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Abstract. The aim of the present study was to assess the 
association between the efficacy and adverse events (AEs) of 
transcatheter arterial chemoembolization (TACE) combined 
with sorafenib in patients with unresectable hepatocel-
lular carcinoma (HCC). Between July 2008 and May 2011, 
50 patients with unresectable HCC were enrolled and assigned 
to receive TACE combined with sorafenib in the present 
study. The primary outcomes were considered as time to 
disease progression (TTP) and sorafenib‑related AEs. In the 
present study, 34 of 50 patients had disease progression with 
a median TTP (mTTP) of 210 days. The most common AEs 
included hand‑foot skin reaction (HFSR), fatigue, diarrhea 
and hypertension. The mTTP of patients with HFSR extended 
140 days compared to that of the patients without HFSR. 
Kaplan‑Meier analysis was used for mTTP between the two 
groups of patients. This difference was statistically significant 
when analyzed by the univariate COX proportional hazards 
regression model. In conclusion, TACE in combination with 
sorafenib had an acceptable safety profile in the treatment of 
unresectable HCC. Additionally, it also revealed that HFSR 
served as a good prognostic predictor in using combination 
therapy. Therefore, discontinuation of sorafenib treatment 
should be prevented to avoid disease progression.

Introduction

Hepatocellular carcinoma (HCC) is emerging as a common 
malignancy in China. However, the majority of patients 
presenting with HCC were diagnosed at intermediate‑advanced 
stages, and thus could not be treated by surgical resection (1). 

Currently, transcatheter arterial chemoembolization (TACE) 
is the preferred treatment for the palliation of unresectable 
HCC (2‑4). Additionally, according to the Barcelona Clinic 
Liver Cancer (BCLC) staging system, TACE is the standard 
treatment for BCLC stage B HCC. In addition to incomplete 
embolization and collateral circulation, another study has 
shown that TACE can cause enhanced expression of vascular 
endothelial growth factor (VEGF), which subsequently stimu-
lates tumor angiogenesis, resulting in the progression and 
metastasis of residual tumor, or even formation of new tumor 
lesions (5). Therefore, HCC patients treated with TACE alone 
could not survive for longer durations.

Recently, sorafenib, which is a molecular‑targeting agent, 
has been shown to inhibit tumor cell proliferation and tumor 
angiogenesis. Sorafenib has been successfully used in the 
treatment of patients with Child‑Pugh class C HCC. This is 
a key reason for why sorafenib is approved as the standard 
treatment option for advanced HCC, and is based on the BCLC 
staging system.

Currently, the majority of attention has been directed on 
the use of sorafenib in combination with TACE for treating 
unresectable HCC. The major purpose of the present study 
was to prospectively analyze the efficacy and safety of TACE 
in combination with sorafenib in the treatment of unresect-
able HCC. The association between sorafenib‑related adverse 
events (AEs) and antitumor efficacy of combinatorial therapy 
was assessed in the study.

Patients and methods 

Patients and selection criteria. Patients meeting the following 
inclusion criteria were included in the study: i) Patients who 
were diagnosed with HCC via imaging, α‑fetoprotein testing 
or pathological examination (HCC as defined by the expert 
consensus on the diagnosis of primary liver cancer), and 
were further categorized as having BCLC stage B or C HCC 
(according to the BCLC staging system); ii) patients with at 
least one target lesion, which could be measured [according to 
modified Response Evaluation Criteria in Solid Tumors Group 
(mRECIST) guidelines]; iii) patients with unresectable HCC, 
and those with an estimated life expectancy of ≥3 months; 
and iv) patients with Eastern Cooperative Oncology Group 
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performance status score (ECOG PS) of ≤2. Patients were 
excluded if they received sorafenib for <3 months during the 
study, with no involvement of disease progression or mortality. 
Additionally, patients who discontinued sorafenib treatment 
due to AEs or for other reasons for >1  month were also 
excluded from the analysis.

TACE protocol. A catheter was inserted into the celiac, hepatic 
and superior mesenteric arteries via femoral arterial puncture 
using the Seldinger technique (6). Subsequently, angiography 
was performed to identify the tumor burden (feeding artery, 
numbers of nodules, blood supply and presence of vascular inva-
sions and arteriovenous fistula). Having safely positioned the 
catheter within the feeding artery, a mixture of iodized oil and 
2‑3 types of the selected chemotherapeutic agents was injected 
into the target artery. When required, the embolic particles 
were used as supplemental embolic agents. The type and dose 
of chemotherapeutic agents, including epirubicin (50‑100 mg), 
pirarubicin (30‑50 mg), hydroxycamptothecine (10‑30 mg) and 
fluorouracil (500‑1,000 mg), were determined by the number 
and size of the lesions, and liver and kidney function of the 
patient. In addition, the dose of the embolic agents was adjusted 
according to the number and size of the patient's tumor lesions, 
and the blood supply. All the patients received protection of 
liver function and symptomatic treatment following surgery. 
The examination of imaging was repeated every 4‑6 months, 
and subsequently the interval between each TACE cycle was 
dependent on the imaging characteristics.

Sorafenib treatment. All the patients were assigned to receive 
continuous oral treatment with 400 mg of sorafenib twice 
daily before and after 1 week of TACE. The high‑fat diet was 
prohibited pre‑ and post‑treatment with sorafenib. Dose reduc-
tion (400 mg once daily or 200 mg twice daily) or temporary 
interruption of sorafenib therapy for ≤1 month was permitted 
if intolerance to the treatment occurred. After the adverse 
symptoms were alleviated, the patients continued to receive 
sorafenib at the regular or reduced dose until evidence of 
disease occurred, there was evidence of disease progression or 
the patient succumbed. The total duration of sorafenib treat-
ment was continued for ≥3 months.

Outcomes and assessment. The entire follow‑up was completed 
in September 2011, and concluded at the fatality of the patient 
during follow‑up. Patients were followed every 4‑6 weeks 
following treatment. The primary outcomes of the study 
included time to disease progression (TTP) and the secondary 
outcome was sorafenib‑related AEs and differences in overall 
survival (OS). The TTP and/or mortality were recorded at 
each follow‑up visit. Additionally, enhanced computed tomog-
raphy and/or magnetic resonance imaging were performed 
every 4‑6 weeks following administration of sorafenib to 
evaluate the therapeutic outcomes. Tumor response rates were 
evaluated as complete remission (CR), partial remission (PR), 
stable disease (SD) and progressive disease (PD), according to 
the mRECIST criteria (7).

Adverse events. Sorafenib‑related AEs following TACE were 
observed and recorded using the Common Terminology 
Criteria for Adverse Events version 3.0.

Statistical analysis. All the statistical analyses were performed 
using the statistical software package SPSS version  14.0 
(SPSS Inc., Chicago, IL, USA). All the measurement data 
are expressed as median, maximum and minimum values. 
The enumeration and ranked data are expressed as numbers 
of patients and percentage. The Kaplan‑Meier method was 
adopted to calculate the survival and plot the survival curves, 
and the differences in terms of median TTP (mTTP) according 
to the independent influencing factors, including the presence 
and severity of AEs, were evaluated by the log‑rank test. In 
addition, the hazard ratio (HR) was analyzed using the COX 
proportional hazards regression model, with a 95% confidence 
interval (CI). P<0.05 was considered to indicate a statistically 
significant difference.

Results 

Clinical characteristics. Between July 2008 and May 2011, 
50 patients who fulfilled the inclusion and exclusion criteria 
were cumulatively enrolled, including 44 males and 6 females, 
with a median age of 56 years (range, 31‑81 years). According to 
the Child‑Pugh grade, there were 44 patients with Child‑Pugh 
class A and 6 with Child‑Pugh class B. Additionally, 26 patients 
were diagnosed at BCLC stage B and the remaining 24 were 
diagnosed at BCLC stage C, in accordance with the BCLC 
staging system. The baseline characteristics are shown in 
Table I. The median number of TACE cycles administered was 
3 (range, 1‑12 cycles). After a course of sorafenib treatment 
(median duration, 42 days; range 29‑184 days), the median size 
of the tumor was 5.7 cm (range, 1.8‑16.5 cm).

Treatment outcomes. The median follow‑up time was 310 days 
for the enrolled patients. Fourteen fatalities were reported 
when the study closed during February 2011. The cumulative 
survival rates at 1 and 2 years were 86 and 72%, respectively. 
The time of survival ranged from 109 to 1,231 days, and the 
median OS (mOS) had not been reached at the time of analysis. 
According to the mRECIST criteria, 4 patients achieved a PR, 
12 achieved SD and 34 had PD, but there were no observed 
cases of CR.

Adverse events. All the sorafenib‑related AEs are listed in 
Table II. Of the 50 patients enrolled in the study, 4 (8%) did 
not experience adverse AEs. The most common AEs included 
hand‑foot skin reaction (HFSR), fatigue, diarrhea, hyperten-
sion, myalgia, erythra and oral ulcers, which were observed 
in 29 (58%), 27 (54%), 20 (40%), 19 (38%), 13 (26%), 10 (20%) 
and 7 (14%) cases, respectively. Grade 3 AEs were found in 
32 patients without any grade 4 AEs during the course of 
the study. All the symptoms were alleviated with symptom-
atic treatment, dose reduction or temporary interruption of 
sorafenib. Nine patients required the sorafenib dose to be 
reduced by 50% due to AEs. Of these, 5 continued sorafenib 
treatment with a full dose and 4  remained with sorafenib 
reduced until their symptoms were alleviated. Additionally, 
dose interruption resulting from AEs was observed in 
4  patients. Among these patients, 1  continued to receive 
full‑dose sorafenib and 3 continued at the 50% dose reduction. 
During the same period, 23 patients were withdrawn from the 
study, of whom 10 discontinued the treatment for >1 month as 
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a result of AEs, including grade 3 HFSR in 4 patients, grade 3 
fatigue in 3, grade 3 diarrhea in 2, grade 3 hypertension in 1, 
grade 4 hypertension in 1 and grade 4 oral ulcers in 1 patient. 
The remaining 13 patients were excluded as the duration of 
sorafenib treatment was <3 months.

Correlation between treatment duration and mTTP. During 
the study, 34 enrolled patients had disease progression, with an 
mTTP of 210 days (range, 33‑714 days; 95% CI, 159‑261 days). 
The mTTP for the 10 patients who discontinued sorafenib 
treatment for >1 month was 102 days (range, 28‑202 days; 
95% CI, 60‑144). The Kaplan‑Meier analysis demonstrated 
a significant difference in the mTTP between the two groups 
of patients (χ2=14.692, P<0.001). Additionally, this differ-
ence in mTTP was statistically significant as analyzed by the 
univariate COX proportional hazards regression model, with a 
HR of 0.247 (95% CI, 0.114‑0.535; P<0.001, Fig. 1).

Correlation between the presence and severity of adverse 
events and mTTP. Compared to the patients who developed 
mild or no AEs, the mTTP was significantly longer in those 

Table I. Baseline characteristics of patients with HCC.
 
Variable	 Patients
 
Age, median years (range)	 56 (31‑81)
Gender, n
  Male	 44
  Female	   6
Child‑Pugh score, n
  A	 44
  B	   6
BCLC stage, n
  B	 26
  C	 24
ECOG PS, n
  0	 23
  1	 27
Number of lesions, n
  1	 22
  ≥2	 28
Hepatitis virus, n
  HbsAg positive	 42
  Anti‑HCV positive	   2
HbsAg and anti‑HCV, n
  Positive	   2
  No	   4
AFP, n
  <400 ng/ml	 24
  ≥400 ng/ml	 26
AST/ALT, n 
  <2	   8
  ≥2	 42
Vascular invasion, n
  Yes	 23
  No	 27
Extrahepatic metastasis
  Pathological confirmation, n
    Yes	   7
    No	 43
    Yes	   7
    No	 43
  Previous therapy	
    TACE, n (median cycle; cycle range)	 43 (3; 1‑12)
    TACE combined with sorafenib, n	   7
    Surgical resection, n	   6
    Radiofrequency therapy, n	   4
    Radiotherapy, n	   2
 
HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver 
Cancer; ECOG PS, Eastern Cooperative Oncology Group 
performance status; AFP, α‑fetoprotein; AST/ALT, aspartate 
aminotransferase/alanine aminotransferase (AST/ALT); TACE, 
transcatheter arterial chemoembolization. 

Figure 1. Kaplan‑Meier plot for TTP in the 50 patients enrolled and 10 patients 
excluded from the study due to treatment discontinuation. The median TTP 
was 210 days for the 50 patients enrolled versus 102 days for the patients 
excluded from the study due to treatment discontinuation, with a significant 
difference (χ2=14.692, P<0.001). TTP, time to disease progression.

Table II. Adverse events induced by sorafenib after TACE.

	 Grade, n 
	 ----------------------------------------------------------------------
Adverse event	 1	 2	 3	 4

HFSR (n=29)	   8	   8	 13	 0
Lack of force (n=27)	   8	 13	   6	 0
Diarrhea (n=20)	 11	   4	   5	 0
Hypertension (n=19)	 11	   4	   4	 0
Muscle pain (n=13)	   9	   2	   2	 0
Erythra (n=10)	   5	   3	   2	 0
Oral ulcers (n=7)	   6	   1	   0	 0 

TACE, transcatheter arterial chemoembolization; HFSR, hand‑foot 
skin reaction.
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that experienced moderate or severe AEs (279 vs. 141 days; 
χ2=5.079, P=0.024). By univariate analysis, the calculated HR 
for mTTP in patients with moderate or severe AEs was 0.435, 
with a significant difference when compared to those with 
mild or no AEs (95% CI, 0.206‑0.918, P=0.029). Patients 
with HFSR showed significantly longer mTTP than those 
without HFSR (312 vs. 172 days; χ2=6.643, P=0.010). The 
HR for mTTP in patients with HFSR was 0.394, which was 
significantly different from those without HFSR (95% CI, 
0.189‑0.820, P=0.013). Additionally, there was no association 
between the presence of fatigue, diarrhea or hypertension and 
mTTP (Figs. 2 and 3, Tables III and IV).

Discussion

Currently, patients with primary HCC at an early stage are 
treated predominantly by surgical resection. However, in 
China, HCC is more frequently complicated by hepatitis B 
and post‑hepatitic cirrhosis, with an incidence as high as 

Table IV. COX proportional hazards regression model of mTTP based on the presence and severity of adverse events.

Variable	 Hazard ratio	 95% CI	 P‑value

Severity of adverse reactions (moderate or severe:no or mild)	 0.435	 0.206‑0.918	 0.029
HFSR (with:without)	 0.394	 0.189‑0.820	 0.013
Fatigue (with:without)	 0.642	 0.320‑1.286	 0.211
Diarrhea (with:without)	 0.628	 0.309‑1.276	 0.199
Hypertension (with:without)	 0.931	 0.466‑1.862	 0.841

mTTP, median time to progression; HFSR, hand‑foot skin reaction. The hazard ratio was calculated by COX proportional hazards regression 
model (P<0.05 was considered statistically significant).

Table III. Kaplan‑Meier analysis of mTTP based on the presence and severity of adverse events.

Variable	 Patients, n	 mTTP, days	 χ2	 P‑value

Severity of adverse events
  No or mild	 19	 141	 5.079	 0.024
  Moderate or severe	 31	 279
HFSR			 
  Without 	 21	 172	 6.643	 0.010
  With 	 29	 312
Fatigue			 
  Without	 23	 210	 1.600	 0.206
  With 	 27	 203		
Diarrhea 			 
  Without 	 30	 178	 1.649	 0.193
  With 	 20	 298
Hypertension			 
  Without 	 31	 203	 0.041	 0.804
  With 	 19	 210

mTTP was calculated by Kaplan‑Meier method and the differences in mTTP were evaluated using log‑rank test (P<0.05 was considered 
statistically significant). mTTP, median time to progression; HFSR, hand‑foot skin reaction.

Figure 2. Kaplan‑Meier plot for TTP in the 50 patients enrolled based on the 
severity of adverse reactions. The mTTP was 279 days for the patients with 
moderate or severe adverse events versus 141 days for the patients with mild 
or no adverse events, with a significant difference (χ2=5.079, P=0.024). TTP, 
time to disease progression.
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85.0‑95.0%. Therefore, surgical resection is an option for <20% 
of patients. Furthermore, patients with HCC who underwent 
resection often exhibited higher incidences of postoperative 
recurrence, and the reported 1‑ and 5‑year recurrence rates 
were 35.0‑50.0% and 61.8%, respectively (8).

TACE is currently accepted as a palliative treatment for 
unresectable HCC, and shown to significantly prolong survival 
of the patients in several clinical trials (2‑4). According to 
the BCLC staging system, TACE is considered standard 
therapy in patients with intermediate‑stage HCC. However, it 
has been shown that TACE alone rarely produced complete 
embolization of tumor‑feeding arteries and complete necrosis 
of lesions, and only a few patients (16.1%) with HCC showed 
complete tumor necrosis following TACE (9).

In addition, the presence of collateral circulation was asso-
ciated with poor outcomes of TACE. Previous studies showed 
that TACE increases VEGF levels via induction of hypoxia 
and nutritional deficiency of tumor cells and liver tissues. This 
stimulates tumor angiogenesis, thereby contributing to tumor 
invasion and metastasis, disease progression and formation of 
new lesions (5,10,11). In recent years, elevated VEGF levels 
induced by TACE have been extensively demonstrated. It 
was concluded that TACE with an anti‑VEGF therapy, and 
enhanced long‑term efficacy in HCC patients.

Sorafenib (Nexavar®) is an oral multi‑kinase inhibitor 
that exerts its inhibitory effects on tumor cell proliferation 
and apoptosis by targeting the serine‑threonine kinase Raf 
in the Raf/mitogen‑activated protein kinase/extracellular 
signal‑related kinase‑signaling pathway. Additionally, 
sorafenib exhibits antiangiogenic properties, which can inhibit 
the receptor tyrosine kinase activity of VEGFR‑2, VEGFR‑3 
and platelet‑derived growth factor receptor‑B  (12,13). 
A Sorafenib Hepatocellular Carcinoma Assessment 
Randomized Protocol trial involving patients from Europe 
with advanced‑stage HCC demonstrated a potential thera-
peutic efficacy of sorafenib. In this study, sorafenib treatment 
resulted in an mOS of 10.7 months and an mTTP of 5.5 months, 
which were increased by 44.0 and 73.0%, in comparison with 
those treated with placebo, respectively (14). In a trial in the 

Asia‑Pacific region, compared to the placebo group, a large 
increase in the mOS (73.0%, 6.5 vs. 4.2 months) and mTTP 
(74.0%, 2.8 vs. 1.4 months) was observed in HCC patients 
treated with sorafenib, respectively (15). Sorafenib is offered 
as a first‑line treatment for patients with advanced HCC in the 
BCLC staging system based on the data as provided above in 
the results.

In recent years, numerous studies have explored 
combination therapy of TACE with sorafenib in treating 
intermediate‑stage HCC to investigate whether or not this 
combination inhibits tumor angiogenesis, reduces tumor recur-
rence and metastasis, and improves the therapeutic effects 
of HCC (16). Additionally, sorafenib‑related AEs (Table V) 
have been extensively studied in the clinic (16‑23). Similar to 
previously published studies (16‑18,20,21,23), HFSR, fatigue, 
diarrhea and hypertension were the most common AEs in 
the present study, observed in 29 (58%), 27 (54%), 20 (40%) 
and 19 (38%) patients, respectively. The toxicity profile in the 
present study has been previously reported. All the cases of 
AEs occurred frequently following sorafenib treatment, and 
persisted for 1 week to 1 month, in varying degrees. However, 
the symptoms were generally mild and could be managed with 
symptomatic treatment. In addition, severe AEs associated 
with sorafenib could be alleviated following treatment with 
other drugs (including ointments or lubricants containing urea 
and corticosteroids, such as antifungal drugs or antibiotics) for 
HFSR, anti‑diarrheal drugs such as loperamide for diarrhea, 
adjustment of antihypertensive drugs for hypertension, and 
stimulants for fatigue. Temporary dose reduction was provided 
if intolerance to sorafenib occurred. Sorafenib treatment 
could then be restarted at the original level until alleviation 
of symptoms. When the patients were intolerant to reduced 
doses, temporary discontinuation of sorafenib for ≤1 month 
was permitted, following which their treatment was promptly 
continued.

During the same time period, 23 patients were withdrawn 
from the study. Of these, 10 patients discontinued sorafenib 
treatment for >1 month due to AEs or the economic burdens of 
the patients. The remaining 13 patients were excluded as they 
received sorafenib treatment for a period of time <3 months. 
Given that the discontinuation of sorafenib and shorter 
treatment duration may influence the efficacy assessment of 
combination therapy, the study therefore decided to exclude 
23 patients. In these excluded patients, the most frequently 
reported AEs following TACE were nausea, vomiting, 
leucopenia, pyrexia and abdominal pain. As compared to the 
patients treated with TACE alone, increased frequency and 
severity of the symptoms described above were not observed 
in patients receiving TACE combined with sorafenib.

In patients who experienced moderate or severe AEs, 
their mTTP was significantly longer as compared to that of 
the patients who had mild or no AEs (279 vs. 141 days). This 
indicated that the severity of AEs was positively correlated 
with antitumor efficacy. These results are consistent with those 
of Song et al (21) who identified that for patients with HCC 
treated with sorafenib, the occurrence of sorafenib‑related 
AEs resulted in longer mOS. Additionally, the patients with 
HFSR showed significantly longer mTTP than those without 
HFSR (312 vs. 172 days). This suggested that the incidence 
of HFSR could serve as a prognostic predictor in this 

Figure 3. Kaplan‑Meier plot for TTP in the 50 patients enrolled based on 
the presence and absence of HFSR. The mTTP was 312 days for the patients 
with HFSR versus 172 days for the patients without HFSR, with a significant 
difference (χ2=6.643, P=0.010). TTP, time to disease progression; HFSR, 
hand‑foot skin reaction.
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combination therapy, which is consistent with those reported in 
previous studies (22,23). Additionally, the presence or absence 
of fatigue, diarrhea and hypertension was not significantly 
different in mTTP, which indicated that the above AEs were 
not linked to the prognosis of HCC patients. Otsuka et al (23) 
also detected no association between the presence of hyperten-
sion that was induced by sorafenib and survival.

In addition, of the 50 patients enrolled in the present study, 
34 had disease progression with an mTTP of 210 days. Ten 
patients who discontinued sorafenib treatment for >1 month also 
demonstrated disease progression, and the mTTP was reported 
to be 102 days, which was significantly shorter compared to 
that of the enrolled patients who experienced disease progres-
sion. Additionally, the study also showed that disease would 
eventually progress following a long‑term discontinuation 
of sorafenib treatment. Furthermore, a previous study had 
demonstrated the rebound of tumor growth following cessation 
of sorafenib therapy in patients with HCC (24). We conclude 
that proper management of sorafenib‑related AEs following 
TACE plays an important role in contributing the prognostic 
improvement of patients with HCC.

The present study revealed that HFSR was more prevalent 
in patients with HCC treated with sorafenib, which predicted 
better efficacy. Additionally, the occurrence of moderate 
and/or severe sorafenib‑related AEs were associated 
with improved efficacy. Patients also experienced disease 
progression after sorafenib discontinuation for a long time. 
Therefore, appropriate management of sorafenib‑related AEs 
is necessary, and permanent cessation of sorafenib treat-
ment should be avoided to prevent disease progression. The 
majority of AEs were clinically manageable in the study. In 
conclusion, the combination of sorafenib and TACE provides 
a new regimen for the treatment of unresectable HCC, 
with improved efficacy following correct management of 
sorafenib‑related AEs.
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