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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 (12 = 82.7%) and for OS
was 0.76 (95% ClI: 0.47-1.05, p = 0.147) with slight
heterogeneity (12 = 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

this disease'. 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 outcomes?*. 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 HCC>®, 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 Kit”®. 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 treatment'®!'. 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)®. However, TACE elicits
the secretion of VEGF and thus may promote tu-
mor growth'?. 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. I? statis-
tics was used to measure the heterogeneity of the
studies. If the I?> 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 evaluation'*?*. Of these, five
studies which consisted of sorafenib therapy and
control arm of no sorafenib therapy were eligible
for meta-analysis'*!”. 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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Figure 1. Flow chart of the selection of the studies for meta-analysis.

formed using drug-eluting beads in three stud-
ies!>2324 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 studies''*!” were incorporated, the
overall InHR was 0.75 (95% CI: 0.48-1.03). More-
over, the difference was statistically significant (p
= 0.003) with significant heterogeneity (I? =

82.7%) (Figure 2A). When the data from two ran-
domized controlled trial (RCT) studies'>*' were in-
corporated, the overall InHR was 0.99 (95% CI:
0.149-1.837), with significant difference and high
heterogeneity (p = 0.009, P = 85.4%). When each
of the two RCT studies and prospective non-RCT
study were incorporated, respectively, the overall
InHR was 0.74 (95% CI: 0.48-1.00) with no differ-
ence (p = 0.08) and moderate heterogeneity (P =
67.4%)'37, and 0.96 (95% CI: -0.50-2.41) with
significant difference and heterogeneity (p = 0.001,
P =91.1%), respectively'*!".

When the data from all studies'*'>!7 were incor-
porated, the overall InHR for OS was 0.76 (95%
CI: 0.47-1.05), indicating 24% hazard reduction in



Sorafenib and TACE for HCC

panuyuod 21qu [

SJUAUQ ASIAPER 0] 9=D
Surp10ddE paproop 68=1 | 8L£=4d Tt=4
a1om juausnfpe pue | 16 =( 0=V VIN 8LL=V | 000F VIN I'16 | 0TI F06b S uo)
HOV.L 10)e A[rep oo1m)
19[qe) Sw OO7 YHM UAIS 7$9=D
SEM QIURJEIOS HOV.L YP=1 | 96¢=4d L9c=9d uonodJur [91]
[BUONUSAUOD HDV.L | 966 =0 0=V V/IN €EL=V | 95°6¢ V/IN ['16 | LTIFOIS ON/A9H S S 1Y (Z102) nO
0=D
L9c=49
SJUDAD ISISADE [[1} V/IN €EL=V 0001 a/v V/IN I'e 0001 | ¥'LFT6S 0€¢ uo)
UOSEEGOO ,QHM ME OO.V
0] pasealdur pue ‘o'd PIq ADH-UON
Sw Q07 Ym paress §8e=D /10YOd[e-UON]
SEM QIURJEIOS HOV.L rsI=4d /ADH [s1](€100)
[BUONUDAUOD ‘HDV L V/N 9% =V 0001 q/v V/IN ¥ 000l | SLFH19 /104021y €l S o) pewweynjy
uorssargoxd 0€z=1
Jown) SuImO[[oy | OLL=0 | 00l=9€ 0001 001 =V 61r | YEEFP69 | €19 | v9F8TL I¢ uo)
paddojs a1om pue
‘HOV.L 1o1e s&ep (¢
UQAIS 210M 0qadeld
Jo quuoyeloS qOV.L | OvC=1 [+1]1(2102)
[BUONUSAUOD (DL | 098=0 | 00l =€ 0001 00l =V Y8y | TTTFOCL | 1'8S | OvFOEL ADH |53 S DY ouuosueg
JU3sSUOd JO [emeIpyiim celr=1
Jo “Kyrorxoy ‘uorssaidord | 788 = () VIN TL9 001 =V VIN VIN v'EL 00L 6CC uo)
[un panuuod pue
HOV.L Joye syjuout ¢-|
payIe)s a1am oqaoerd
1o quuajeIoS HOV.L | ¢TI =1 ADH/A9H [er]
[BUONUSAUOD ‘HDV.L | 8'L8=0 V/IN ¥'69 001 =V V/IN V/IN 09L 069 /IOYOdIY | 67T S 1DY9 | (1102) opny|
sonsuadRIeYD (%) (%) (%) (%) (%) (wd) (%) aby Abojonz ‘ou dnoip | adfy (1294)
juswileal] Sd abeiys | sisoyun ybnyg siown} ozIS ETEI juaned Apmis loyiny
IeBE] papl:| -pyd | adninw| Jowny

‘syuoned pue SoIpN)s popn{oul JO OIISLIAORIRYD SUI[dsed | d]qeL




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

panunuod 2jqu |

[JBOp IO SJUIAD ISIOAPE
9[qeidadorun 10 4 01 S

DODH [BUn PINURU0d
JuauBAL], "HOV.L 01
Totd prq Sur OO 01 pIq
3w Qg 18 qQIuUojeIOS umouyun Apnis [o2]
JO snonunuoy) HOV L L= 9¢=D L=d /HSVN/ADH I aseyd (0102)
[BUONIULAUOD “HDV I, €6=0 79=4d VIN 6=V 0S S 8L g9 /104091 i4! S [eqef-uadQ nojnq
SY9M ¢ 10J panunuod
Z Sem pue DV, Iayye
¢ Aep uo ‘o'd piq Apmys
Sw 00p Wi paLeIs LYo 11 aseyd le1]
Sem qIuejeIos HOV.L 9¢=1 81 =D 9=4d /ADH ‘danoadsoxd (T100)
[BUOUSAUOD *HDV L =0 =4 V/N V6=V VIN 8¢ 08 19 /AdH 0¢ S 10)U0d-9[TUIg red
K)101%0) )
[T} USAIS panunuod
pue A[rep 201m)
Sw (Qf e pareniut 9=¢ EELNO) Apmys [81]
Sem qIuejelos HOV.L 0S=1 08=D vI=4 /ADH aanoadsonar (€102)
[BUONULAUOD *HDV L =0 oc=49d L6 98 =V 0¢ L'8 8 1< /AdH e S JojuadnnA oeqz
0=1
0=¢
8=7 [S€9=D
SNIX01JO | 9'¢6=1 | S9c=¢ 99z=9
ouasaxd oyy uo paseq | €8¢ = () 0=V VIN YEL=V | 6y VIN 068 | 0TIF0TS Y91 uo)
SeM PAJIPOW 2SOP
‘HOV.L 1oye skep ] L=y
urgim K[rep o1y l=¢ uonosajur
Sw oy e paRenIuL | 9P =7 | 89L=D ON
Sem qQIUJRIOS HOV.L | ¥'9v =1 cee=d cee=4d /ADH LOy-uou [L1]
[BUONULAUOD *HOV.L | 99€=0 0=V VIN 89L=V ¢'8¢ V/N 068 | 0CIF0OVS /AdH 8 S aanoadsold [(£10T) red
sonsudldRIeYD (%) (%) (%) (%) (%) (wd) (%) aby ABbojong ‘ou | dnoip adfy (1e3A)
juawileal] Sd abeys | sisoyun ybng siown} azis ETEN] waned Apmis Joyiny
PIePE] papl:] -puyd> | sdniny | Jowny

'syuaned pue sarpnis papn[oul JO dNSLIOLIRYD UI[aseq *(panuiauo)) | a|qeL




Sorafenib and TACE for HCC

‘sinedoy sunwwioine HIy ‘snnedoyojes)s d1joyod[euou HSYN ‘Apnis 1104od ) {[BL) PI[[ONU0D PAZIWOPURI )Y {[01IU0D U0 qIUJRIOs § ‘I[qR[IBAR JOU V/N

yjeap Jo uorssargord
onewojdwAs 10 SjuaAd
3s10Ape 9[qeidacoeun

[un panunuos PYPO/HSVN
juouIjeal) Ay} pue /SISOULIID
DV L 210J9q SYM -7 oruagoydA) Apmys
pauIe)s sem piq Sw OO /SISojow 11 @seyd [yl
Je SNONUNUOd qIURIOS | C'ZZ =1 61 =D L'L7=9 -0IYO0WAH I9)UQ0-9[3uIs (1102)
HOVLI-9Hdd ‘HOVL | SPL=0 18=4 VIN €UL=V VIN VIN oL 1219 /ADH/A9H Ly S oAnpadsold | BIOIqED)
son1o1x0} 9[qeidoooeun
[Iun paNuUNuod JUAWILA)
Y] pue 2[00 Joom-9 ©
UO POJEaAI} dIOM SJUdNR]
S9[0AD JuoumjeaT)
9y Jnoysnouy) pue
HOV.L 210Jq Yoam | IOUI()/SISOYLITD
palIe)s sem pIq 3w OO orua301dAID
J© SNONUIIUOD QIUAJLIOS /SISOjoW
qQIuaJRIOS Id}Je -OIOOWH Apnys
Yoom [ pauriojrad sem /10YOd[Y 11 oseyd [e2]
AOVI- (A peeq | $S=1 ¥9=D =4 /ADH TOJURO-d[3Uls (1102)
Sunnpe-SnIp :HOVL | 9v =0 ye=4d VIN 68=V VIN TYFLL YL €9 /AdH 3 S 2An0adsolq Almed
YIBap 1O SIUIAD ISIIAPE
GUISUOD MAIPYIM Juaned
Sy [hun HHV 1, 210399
SYOOM T PILIBIS SeM PIq
Sur OO Je snonunuod €ee=0 HIV/HSVN Apmys wre [ce]
qQuOJRIOS HOVL | L9=T | 009=4€ 0c=4d /ADH/A9H -o[suIg (z100)
[BUONIUSAUOD “HDIVL | €€6=0 L9=V VIN 08=V 09 L'TF69 L'98 L9 /104091 Sl S ‘Toqe[uadQ | Ireysorg
SO[A> HOVL
0 JO wnuwrxew
0} dn pue ‘syeam -9
AI9A2 pareadar arom
SO[0AD qIUORIOS/HDV.L
HOV.L 1o1ye L Kep-y Kep L0 Apmys
UQATS SeM PIq SW (0 61=0D = mouyup 11 oseyd [zl
Je QIuoJeloS HOVL | 6°'LI =1 6'08=49d LL=d ‘oAnadsord (T100)
[EUONURAUOS *HDVL | I'T8=0 | ¢LI=V V/N 916=V V/IN VIN (SES] 0°LS VIN g9l S ‘[oqe] uadQ suny)
sansuadeIRYD (%) (%) (%) (%) (%) (wo) (%) aby | ABojonz "ou dnoip adfy (1234)
juswieal] Sd abels | sisoyuid ybng siown} azis ETEN uaned Apnms Joyiny
PlepE| papl:] -piyd> | aidmny | Jownp

'sjuanjed pue SATpNIS PAPN[OUT JO ONSLId)ORIRYD duI[aseq *(panuiuo)) | alqeL




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

Table Il. Outcome characteristics of included studies and patients.

TTP oS PFS
Median Median
Author (year) time HR time HR HR
(months) (95% ClI) P (months) (95% Cl) P (95% Cl) 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) 92+58 2.5 <0.001 N/A N/A N/A N/A N/A
[14] 49+32 (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% CI1 6.4-10.6) a 12 (95% C1 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

“The data were evaluated in assessable patients. N/A not available; TTP time to progression; OS overall survival; PFS progres-

sion-free survival.

mortality with TACE + sorafenib vs. TACE alone.
However, the difference was not significant (p =
0.147) with slight heterogeneity (I? = 47.9%) (Fig-
ure 2B). When the data from RCT study'? and co-
hort study (CS)'* were incorporated, the overall
InHR was 0.98 (95%CI: 0.59-1.38), without sig-
nificant difference and heterogeneity (p = 0.569, I?
= 0.00%). When the CS' and prospective non-
RCT" were incorporated, the overall InHR was
0.63 (95% CI: 0.43-0.83), without any evidence of
difference and heterogeneity (p = 0.492, I’ =
0.00%). When the data from RCT study'® and
prospective non-RCT'!7 were incorporated, the
overall InHR was 0.78 (95% CI: 0.35-1.21) with
no significant difference (p = 0.051) but signifi-
cant heterogeneity (I? = 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 IIT). 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 HCC*. Sorafenib is the only
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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.

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-
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Sorafenib and TACE for HCC

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 al*® 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 HCC?"-2,

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.
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