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Abstract. – OBJECTIVE: This meta-analysis
aimed to analyze the efficacy of sorafenib in
combination with transarterial chemoemboliza-
tion (TACE) for hepatocellular carcinoma (HCC).

MATERIALS AND METHODS: Electronic data
bases were searched for studies (1) enrolled
HCC patients undergoing TACE; (2) with so-
rafenib therapy and control arm of no sorafenib
therapy were included for meta-analysis and
meta-regression; (3) studies without control arm
were included for data review and (4) had time to
progression (TTP) and overall survival (OS) or
relative outcome of HCC as the endpoint. Meta-
analysis and meta-regression were performed
according to Cochrane guidelines.

RESULTS: Five studies (3 randomized trials, 1
cohort study and 1 prospective non- randomized
controlled trial, totally 899 patients) were eligible
for meta-analysis. The hazard ratio (HR) for TTP
was 0.75 (95% CI: 0.48-1.03, p = 0.003) with sig-
nificant heterogeneity (I2 = 82.7%) and for OS
was 0.76 (95% CI: 0.47-1.05, p = 0.147) with slight
heterogeneity (I2 = 47.9%). However, no covari-
ate was found as independent predictor for bet-
ter treatment efficacy. Hand-foot skin reaction,
alopecia, rash/desquamation, diarrhea, hyper-
tension, fatigue, anorexia, nausea and vomiting
were common adverse events. 

CONCLUSIONS: TACE combined with so-
rafenib has potential efficacy for HCC.

Key Words:
Sorafenib, Transarterial chemoembolization, Hepa-

tocellular carcinoma, Meta-analysis.

Introduction

Hepatocellular carcinoma (HCC) is one of the
lethal human cancers worldwide and its incidence
matches mortality, reflecting the poor prognosis of
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this disease1. Major advances have been achieved
in the surveillance, early diagnosis, and loco-re-
gional therapy such as surgical resection and abla-
tion therapy, which facilitate HCC treatment and
improve the outcomes2-4. However, the recurrence
rate of HCC is still high. Therefore, therapy to re-
duce HCC recurrence is definitely needed.

HCC is a stepwise process that involves the ge-
netic alterations causing the activation of onco-
genes and the inactivation of tumor suppressor
genes. Sorafenib is an inhibitor of Raf/MEK/ ERK
pathway, which appear to be particularly impor-
tant in the development of HCC5,6. In addition, so-
rafenib inhibits tyrosine kinases including vascu-
lar endothelial growth factor receptor-2 (VEGFR-
2), VEGFR-3, platelet-derived growth factor re-
ceptor-beta (PDGFR-beta) and Kit7-9. Thus, so-
rafenib is able to inhibit tumor growth and neoan-
giogenesis. Sorafenib has been approved by the
FDA for advanced HCC systemic therapy. Recent
randomized controlled trial showed that survival
rate of patients with advanced HCC were 37%
higher with sorafenib treatment compared to
placebo treatment10,11. The clinical application fo-
cuses on the survival advantages of sorafenib
alone and sorafenib combined treatment.

Transarterial chemoembolization (TACE) has
become the standard care for patients with inter-
mediate-stage disease (Barcelona Clinic Liver
Cancer-B, BCLC-B)8. However, TACE elicits
the secretion of VEGF and thus may promote tu-
mor growth12. Therefore, whether combining
TACE with systemic sorafenib therapy is an at-
tractive approach for better HCC therapy remains
a reasonable hypothesis.
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Here, we performed a literature review of
available studies of TACE combined with so-
rafenib for HCC patients. Furthermore, we per-
formed meta-analysis to identify the efficacy of
the combined therapy approach and meta-regres-
sion analysis to identify relevant factors that can
predict HCC outcome.

Materials and Methods

Study Selection
A systematic search of the published studies

for sorafenib therapy for HCC patients was per-
formed. The electronic databases included
PubMed, Elsevier, Medline. The search strategy
was a combination of the MESH terms “so-
rafenib”, “TACE”, and “carcinoma, hepatocellu-
lar”. To identify more relevant studies, manual
search was done in the reference lists of all iden-
tified papers (research articles and review pa-
pers).

Inclusion Criteria
The studies were selected for review if they

fulfilled the following inclusion criteria: (1) trials
that enrolled HCC patients who had undergone
TACE; (2) consisting of sorafenib therapy and
studies with a control arm of no sorafenib thera-
py were included for meta-analysis and meta-re-
gression; (3) studies without control arm could
be included for data review and (4) including
time to progression (TTP) and overall survival
(OS) or relative outcome of HCC as the end-
point. Two authors (M.D.H. and L.H.J.) per-
formed search, evaluation, and summary inde-
pendently. Discrepancies between authors were
resolved through discussion.

Date Collection
The data of the following factors, if available,

were extracted from each included study: patient
age, male percentage, etiologies of underlying
liver diseases, median tumor size, multiple tu-
mors percentage (%), Child-Pugh classification,
cirrhosis rate (%), Barcelona Clinic Liver Cancer
(BCLC) stage, Eastern Cooperative Oncology
Group performance status (ECOG PS), treatment
characteristics, OS, TTP, progression-free sur-
vival (PFS) and adverse events.

Statistical Analysis
Meta-analysis was conducted with the consid-

eration of random effects models. The natural

logarithm of Hazard ratio (HR) was used for TTP
and OS combination across the studies. I2 statis-
tics was used to measure the heterogeneity of the
studies. If the I2 value was more than 50%, a
meta-regression was applied. Then, meta-regres-
sion was performed to identify the relative fac-
tors for the treatment efficacy of TACE com-
bined with sorafenib. Meta-regression was per-
formed for TTP only if it was the only outcome
with sufficient studies for regression analysis.
The variables in meta-regression included patient
number, age, sex, Child-Pugh A status, and the
ECOG PS 0. The meta-analysis and meta-regres-
sion were performed using the Stata 12.0 soft-
ware. p < 0.05 was considered statistically signif-
icant.

Results 

Baseline Characteristics of Studies 
Included in Meta-Analysis

The date extraction process and the selection
of included studies were shown in Figure 1.
Twelve studies with full text were considered of
interest for detailed evaluation13-24. Of these, five
studies which consisted of sorafenib therapy and
control arm of no sorafenib therapy were eligible
for meta-analysis13-17. The baseline description of
the included studies was listed in Table I. The
median age was 59.5 years in the TACE + so-
rafenib group (n = 948). When only the studies
included in meta-analysis were analyzed, the me-
dian age was 64.0 years for patients in the TACE
+ sorafenib group (n = 400) and 61.7 years in the
control group (n = 499). Eight and ten studies en-
rolled patients with HBV-related HCC and HCV-
related HCC, respectively. No infection related
HCC were enrolled in ten studies. Twelve,
eleven and eleven studies reported the severity of
liver disease using the Child-Pugh classification
system, BCLC and ECOG PS, respectively. All
patients had intermediate stage HCC (Child-
Pugh class A or B) and most of patients had
BCLC had BCLC stage B or C that was not
amenable to surgery therapy. The major of
ECOG PS were 0 and 1, and no patient had a
score greater than 4.

Treatment Regimens
All the included studies used conventional

TACE. TACE was performed by injecting
chemotherapeutic agents mixed with oil into tu-
mor-feeding artery in nine studies, and was per-
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formed using drug-eluting beads in three stud-
ies15,23,24. Sorafenib was given continuously until
the occurrence of adverse events or tumor pro-
gression in eleven studies. 

Treatment Efficacy
The outcome characteristics were listed in

Table II. Median TTP time, median OS time and
median PFS time was reported in seven, six and
two studies, respectively. 

Meta-analysis of TTP indicated that when the
data from all studies13,14,17 were incorporated, the
overall lnHR was 0.75 (95% CI: 0.48-1.03). More-
over, the difference was statistically significant (p
= 0.003) with significant heterogeneity (I2 =

82.7%) (Figure 2A). When the data from two ran-
domized controlled trial (RCT) studies13,41 were in-
corporated, the overall lnHR was 0.99 (95% CI:
0.149-1.837), with significant difference and high
heterogeneity (p = 0.009, I2 = 85.4%). When each
of the two RCT studies and prospective non-RCT
study were incorporated, respectively, the overall
lnHR was 0.74 (95% CI: 0.48-1.00) with no differ-
ence (p = 0.08) and moderate heterogeneity (I2 =
67.4%)13,17, and 0.96 (95% CI: -0.50-2.41) with
significant difference and heterogeneity (p = 0.001,
I2 = 91.1%), respectively14,17. 

When the data from all studies13,15,17 were incor-
porated, the overall lnHR for OS was 0.76 (95%
CI: 0.47-1.05), indicating 24% hazard reduction in

Figure 1. Flow chart of the selection of the studies for meta-analysis.
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mortality with TACE + sorafenib vs. TACE alone.
However, the difference was not significant (p =
0.147) with slight heterogeneity (I2 = 47.9%) (Fig-
ure 2B). When the data from RCT study13 and co-
hort study (CS)15 were incorporated, the overall
lnHR was 0.98 (95%CI: 0.59-1.38), without sig-
nificant difference and heterogeneity (p = 0.569, I2

= 0.00%). When the CS15 and prospective non-
RCT17 were incorporated, the overall lnHR was
0.63 (95% CI: 0.43-0.83), without any evidence of
difference and heterogeneity (p = 0.492, I2 =
0.00%). When the data from RCT study13 and
prospective non-RCT17 were incorporated, the
overall lnHR was 0.78 (95% CI: 0.35-1.21) with
no significant difference (p = 0.051) but signifi-
cant heterogeneity (I2 = 73.7%). 

The meta-regression analysis was performed
for TTP only. We tried to put as many covariates
into our model as possible. When data from 3
studies were incorporated, we found no signifi-
cant interaction between any covariates.

Adverse Events
All studies reported the adverse events (AEs)

in the patients and all of the AEs were moni-
tored using the National Cancer Institute Com-
mon Terminology Criteria for Adversee Events
(NCI-CTCAE) (Table III). Most of the AEs were
graded to grade 1 or 2. In less common grade 3
or 4, dose reduction or delay was carried out
when necessary for patients’ safety. Most AEs
were hand foot skin reaction (HFSR), alopecia,
rash/desquamation, diarrhea, hypertension, fa-
tigue, anorexia, nausea and vomiting. In RCT/CS
studies, the incidence of AEs in sorafenib-treated
patients was generally higher than control arm
patients.

Discussion 

TACE has been accepted as the standard care
for intermediate HCC25. Sorafenib is the only

TTP OS PFS

Median Median
Author (year) time HR time HR HR

(months) (95% CI) p (months) (95% CI) p (95% CI) p

Kudo (2011) [13] 5.4 0.87 0.252 29.7 1.06 0.790 N/A N/A
3.7 (0.70-1.09) N/A (0.69-1.64)

Sansonno (2012) 9.2 ± 5.8 2.5 < 0.001 N/A N/A N/A N/A N/A
[14] 4.9 ± 3.2 (1.66-7.56) N/A

Muhammad (2013) N/A N/A N/A 20.6 0.82 0.61 0.93 0.83
[15] N/A 18.3 (0.38-1.77) (0.45-1.89)
Qu (2012) [16] N/A N/A N/A 27 N/A 0.001 N/A N/A

N/A 17

Bai (2013) [17] 6.3 0.60 0.004 7.5 0.61 0.009 N/A N/A
4.3 (0.422-0.853) 5.1 (0.423-0.884)

Median TTP time Median OS time Median PFS time
(months) (months) (months) 

Zhao (2013) [18] 8.5 (95% CI 6.4-10.6) a 12 (95% CI 10.1-13.9) N/A

Park (2012) [19] 7.1 (95% CI 4.8-7.5) N/A N/A

Dufour (2010) [20] N/A N/A N/A

Chung (2012) [21] 9.3 N/A 9.0

Sieghart (2012) [22] N/A 10.6 (95% CI 5.2-16.0)

N/A
Pawlik (2011) [23] N/A N/A N/A
Cabrera (2011) [24] N/A 18.5 (95% CI 16.1-20.9) N/A

Table II. Outcome characteristics of included studies and patients.

aThe data were evaluated in assessable patients. N/A not available; TTP time to progression; OS overall survival; PFS progres-
sion-free survival.
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systemic therapy approved by FDA for HCC.
However, the sample sizes of many studies are
small and their results are heterogeneous. There-
fore, it is necessary to evaluate the overall treat-
ment effects with a comprehensive review. In
this study our meta-analysis and meta-regression

provide comprehensive data of the combination
therapy in patients with unresectable HCC.

The current study reviewed the published
studies on the combination of TACE and so-
rafenib for HCC and examined the treatment ef-
ficacy by meta-analysis and meta-regression ap-

B

A

Figure 2. A, Forest plot of TTP of included studies for HCC patients. B, Forest plot of OS of included studies for HCC pa-
tients.
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proaches. First, our study included a total of 12
clinical studies for review. Second, five
RCT/CS/ Prospective non-RCT studies were in-
cluded in meta-analysis and three studies were
included in meta-regression for TTP. The meta-
analysis indicated the benefit of combination
therapy in terms of TTP but not OS. When the
data from all studies reporting TTP were ana-
lyzed, HR for combination therapy showed sig-
nificant (p = 0.003). However, when the data
from all studies reporting OS were analyzed,
HR showed no significant difference (p =
0.147). Furthermore, we found the differences
of HR in different study types.

Our meta-regression models only included the
studies in which TTP was analyzed. However, all
incorporated data had a negative impact on the
treatment efficacy of combined therapy. The most
significant explanation for this discrepancy is that
these studies had other data associated with better
TTP after combination therapy. Liu et al26 evaluat-
ed the efficacy of combination therapy as HR of
time to progression (TTP) and overall survival
(OS) according to the cumulative numbers of TTP
and OS reported by individual studies. However, it
is important to make the sample statistic of effect
size amenable to normal distribution. Therefore,
we chose the natural logarithm of HR to explore
the temporal trend. Moreover, the results of our
analysis were better than theirs. Our conclusion are
consistent with recent studies showing that combi-
nation therapy was superior to TACE for the prog-
nosis of HCC27, 28.

Nevertheless, the present work is accompanied
by some limitations. First, only five studies were
included in meta-analysis and only three studies
were included in meta-regression for TTP be-
cause other studies are not eligible and necessary
details were unavailable. Second, the signifi-
cance of available data from these studies was
not obvious.

Conclusions

Our findings suggest a potential efficacy of the
combination of TACE and sorafenib for HCC
therapy. Future clinical trials should evaluate the
efficacy with larger population and focus on bet-
ter compliance and the evaluation of OS.

–––––––––––––––––-––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) EL-SERAG HB. Epidemiology of viral hepatitis and
hepatocellular carcinoma. Gastroenterology
2012; 142: 1264-1273.e1261.

2) WANG JH, WANG CC, HUNG CH, CHEN CL, LU SN.
Survival comparison between surgical resection
and radiofrequency ablation for patients in BCLC
very early/early stage hepatocellular carcinoma. J
Hepatol 2012; 56: 412-418.

3) ANDREOU A, VAUTHEY JN, CHERQUI D, ZIMMITTI G,
RIBERO D, TRUTY MJ, WEI SH, CURLEY SA, LAURENT A,
POON RT, BELGHITI J, NAGORNEY DM, ALOIA TA; INTER-
NATIONAL COOPERATIVE STUDY GROUP ON HEPATOCELLU-
LAR CARCINOMa. Improved long-term survival after
major resection for hepatocellular carcinoma: a
multicenter analysis based on a new definition of
major hepatectomy. J Gastrointest Surg 2013;
17: 66-77; discussion p. 77. 

4) PADHYA KT, MARRERO JA, SINGAL AG. Recent ad-
vances in the treatment of hepatocellular carcino-
ma. Curr Opin Gastroenterol 2013; 29: 285-292.

5) NEWELL P, TOFFANIN S, VILLANUEVA A, CHIANG DY,
MINGUEZ B, CABELLOS L, SAVIC R, HOSHIDA Y, LIM KH,
MELGAR-LESMES P, YEA S, PEIX J, DENIZ K, FIEL MI,
THUNG S, ALSINET C, TOVAR V, MAZZAFERRO V, BRUIX J,
ROAYAIE S, SCHWARTZ M, FRIEDMAN SL, LLOVET JM.
Ras pathway activation in hepatocellular carcino-
ma and anti-tumoral effect of combined sorafenib
and rapamycin in vivo. J Hepatol 2009; 51: 725-
733.

6) ZENDER L, VILLANUEVA A, TOVAR V, SIA D, CHIANG DY,
LLOVET JM. Cancer gene discovery in hepatocellu-
lar carcinoma. J Hepatol 2010; 52: 921-929.

7) XIE B, WANG DH, SPECHLER SJ. Sorafenib for treat-
ment of hepatocellular carcinoma: a systematic
review. Dig Dis Sci 2012; 57: 1122-1129.

8) VILLANUEVA A, LLOVET JM. Targeted therapies for
hepatocellular carcinoma. Gastroenterology
2011; 140: 1410-1426.

9) KEEFE D, BOWEN J, GIBSON R, TAN T, OKERA M,
STRINGER A. Noncardiac vascular toxicities of vas-
cular endothelial growth factor inhibitors in ad-
vanced cancer: a review. Oncologist 2011; 16:
432-444.

10) CHENG AL, KANG YK, CHEN Z, TSAO CJ, QIN S, KIM JS,
LUOR, FENG J, YE S, YANG TS, XU J, SUN Y, LIANG H,
LIU J, WANGJ, TAK WY, PAN H, BUROCK K, ZOU J, VO-
LIOTIS D, GUAN Z. Efficacyand safety of sorafenib
in patients in the Asia-Pacificregion with ad-
vanced hepatocellular carcinoma: a phase III ran-
domised, double-blind, placebo-controlled trial.
Lancet Oncol 2009; 10: 25-34.

11) 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 hepato-
cellular carcinoma. N Engl J Med 2008; 359: 378-
390.

73

Sorafenib and TACE for HCC



74

M.-D. Hu, L.-H. Jia, H.-B. Liu, K.-H. Zhang, G.-H. Guo

12) GADALETA CD, RANIERI G. Trans-arterial chemoem-
bolization as a therapy for liver tumours: New
clinical developments and suggestions for combi-
nation with angiogenesis inhibitors. Crit Rev  On-
col Hematol 2011; 80: 40-53.

13) KUDO M, IMANAKA K, CHIDA NOBUKI, NAKACHI K, TAK
WY, TAKAYAMA T, YOON JH, HORI T, KUMADA H,
HAYASHI N, KANEKO S, TSUBOUCHI H, SUH D, FURUSE J,
OKUSAKA T, TANAKA K, MATSUI O, WADA M, YAMAGUCHI

I, OHYA T, MEINHARDT G, OKITA K. Phase III study of
sorafenib after transarterial chemoembolisation in
Jananese and Korean patients with unresectable
hepatocellular carcinoma. Eur J Cancer 2011; 47:
2117-2127.

14) SANSONNO D, LAULETTA G, RUSSI S, CONTEDUCA V, SAN-
SONNO L, DAMMACCO F. Transarterial chemoem-
bolization plus sorafenib: a sequential therapeutic
scheme for HCV-related intermediate-stage he-
patocellular carcinoma: a randomized clinical tri-
al. Oncologist 2012; 17: 359-366.

15) MUHAMMAD A, DHAMIJA M, VIDYARTHI G, AMODEO D,
BOYD W, MILADINOVIC B, KUMAR A. Comparative ef-
fectiveness of traditional chemoembolization with
or without sorafenib for hepatocellular carcinoma.
World J Hepatol 2013; 5: 364-371.

16) QU XD, CHEN CS, WANG JH, YAN ZP, CHEN JM,
GONG GQ, LIU QX, LUO JJ, LIU LX, LIU R, QIAN S.
The efficacy of TACE combined sorafenib in ad-
vanced stages hepatocellular carcinoma. BMC
Cancer 2012; 12: 263.

17) BAI W, WANG YJ, ZHAO Y, QI XS, YIN ZX, HE CY, LI
RJ, WU KC, XIA JL, FAN DM, HAN GH. Sorafenib in
combination with transarterial chemoembolization
improves the survival of patients with unre-
sectable hepatocellular carcinoma: a propensity
score matching study. J Dig Dis 2013; 14: 181-
190.

18) ZHAO Y, WANG WJ, GUAN S, LI HL, XU RC, WU JB,
LIU JS, LI HP, BAI W, YIN ZX, FAN DM, ZHANG ZL,
HAN GH. Sorafenib combined with transarterial
chemoembolization for the treatment of advanced
hepatocellular carcinoma: a large-scale multicen-
ter study of 222 patients. Ann Oncol 2013; 24:
1786-1792.

19) PARK JW, KOH YH, KIM HB, KIM HY, AN S, CHOI JI,
WOO SM, NAM BH. Phase II study of concurrent
transarterial chemoembolization and sorafenib in
patients with unresectable hepatocellular carcino-
ma. J Hepatol 2012; 56: 1336-1342.

20) DUFOUR JF, HOPPE H, HEIM MH, HELBLING B, MAU-
RHOFER O, SZUCS-FARKAS Z, KICKUTH R, BORNER M,
CANDINAS D, SAAR B. Continuous administration of
sorafenib in combination with transarterial
chemoembolization in patients with hepatocellular
carcinoma: results of a phaseI study. Oncologist
2010; 15: 1198-1204.

21) CHUNG YH, HAN G, YOON JH, YANG J, WANG J, SHAO
GL, KIM BI, LEE TY, CHAO Y. Interim analysis of
START: study in Asia of the combination of TACE
(transcatheter arterial chemoembolization) with
sorafenib in patients with hepatocellular carcino-
ma trial. Int J Cancer 2013; 132: 2448-2458.

22) SIEGHART W, PINTER M, REISEGGER M, MÜLLER C, BA-
SSALAMAH A, LAMMER J, PECK-RADOSAVLJEVIC M. Con-
ventional transarterial chemoembolisation in com-
bination with sorafenib for patients with hepato-
cellular carcinoma: a pilot study. Eur J Radiol
2012; 22: 1214-1223.

23) PAWLIK TM, REYES DK, COSGROVE D, KAMEL IR, BHAGAT
N, GESCHWIND JF. Phase II trial of sorafenib com-
bined with concurrent transarterial chemoemboliza-
tion with drug-eluting Beads for hepatocellular car-
cinoma. J Clin Oncol 2011; 29: 3960-3967.

24) CABRERA R, PANNU DS, CARIDI J, FIRPI RJ, SOLDEVILA-PI-
CO C, MORELLI G, CLARK V, SUMAN A, GEORGE TJ JR,
NELSON DR. The combination of sorafenib with
transarterial chemoembolisation for hepatocellu-
lar carcinoma. Aliment Pharmacol Ther 2011; 34:
205-213.

25) BOILY G, VILLENEUVE JP, LACOURSIÈRE L, CHAUDHURY P,
COUTURE F, OUELLET JF, LAPOINTE R, GOULET S, GERVAIS

N. Transarterial embolization therapies for the
treatment of hepatocellular carcinoma: CEPO re-
view and clinical recommendations. HPB (Oxford)
2015; 17: 52-65.

26) LIU L, CHEN H, WANG M, ZHAO Y, CAI G, QI X, HAN

G. Combination therapy of sorafenib and TACE
for unresectable HCC: a systematic review and
meta-analysis. Plos One 2014; 9: e91124.

27) TU JF, XU HH, YING XH, WANG YH, ZHANG DK, TU CY,
JI JS. Comparative study of several microinvasive
treatments for large hepatocellular carcinoma. Eur
Rev Med Pharmacol Sci 2015; 19: 45-53.

28) KAN X, JING Y, WAN QY, PAN JC, HAN M, YANG Y, ZHU
M, WANG Q, LIU KH. Sorafenib combined with per-
cutaneous radiofrequency ablation for the treat-
ment of medium-sized hepatocellular carcinoma.
Eur Rev Med Pharmacol Sci 2015; 19: 247-255.


