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Abstract

Background and Aims: In the last decade, several sec-
ond-line therapies followed by sorafenib in patients with ad-
vanced hepatocellular carcinoma (HCC) have been reported.
But the outcomes were different from each other. This me-
ta-analysis aimed to evaluate the efficacy and safety of the
second-line therapies followed by sorafenib in patients with
advanced HCC. Methods: Embase (1974 to October 2019)
and Ovid MEDLINE (1946 to October 2019) were searched
for randomized clinical trials on second-line therapies fol-
lowed by sorafenib in patients with advanced HCC. The qual-
ity of each study was assessed by the modified Jadad scale.
Statistical analysis was carried out by RevMan5.3 software.
Efficacy and safety were analyzed. Efficacy included overall
survival (OS), disease control rate, time to progression, and
progression-free survival. Results: Eight studies involving
3,173 patients were eligible. No difference in OS was found
between the second-line treatment group and the control
group (HR=0.87, 95% CI: 0.74-1.01, p=0.06). Disease
control rate (relative risk (RR)=1.36, 95% CI: 1.16-1.60,
p=0.0002), time to progression (HR=0.64, 95% CI: 0.51-
0.81, p=0.0002) and progression-free survival (HR=0.60,
95% CI: 0.46-0.77, p<0.0001) were significantly improved
by the second-line therapies. There was a slight difference in
adverse events of any grade (RR=1.07, 95% CI: 1.00-1.14,
p=0.03) between the two groups. Conclusions: These
second-line therapies followed by sorafenib may potentially
improve the prognosis in patients with advanced HCC. Com-
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pared with other second-line therapies, regorafenib seemed
to be more effective.
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Introduction

Hepatocellular carcinoma (HCC) is the most common pri-
mary liver cancer and remains a worldwide disease bur-
den.12 The tyrosine kinase inhibitor (TKI) sorafenib has
become the standard first-line therapy for patients with ad-
vanced HCC who are not candidates for locoregional thera-
py. Moreover, it has shown survival benefits over placebo.34
However, for most patients, the benefits of sorafenib are
not sustainable and the disease eventually progresses.®
Furthermore, many patients will experience dose reduction
and treatment discontinuation due to the high rate of ad-
verse events (AEs).6-8 It has been reported that 40-56% of
patients were potentially amenable to second-line clinical
trials due to resistance to sorafenib.® In the last decade,
several second-line therapies, such as cabozantinib,1? pem-
brolizumab!! and ADI-PEG,!2 have been reported. However,
the outcomes were different from each other. Therefore,
there is still no standard second-line treatment followed for
sorafenib.13,14

Therefore, this meta-analysis of randomized controlled
trials (RCTs) was conducted to evaluate the efficacy and
safety of the second-line therapies followed by sorafenib.

Methods

Search strategy

This systematic review and meta-analysis were conducted
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) guidelines
(http://www.prisma-statement.org/).1> A comprehensive
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search of studies was performed in Embase (1974 to Octo-
ber 2019) and Ovid MEDLINE (1946 to October 2019). The
search terms were: hepatocellular carcinoma, liver cancer,
HCC, nexavar, BAY 43-9006, BAY 43 9006, BAY 439006,
sorafenib N-oxide, sorafenib N oxide, BAY-673472, BAY
673472, BAY 545-9085, BAY 545 9085, BAY 5459085, BAY-
545-9085, BAY5459085, and sorafenib tosylate. We also
manually searched the reference lists of the identified stud-
ies for related articles. Two authors (LA and HL) indepen-
dently screened titles and abstracts. We obtained full texts
for further assessment if the publications potentially met
the inclusion criteria. Any disagreement between the two
authors would be solved by consulting the third author (KY).

Inclusion and exclusion criteria

The eligibility criteria for this study were as follows: 1. Only
patients (age >18 years) with advanced HCC-confirmed
progression during or after sorafenib treatment or sorafenib
resistance were included in these trials. 2. RCTs that com-
pared the second-line treatment with placebo or best sup-
portive care were included. 3. Any of the following data was
reported in the articles: overall survival (OS) (defined as the
time from the date of randomization to that of death of any
cause), disease control rate (DCR) (defined as the percent-
age of patients who achieved complete, partial response or
stable disease), time to progression (TTP) (defined as the
time from the date of randomization to that of first observa-
tion of disease progression), progression-free survival (PFS)
(defined as the time from date of randomization to that of
first observation of recurrence or death due to any cause)
or AEs (such as decreased appetite, edema peripheral and
diarrhea).

Animal studies, reviews, letters, editorials, commentar-
ies, abstracts, unpublished studies, case reports, duplicate
studies, and studies without full articles were excluded.
Also, we excluded studies that involved some patients who
received other therapies instead of sorafenib as the first-line
treatment.

Data extraction

The extracted data included: general information, such as
year of publication, sample size, and geographical region;
population characteristics, including Eastern Cooperative On-
cology Group (ECOG) performance status, Barcelona Clinic
Liver Cancer (BCLC) stage, Child-Pugh score, a-fetoprotein
(AFP), characteristics of the previous sorafenib therapy and
the reasons for discontinuation of sorafenib; characteristics
of the second-line treatment; primary outcome: median
0S, hazard ratios (HRs) and their 95% confidence intervals
(CIs) and log-rank p values; Secondary outcomes: median
PFS and median TTP with HRs and their 95% ClIs and log-
rank p values, number of patients who achieved disease
control and number and type of adverse events.

Two authors (LA and HL) independently extracted the
data using a standardized data collection form. Any disa-
greement was solved by discussion with the third author
(KY) and a consensus was finally achieved.

Quality assessment

The quality of each study was assessed by the modified Ja-
dad scale.!® Six items were included in the modified Jadad
scale, the full score of which was 8 points. A higher score
indicates better quality.16 For each question, we awarded one
point for an affirmative response or zero points for a negative

response. These six items were: (i) was the study described
as randomized? “yes or no”; award a bonus point if the meth-
od of randomization is appropriate (score 2) (e.g., computer-
generated), deduct one point if the method of randomization
is inappropriate (score 1); (ii) was the study described as
double-blind? “yes or no”; award a bonus point if the method
of double-blinding is appropriate (score 2) (e.g., identical
placebo), deduct one point if the method of double-blinding
is inappropriate (score 1); (iii) was there a description of
withdrawals and dropouts? “yes (score 1) or no (score 0)”;
(iv) was there a clear description of the inclusion/exclusion
criteria? “yes (score 1) or no (score 0)”; (v) was the method
used to assess adverse effects described? “yes (score 1) or
no (score 0)”; (vi) were the methods of statistical analysis
described? “yes (score 1) or no (score 0)".16

Two authors (LA and HL) performed the assessments in-
dependently. They resolved disagreements by discussion
with the third author (KY).

Statistical analysis

Meta-analysis was performed with Cochrane Collaboration’s
Review Manager (version 5.3). Continuous variables were
assessed by calculating HRs with their 95% ClIs. Results
were showed by forest plots. Treatment effects were ex-
pressed as relative risks (RRs) with 95% CIs for discon-
tinuous outcomes and HRs for continuous outcomes. It was
considered statistically significant when p was <0.05. Het-
erogeneity of the studies was measured by the I? statis-
tic.17 If I? <50%, it represented homogeneity and we would
use the fixed-effects model.18 Otherwise, we would use the
random-effects model.18 Subgroup analysis and sensitivity
analysis would be performed if heterogeneity existed.

Results

Study selection

A total of 906 studies were identified. The results of lit-
erary searches are presented in Figure 1. After adjusting
for duplicates, 676 remained. By reviewing abstracts, 661
studies were excluded because these studies clearly did not
meet the eligibility criteria. Subsequently, the full text of
the remaining 15 citations was examined in more detail.
Five studies were excluded because sorafenib was not in-
cluded in the first-line therapy for some patients and two
studies were excluded because the data were insufficient.
As a result, eight studies were included in the meta-anal-
ysis_19—26

Study characteristics and quality assessment

Eight studies were included in the meta-analysis, which were
all randomized controlled multicenter trials. In total, 3,173
patients were involved. There were 2,018 patients in the
second-line treatment group and 1,155 patient in the control
group. For the modified Jadad scale (Table 1), two studies!®.21
received 7 points and five studies20:22-25 received 8 points,
indicating that they were of high quality. Only one study?° re-
ceived a Jadad score of 5 because it was not double-blinded
and the methods of statistical analyses were not described.
Most patients (66-100%) discontinued sorafenib because of
progression. The majority of patients were of BCLC B or C
stage (93-100%) and most of them had Child-Pugh class A
or B severity of disease (95-100%). The ECOG performance
status for most patients was 0 or 1. The results of the study
characteristics are shown in Table 2.19-26
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database searching
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through other sources
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Records after duplicates removed

(n=676)

A 4

Records screened
(n=676)

A

Full-text articles assessed
for eligibility
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Studies included in
qualitative synthesis
(n=8)

A 4
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guantitative synthesis
(meta-analysis)
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Full-text articles excluded
(n=7)
Reasons:
5 Sorafenib was not
included in the first-line
therapy for some patients
2 Insufficient data

Fig. 1. PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Table 1. Modified Jadad scale for randomized controlled trials included in the meta-analysis

Study (Year) 2o Ot rawals and dropouts  clusion criteria  AES analysis. Overal
Llovet (2013)19 2 1 1 1 1 1 7
Zhu (2014)20 2 2 1 1 1 1 8
Zhu (2015)21 2 1 1 1 1 1 7
Bruix (2017)22 2 2 1 1 1 1 8
Kudo (2017)23 2 2 1 1 1 1 8
Rimassa (2018)2¢ 2 2 1 1 1 1 8
Zhu (2019)25 2 2 1 1 1 1 8
Moehler (2019)2%6 2 0 1 1 1 0 5

AEs, adverse events.

870

Journal of Clinical and Translational Hepatology 2021 vol. 9 | 868-877



An L. et al: Second-line treatments in HCC patients

(panur3uod)
"912A2 puodas
e Aq pamoj|o4
poliad 2a.-6nup
Aep-$T wnuwiulw
e JjusMiapun
sjuanied ‘uayl
‘sAep 8z 40j 92Ad
%PE=3V 1541} U3 Ul Ajiep
%Tt=00t< %6T=4d %99=D %ST=T  !%99=uoissaiboid 22IM3 :3]DAD ‘;w ueder Ul ¢.(£102)
%65=00t> %T8=V ‘%TE=49 ‘%E=Y  ‘%S8=0 aseasiq /Bw 08 :3so0q VN  z2C S91Is /S opn|
%E=4 %68=D %EE=T
%St=00t< %L6=VY ‘%TT=4 ‘0=VY  ‘%/9=0 A b6T
(uosuiad 3|2A2 Yoam- e|ueanQ
[=]8]e] mc_mm__\,_v yoeo JO S)ooM ~mmu_LmE<
%T=4d %98=2 %SGE=T uoissatboud 99443 3811} ay3 'eIsy  £2(£102)
%Eb=00t< 1%86=V ‘%PbT=4d ‘%I>Y  ‘%S59=0 dlydesboipey 4oy Aep/Bw 09T A 6LE ‘adoung xinig
(06£829-0) 0€€
=(2bueu) ueipa
‘o T=Bulssin %SG T=A}DIX0L
1%9t=00t< %88=D %9t=T  ‘%SGg8=uoissaibo.d
1%ES=00t> %86=Y %ZT=4d %bS=0 d1ydedboipey A T8¢
(00zZ’£58-0)
p/T1=(buel)
ueIpan SYooMm ¢ eiuUR2Q
104 T=BUISSIN 9 € T=A3IDIX0| AJaAa y T 190 ‘seoliawy
%Zy=00tv< %88=2 %Pbt=T1  '%//8=uolissaibo.d Alsnousae.jul ‘eisy  12(ST02)
1%/5=00v> %86=Y %zT=4 1%95=0 d1ydesbolpey B>/6w 8 A €87 qewnupnwey  ‘adoinz nyz
%0=19430
%€ p=buIssiiy %EE=T ‘%T 0Z=90UrI9|0IU]
%8 Lt=00C< %T'T=4d %6°G8=D ‘%C 0v=T !%6 6/=uolssaibo.d
%8 Ly=002> ‘%6'86=Y %T'PT=9d ‘%S95=0 d1ydesboipey A P81
%€ 0=19430 ejuesdQ
%E c=bulssiy %T'S=C ‘%SG 8T=90URID|0IU] ‘seoswy
1% Lb=00C< %Z'2=9 %G'98=D %9°'GE=T ‘% T8=uoissaibolid ‘eIsy  oz(+102)
%t 6v=002> ‘%8'L6=V %S'€T=9 ‘%T'65=0 d1ydesboipey Aep/Bw Gz A T9€ ‘adoung nyz
9 ¢ T=90Ukel9|0ju]
[s0TxT1°5-0"T] %0=2 %Pb=¢ ‘%88=uoissaiboid
00T =(abue) %6=9 %0=d ‘%S8=D 1%GE=T oiewoydwaAs [618-tc€]
uelpajy %T6=VY ‘%bT=9 ‘%I=VY 1%T19=0 10 o1ydedboipey Aep /Bw 008 A CET
9% € T=90Uel3|0ju]
[soTx9'€1-2'T] %T=D %b=¢ ‘%98=uoissaiboid seolaWyY
0g=(sbuel) %L=9 %T=d ‘%/L8=D 1%6E=T di3ewoldwAs [co8-102] ‘elsy  61(£702)
uelpajp %T6=Y '%6=9 ‘%E=VY 1%/5=0 1o oiydedboipey Aep /Bw 199 A €97 ‘adoung 19A0[
oJ4ed
qluadje.dos Jo sdnsideIRYD ?zis
qw/bu ‘d4v :m:."_-ww_ﬂ_w w.ﬂwmwwww_m_ﬂe“ M..%Ww uoENUIUOD jJusWieD} w>_.um__wm aid uoiboy AMMN;M
: -SIp 10j uoseay 3UI|-puUod3S 1599 -wes

sisAjeue-e3aWw ay3 ul papnjoul SaIPNJS JO sonsHdPRIRY) T d|qelL

871

Journal of Clinical and Translational Hepatology 2021 vol. 9 | 868-877



An L. et al: Second-line treatments in HCC patients

DaAdalpeASp duabowiisexad ‘DaA-eXad {Apnis ay3 ul pagrasap 10N ‘YN ‘dnols ABojoduQ aAeladoo) ulaises ‘90D3J (1adue) JaAIT dlullD BuO[RdJRg DY ‘D1Dd ‘IUBAS 9SIaApe ‘Jy

(¥02'915-1)

86 =(abuel) 9% 88=uolissaiboid a1ed
uelpap %bT=9 %6/=2 %0=¢ d1ydesbolpey aAloddns
1%05=002< 1%98=Y %TZ=9d %00T=C 104 T=90URI3|03UT N A €y iseg
8T pue 2T ‘9
‘e sy99m pue 8
Aep je sjuswiealy
|edownjeljul G 03
dn AgQ pamo||o4
T Aep uo
(990'z08'1t-2) A|snouane.iul edlPWwy
£98=(abuel) %/ 8=uoissaiboid syun buiwaoy UYMON
ueipsiy %<cCT=9 %L8=D %S=¢ d1ydelbolpey anbe|d ¢0T ‘eIsy  4z(6702)
1%79=00¢ 1%88=V %ET=4d 1%G6=C 10 E T=90URIS|OIUT 40 sesoQ A 98 J9/\-exad ‘adoing  J3|ya0W
(189°T1-84T'T)
TvL'c=(sbuel) %0 =92UeI3|0ju]
ueipsiy %64=D %Ch=T1 %08=9seasIp
1%00T=00t< %00T=Y %Tz=4 19%85=0 aAIssalboud A S6 ogade|d
sAep T Alana
(000°02-541'T) Yy T 104 ogaoed e|ueadQ
0z6's=(abuel) 9,9 T =22URI3|0jU] Jo (B/bw 8) ‘seollawy
ueipsiy %E8=D %Eb=T1 1%t 8=9seas|p qewnJpnuwed ‘e1sy  ¢z(6702)
1%00T=00t< %00T=Y %/T1=9 1%/5=0 3AIsSa160.d snousAe.jul A £6T gewnupnwey  ‘adoin3 nyz
(800'0vt-2)
605=(abue.) 0/ T Z=92UBIS|03U]
ueipsiy %6.4=D %cCh=T 198/ =uoissaibo.d
‘%2t=00C< %S6=Y :%ST=9 ‘%9=V  ‘%85=0 d1ydedbolpey PIT ogaoe|d
(££8'L¥E-T)
6 T=(abuel) 9/ T=92Ueld|0ju] elueadQ
ueipsiy %T8=D %8E=T %% ¢g8=uoissalboud Allep 2o1m3 'seodWyY 4,7(8102)
‘%EP=002< %S6=VY :%CT=9 ‘%.L=V  ‘%C9=0 d1ydedboipey bw ozt VYN  9z¢ quiueAll  ‘sdoiny essewry
%TE=3AV
%br=00p< %6T=9 %£9=D %6T=T %69 =Uuolssaibo.d
'%95=00%> %T8=Y ‘%CE=9 ‘%I>V  :%TI8=0 aseasiq TTT 0gaoe|d
aled
qludjelos Jo solsiiadleleyd ?zis
qui/bu ‘d4v :m:u-Wﬂm__w m.q.__w.ww%w_w_ﬂe“ M.Munww uoljenuijuod juswjeaty w>_.umwnm_ 9id dnouap uoibay AMMNWM
: -SIp 10j uoseay aul|-puodas 1509 -wes

(panunuod) - *z alqeL

Journal of Clinical and Translational Hepatology 2021 vol. 9 | 868-877

872



An L. et al: Second-line treatments in HCC patients
Efficacy

DCR: Five studies20.21,23-25 ysed RECIST (Response Evalu-
ation Criteria in Solid Tumors), two studies!926 used modi-
fied RECIST (mRECIST) and one study?? used both RECIST
and mRECIST to assess tumor response (Table 3). DCR was
reported in all the studies,!°-25 ranging from 13% to 65%
in the second-line treatment group and 19% to 50% in the
control group (Table 3). The random-effects meta-analysis
showed that the RR for DCR was 1.36 (95% CI: 1.16-1.60,
p=0.0002) with high heterogeneity (I12=71%, p=0.001),
suggesting that DCR may be significantly improved in the
second-line treatment group (Fig. 2A). However, among
these therapies, only tivantinib24 and pexastimogene de-
vacirepvec (Pexa-Vec)2® might be unable to increase DCR.
Sensitivity analysis did not change the heterogeneity sig-
nificantly.

0S: In the included eight studies,19-26 median OS in
the second-line treatment group ranged from 4.2 to 11.1
months, while in the control group it ranged from 4.4 to
11.2 months (Table 3). Seven studies2°-26 provided HRs and
95% ClIs of OS. The random-effects meta-analysis showed
no difference in OS between two groups (HR=0.87, 95%
CI: 0.74-1.01, p=0.06) with high heterogeneity (I?=62%,
p=0.02) (Fig. 2B). However, ramucirumab in patients with
increased AFP concentrations (HR=0.71, 95% CI: 0.53-
0.95)2> and regorafenib (HR=0.63, 95% CI: 0.50-0.79)22
appeared to significantly prolong OS, indicating that they
might be superior to other second-line treatments.

Sensitivity analysis by omitting Bruix 201722 reduced the
heterogeneity significantly (I12=28%, p=0.22) with the HR
of 0.92 (95% CI: 0.81-1.03, p=0.16), which might be the
reason for the high heterogeneity.

TTP: All the studies!®-26 provided available data on TTP.
Median TTP ranged from 1.8 to 4.2 months in the second-
line treatment group and 1.4 to 3 months in the controlled
group (Table 3). We used the random-effects model for
when heterogeneity was high (I2=85%, p<0.00001), and
sensitivity analysis made no difference to it. It showed that
TTP was significantly improved in the second-line treatment
group (HR=0.64, 95% CI: 0.51-0.81, p=0.0002) (Fig. 2C).
What's more, regorafenib in Bruix 201722 (HR=0.44, 95%
CI: 0.36-0.54) and ramucirumab in Zhu 201925 (HR=0.43,
95% CI: 0.31-0.58) seemed to have an advantage over the
other therapies in TTP.

PFS: Five studies?!-2> presented data of PFS. Median PFS
reported in these five studies ranged from 2.1 to 3.1 months
in the second-line treatment group and 1.4 to 2.1 months
in the placebo group (Table 3). The HR for PFS was 0.60
(95% CI: 0.46-0.77, p<0.0001) by the random-effects
model, with a high heterogeneity (12=83%, p<0.0001) (Fig.
2D), indicating that the second-line treatment, especially
regorafenib (HR=0.46, 95% CI: 0.37-0.57)22 and ramu-
cirumab (HR=0.45, 95% CI: 0.34-0.60),25> might improve
PFS. Sensitivity analysis did not change the heterogeneity
significantly.

Safety

The most frequently reported AEs are shown in Table
4.,19-26 There was a slight difference in AEs of any grade
(RR=1.07,95% CI: 1.00-1.14, p=0.03) between the two gr
oups.19:20,22-24,26 The rate of decreased appetite (RR=1.58,
95% CI: 1.15-2.16, p=0.005),19-21,23-26 edema peripheral
(RR=1.91, 95% CI: 1.59-2.29, p<0.00001),20.21,23-26 djar-
rhea (RR=1.73, 95% CI: 1.33-2.24, p<0.0001),19-26 py-
rexia (RR=2.64, 95% CI: 2.04-3.40, p<0.00001),20-23,25,26
fatigue (RR=1.43, 95% CI: 1.14-1.80, p=0.002),19-26 nau-
sea (RR=1.37, 95% CI: 1.15-1.64, p=0.0004),19-26 and

vomiting (RR=1.61, 95% CI: 1.07-2.42, p=0.02)20-23,25,26
appeared to be higher in the second-line treatment group.
No difference was found in abdominal pain (RR=0.99,
95% CI: 0.85-1.15, p=0.90),19-26 ascites (RR=1.33, 95%
CI: 0.95-1.86, p=0.10),20-26 or constipation20-23,25.26
(RR=1.06, 95% CI: 0.75-1.50, p=0.74).

For efficacy and safety, subgroup analysis of sample size
failed to reduce the high heterogeneity and it was hard to
carry out other subgroup analyses. The results of sensitivity
analysis and subgroup analysis are shown in Supplemen-
tary Tables 1 and 2, respectively.

Discussion

This meta-analysis comprehensively analyzed the efficacy
and safety of the second-line treatment after sorafenib fail-
ure in patients with advanced HCC. From the result, we found
that DCR, TTP, and PFS were significantly improved by the
second-line treatments of patients with advanced HCC after
sorafenib failure. However, similar to a relevant meta-anal-
ysis,27 no statistical difference in OS was observed between
the two groups. It might indicate that DCR, TTP, and PFS do
not accurately correlate with OS in advanced HCC.13.28,29
Brivanib (BRISK-PS),1? S-1 (S-CUBE),23 tivantinib (METIV-
HCC),2* everolimus (EVOLVE-1),2° ramucirumab (REACH),2!
and Pexa-Vec?6 did not meet the primary endpoint (i.e. OS).
The poor outcome of OS improvement may due to the fol-
lowing reasons: high molecular heterogeneity of HCC;2”
patients enrolled with favorable prognosis;19:23 and, imbal-
anced stratification. However, compared with REACH, ra-
mucirumab in REACH-2 significantly improved 0S,2°> which
might have been caused by the poor prognosis and more
aggressive tumor features in patients with increased AFP.3°
In our study, we found that regorafenib seemed to be the
most effective second-line treatment after sorafenib fail-
ure, which not only showed significant improvements in
OS but also seemed to have more advantages in DCR, TTP
and PFS.22 Regorafenib has also been recommended by the
USA's National Comprehensive Cancer Network (NCCN) for
patients with Child-Pugh liver function class A who have dis-
ease progression on or after sorafenib.3! Therefore, it may
be possible for regorafenib to be considered as the standard
second-line treatment. However, more studies are needed
to prove its safety and improvement in efficacy. Compared
with the controlled groups, second-line treatments may
lead to a higher rate of AEs.

Unlike the previous studies, we analyzed not only OS but
also other outcomes, including DCR, TTP, and PFS compre-
hensively, at the overall level. Another advantage of this
meta-analysis was that all the studies included were mul-
ticenter RCTs and the quality of them was satisfactory in
general. However, there were a few limitations of this meta-
analysis. (1) The heterogeneity level was high in this study.
Several possible hypotheses may be proposed to explain
it; first, the different antitumor mechanisms of each drug
may lead to various results of both efficacy and safety. For
example, Brivanib works as a TKI of vascular endothelial
growth factor (VEGF) and fibroblast growth factor (FGF) re-
ceptor,32:33 while tivantinib is a TKI targeting the MET recep-
tor.34:35 Second, the high heterogeneity may be attributed
to different baseline characteristics among these studies,
such as different AFP levels and ECOG performance status.
Third, the usage of different criteria for tumor progression
evaluation may also result in high heterogeneity because
there are some inconsistencies in defining new lesions
between RECIST 1.1 and mRECIST.28 Subgroup analysis
of sample size and Child-Pugh liver function classification
failed to reduce the heterogeneity and it was hard to carry
out other subgroup analyses. Moreover, sensitivity analysis
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup __Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Bruix 2017 247 379 70 194 14.9% 1.81[1.48, 2.21] -
Kudo 2017 96 222 27 1M1 9.9% 1.78 [1.24, 2.55] -
Llovet 2013 161 263 53 132 13.9% 1.52[1.21, 1.92] -
Moehler 2019 11 86 8 43 3.2% 0.69 [0.30, 1.58] -
Rimassa 2018 112 226 57 114 14.1% 0.99[0.79, 1.24] T
Zhu 2014 203 362 83 184 155% 1.24[1.03, 1.49] ™
Zhu 2015 159 283 129 282 16.2% 1.23[1.04, 1.45] bl
Zhu 2019 118 197 37 95 12.4% 1.54[1.17, 2.03] -
Total (95% CI) 2018 1155 100.0% 1.36 [1.16, 1.60] ¢
Total events 1107 464 . .

Heterogeneity: Tau? = 0.04; Chi? =24.21, df =7 (P = 0.001); kP =71% J

o° - 0.01 0.1 1 10 100
Test for overall effect: Z = 3.76 (P = 0.0002) Favours [control] Favours [experimental]

B Hazard Ratio Hazard Ratio
_Study or Subgroup log[Hazard Ratio] = SE Weight IV, Random, 95% Cl IV, Random, 95% Cl
Bruix 2017 -0.462 0.1179 15.5% 0.63 [0.50, 0.79] -
Kudo 2017 -0.1508 0.1274 14.6% 0.86 [0.67, 1.10] -
Moehler 2019 0.174 0.2155 8.4% 1.19[0.78, 1.82] T
Rimassa 2018 -0.0305 0.1312 14.2% 0.97 [0.75, 1.25] T
Zhu 2014 0.0488 0.1018 17.0% 1.05[0.86, 1.28] T
Zhu 2015 -0.1393 0.0966 17.5% 0.87 [0.72, 1.05] ™
Zhu 2019 -0.3425 0.1482 12.8% 0.71[0.53, 0.95] -
Total (95% CI) 100.0% 0.87 [0.74, 1.01]

Heterogeneity: Tau? = 0.02; Chi? = 15.59, df = 6 (P = 0.02); I = 62%

Test for overall effect: Z = 1.85 (P = 0.06) 0.01 0.1 ! 10 100

Favours [experimental] Favours [control]

C Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE_Weight 1V, Random, 95% CI IV, Random, 95% CI
Bruix 2017 -0.821 0.1024 14.1% 0.44 [0.36, 0.54] -
Kudo 2017 -0.5276 0.127 13.4% 0.59 [0.46, 0.76] -
Llovet 2013 -0.5798 0.1468 12.8% 0.56 [0.42, 0.75] -
Moehler 2019 0.2852 0.3977 5.8% 1.33[0.61, 2.90] -
Rimassa 2018 -0.0408 0.1328 13.2% 0.96 [0.74, 1.25] B
Zhu 2014 -0.0726 0.1098 13.9% 0.93[0.75, 1.15] -
Zhu 2015 -0.5276 0.0948 14.4% 0.59 [0.49, 0.71] -
Zhu 2019 -0.851 0.1585 12.4% 0.43[0.31, 0.58] -
Total (95% ClI) 100.0% 0.64 [0.51, 0.81] L 2
Heterogeneity: Tau? = 0.09; Chi2 = 45.81, df = 7 (P < 0.00001); I2 = 859 ’ ‘ ‘ ‘
Test fosr; overzll effect: Z = 3.67 (P = 0.0002) ( ) . 0.01 0.1 . ! 10 100
Favours [experimental] Favours [control]
D Hazard Ratio Hazard Ratio
Hazard Rati E_Weight 1V, Random, 95% CI IV, Random, 95% CI
Bruix 2017 -0.7765 0.1111  20.7% 0.46 [0.37, 0.57] -
Kudo 2017 -0.5108 0.1356 19.3% 0.60 [0.46, 0.78] -
Rimassa 2018 -0.0408 0.126 19.9% 0.96 [0.75, 1.23] R
Zhu 2015 -0.462 0.0979 21.4% 0.63[0.52, 0.76] -
Zhu 2019 -0.7941 0.1468 18.7% 0.45[0.34, 0.60] -
Total (95% CI) 100.0% 0.60 [0.46, 0.77] L 2

Heterogeneity: Tau? = 0.07; Chi? = 23.61, df = 4 (P < 0.0001); I* = 83%

Test for overall effect: Z = 3.90 (P < 0.0001) 0.01 0.1 ! 10 100

Favours [experimental] Favours [control]

Fig. 2. Efficacy. (A) DCR. (B) OS. (C) TTP. (D) PFS. DCR, disease control rate; OS, overall survival; PFS, progression-free survival; TTP, time to progression; CI,
confidence interval.

did not reduce the heterogeneity of many results, such as Some statistical analysis methods were limited, such as as-
DCR, TTP and PFS. (2) Only a small number of studies were sessing heterogeneity by evaluating I2.
included, which might affect the reliability of this study. (3) In view of the poor improvement in OS, future explora-
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Table 4. Comparison of AEs between the second-line treatment group and control group

Total no. events/
patients (%) in
the second-line
treatment group

AE

Total no.
events/patients
(%) in the con-
trolled group

RR (95% CI), p 2, p

Adverse events of any gradel9:.20,.22-24,26 1 345/1,527 (88.1)
445/1,627 (27.4)
390/1,366 (28.6)
515/2,001 (25.7)
328/1,515 (21.7)
583/2,001 (29.1)
391/2,001 (19.5)
382/2,001 (19.1)
335/1,740 (19.3)
237/1,776 (13.3)
209/1,515 (13.8)

Decreased appetite19-21,23-26
Edema peripheral20:21,23-26
Diarrhoea®-26
pyrexia20—23,25,26
Fatiguel9-26

Abdominal pain19-26
Nauseal9-26

Ascites20-26
Vomitingzo—23,25,26

Constipation20-23,25,26

631/756 (83.5)
156/934 (16.7)

1.07 (1.00-1.14), 0.03
1.58 (1.15-2.16), 0.005

80%, 0.0002
68%, 0.005

126/803 (15.7)  1.91 (1.59-2.29), 0.00001 0%, 0.64
154/1,127 (13.7) 1.73 (1.33-2.24), 0.0001  55%, 0.03
69/882 (7.8) 2.64 (2.04-3.40), 0.00001 48%, 0.09
232/1,127 (20.6) 1.43 (1.14-1.80), 0.002  59%, 0.02
220/1,127 (19.5) 0.99 (0.85-1.15), 0.90 26%, 0.22
158/1,127 (14.0) 1.37 (1.15-1.64), 0.0004 39%, 0.12
151/996 (15.2)  1.33 (0.95-1.86), 0.10 70%, 0.002
93/1,013 (9.2)  1.61 (1.07-2.42), 0.02 59%, 0.02
112/882 (12.7)  1.06 (0.75-1.50), 0.74 56%, 0.05

AE, adverse event.

tion of more effective therapies for patients with HCC after
sorafenib failure is urgently needed. Also, further studies to
prove the good outcomes of regorafenib and to explore its
biological mechanisms are necessary. Furthermore, when
conducting clinical trials of the second-line treatments, a
more detailed patient stratification, such as the stratification
of biomarkers, should be considered in the aim of predicting
treatment efficacy and helping select additional therapies.36

Conclusions

Our findings indicate that the second-line treatments sig-
nificantly improved DCR, TTP, and PFS for patients with ad-
vanced HCC who progressed during or after sorafenib or
were intolerant to the drug. However, improvement in OS
was not observed and the second-line treatments led to a
higher rate of adverse events. Regorafenib may be possibly
considered as the standard second-line treatment. However,
further studies to prove its good outcomes are necessary.
In the future, more effective therapies and more specific
patient stratification are needed to improve survival.
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