirubin (μmol/L)    0.350
≤34 5 8 
>34 5 2 
White protein (g/L)    0.582
≤35 1 3 
>35 9 7 
Tumor free survival time (month)   1.000
≤12 6 5 
>12 4 5 
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lung metastasis, and 1 patient died of psychoactive stimulus.

Therapeutic effect
In the TACE plus sorafenib group, seven (70%) patients had 
stable disease (SD) (according to RECIST), whereas in the 
TACE group, one patient (10%) had a partial response (PR) 
and three patients (30%) had stable disease (SD) (Table 3).  
There were no complete responses in either group.  There was 
no significant difference between the two groups.

Adverse effects
Adverse events that were reported for patients receiving 
sorafenib were hypertension, weight loss, rash, hand–foot skin 
reaction, alopecia, anepithymia, mucositis (oral cavity), diar-
rhea, anemia, and voice changes, among others.  In our study, 
all patients in the sorafenib group experienced some type of 
adverse effect; however, the studied treatment protocol was 
well tolerated and most patients experienced grade 1 or 2 tox-
icities (Table 4).  Only one (10%) patient required dose reduc-

tion due to grade 3 or 4 adverse effects, and one (10%) patient 
discontinued his treatment due to severe adverse effects.

 The remaining eight (80%) patients tolerated and continued 
their treatment with standard dose of sorafenib at the time of 
this analysis or until disease progression.  The most commonly 
observed severe toxicities were hand-foot syndrome, hyper-
tension and diarrhea.  Treatment-induced grade 4 toxicity was 
not observed in the patients.

Univariate analysis for survival time
Univariate analysis was performed by Log-rank test with vari-
ants, preoperative tumor size, preoperative vascular tumor 
thrombi, preoperative bilirubin, preoperative Child-Pugh 
grade, and other parameters.  The tumor-free survival time 
was significantly associated with preoperative bilirubin and 
CHILD grade, with scores of χ2=3.977 (P=0.046) for bilirubin 
and χ2=4.345 (P=0.037) for CHILD score.  High CHILD grade 
and low bilirubin obtained longer tumor free survival time.  
For the survival time after multi-recurrence, the two groups 
with different treatments showed significant differences , with 
χ2=7.957 (P=0.005), while preoperative bilirubin was still asso-
ciated with the survival time after multi-recurrence (χ2=11.246, 
P=0.001) , patients in TACE plus sorafenib group with low 
bilirubin level obtained longer survival time after multi-recur-
rence.  Moreover, the variants of groups and preoperative bili-
rubin were significant predictors of overall survival time with 
χ2=4.751 (P=0.029) and χ2=9.465 (P=0.002), patients in TACE 
plus sorafenib group with low bilirubin level obtained longer 
overall survival time.

Multivariate analysis for survival time
In the multivariate COX regression modeling, preoperative 
high CHILD grade was found to be a risk factor of tumor-free 
survival time [Exp(B)=2.752 (95% CI=1.004–7.546, P=0.049)].  
Preoperative high bilirubin grade was found to be a risk factor 
of survival time after recurrence [Exp(B)=7.935 (95% CI=1.945–
32.376, P=0.004)] and overall survival time [Exp(B)=5.875 (95% 
CI=1.724–20.021, P=0.005)].  Furthermore, survival time after 
recurrence and overall survival time were also associated 
with therapeutic schedule, which was indicated by GROUP, 
with Exp(B)=0.195, (95% CI=0.057–0.669, P=0.009) and 
Exp(B)=0.305, (95% CI=0.104–0.890, P=0.03), patients in TACE 
plus sorafenib group lived longer than single TACE treatment 
group indicating sorafenibs benefits for survival.  

Table 2.  Summary of survival statistics of patients with multiple recur-
rences of HCC after liver transplantation.   

Treatment Group a MST (month) b   95% CI     P                                   
 

1   6 2.59–9.41 0.005
2 14 5.30–22.70

Group 1 was treated with TACE, group 2 was treated with TACE combined 
with sorafenib.   aMST: median survival time, month.

Table 3.  Summary of therapeutic effect.   

 Treatment group  CR  PR (%) SD (%) PD (%)                                   
 

1 0 1 (10%) 3 (30%) 6 (60%)
2 0 0 7 (70%) 3 (30%)

CR: complete responses; PR: partial response; SD: stable disease; PD: 
progressive disease.

Table 4.  Incidence of drug-related adverse events in sorafenib group.   

      Adverse event           Toxicity grade
 1 2 3 4                                   
 
Hypertension 1 1 0 0
Agrypnia 1 0 0 0
Hand-foot skin reaction 3 1 1 0
Diarrhea 2 1 0 0

Figure 1.  Kaplan-Meier analysis of MST after multi recurrence.  n=10.
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Discussion
Although liver transplantation is the most common treatment 
for advanced HCC patients, recurrence rates after transplanta-
tion remain as high as 60% to 100%.  Because micro-metastases 
remain that can migrate to peripheral tissues, the recurrences 
are sometimes accompanied by widespread metastatic carci-
noma, and partial or palliative treatments are usually used[6].  
TACE is the most widely used neo-adjuvant treatment for 
patients with HCC.  The 3-year survival rate of this treatment 
is 20% to 40%.  Recent randomized and controlled analysis 
along with Meta analysis have shown that TACE can sig-
nificantly improve the 2-year survival rate and extend the 
median survival time to 20 months[12].  Thus, TACE is con-
sidered the standard treatment for patients with advanced 
HCC after liver transplantation.  TACE utilizes the excessive 
angiogenesis of HCC and obtains arterial blood supply from 
the HCC.  TACE treatments use chemotherapeutic drugs 
and iodized oil emulsifier, combined with embolization 
agents such as gelatin sponges and others, to induce tumor 
necrosis through blocking angiogenesis.  TACE treatment 
usually cannot cause complete necrosis, so survival is still 
unsatisfactory, especially for larger tumors or those with no 
capsule.  This is due to the fact that HCC is a hypervascular 
malignant tumor and has a high recurrence and fast growth 
rate.  Metabolism of tumor growth, invasion, metastasis and 
recurrence of the tumor are closely interrelated with blood 
supply.  Some studies have confirmed that there are multiple 
angiogenesis factors expressed in the tumors, of which VEGF 
is the strongest factor.  A number of studies have shown that 
VEGF over-expression and the activation of its signaling 
pathway play an important role in tumor progression and 
angiogenesis.  In vitro experiments have shown that hypoxia 
can upregulate VEGF and stimulate liver tumor cell growth.  
Although TACE treatment will inevitably lead to hypoxia of 
the liver cancer cells and the surrounding liver tissue, TACE 
not only blocks the blood vessels but can also increase VEGF, 
which causes residual tumor progression, metastasis, and 
even the generation of new tumors[21]. Therefore, blocking 
VEGF-mediated angiogenesis after TACE is likely to be an 
effective way to optimize the efficacy of TACE.

Sorafenib (Nexavar, Bayer Pharmaceuticals) is an oral multi-
kinase inhibitor that blocks tumor cell proliferation by target-
ing the Raf/mitogen-activated protein kinase/extracellular 
signal regulated kinase (Raf/MEK/ERK) signaling pathway 
and exerts an anti-angiogenic effect by targeting the tyrosine 
kinases (TKs) VEGF receptor 2 (VEGFR-2), VEGFR-3, and 
platelet-derived growth factor receptor (PDGFR-b).  In pre-
clinical models, evidence of dose-dependent activity against 
a wide range of tumor types, including HCC, was observed.  
Sorafenib exhibited growth inhibition, induction of apopto-
sis, and down-regulation of the anti-apoptotic protein Mcl-1 
through a Raf/MEK/ERK-independent mechanism.  This 
was reported in the SHARP clinical trials recently[12].  The 
study, which included 602 advanced (phase 3) HCC patients, 
demonstrated in a double-blind and placebo-controlled trial 
that sorafenib can significantly increase the overall survival of 

patients with advanced hepatocellular carcinoma or primary 
liver cancer.  It suggested that sorafenib would be the first 
drug that is well tolerated and can significantly extend over-
all survival for patients with advanced HCC.  It is a break-
through for molecular targeted therapy in the treatment of 
liver cancer[4].  With the breakthrough of sorafenib in liver can-
cer treatment, studies focused on the combination treatment of 
sorafenib and other chemotherapy drugs in clinical and basic 
research.  Sorafenib combined with TACE, radiofrequency 
therapy or microwave therapy became another area of focus.  
In one study using TACE plus sorafenib treatment, Strebel[22] 
suggested that an anoxic environment was caused by TACE 
treatment, which increased the expression of VEGF.  TACE 
combined with sorafenib can effectively inhibit the regenera-
tion of blood vessels, reduce tumor recurrence and metasta-
sis and improve the therapeutic effects for liver cancer.

In this study, TACE combined with sorafenib had no CR 
or PR patients, but seven patients had stable disease (SD), 
accounting for (70%, According to RECIST criteria).  In the 
TACE alone group, one patient (10%) had a PR and three 
(30%) had SD.  Patients with multiple recurrences of HCC 
after liver transplantation that received sorafenib treatment 
had nearly an eight month median survival benefit, com-
pared with those who received TACE alone.  The effect of 
sorafenib on survival time was significantly better than that of 
TACE (P=0.005).  Adverse events were more common in the 
sorafenib treatment (eg, diarrhea, weight loss, and hand–foot 
skin reaction) but were mild to moderate.  The most frequent 
adverse events in this study were hand–foot skin reaction and 
diarrhea, which were in agreement with previous reports[6].  
In the multivariate Cox regression analysis, preoperative high 
bilirubin grade was found to be a risk factor of survival time, 
both after recurrence and overall survival time.  In addition, 
the therapeutic strategy marked by GROUP showed that 
TACE and sorafenib combination therapy benefited patients 
by prolonging their lifetime.

This trial showed that sorafenib prolonged median survival 
in patients with multiple recurrences of HCC after liver trans-
plantation.  This is an important finding given the increasing 
incidence of the disease around the world and the lack of 
efficacious therapeutic options for advanced HCC after liver 
transplantation.  The number of cases in our study is relatively 
small compared to other studies, which is one flaw of this 
study.  However, because the aim of this report was to study 
patients with multiple recurrences after liver transplantation 
with rare liver defects, expensive surgery cost and the high 
drug prices for sorafenib resulted in a small patient number.  
However, appropriate statistical methods and small P values 
demonstrated the reliability of our findings.  Furthermore, 
more cases are being collected and we also conducted a clini-
cal trial with pre-liver transplantation patients.  In summary, 
we expect that sorafenib will become the first-line treatment 
drug for patients with advanced HCC who had recurrence 
after liver transplantation.  The TACE plus sorafenib group in 
this study has longer stable disease status and survival time.  
The sorafenib was well tolerated, making it worthy of further 
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studies with a large group of cases.
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