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Introduction
Hepatocellular carcinoma (HCC) accounts for 
approximately 85% of all liver cancers and remains 
one of the leading causes of cancer-related 
deaths.1,2 In the early stages, HCC can be cured 
by radical surgical resection, liver transplantation 

and/or local ablation, although most are diagnosed 
in the latter stages when there is no curative inter-
vention. Current treatments for advanced HCC 
mainly include hepatic arterial chemoemboliza-
tion and systemic targeted drug therapies which 
can extend survival.3,4 During the decade prior to 
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Abstract
Background: The prospect for targeted therapies in advanced hepatocellular carcinoma 
(HCC) has dramatically changed since several recent clinical trials have yielded promising 
results. The number of second-line therapies is increasing, though the consequent challenge 
is to consider differences between these interventions. This is a comparative investigation of 
presently approved second-line drugs for HCC based on findings from phase III randomized 
controlled trials.
Methods: Data related to treatment efficacy including overall survival (OS), progression-
free survival (PFS) and objective response rate (ORR) were extracted and compared using 
a Bayesian approach. Adverse events (AEs) and the rate of discontinuation due to AEs 
were assessed and compared with provide a more complete understanding. OS and PFS in 
patients with alpha fetoprotein (AFP) values greater than 400 were compared and ranked as a 
subgroup.
Results: A total of five trials involving 2571 patients were included. The comparison suggests 
that regorafenib and cabozantinib significantly prolong OS compared with placebo. The rate 
of AEs and treatment discontinuation did not significantly differ, although the types of AEs 
varied substantially. Subgroup analysis did not highlight a significant OS difference between 
regorafenib [hazard ratio (HR) 0.68; 95% confidence interval (CI) 0.50–0.92], cabozantinib (HR 
0.71; CI 0.54–0.94) and ramucirumab (HR 0.69; CI 0.57–0.84). 
Conclusion: Among the four second-line HCC therapies compared, regorafenib and 
cabozantinib appear to be better choices in terms of OS. Cabozantinib, regorafenib and 
ramucirumab have similar levels of efficacy for those with AFP >400, although ramucirumab 
has fewer side effects. No significant difference was observed in AEs, but some AEs related to 
each of these interventions should be given further consideration.
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2017, progress in HCC systemic treatment was 
abysmal; however, fortunately, the systemic treat-
ment of HCC has changed substantially over the 
past 2 years.

Of the first-line treatments, lenvatinib and a regi-
men of atezolizumab plus bevacizumab have suc-
cessfully obtained positive results compared with 
sorafenib. These reliable findings have changed 
treatment guidelines in the field of hepatocellular 
carcinoma.5 Of the second-line treatments, sev-
eral have been approved recently. For example, in 
April 2017, regorafenib was approved by the 
FDA for clinical practice as a first second-line 
treatment for HCC.6 This was soon followed by 
cabozantinib and ramucirumab, which were 
approved in January and May of 2019. Likewise, 
in 2019, immunotherapeutic drugs nivolumab 
and pembrolizumab were introduced as second-
line treatments.7 Therefore, while these new 
interventions become readily available in clinical 
practice, researchers are beginning to consider 
how to maximize the curative effect while avoid-
ing more serious side effects. Of course, the ulti-
mate goal is to develop individualized care and 
precise medical regimens although there are a 
number of unknowns.

For example, ramucirumab, which specifically 
blocks VEGFR-2, can only be prescribed to 
patients with an AFP greater than 400. However, 
for this particular group it is not known whether 
the alternative drugs have similar levels of effi-
cacy. The objective response rate associated with 
pembrolizumab can reach 18%, which is far 
higher than other targeted drugs. Although 
whether pembrolizumab can provide equal bene-
fit in terms of efficacy is yet to be determined. Up 
until now, there has not been a comparison of tar-
geted drugs and immune checkpoint inhibitors 
because each of these drugs, which have only 
recently been approved, were developed by com-
peting companies. This makes it difficult to obtain 
comparative information acquired through stand-
ard randomized controlled trials.8

This study is a novel attempt to overcome this 
comparative problem and to hopefully fill the gap 
within this evidence base. As such, we included a 
number of large, phase III clinical trials, and 
looked to indirectly compare overall survival 
(OS), progression-free survival (PFS), objective 
response rate (ORR), adverse events (AEs) as 
well as treatment discontinuation related to all 

currently approved second-line treatments. We 
adopt Bayesian analytical methods in order to 
provide a more sophisticated understanding of 
the safety and efficacy related to these interven-
tions. It is hoped that the findings will be used for 
shared decision-making and support clinicians 
adjusting treatment regimens according to patient 
responses.

Methods
The Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses for Network Meta-
Analysis (PRISMA-NMA) was used and the 
checklist is provided as Supplemental Material 
Table-S1 online. The protocol was not published 
prior to conducting this research.

Study selection and eligibility criteria
A systematic search was conducted in Embase, 
PubMed and the Cochrane Central Register of 
Controlled Trials from 1 January 2005 up until 1 
January 2020. A detailed example search has been 
provided as Supplemental Material S-2. After 
removing duplicates, further screening took place 
to exclude reviews, case reports, letters, non-Eng-
lish-language articles and other studies which 
were non-randomized clinical trials. Finally, we 
assessed full texts to identify pertinent studies.

All treatment regimens were defined according to 
EASL/AASLD guidelines, which were tested 
through phase III randomized controlled trials 
(RCTs). Eligibility criteria were as follows: (a) 
Population – pathologically or radiographically 
confirmed HCC patients with progression on or 
intolerance to sorafenib; (b) intervention – chem-
otherapy, targeted therapy, immune therapy, or 
other agents; (c) comparator – systemic therapy, 
placebo or best supportive therapy; (d) outcomes 
– OS, PFS, ORR, the rate of all grade and grade 
3–4 adverse events, and the rate of treatment dis-
continuation due to AEs; (e) design – only phase 
III RCTs.

Data extraction
All data were independently extracted from rele-
vant trials by two investigators, and entered into a 
predefined spreadsheet. Efficacy and safety fac-
tors extracted from each study included OS, PFS, 
ORR, AEs and the rate of discontinuation of ther-
apy. Hazard ratios (HRs) and corresponding 95% 
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confidence intervals (CIs) for OS and PFS were 
used for further comparative analysis. Extracted 
study and participant characteristics include year 
of publication, study identification code, sample 
size, numbers randomized to each arm, level of 
alpha-fetoprotein (AFP), HCC stage, Child–
Pugh scores and previous treatments et cetera.

Methodological quality and risk of bias 
assessment
Cochrane Collaboration risk of bias tool and pub-
lication bias were used to evaluate the quality of 
evidence. Risk of bias within randomized trials 
was assessed by two independent reviewers. Risk 
of publication bias was considered using standard 
funnel plots.

Data synthesis and statistical analysis
We utilized the Gemtc package v0.8-2 in R ver-
sion 3.5.3 to perform a Bayesian analysis. The 
random effects model and consistency models 
were used to calculate ORs and 95% credibility 
intervals. OS and PFS data are expressed as HR, 
and AE rates using relative risk (RR), with corre-
sponding 95% CIs. We used non-informative 
prior distributions and over-dispersed initial val-
ues with a scale of 0–5, in four chains to fit the 
model. This yielded 100,000 iterations, including 
20,000 tuning iterations and a thinning interval of 
10 for each chain.

This method was also used to generate distribution 
parameters for the model. Convergence of itera-
tions was assessed using the Gelman–Rubin–Brooks 
statistic.9 According to posterior probabilities, we 
were able to rank probabilities for each interven-
tion. Due to the absence of head-to-head clinical 
trials, it was not possible to conduct consistency 
testing. The apparent heterogeneity within the 
study population meant that we should not com-
bine the two ramucirumab studies for pooled anal-
ysis, and therefore we opted to analyse each study 
separately. Indirect comparisons were performed 
for different drugs, such as regorafenib versus 
pembrolizumab. The adjusted indirect compari-
son was calculated using Bayesian methods 
embedded in the following formula: ln(HR)=[ln(UL 
– HR) + ln(LL – HR)]/2; seln(HR)=[ln(UL–HR) 
– ln(LL–HR)]/(1.96×2); RR was calculated as fol-
lows; log(HR)=[log(UL – HR) + log(LL – HR)]/2; 
selog(HR)=[log(UL – HR) – log(LL – HR)]/

(1.96×2); HR <1 or RR <1 was used to identify 
treatment superiority.

Results

Study selection and patient characteristics
A total of five trials involving 2571 patients were 
included,6,10–13 with sample sizes ranging from 
413 to 843. The complete trial selection process 
is provided in Figure 1. All five trials provided 
complete OS, PFS, ORR and AE data. Detailed 
study and participant characteristics are also pro-
vided. Please see Table 1 for details. Subgroup 
characteristics are also summarized in Table 2.

Structure of network meta-analysis (NMA)  
and risk of bias
The network plot of treatment regimens used in 
the analysis is provided as Figure 2. We compared 
four treatment regimens, that is, cabozantinib, 
ramucirumab, regorafenib, pembrolizumab, and 
placebo, which was used as the control. All five 
studies were randomized, double-blind, multi-
centre, phase III trials. The included populations 
were not discernibly different. The results of the 
risk of bias are provided in Figure 3.

NMA results for OS, PFS
When compared with placebo, the results suggest 
that both regorafenib and cabozantinib signifi-
cantly prolong OS, and regorafenib significantly 
decreases the risk of death when compared with 
ramucirumab (HR 0.72; CI 0.54–0.97). Each of 
the included interventions was significantly supe-
rior to placebo in terms of PFS. Further compari-
sons of the active interventions suggest regorafenib 
(HR 0.73; CI 0.55–0.96) and cabozantinib (HR 
0.69; CI 0.53–0.90) are superior to ramucirumab 
in PFS. Regorafenib (HR 0.63; CI 0.47–0.86) and 
cabozantinib (HR 0.6; CI 0.45–0.81) also appear 
to yield more benefit when compared with pem-
brolizumab (Figure 4A). OS and PFS associated 
with each of the tested interventions were analysed 
using forest plots and compared with either pem-
brolizumab or ramucirumab (Figure 5).

The order of these four interventions was deter-
mined for OS using percentages which were 
ranked from high to low, as follows: regorafenib 
(probability 83%), cabozantinib (probability 
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Figure 1.  Flowchart of study identification and selection process.

Table 1.  Clinical baseline characteristics of the included studies.

First author Study ID Trial 
phase

Inclusion patients Total 
number

Arm (drug/control) Number in 
each arm

Finn13 KEYNOTE 
240

III Progression on/intolerance of 
sorafenib

413 Pembrolizumab/
placebo

278/135

Zhu11 REACH 2 III Progression on/intolerance of 
sorafenib; AFP >400

292 Ramucirumab/placebo 197/95

Abou-Alfa12 CELESTIAL III Previous treated with sorafenib/
progression

707 Cabozantinib/placebo 470/237

Bruix6 RESORCE III Progression on/tolerance of 
sorafenib

591 Regorafenib/placebo 397/194

Zhu10 REACH III Progression on/intolerance of 
sorafenib

568 Ramucirumab/placebo 283/285

AFP, alpha-fetoprotein
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46%), pembrolizumab (36%) and ramucirumab 
(probability 60%). Likewise, associated PFS 
measures were ranked from high to low, as fol-
lows: cabozantinib (probability 64%), regorafenib 
(probability 63%), ramucirumab (probability 
81%) and pembrolizumab (probability 82%). 
Please see Figure 4B for further details.

Indirect comparisons and descriptive analysis 
of ORR, treatment discontinuation and AEs
The ORR of pembrolizumab was 18%, which is 
the highest among the drugs tested, although the 
rate of discontinuation due to AEs also reached 
17%. For cabozantinib, the ORR was only 4% 
with a discontinuation rate of 16%. The rate of 
discontinuation and ORR in ramucirumab is 4% 
and 7%, respectively. For regorafenib, it was 10% 
and 11%, respectively. The results of this indirect 
comparison showed no significant differences in 
terms of ORR or the rate of discontinuation 
between these interventions. Please see Figure 6 
for full details.

Among AEs with incidence >10%, diarrhoea, 
fatigue, nausea and decreased appetite occurred 
in all the trials of these four drugs. Diarrhoea was 
the most common side effect of cabozantinib. 
Whereas regorafenib commonly manifests with a 

hand–foot skin reaction. Only ramucirmuab is 
associated with peripheral oedema, which is also 
the most probable side effect. Increased aspartate 
aminotransferase occurred in nearly one-quarter of 
all patients (i.e. 23%) receiving pembrolizumab. A 

Table 2.  Subgroup characteristics of the included studies.

Study ID KEYNOTE 240 RESORCE CELESTIAL REACH REACH 2

Drug Pembrolizumab Regorafenib Cabozantinib Ramucirumab Ramucirumab

Progression on first line 
treatment/sorafenib

242 (87.1%) 379 (100%) 335 (71%) 244 (86%) 166 (84%)

Rate of intolerant patients 36 (12.9%) 0 – 37 (13%) 31 (16%)

EHS 195 (70.1%) 265 (70%) 369 (79%) 207 (73%) 141 (72%)

MVI 36 (12.9%) 110 (29%) 129 (27%) 82 (29%) 70 (36%)

ECOG PS1 116 (41.7%) 132 (35%) 224 (48%) 124 (44%) 84 (43%)

Median duration of treatment 3.5 months 3.6 months 3.8 months 3.0 months 3.0 months

Discontinuation due to AEs 48 (17.2%) 39 (10%) 76 (16%) 28 (10%) 21 (11%)

Median time from stopping 
previous treatment until study 
treatment

1.2 months 0.9 months 1.4 months – 1.2 months

Data are presented as number (percentage).
AE, adverse event; ECOG PS, Eastern Cooperative Oncology Group performance status; EHS, extrahepatic spread; MVI, macrovascular invasion

Figure 2.  Network maps of comparing interventions.
Each circular node represents a type of treatment. The 
circle size is proportional to the total number of patients 
(under the drug name). The width of lines is proportional 
to the number of studies performing head-to-head 
comparisons in the same study, and the dotted line is the 
indirect comparison shown in this NMA.
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detailed overview of treatment-related AEs is pro-
vided in Table 3.

In terms of the all grade AEs, the rate of cabozan-
tinib was 99%, and 68% in grade 3–4 AEs, which 
is the highest among the four drugs analysed. 
Ramucirumab is associated with relatively mild 
AEs, and all grade AEs at 44%, with grade 3–4 
AEs hitting 36%. The ORR of pembrolizumab 
was 18%, but for grade 3–4 AEs pembrolizumab 
manifested at 53%.

The results from indirect comparisons suggest 
there is no significant difference with regard to all 
grade AEs or 3–4 grade AEs among the interven-
tions analysed (see Figure 7A). Figure 7B also 
shows that ramucirumab can be considered the 
best in terms of safety ranking for all grade AEs, 
followed by pembrolizumab, cabozantinib and 
regorafenib. For 3–4 grade AEs, safety ranking 

found pembrolizumab to be superior followed by 
ramucirumab, cabozantinib, and regorafenib.

NMA results of subgroup in patients with 
AFP >400, macrovascular invasion (MVI), 
extrahepatic spread (EHS) and Eastern 
Cooperative Oncology Group performance 
status (ECOG PS1)
According to the predetermined AFP value, strat-
ification analysis was conducted and included 
four phase III RCTs involving 1324 patients. The 
output provided as Figure 8A demonstrates that 
regorafenib (HR 0.68; CI 0.50–0.92), cabozan-
tinib (HR 0.71; CI 0.54–0.94) and ramucirumab 
(HR 0.69; CI 0.57–0.84) are significantly supe-
rior to placebo in terms of OS, although no sig-
nificant difference was observed between these 
three interventions. Comparative analysis also 
demonstrates that the PFS associated with 

Figure 3.  The risk of bias of included studies.
SE(log[OR]), standard error of the log odds ratio
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cabozantinib (HR 0.59; CI 0.40–0.88; HR 0.42; 
CI 0.32–0.55) was significantly better than that of 
ramucirumab and placebo. PFS associated with 
each of the three drugs ranked from high to low, 
was as follows: cabozantinib (probability 99.3%), 
ramucirumab (probability 62.9%), regorafenib 
(probability 60.7%). See Figure 8E for further 
comparative details. Except for the main AFP 
comparisons, subgroup analysis which included 
MVI, EHS and ECOG PS1 demonstrated there 
is no statistically significant difference between 
these four drugs in terms of PFS. See Figure 8 for 
further details.

Discussion
In this network meta-analysis of phase III RCTs, 
we comprehensively synthesized and compared 
the efficacy and safety of targeted drugs and 
immunotherapy approved as second-line treat-
ments for advanced HCC. The results suggest 
that regorafenib and cabozantinib are better 
options for HCC patients in terms of overall sur-
vival. There was no significant difference between 

the remaining interventions analysed here. Under 
subgroup analysis involving AFP >400, MVI, 
EHS or ECOG PS1, we found that cabozantinib, 
regorafenib and ramucirmuab significantly pro-
long survival for patients with APF >400 com-
pared with placebo. However, there was no 
statistical significance in overall survival when 
these drugs were compared with one another. In 
terms of AEs during the treatment period, the 
rate of all grade or grade 3–4 AEs and the rate of 
discontinuation due to AEs were not significantly 
different between the four drugs, although the 
fewest was associated with ramucirumab.

The systematic treatment for hepatocellular car-
cinoma has developed rapidly over the past 3 
years. For second-line treatments, five targeted 
drugs (i.e. cabozantinib, regorafenib, lenvatinib, 
ramucirumab and sorafenib) and three kinds of 
immunotherapy (nivolumab, pembrolizumab and 
nivolumab plus ipilimumab) have been recom-
mended by NCCN guidelines (version 2020) 
based on findings from several recent clinical tri-
als.14 The current challenge is to better 

Figure 4.  OS and PFS comparisons and ranking curves of efficacy. 
A. Each cell of the block contains the pooled HR and 95% credibility intervals for OS and PFS; significant 
results are in bold. B. Ranking curves indicate the probability of the highest benefit of OS and PFS, the second 
highest, the third highest, and so on.
HR, hazard ratio; mOS, median overall survival; mPFS, median progression-free survival; OS, overall survival; PFS, 
progression-free survival
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understand differences in efficacy and safety 
between these drugs in order to provide personal-
ized treatments according to the individual condi-
tions, while minimizing toxicity.15

In 2017, a meta-analysis of several interventions 
was conducted for HCC. Kim et al. demonstrated 
that targeted agents can prolong overall survival 
in patients with advanced HCC, but the authors 
did not perform a comparison of each targeted 
drug.16 More recently, Ziad et al. included a num-
ber of comparative trials which explored targeted 
therapies after receiving sorafenib. This study 
found that ragorafenib and cabozantinib are 
potentially the best second-line targeted drugs in 
terms of overall survival, which was consistent 
with our results.17 However, this study predomi-
nantly compared a variety of unapproved targeted 
drugs, as well including several phase II studies. 

In addition, there was an absence of analysis 
regarding immunotherapy and AFP levels, which 
reduces the reliability and validity of the results.

The clinical application of tyrosine kinase inhibi-
tors (TKIs) is also challenging because of the dif-
ferent and complex pharmacokinetics of these 
drugs. Usually better efficacy brings yield both 
active liver metabolites damage and common tox-
icities.18 In this analysis, regorafenib and cabo-
zantinib resulted in a higher number of all grade 
adverse events and grade 3–4 AEs compared with 
both pembrolizumab and ramucirumab. Of note, 
in the Keynote 240, pembrolizumab appeared to 
reduce the risk of death by 22% and improve PFS 
compared with placebo.13 Additionally, the ORR 
associated with pembrolizumab in the Keynote 
240 was 18.3% while the OS for the pembroli-
zumab and placebo groups reached 13.9 and 

Figure 5.  Forest plots depicting the direct and indirect results of head-to-head comparisons.
CrI, credible intervals
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10.6 months, respectively, which is higher than 
any other targeted drugs. However, in the 
KEYNOTE 240, pembrolizumab did not reach 
pre-specified efficacy boundaries and in this 
NMA it also does not provide the same benefit in 
terms of overall survival compared with both 
regorafenib and cabozantinib, although it appears 
better than ramucirumab. The occurrence of 
these conditions does not relate solely to the effi-
cacy of the drug itself, but may be related to 
other factors related to trial conduct including 
the impact of the unanticipated availability of 
effective post-study therapies or excessive non-
neoplastic deaths in the experimental group. 
Perhaps more accurate screening of people suit-
able for immunotherapies and the development 

of effective combination therapy are required in 
the future.19

The patients who progressed despite receiving the 
first-line treatment is of particular concern 
because the physical condition of these patients 
was almost the same as those in the comparatively 
normal population and a significant number of 
these patients were assessed with a Child–Pugh 
score of 5–6.20 The exploratory analysis of sequen-
tial treatments, with sorafenib followed by 
regorafenib, shows that median time from the 
start of sorafenib to death is approximately 
26.0 months for regorafenib and 19.2 months 
(CI, 16.3–22.8) for placebo.21 Moreover, accord-
ing to the research standards established in the 

Figure 6.  (A) Summary and (B) NMA analysis of ORR and the rate of discontinuation due to AEs.
The circle represents each drug, and the horizontal axis of block shows the ORR of each drug. The longitudinal axis shows 
the rate of treatment discontinuation. AE, adverse event; NMA, network meta-analysis; ORR, objective response rate
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RESORCE study, approximately 30.6% of all 
patients are treated with ragorafenib after 
Sorafenib.22 All these factors demonstrate there is 
an unmet need which could potentially guide pre-
scriptions of second-line interventions. In this 
NMA, we found there is no significant difference 

in the number of patients with progression on 
sorafenib. Unfortunately, we could not include 
pembrolizumab data where the hierarchical factor 
was AFP >200 which means the efficacy of pem-
brolizumab for patients with AFP >400 remains 
unknown.

Table 3.  Toxicity spectrum for every intervention based on any grade and grade 3–4 adverse events. The rate of adverse events in 
each drug.

Adverse events Any grade adverse events 3–4 grade adverse events

Diarrhoea Cab(54) Reg(33) Ram(18) Peb(17) Cab(10) Reg(2) Ram(1) Peb(1)

Hand–foot skin reaction Reg(52) Cab(46) Cab(17) Reg(13)  

Fatigue Cab(45) Reg(29) Ram(23) Peb(19) Cab(10) Reg(6) Ram(2) Peb(3)

Peripheral oedema Ram(36)  

Nausea Cab(31) Ram(19) Reg(11) Peb(11) Cab(2) Peb(1)  

Hypertension Cab(29) Reg(23) Cab(16) Reg(13)  

Ascites Ram(27) Ram(5)  

Vomiting Cab(26)  

Aspartate aminotransferase 
increased

Peb(23) Cab(22) Reg(13) Peb(13) Cab(12) Reg(5)  

Asthenia Cab(22) Cab(7)  

Constipation Cab(19)  

Dysphonia Cab(19) Cab(1)  

Headache Ram(19) Ram(1)  

Blood bilirubin increased Reg(19) Peb(19) Peb(8) Reg(7)  

Pruritus Peb(18)  

Abdominal pain Cab(18) Ram(17) Cab(2) Ram(2)  

Alanine aminotransferase 
increased

Peb(18) Cab(17) Peb(6) Cab(5)  

Decreased appetite Cab(18) Reg(24) Ram(22) Peb(17) Cab(6) Reg(3) Ram(2) Peb(1)

Pyrexia Ram(17)  

Weight loss Cab(17) Cab(1)  

Proteinuria Ram(16) Ram(2)  

Cough Ram(15) Peb(9)  

Oral mucositis Reg(11) Reg(1)

The number in parentheses represents the incidence of each adverse event for the drug.
Cab, cabozantinib; Pem, pembrolizumab; Ram, ramucirumab; Reg, regorafenib.
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Figure 7.  (A) Comparisons and (B) ranking curves of any grade and 3–4 grade AEs.  
AE, adverse event

Figure 8.  Comparisons and ranking curves of efficacy in the subgroups.  
Each cell of the block contains the pooled odds ratios and 95% credibility intervals for OS and PFS. Significant results are in bold. (a) 
AFP >400 subgroup, (b) MVI subgroup, (c) EHS subgroup, (d) ECOG PS1 subgroup, (e) ranking curves indicate the probability of the 
benefit of OS and PFS in AFP >400 subgroup. 
AFP, alpha-fetoprotein; ECOG PS, Eastern Cooperative Oncology Group performance status; EHS, extrahepatic spread; MVI, macrovascular invasion; 
PFS, progression-free survival; OS, overall survival
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It has been 12 years since Bayesian analytical 
techniques were formally presented, and the basic 
framework of this methodology has become more 
widely accepted and implemented by research-
ers.23 In general, network meta-analysis based on 
strictly global phase III RCTs can provide more 
convincing results, and given the rigour with 
which we designed this study there is only a small 
risk of bias. The results therefore enabled us to 
provide a comprehensive report focusing on sec-
ond-line therapies for HCC and provide a refer-
ence for clinical decision-making by comparing 
and ranking different interventions. In addition, 
the results of this study may also serve as a refer-
ence for optimizing the design of future trials.

Despite the clear benefits of implementing this 
analytical strategy, this research has certain limi-
tations. First, the inclusion criteria for each of the 
included studies will result in bias, perhaps skew-
ing NMA results in some way. The RESORCE 
trial included the patients who progressed after 
previously being prescribed sorafenib but 
excluded those who were intolerant. The other 
trials included patients who were intolerant of 
sorafenib, which was reported to be between 7% 
and 15%. The population involved in the 
CELESTIAL trial included patients who had not 
only received previous first-line interventions but 
also second-line and perhaps other alternatives, 
equating to approximately 27%. Second, lesions 
were evaluated using the Response Evaluation 
Criteria in Solid Tumors (RECIST; version 1.1) 
in the study of cabozantinib, ramucirumab and 
pembrolizumab, which is different from the eval-
uation of mRECIST used in the regorafenib 
study. Use of different evaluation tools is likely to 
have created some bias in treatment efficacy, not 
only limited to ORR but also in terms of progres-
sion-free survival. Finally, current research lacks 
head-to-head comparisons between drugs, there-
fore direct evidence for comparisons between 
these interventions cannot be obtained for in-
depth statistical analysis.

Conclusion
Among the four second-line HCC therapies 
analysed, all reduced the risk of death compared 
with placebo although regorafenib and cabozan-
tinib had significant advantages in overall sur-
vival. For patients with AFP >400, cabozantinib, 
regorafenib and ramucirumab appear to have 
similar efficacy, but ramucirumab has the fewest 

side effects. Pembrolizumab monotherapy has the 
highest ORR, but does not show obvious advan-
tages in terms of efficacy and safety. Despite rig-
orous analysis of the included studies, these 
results still need to be verified through large pro-
spective RCTs.
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