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Sorafenib for hepatocellular carcinoma patients
beyond Milan criteria after orthotopic liver
transplantation: a case control study
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Abstract

Background: Orthotopic liver transplantation (OLT) is one of the most effective treatments for patients with
hepatocellular carcinoma (HCC) within the Milan criteria. However, for patients beyond these criteria, the
recurrence rate is higher and the prognosis is worse. Sorafenib is the only drug showing survival benefits in
advanced HCC patients; however, its role in patients beyond the Milan criteria after OLT remains unclear and
requires further investigation.

Methods: As a case-control study, we retrospectively analyzed 17 Chinese patients beyond Milan criteria
undergoing OLT for HCC. These patients were stratified into adjuvant (n = 5), palliative (n = 6), and control groups
(n = 6).

Results: Nine of 11 patients who received sorafenib after OLT needed dose reduction due to more than grade 2
side effects. The disease-free survival rates for patients with or without adjuvant sorafenib were 100% versus 37.5%
(p = 0.034) at 6 months, 66.7% versus 9.4% (p = 0.026) at 12 months, and 66.7% versus 0.0% (p = 0.011) at 18
months, respectively. The overall survival rates for patients in palliative and control groups were 66.7% versus 40.0%
(p = 0.248) at 6 months, 66.7% versus 40.0% (p = 0.248) at 12 months, and 50.0% versus 20.0% (p = 0.17) at 18
months, respectively. Patients in the adjuvant group had better overall survival rates than those in the palliative
and control groups (p = 0.031) at 24-month follow-up.

Conclusions: Adjuvant sorafenib could possibly extend both disease-free and overall survival for HCC patients
beyond Milan criteria after OLT.
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Background
Hepatocellular carcinoma (HCC) is a highly prevalent
malignancy, especially in Asia. Liver cirrhosis is the stron-
gest predisposing factor for HCC, accounting for approxi-
mately 80% of patients with this disease [1]; therefore, the
risk factors for liver cirrhosis are generally also the risk
factors for HCC. In the United States, Europe, and Japan,
hepatitis C virus (HCV) infection is the major etiology of
liver cirrhosis and HCC [2]. Hepatitis virus B (HBV) infec-
tion, however, is the leading cause of HCC development in
most Asian countries other than Japan [3]. In addition to

HBV and HCV infection, alcoholic cirrhosis and metabolic
disorders can also act as risk factors for HCC. With an
increased understanding of epidemiology and tumor biol-
ogy of HCC, better surveillance strategies for high-risk
patients have been proposed, including the use of serum
alpha-fetoprotein and abdominal ultrasound at intervals of
6 months [4]. The goal of this surveillance program is to
detect HCC in the early stage so that curative interven-
tions can be introduced. Unfortunately, the prognosis of
patients with HCC remains dismal because early HCC can
be detected in only 30% of cases [5]. Thus, developing
effective but tolerable therapeutic modalities for advanced
HCC is an important and urgent issue.
The current management of HCC is essentially based

on the Barcelona Clinic Liver Cancer (BCLC) staging
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system. Briefly, for patients with very early (stage 0) and
early-stage diseases (stage A), surgical resection, percuta-
neous ethanol injection, radiofrequency ablation (RFA),
and orthotopic liver transplantation (OLT) are the thera-
peutic options with intention to cure [5]. A high inci-
dence of recurrence, which cannot be prevented after
resection and RFA, is the major obstacle for these treat-
ments. However, OLT differs from local resection and
RFA, and has the potential to provide oncological and
cirrhotic liver clearance. A study by Mazzaferro et al. [6]
shows that the overall survival (OS) at 5 years can be
approximately 70% in patients fulfilling Milan criteria.
For patients with advanced or unresectable disease, how-
ever, treatment options, such as transarterial chemoem-
bolisation (TACE) and sorafenib, are only palliative [7].
Although being far from a curative drug, sorafenib
remains one of the most encouraging successes among
the treatments of HCC in the past decade.
Sorafenib is a multiple tyrosine kinases inhibitor. Raf,

vascular endothelium growth factor, platelet-derived
growth factor, and c-kit are its target molecules. It is
believed that clinical benefits from sorafenib are because
it has both anti-proliferative and anti-angiogenic effects
[8], as shown by the SHARP study, wherein sorafenib
was demonstrated to increase the median OS from 7.9
to 10.7 months in advanced HCC patients with Child-
Pugh A cirrhosis [9].
Although a retrospective study conducted by Fan et al.

[10] shows that the long-term relapse-free survival for
HCC patients beyond Milan criteria receiving OLT is
61.5%, the role of OLT in the treatment of large or multi-
focal HCC remains controversial. A strategy for prolong-
ing both disease-free and OS in patients in this scenario is
a challenging but critical issue. The role of sorafenib in
such patients remains unclear and needs further investiga-
tion. For this purpose, we have conducted a case-control
study and retrospectively reviewed 17 Chinese HCC
patients who were beyond the Milan criteria but under-
went OLT in our institution, 11 of whom received sorafe-
nib in either adjuvant or palliative settings. This study
aimed to evaluate the survival benefits provided by sorafe-
nib in these patients.

Methods
Patients
As a case-control study, 17 consecutive Chinese patients
with diagnoses of HCC confirmed histologically under-
going OLT were enrolled in this study retrospectively
from December 2004 to February 2011. All the 17 patients
were beyond the Milan criteria. Milan criteria was defined
as having a single tumor ≤ 5 cm or up to 3 separate lesions
with none larger than 3 cm, no evidence of gross vascular
invasion, and no regional nodal or distant metastases
when they underwent OLT [6]. Our patients comprised 13

males and 4 females, with a median age of 55 years (range,
39-79 years). Patients were stratified into adjuvant (n = 5),
palliative (n = 6), and control groups (n = 6). Patients in
the adjuvant group were those who received adjuvant sor-
afenib therapy within 6 weeks after OLT until further dis-
ease progression. Patients in the palliative group were
those who received palliative sorafenib therapy when local
or distant recurrence occurred after OLT. Sorafenib would
not be discontinued for patients in palliative group until
unacceptable toxicity or patients’ death. Patients in the
control group were those who received neither adjuvant
nor palliative sorafenib. Patients in each group had pre-
viously received radiotherapy, TACE, chemotherapy, or
RFA before or after OLT when active lesions were present.
The average number of days for follow up was 438.3
(range, 67-1714 days). This project was approved by the
institution’s review board (Taichung Veterans General
Hospital, Taiwan).

Tumor staging classification, surveillance, and survival
analyses
According to the performance scale, tumor status, and
liver function, we used the BCLC [7] system for tumor sta-
ging in our study. Following OLT, all patients underwent
chest X-ray, abdominal computed tomography, and serum
alpha-fetoprotein assessment as regular surveillance at
intervals of 3 months. The treatment response was evalu-
ated according to the RECIST criteria [11]. Local recur-
rence and distant metastases as detected by imaging were
used to confirm disease progression. Disease-free survival
(DFS), which was defined as the period between the day of
OLT and the day of local or distant recurrence, was evalu-
ated to clarify whether adjuvant sorafenib therapy was
beneficial. The OS in this study was defined as the period
from OLT or HCC recurrence to patients’ death for any
reasons.

Immunosuppressants for rejection prevention and
treatment
For the 11 patients who underwent OLT, except case 7
who was administered sirolimus (4 mg/M2 per day) for
rejection prevention, the other 10 patients received
tacrolimus (0.1 mg/kg per day). Rejection episodes were
treated by methylprednisolone at an initial dose of
10 mg/kg per day, and adjusted according to the clinical
response.

Statistical analysis
One-way ANOVA and chi-square tests were used for
the comparison of patient characteristics in each group.
We calculated the OS and DFS using the Kaplan-Meier
method. Statistical significance was set at p < 0.05. All
the statistical analyses were performed using SPSS soft-
ware, version 11.5 (SPSS Inc., Chicago, IL, USA).
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Results
Patient characteristics
All the clinical characteristics of the enrolled patients are
summarized in Table 1. Briefly, all the HCC cases in our
cohort were HBV or HCV related, accounting for 64.7%
(11/17) and 35.3% (6/11), respectively. Liver cirrhosis stra-
tification revealed that 58.8% (10/17), 23.5% (4/17), and
17.6% (3/17) of cases to be Child-Pugh A, B, and C cate-
gories. According to the BCLC staging system, only 1
patient was classified as stage A, 6 patients at stage B, 7
patients as stage C, and 3 patients as stage D before trans-
plantation. Most patients had received various treatments
before OLT, including TACE in 11, RFA in 4, and surgery
in 2 patients. Except two patients who had living liver
donors, the other 15 patients received their livers from
cadaveric donors. The average time of sorafenib use for
patients in adjuvant and palliative groups was 284 (range:
6 to 630) and 291 (range: 59 to 544) days, respectively.
Comparisons of clinical characteristics among the patients
from the 3 groups are listed in Table 2.

Sorafenib dose adjustment and toxicity
The targeted daily dose of sorafenib was 800 mg. The
dose of sorafenib was adjusted by patients’ tolerability
and safety, according to the National Cancer Institute

Common Terminology Criteria version 3.0. Dose reduc-
tion was required if the adverse effects were greater than
grade 2. Nine of 11 patients (81.8%) needed dose reduc-
tion in four weeks after initiation of sorafenib in our
cohort. Only one patient discontinued sorafenib due to
intolerable adverse effect (grade 4 fatigue). The average
dose in our study was 472.7 mg per day with a range of
200-800 mg.

Adjuvant sorafenib improved DFS in HCC patients who
received OLT
In our cohort, 5 of 17 patients received adjuvant sorafe-
nib, while 12 did not. The results of this analysis are
shown in Figure 1. Briefly, the DFS rates for patients
with or without adjuvant sorafenib were 100% versus
37.5% (p = 0.034) at 6 months, 66.7% versus 9.4% (p =
0.026) at 12 months, and 66.7% versus 0.0% (p = 0.011)
at 18 months, respectively. Adjuvant sorafenib therapy
thus significantly improved DFS in patients beyond the
Milan criteria after OLT.

Palliative sorafenib could possibly provide survival
benefits after HCC recurrence
Subsequently, we evaluated whether palliative sorafenib
provided survival benefits in HCC patients with recurrent

Table 1 Characteristics of 17 patients with hepatocellular carcinoma undergoing liver transplantation

Pt
No.

Pt
Group

Sex Age Viral
Hepatitis

Liver
cirrhosis
Child-
Pugh

Pre-
OLT
BCLC

Histology AFP
(ng/
mL)

Pre-OLT
Treatment

Donor
Type

Relapse
Location

Post
Relapse

Treatment

Sorafenib
Dose
(mg)

Current
Status

1 Adjuvant M 50 HBV A B N/A N/A TACE CD Liver TACE, R/T 400 PD

2 Adjuvant M 50 HBV A A Mod. Diff. 3.29 OP, RFA CD Nil Nil 600 CR

3 Adjuvant M 55 HBV A B N/A 3115 Nil CD Nil Nil 400 CR

4 Adjuvant M 61 HCV A B Mod. Diff. 153 TACE, RFA CD Nil Nil 400 CR

5 Adjuvant M 51 HBV B B P. Diff. 25.4 TACE CD Nil Nil 400 CR

6 Palliative M 56 HBV C D N/A 12.31 TACE CD Potal
vein

Nil 400 PD

7 Palliative M 48 HBV A C N/A 5567 TACE, RFA CD Liver TACE, R/T 800 Dead

8 Palliative M 51 HBV B C P. Diff. 22.12 TACE LD Lung C/T 400 CR

9 Palliative M 48 HBV A B P. Diff. 5.07 Nil CD Liver R/T, RFA 800 Dead

10 Palliative F 61 HCV B D N/A 7745 TACE, RFA CD Lung Nil 200 Dead

11 Palliative M 55 HBV C D N/A N/A Nil CD Portal
vein

R/T 400 Dead

12 Control F 78 HCV A B N/A N/A TACE CD Lung Nil Nil Dead

13 Control M 39 HBV A C P. Diff. 24.21 TACE CD Liver TACE, OP,
C/T

Nil Dead

14 Control M 57 HBV B C P. Diff. 6.38 TACE CD Liver OP Nil Dead

15 Control F 62 HCV A C N/A 9058 OP, RFA CD Liver TACE Nil Dead

16 Control M 62 HCV A C Mod. Diff. 13.74 TACE CD Nil Nil Nil Dead

17 Control F 62 HCV C C P. Diff. 98589 Nil LD Lung Nil Nil Dead

Pt: patient, M: male, F: female, HBV: hepatitis B virus, HCV: hepatitis C virus, OLT: orthopedic liver transplant, BCLC: Barcelona Clinic Liver Cancer, N/A: not
available, Mod. Diff.: moderately differentiated, P. Diff.: poorly differentiated, AFP: alpha-fetoprotein, N/A: not available, TACE: transarterial chemoembolisation, OP:
operation, RFA: radiofrequency ablation, CD: cadaveric donor, RFA: radiofrequency ablation, CD: cadaveric donor, LD: living donor, R/T: radiotherapy, C/T:
chemotherapy, PD: progressive disease, CR: complete remission, RFA: radiofrequency ablation, CD: cadaveric donor, LD: living donor, R/T: radiotherapy, C/T:
chemotherapy, PD: progressive disease, CR: complete remission
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disease. Because all the patients in the palliative group
showed active disease progression, the progression-free
survival was not calculated. Results for OS are shown in
Figure 2. The OS rates for patients in the palliative and
control groups were 66.7% versus 40.0% (p = 0.248) at 6
months, 66.7% versus 40.0% (p = 0.248) at 12 months,
and 50.0% versus 20.0% (p = 0.17) at 18 months, respec-
tively. Except case 16 who died of HCV reactivation, all
the other mortalities in both the palliative and control
groups occurred due to HCC progression. Although
there was no statistical significance, patients receiving
palliative sorafenib tended toward superior OS according
to the Kaplan-Meier survival curve.

Adjuvant sorafenib improved OS
We further evaluated whether sorafenib could improve
OS for HCC patients after OLT. The results of this eva-
luation are shown in Figure 3. All the patients in the
adjuvant group (n = 5) were alive at 12, 18, and 24
months after OLT. For patients in the palliative group,
66.7% (4/6) patients were alive at 12 and 18 months.
Further, 50% (3/5) patients were alive at 24 months. For
patients in the control group, however, 33.3% (2/6) were
alive at 12 and 18 months. Only 1 patient in this group

remained alive at 24 months after OLT. Thus, patients in
the adjuvant group showed a better OS rate than those in
the palliative and control groups (p = 0.031) at 24-month
follow up. Considering these results together, we
assumed that better DFS by adjuvant sorafenib therapy
may contribute to better OS for HCC patients beyond
the Milan criteria after OLT.

Discussion
The Milan criteria are considered a universal standard for
the selection of HCC patients for OLT. The debate
regarding the feasibility of transplanting a patient beyond
the Milan criteria has not been resolved thus far.
Although the relapse rate is higher, OLT remains the
only possible curative treatment for these patients. The
prevention of disease recurrence is extremely important
in these patients. Zhang et al. [12] evaluated the efficacy
of post-OLT adjuvant chemotherapy with FOLFOX regi-
men to patients beyond the Milan criteria, and concluded
that adjuvant FOLFOX could not prevent tumor recur-
rence but may improve the survival. One of the major
concerns for this study, however, was the possibility that
the cytotoxic agents used could damage the transplanted
livers, rendering sorafenib as a potential solution for

Table 2 Comparisons of clinical characteristics among different groups

Total
n = 17 (%)

Adjuvant Group
n = 5 (%)

Palliative Group
n = 6 (%)

Control Group
n = 6 (%)

P value

Age (Mean ± SD) 55.6 ± 8.6 53.4 ± 4.7 60.0 ± 12.5 53.2 ± 5.1 0.324

Sex 0.133

F 4 (23.5) 0 (0) 1 (16.7) 3 (50.0)

M 13 (76.5) 5 (100.0) 5 (83.3) 3 (50.0)

Viral Hepatitis 0.135

HBV 11 (64.7) 4 (80.0) 5 (83.3) 2 (33.3)

HCV 6 (35.3) 1 (20.0) 1 (16.7) 4 (66.7)

C-P Classification 0.522

A 10 (58.8) 4 (80.0) 2 (33.3) 4 (66.7)

B 4 (23.5) 1 (20.0) 2 (33.3) 1 (16.7)

C 3 (17.6) 0 (0) 2 (33.3) 1 (16.7)

Pre-OLT BCLC Staging 0.011

A 1 (5.9) 1 (20.0) 0 (0) 0 (0)

B 6 (35.3) 4 (80.0) 1 (16.7) 1 (16.7)

C 7 (41.2) 0 (0) 2 (33.3) 5 (83.3)

D 3 (17.6) 0 (0) 3 (50.0) 0 (0.0)

Donor Type 0.624

CD 15 (88.2) 5 (100) 5 (83.3) 5 (83.3)

LD 2 (11.8) 0 (0) 1 (16.7) 1 (16.7)

1st Relapse Site 0.052

Liver 6 (35.3) 1 (20.0) 2 (33.3) 3 (50.0)

Lung 4 (23.5) 0 (0) 2 (33.3) 2 (33.3)

Portal vein 2 (11.8) 0 (0) 2 (33.3) 0 (0.0)

No relapse 5 (29.4) 4 (80.0) 0 (0) 1 (16.7)

SD: standard deviation, F: female, M: male, HBV: hepatitis B virus, HCV: hepatitis C virus, C-P: Child-Pugh, OLT: orthotopic liver transplantation, BCLC: Barcelona
Clinic Liver Cancer, CD: cadaveric donor, LD: living donor

Teng et al. World Journal of Surgical Oncology 2012, 10:41
http://www.wjso.com/content/10/1/41

Page 4 of 7



reducing the possibility of tumor recurrence. However,
there are only a few studies that have examined this
issue. Similarly, a phase 3 placebo-controlled randomized
trial is currently ongoing for evaluating whether sorafenib
can be an effective adjuvant therapy for HCC patients
after tumor resection or local ablation (STORM trial).
The results of this study would be available in the near
future, which can possibly establish the rationale of adju-
vant sorafenib therapy after OLT in HCC patients
beyond the Milan criteria.
Although prospective and randomized-control studies

regarding the role of adjuvant sorafenib on post-OLT
HCC patients beyond Milan criteria remain unavailable,
there is a retrospective study conducted by Saab et al.
[13] suggesting that sorafenib has the potential benefit to
extend both DSF and OS in high-risk HCC patients after
OLT. In this study, the DFS and OS at 1 year is 85.7%
and 87.5%, respectively. Although there is no significant
statistical analysis in Saab’s cohort, this study provides
initial but important evidence that adjuvant sorafenib
could be effective for patients receiving OLT for HCC for
better DFS and OS. Results from our study further
demonstrated that patients receiving adjuvant sorafenib
had significantly better DFS than those who did not. Our
preliminary data showed that DFS rates in patients with
or without adjuvant sorafenib were 100% and 37.5% (p =
0.034) at 6 months, 66.7% and 9.4% (p = 0.026) at 12
months, and 66.7% and 0.0% (p = 0.011) at 18 months,
respectively. To our knowledge, this is the first report

Figure 1 The disease-free survival rate was analyzed by the
Kaplan-Meier method. In patients with or without adjuvant
sorafenib, it was 100% versus 37.5% (p = 0.034) at 6 months, 66.7%
versus 9.4% (p = 0.026) at 12 months, and 66.7% versus 0.0% (p =
0.011) at 18 months, respectively. Adjuvant sorafenib could
significantly improve disease-free survival in patients beyond the
Milan criteria after orthopedic liver transplantation.

Figure 2 Overall survival rates for patients in the palliative and
control groups were 66.7% versus 40.0% (p = 0.248) at 6
months, 66.7% versus 40.0% (p = 0.248) at 12 months, and
50.0% versus 20.0% (p = 0.17) at 18 months, respectively.
There were no statistical differences between these two groups.

Figure 3 At 24-month follow up, the overall survival rates for
patients in adjuvant, palliative, and control group were 100%
(5/5), 50% (3/6), and 16.7% (1/6), respectively. Patients in the
adjuvant group had better overall survival than those in the
palliative and control groups (p = 0.031).
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showing statistical significance for survival benefits in
post OLT HCC patients who are beyond Milan criteria.
The second aim of our study was to investigate the role

of palliative sorafenib in post-OLT patients with relapsed
HCC. One of the first studies regarding this issue was
conducted by Kim et al. [14], involving 9 patients who
received sorafenib after OLT for HCC recurrence. Survi-
val benefits were not discussed in this study because the
purpose of the study was to evaluate drug safety and fea-
sibility, and 6 of the 9 patients required dose reduction
due to side effects. A study conducted by Yoon et al. [15]
further surveyed the survival benefits by sorafenib in this
setting. Thirteen patients within the Milan criteria were
retrospectively reviewed, showing that the median pro-
gression-free survival and OS was 2.9 months and 5.4
months, respectively. Yoon et al. therefore suggested that
sorafenib could be a feasible treatment for recurrence
HCC in patients with OLT. In our study, because all the
patients in the palliative group had their disease in pro-
gression at the first follow up after initiating the treat-
ment, progression-free survival could not be obtained in
our analyses. Although no statistical significance was
observed, a trend toward superior OS was noted for the
patients in this group as compared to those in the control
group. Variations in tumor recurrence location in the
palliative and control groups could possibly explain why
OS did not reach statistical significance in this analysis.
It has been demonstrated that TACE can prolong survi-

val in patients with unresectable HCC [16]. In our cohort,
only 33.3% (2/6) patients in the palliative group experi-
enced recurrence over liver parenchyma, indicating that
TACE could not have improved survival in the remaining
4 patients. In the control group, however, except 1 patient
who died of HCV reactivation, recurrence over the liver
occurred in 3 of 5 patients (60%). All of these 3 patients
had received TACE for their liver recurrence. This varia-
tion suggested that a larger portion of the patients in the
control group could possibly benefit from TACE. Our
speculation can be partially supported by a study con-
ducted by Tan et al. [17], who demonstrated that in
patients with HCC recurrence after OLT, the median OS
for patients undergoing TACE with sorafenib and TACE
alone was 14 and 6 months, respectively (p = 0.005).
Patients who receive TACE with sorafenib thus had a bet-
ter median OS than those who received sorafenib alone.
Performing TACE in patients with recurrent HCC after
OLT would thus further enhance the treatment efficacy of
palliative sorafenib therapy.
Was superior DFS by adjuvant sorafenib able to result

in superior OS? Our results showed that the answer to
this question was positive. Our data showed that
patients in the adjuvant group had better OS than those
in the palliative and control groups at 24-month follow
up (p = 0.031). This result supported the study by Saab

et al., that adjuvant sorafenib could significantly improve
both DFS and OS in post-OLT HCC patients beyond
the Milan criteria.
However, the retrospective nature and the small size of

our cohort were the major limitations of our study. In
addition, all patients in the adjuvant group were at BCLC
stage A or B, while most of patients in the palliative and
control groups were at C and D (p = 0.011). These find-
ings suggested that the low recurrence rate in the adju-
vant group could be partially because of the better BCLC
stage, instead of sorafenib alone. Further, a heteroge-
neous dose of sorafenib raised a new issue: the most opti-
mal dose, either in the adjuvant or palliative setting, for
HCC patients after OLT needs to be examined.
In summary, our preliminary data showed that adju-

vant sorafenib improved both DFS and OS in HCC
patients beyond the Milan criteria after OLT. Palliative
sorafenib could possibly prolong OS in post-OLT
patients with disease progression. Performing TACE in
these patients for liver recurrence might further provide
survival benefits. Prospective and randomized control
studies with larger cohorts are urgently warranted to
answer these questions.

Conflict of interests
Dr. Shao-Bin Cheng received lecture fee from Bayer
Pharmaceutical Co., Ltd.. Other authors declare that
they have no conflict of interest.

Abbreviations
BCLC: Barcelona Clinic Liver Cancer; DFS: disease free survival; HBV:
hepatitis B virus; HCC: hepatocellular carcinoma; HCV: hepatitis C virus; OLT:
orthopedic liver transplantation; OS: overall survival; RFA: radiofrequency
ablation; TACE: transarterial chemoembolisation.

Author details
1Division of Hematology/Oncology, Department of Medicine, Taichung
Veterans General Hospital, 160, Section 3, Chungkang Road, Taichung 407,
Taiwan. 2Department of Life Science, Tunghai University, 181, Section 3,
Chungkang Road, Taichung 407, Taiwan. 3Department of Medicine, Chung
Shan Medical University, 110, Section 1, Jianguo N. Road, Taichung 402,
Taiwan. 4Division of General Surgery, Department of Surgery, Taichung
Veterans General Hospital, 160, Section 3, Chungkang Road, Taichung 407,
Taiwan. 5Department of Research, Taichung Veterans General Hospital, 160,
Section 3, Chungkang Road, Taichung 407, Taiwan.

Authors’ contributions
Chieh-Lin Teng participated in the writing of the paper and research design.
Wen-Li Hwang participated in the performance of the research.
Yi-Ju Chen participated in the performance of the research.
Kuang-Hsi Chang participated in data analysis.
Shao-Bin Cheng (corrsponding author) participated in the writing of the
paper and research design.
All authors read and approved the final manuscript.

Received: 3 November 2011 Accepted: 17 February 2012
Published: 17 February 2012

References
1. Llovet JM, Burroughs A, Bruix J: Hepatocellular carcinoma. Lancet 2003,

362:1907-1917.

Teng et al. World Journal of Surgical Oncology 2012, 10:41
http://www.wjso.com/content/10/1/41

Page 6 of 7

http://www.ncbi.nlm.nih.gov/pubmed/14667750?dopt=Abstract


2. Cabrera R, Nelson DR: Review article: the management of hepatocellular
carcinoma. Alimentary pharmacology & therapeutics 2010, 31:461-476.

3. Merican I, Guan R, Amarapuka D, Alexander MJ, Chutaputti A, Chien RN,
Hasnian SS, Leung N, Lesmana L, Phiet PH, Sjalfoellah Noer HM, Sollano J,
Sun HS, Xu DZ: Chronic hepatitis B virus infection in Asian countries.
Journal of gastroenterology and hepatology 2000, 15:1356-1361.

4. Zhang BH, Yang BH, Tang ZY: Randomized controlled trial of screening
for hepatocellular carcinoma. Journal of cancer research and clinical
oncology 2004, 130:417-422.

5. Bruix J, Llovet JM: Major achievements in hepatocellular carcinoma.
Lancet 2009, 373:614-616.

6. Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, Bozzetti F,
Montalto F, Ammatuna M, Morabito A, Gennari L: Liver transplantation for
the treatment of small hepatocellular carcinomas in patients with
cirrhosis. The New England journal of medicine 1996, 334:693-699.

7. Llovet JM, Di Bisceglie AM, Bruix J, Kramer BS, Lencioni R, Zhu AX,
Sherman M, Schwartz M, Lotze M, Talwalkar J, Gores GJ: Design and
endpoints of clinical trials in hepatocellular carcinoma. Journal of the
National Cancer Institute 2008, 100:698-711.

8. Guan YS, He Q: Sorafenib: activity and clinical application in patients
with hepatocellular carcinoma. Expert opinion on pharmacotherapy 2011,
12:303-313.

9. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, de Oliveira AC,
Santoro A, Raoul JL, Forner A, Schwartz M, Porta C, Zeuzem S, Bolondi L,
Greten TF, Galle PR, Seitz JF, Borbath I, Häussinger D, Giannaris T, Shan M,
Moscovici M, Voliotis D, Bruix J: Sorafenib in advanced hepatocellular
carcinoma. The New England journal of medicine 2008, 359:378-390.

10. Fan HL, Chen TW, Hsieh CB, Jan HC, His SC, De-Chuan C, Chu CH, Yu JC:
Liver transplantation is an alternative treatment of hepatocellular
carcinoma beyond the Milan criteria. American journal of surgery 2010,
200:252-257.

11. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R,
Dancey J, Arbuck S, Gwyther S, Mooney M, Rubinstein L, Shankar L, Dodd L,
Kaplan R, Lacombe D, Verweij J: New response evaluation criteria in solid
tumours: revised RECIST guideline (version 1.1). Eur J Cancer 2009,
45:228-247.

12. Zhang Q, Chen H, Li Q, Zang Y, Chen X, Zou W, Wang L, Shen ZY:
Combination adjuvant chemotherapy with oxaliplatin, 5-fluorouracil and
leucovorin after liver transplantation for hepatocellular carcinoma: a
preliminary open-label study. Investigational new drugs 2011, 29:1360-1369.

13. Saab S, McTigue M, Finn RS, Busuttil RW: Sorafenib as adjuvant therapy
for high-risk hepatocellular carcinoma in liver transplant recipients:
feasibility and efficacy. Experimental and clinical transplantation: official
journal of the Middle East Society for Organ Transplantation 2010, 8:307-313.

14. Kim R, El-Gazzaz G, Tan A, Elson P, Byrne M, Chang YD, Aucejo F: Safety
and feasibility of using sorafenib in recurrent hepatocellular carcinoma
after orthotopic liver transplantation. Oncology 2010, 79:62-66.

15. Yoon DH, Ryoo BY, Ryu MH, Lee SG, Hwang S, Suh DJ, Lee HC, Kim TW,
Ahn CS, Kim KH, Moon DB, Kang YK: Sorafenib for recurrent
hepatocellular carcinoma after liver transplantation. Japanese journal of
clinical oncology 2010, 40:768-773.

16. Llovet JM, Bruix J: Systematic review of randomized trials for
unresectable hepatocellular carcinoma: Chemoembolization improves
survival. Hepatology 2003, 37:429-442.

17. Tan WF, Qiu ZQ, Yu Y, Ran RZ, Yi B, Lau WY, Liu C, Qiu YH, Feng FL,
Wang JH, Yan PN, Zhang BH, Wu MC, Luo XJ, Jiang XQ: Sorafenib extends
the survival time of patients with multiple recurrences of hepatocellular
carcinoma after liver transplantation. Acta pharmacologica Sinica 2010,
31:1643-1648.

doi:10.1186/1477-7819-10-41
Cite this article as: Teng et al.: Sorafenib for hepatocellular carcinoma
patients beyond Milan criteria after orthotopic liver transplantation: a
case control study. World Journal of Surgical Oncology 2012 10:41.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Teng et al. World Journal of Surgical Oncology 2012, 10:41
http://www.wjso.com/content/10/1/41

Page 7 of 7

http://www.ncbi.nlm.nih.gov/pubmed/22257079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22257079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11197043?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15042359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15042359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19231618?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8594428?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8594428?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8594428?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18477802?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18477802?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21226640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21226640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18650514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18650514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20122677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20122677?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19097774?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19097774?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21809025?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21809025?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21809025?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21071991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21071991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21071991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20494947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20494947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12540794?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12540794?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12540794?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21102481?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21102481?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21102481?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Tumor staging classification, surveillance, and survival analyses
	Immunosuppressants for rejection prevention and treatment
	Statistical analysis

	Results
	Patient characteristics
	Sorafenib dose adjustment and toxicity
	Adjuvant sorafenib improved DFS in HCC patients who received OLT
	Palliative sorafenib could possibly provide survival benefits after HCC recurrence
	Adjuvant sorafenib improved OS

	Discussion
	Conflict of interests
	Author details
	Authors' contributions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


