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Objective: Several new first-line treatments were recently approved for unresectable
hepatocellular carcinoma (HCC). In this meta-analysis, we compare the efficacy and safety
of first-line systemic treatments to provide information for clinical decision making in
unresectable HCC.

Methods: Pubmed, Science Direct, Web of Science, Scopus, Ovid MEDLINE, Embase,
Google Scholar, the Cochrane Library, EMbase, CNKI, CBM, VIP, and the Wanfang
databases, as well as the Cochrane Central Register of Controlled Trails were searched
for randomized clinical trials evaluating the efficacy of first-line chemotherapy, molecular
targeted therapy, or immunotherapy for unresectable HCC. Hazard ratios with 95%
confidence intervals (CIs) were calculated to explore the effects of various treatment
options on overall survival (OS) and progression-free survival (PFS), whereas odd ratios
with 95% CIs were used for adverse events (AEs) and serious adverse events (SAEs). A
network meta-analysis was performed to synthesize data and for direct and indirect
comparisons between treatments. The cumulative ranking curve (SUCRA) and P score
were used to rank treatments. The risk of bias across studies was assessed graphically
and numerically using the funnel plot and Egger’s regression test.

Results: Fifteen studies including 9005 patients were analyzed. Sintilimab plus
bevacizumab, atezolizumab plus bevacizumab, and donafenib had better OS outcomes
than sorafenib. Sintilimab plus bevacizumab, atezolizumab plus bevacizumab, lenvatinib,
and linifanib had better PFS outcomes than sorafenib. The results of networkmeta-analysis
showed that sintilimab plus bevacizumab was associated with the best OS and PFS.
Egger’s tests indicated that none of the included studies had obvious publication deviation.
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Conclusion: Sintilimab plus bevacizumab showed the best OS and PFS outcomes with
no additional AEs or SAEs. Thus, sintilimab plus bevacizumab may be a better first line
choice for the treatment of patients with unresectable HCC.

Systematic Review Registration: PROSPEROI [https://www.crd.york.ac.uk/
PROSPERO/index.php], identifier CRD42021269734.
Keywords: unresectable hepatocellular carcinoma, network meta-analysis, first line systemic therapy, randomized
clinical trials, systematic review
INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common
malignant tumor and the third most fatal tumor worldwide
(1). It is extremely harmful to the health and life of patients
and has become a serious social and public health problem. HCC
is closely related to viral hepatitis, alcoholic liver disease, non-
alcoholic fatty liver disease, cirrhosis, family history, genetic
factors, and certain chemicals or drugs. Viral hepatitis is one of
the most important factors involved in primary liver cancer (2).
Technological advances and improved medical standards have
increased the number of available treatment options for HCC,
such as surgical treatment (hepatectomy and liver
transplantation), ablation treatment (radiofrequency ablation,
microwave ablation, and absolute alcohol injection),
interventional treatment (hepatic artery embolization
chemotherapy), molecular targeted drug therapy, antiviral and
biological therapy, radiotherapy, systemic chemotherapy, and
traditional Chinese medicine (3). However, because the early
symptoms and signs of HCC are not obvious, patients are often
diagnosed in the intermediate or late stages of liver cancer, which
severely limits the treatment of this disease (4). Therefore, it is
urgent to find effective and safe treatments for patients with
unresectable HCC.

Patients with unresectable HCC often require systemic
treatment. In the past few decades, research has focused on
developing treatments that can effectively improve the prognosis
of HCC. The number offirst-line systemic therapies approved for
HCC patients has greatly increased in the past several years, and
many drugs and their combinations have been evaluated (5, 6).
From 2007 to 2018, sorafenib was the only approved targeted
drug for patients with unresectable HCC (7, 8). Sorafenib is an
oral multi-target receptor tyrosine kinase inhibitor (TKI) that
blocks the proliferation of tumor cells and inhibits the formation
of new blood vessels by suppressing the RAF/MEK/ERK pathway
and inhibiting vascular endothelial growth factor receptor 2/3
(VEGFR-2/3), platelet-derived growth factor receptors
(PDGFR), and stem cell factor receptors (9, 10). The results of
the SHARP phase III clinical trial showed that sorafenib was
associated with a survival benefit compared with placebo (11). In
the ten years after sorafenib was approved, many trials of
systemic treatments for unresectable HCC were unsuccessful
until the development of lenvatinib. The success of the phase III
REFLECT trial led to the approval of lenvatinib for the first-line
treatment of unresectable HCC (12). In this study, lenvatinib
2

showed a non-inferior overall survival (OS) in the treatment of
unresectable HCC compared with sorafenib. Since the approval
of lenvatinib, other TKIs or immunotherapeutic drugs have
gradually been approved as first-line or second-line treatment
for HCC. In the phase III IMbrave 150 trial (13), the
combination of atezolizumab plus bevacizumab was more
effective than sorafenib regarding OS and progression-free
survival (PFS). Recently, Ren et al. (14) published the results of
phase III clinical trials showing that sintilimab plus bevacizumab
was associated with better OS and PFS than sorafenib.

The choice of treatment strategy depends on liver function,
tumor stage, and the patient’s clinical performance. However,
there are still many uncertainties in the comparative efficacy of
different therapies. A recent review of international guidelines for
HCC indicated that despite similarities in treatment allocation
recommendations, some discrepancies exist (15). In addition,
some recommendations lack reliable or high-level evidence.
Traditional meta-analyses are limited by the comparison of
head-to-head treatments in the included studies. Therefore, the
relative benefits of two therapies cannot be measured because
they have never been directly compared in studies. Gaps in
existing evidence affect real world treatment decisions, whereas
network meta-analyses can integrate direct and indirect
comparisons to provide estimates for the relative efficacy of
many treatments.

The increase in first-line treatment options for unresectable
HCC represents a major advancement in the management of this
malignancy. However, further data analysis will be helpful for the
selection of clinical treatments. In this study, we analyzed the
recent literature and performed a network meta-analysis to
systematically review and compare the OS and PFS outcomes
of randomized trials examining first-line systemic treatment
strategies for unresectable HCC. In addition, we analyzed data
on probability of adverse events (AEs), which is important for
treatment decisions to improve patient prognosis and quality
of life.
MATERIALS AND METHODS

Protocol and Registration
This network meta-analysis was registered with the PROSPEROI
(CRD42021269734). Besides, the study was performed according
to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.
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Search Strategy and Literature Inclusion
Criteria
The search strategy included the following terms: (“unresectable
hepatocellular carcinoma” or “advanced hepatocellular
carcinoma” or “metastatic hepatocellular carcinoma”) and
(“first line systemic therapy” or “clinical trials” or “targeted
agents” or “immune therapy”). The search terms were applied
to Pubmed, Science Direct, Web of Science, Scopus, Ovid
MEDLINE, Embase, Google Scholar, the Cochrane Library,
EMbase, CNKI, CBM, VIP, and the Wanfang databases as well
as the Cochrane Central Register of Controlled Trails to identify
randomized controlled trials evaluating the efficacy of first-line
chemotherapy, targeted treatment, and immunotherapy for
HCC. The deadline was August 1, 2021. The corresponding
reference documents and conference paper abstracts were
searched manually. Titles, abstracts, and full texts were
screened to identify eligible studies.

The inclusion criteria were as follows: (1) research objective:
history of HCC; (2) randomized-controlled studies with head-to-
head comparisons of at least two treatment arms, and similar
articles published by the same author recently; (3) systemic first-
line therapy for unresectable or metastatic HCC; (4) outcome
indicators were OS, PFS, and AEs, or a Kaplan-Meier curve that
could be obtained from the original article or possibility of
contacting the original author. If PFS was not reported, time to
progression (TTP) was used instead. If the report lacked detailed
information, or the data had already been reported (same
institution, repeated period of patient recruitment), the study
was excluded. Reviews, editorials, abstracts, letters, case reports,
and expert opinions were excluded from the network
meta-analysis.

Data Screening and Quality Evaluation
Two researchers independently read the titles and abstracts of
the retrieved documents and selected them according to the
inclusion and exclusion criteria. Next, the full texts of the
documents that may meet the inclusion criteria were read in
detail, and finally the documents eligible for the meta-analysis
were selected. Information was extracted using a single form that
included the following items: basic conditions of the trial,
baseline levels of patients in each group, intervention
measures, important outcome indicators, and research quality
evaluation. The quality evaluation was performed according to
the quality criteria of the Cochrane Collaboration’s tool (15), and
the relevant evaluation items were as follows: 1) whether a
random sequence is generated; 2) whether the randomization
is hidden; 3) whether the researchers and the subjects are
double blinded; 4) whether the results are a blind evaluation;
5) whether the data result is complete; 6) whether there is any
publication bias; 7) presence of other biases. When two
researchers failed to reach an agreement, a third researcher was
consulted until consensus was reached. Then the Grading of
Recommendations, Assessment, Development and Evaluations
(GRADE) approach was performed to assess quality of
comparisons of treatments. Each outcome as high, moderate,
low or very low using the GRADE rating system (16). In the
Frontiers in Oncology | www.frontiersin.org 3
GRADE system, randomized clinical trials begin as high quality
evidence, but may be rated down by one or more of five
categories of limitations: risk of bias, precision, consistency,
directness and publication bias (17).

Statistical Analysis
R version 3.6.1 (https://www.r-project.org), STATA 15.0
software (STATA, University of Texas Station, USA), and
Excel 2010 (Excel, Microsoft Corp, USA) were used for
statistical analyses of relevant data. Gemtc package v0.8-2 was
used to perform Bayesian analysis. For OS, PFS and TTP, hazard
ratio (HR) was utilized for comparisons. For AEs and SAEs, odds
ratio (OR) was used for comparisons. The adjusted indirect
comparison 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); OR was calculated
as follows; log(OR)=[log(UL-OR)+log(LL-OR)]/2; selog(OR)=
[log(UL-OR)-log(LL-OR)]/(1.96×2). A consistency analysis of
direct and indirect comparisons was performed. The ggplot2
package in R was used to perform the surface under the
cumulative ranking curve (SUCRA) to discuss rank probability.
P score, a frequentist analog to the SUCRA, was used to rank
treatments (18). The I2 was calculated to assess the overall
heterogeneity of the model. If no obvious heterogeneity was
found (I2 <50% or P <0.1), the fixed effects model was adopted,
otherwise the random effects model was adopted. The network
meta-analysis was performed to synthesize the information of
the included studies, and direct and indirect comparisons were
made using methods based on the frequency school of Rücker
et al. (18). A Funnel plot and Egger’s test were used to assess
publication bias. A symmetrical graph indicated no obvious
publication bias, whereas an asymmetrical graph indicated that
there may be publication bias. For all calculations, a two-tailed p
value <0.05 was considered statistically significant.
RESULTS

Literature Search and Screening Results
The initial literature search retrieved 2396 articles. After deleting
duplicate publications, 2046 articles remained. After screening
titles and abstracts, 2024 articles were excluded. Full-text review
resulted in the removal of seven articles. Ultimately, 15 studies
including 9005 patents were included in the network meta-
analysis (11–14, 19–29). The literature selection process is
described in Figure 1.

Study Characteristics and Quality
Assessment
The 15 clinical trials were all double-arm randomized controlled
studies, and the number of patients ranged from 83 to 1155. The
number of men in each study was greater than the number of
women. There were 80% of studies performed in a multinational
environment. Two studies used mRECIST, five studies used
RECIST1.0, and eight studies used RECIST 1.1. There were ten
phase III studies, three phase II studies, and two phase II–III
December 2021 | Volume 11 | Article 771045
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studies. Additional details are shown in Table 1. There was no
evidence of serious imbalance in the distribution of effect
correction factors in the entire network experiment. The
connected network diagram including all the evidence is
shown in Supplementary Figure 1. The same drug was used at
the same dosage in all studies. Examination of patients’ baseline
characteristics, treatment stage, and treatment plan showed no
evidence that the transitivity hypothesis was violated in
any network.

The results of the quality criteria of the Cochrane
Collaboration’s tool showed that only three studies did not
mention random methods, and nine trials were open-label
design. The included studies were found to have a low risk of
bias across all six domains. In general, the quality of the clinical
trials included in the study was relatively high. The quality of
each included article was detailed in Supplementary Figure 2.
The certainty of the evidence for the each pairwise treatment
Frontiers in Oncology | www.frontiersin.org 4
comparison was overall moderate (due to imprecision) to high
(Supplementary Tables 1-4).

Overall Survival
OS was reported in 14 studies including 14 different
interventions. There was no significant heterogeneity between
studies (I2 = 6%), and the fixed effects model was adopted. P
score for OS showed that the best OS outcomes were obtained
with sintilimab plus bevacizumab over placebo (HR: 0.36; 95%
CI: 0.25–0.52; P score: 0.891); atezolizumab plus bevacizumab
ranked second (HR: 0.37; 95% CI: 0.26–0.54; P score: 0.880), and
donafenib ranked third (HR: 0.54; 95% CI: 0.41–0.69; P score:
0.652). Compared with sorafenib, sintilimab plus bevacizumab
(HR: 0.57; 95% CI: 0.43–0.75), atezolizumab plus bevacizumab
(HR: 0.58; 95% CI: 0.58–0.80), and donafenib (HR: 0.83; 95%CI:
0.70–0.99) were associated with better OS. However, sorafenib
showed better results than placebo and sunitinib. There was no
FIGURE 1 | Flowchart of the study selection process.
December 2021 | Volume 11 | Article 771045
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TABLE 1 | Characteristics of the included trials.
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significant difference between the efficacy of the remaining
t rea tment s t ra teg i e s and sora fen ib (Table 2 and
Figure 2). P score for the outcome of OS were shown in
Supplementary Figure 3A.

Progression Free Survival
PFS was reported in 13 studies including 13 different
interventions. No significant heterogeneity was found between
the studies (I2 = 10%), and the fixed effects model was used. The
results of SUCRA and P score showed that PFS was best in the
sintilimab plus bevacizumab group over placebo (HR: 0.53; 95%
CI: 0.41–0.70; P score: 0.845), atezolizumab plus bevacizumab
ranked second (HR: 0.56; 95% CI: 0.42–0.75; P score: 0.818), and
lenvatinib ranked third (HR: 0.63; 95% CI: 0.50–0.78; P score:
0.754). Detailed P scores for the outcome of PFS were shown in
Supplementary Figure 3B. Compared with sorafenib, sintilimab
plus bevacizumab (HR: 0.56; 95% CI: 0.45–0.69), atezolizumab
plus bevacizumab (HR: 0.59; 95%CI: 0.46-0.75), lenvatinib (HR:
0.66; 95% CI: 0.57–0.77), and linifanib (HR: 0.76; 95% CI: 0.64–
0.90) were associated with better PFS. There was no significant
difference between the remaining treatment strategies and
sorafenib regarding PFS (Table 3 and Figure 3).

Safety
Ten studies including ten different interventions reported on any
grade AEs. There was no significant heterogeneity between the
studies (I2 = 5%), and the fixed effects model was adopted. The
Frontiers in Oncology | www.frontiersin.org 6
results of the indirect comparison of the different interventions
are shown in Table 4. Linifanib was the only drug showing a
higher likelihood of any grade AEs than placebo, whereas the
other treatments did not show statistically significant differences
(Table 4 and Figure 4). The results of ranking treatment showed
that linifanib ranked 1/10 for any grade AEs (P score: 0.852),
donafenib ranked 2/10 (P score: 0.763), sintilimab plus
bevacizumab ranked 3/10 (P score: 0.724), sorafenib ranked 6/
10 (P score: 0.523) and atezolizumab plus bevacizumab ranked 7/
10 (P score: 0.402) (higher ranking indicated a high incidence of
AEs, Supplementary Figure 3C).

Eleven studies reported on grade 3–5 AEs. The fixed effects
model was used because I2 was 8%. Table 5 shows the results of
the direct and indirect comparisons of different interventions.
Nivolumab (HR: 0.30; 95% CI: 0.22–0.41) and donafenib (HR:
0.65; 95% CI: 0.47–0.89) showed a lower probability of grade 3–5
AEs than sorafenib, whereas lenvatinib (HR: 1.51; 95% CI: 1.14–
2.00) and linifanib (HR: 1.94; 95% CI: 1.41–2.66) showed a
higher probability of grade 3–5 AEs than sorafenib (Figure 5).
The results of SUCRA for grade 3-5 AEs demonstrated that
linifanib ranked 1/12 (P score: 0.778), lenvatinib ranked 2/12 (P
score: 0.676), sintilimab plus bevacizumab ranked 4/12 (P score:
0.609), and atezolizumab plus bevacizumab ranked 8/12 (P score:
0.465) (Supplementary Figure 3D). Despite their association
with favorable OS and PFS, sintilimab plus bevacizumab or
atezolizumab plus bevacizumab had no additional side effects
compared with other therapies.
FIGURE 2 | Forest plot for HR of OS.
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Assessment of Publication Bias
The funnel plot and Egger’s test revealed no significant bias across
studies in the first-line treatment (Supplementary Figure 4).
DISCUSSION

First-line systemic treatment options for unresectable HCC have
increased in the past decade, and several drugs such as sorafenib,
lenvatinib, and atezolizumab plus bevacizumab, as well as
nivolumab and systemic chemotherapy are currently
recommended for selected patients (30–32). However, because
most clinical trials of patients with unresectable HCC are double-
armed, it is difficult for oncologists to compare existing treatment
options. Therefore, we performed a comprehensive and
systematic review and network meta-analysis of first-line
systemic treatments for unresectable HCC to compare the
therapeutic efficacy and safety of various treatments and
facilitate treatment selection for clinicians.

In this network meta-analysis, we compared the efficacy and
safety of targeted drugs and immunotherapy strategies approved
as first-line systemic treatment for unresectable HCC. The results
Frontiers in Oncology | www.frontiersin.org 7
showed that sintilimab plus bevacizumab had the best OS
outcomes; atezolizumab plus bevacizumab ranked second, and
donafenib ranked third. The top three treatments associated with
better PFS were sintilimab plus bevacizumab, atezolizumab plus
bevacizumab, and lenvatinib. As for intervention ranking by P
value, sintilimab plus bevacizumab ranked first for OS and PFS
over atezolizumab plus bevacizumab. Besides, there were no
statistically significant differences in any grade AEs except in
patients treated with linifanib, which was associated with a
higher probability of any grade AEs than placebo. Donafenib
showed a lower probability, whereas lenvatinib and linifanib
showed a higher probability of SAEs than sorafenib. So it can be
concluded that sintilimab plus bevacizumab was associated with
the most favorable OS and PFS with no additional AEs or SAEs.

Many drugs for unresectable HCC were approved in the past
decade. Sorafenib was the first approved molecular targeted drug
that improved the prognosis of patients with unresectable HCC.
Sorafenib is a multi-target tyrosine kinase inhibitor that can not
only inhibit VEGFR, fibroblast growth factor receptor (FGFR),
and PDGFR, but also RAS/RAF/ERK signaling and the proto-
oncogene c-KIT. It thus has the ability to block the formation of
tumor blood vessels and inhibit the proliferation of liver cancer
TABLE 3 | Network meta-analyses for PFS.

Atezolizumab +
Bevacizumab
0.60 (0.45,
0.79)

Brivanib

0.65 (0.48,
0.87)

1.09
(0.87,
1.36)

Donafenib

0.52 (0.38,
0.70)

0.87
(0.69,
1.10)

0.80
(0.62,
1.03)

Erlotinib +
Sorafenib

0.57 (0.35,
0.95)

0.96
(0.60,
1.53)

0.88
(0.55,
1.42)

1.10 (0.68,
1.79)

GEMOX +
Sorafenib

0.89 (0.67,
1.19)

1.50
(1.22,
1.84)

1.38
(1.09,
1.74)

1.73 (1.36,
2.20)

1.56 (0.98,
2.49)

Lenvatinib

0.78 (0.58,
1.04)

1.30
(1.05,
1.62)

1.20
(0.94,
1.53)

1.50 (1.16,
1.93)

1.36 (0.84,
2.18)

0.87
(0.69,
1.09)

Linifanib

0.56 (0.42,
0.75)

0.94
(0.76,
1.17)

0.87
(0.68,
1.10)

1.08 (0.84,
1.39)

0.98 (0.61,
1.57)

0.63
(0.50,
0.78)

0.72
(0.57,
0.92)

Placebo

1.05 (0.77,
1.45)

1.77
(1.37,
2.27)

1.63
(1.23,
2.14)

2.04 (1.53,
2.70)

1.84 (1.13,
3.00)

1.18
(0.91,
1.53)

1.36
(1.04,
1.78)

1.88
(1.44,
2.45)

Sintilimab +
Bevacizumab

0.59 (0.46,
0.75)

0.99
(0.86,
1.14)

0.91
(0.76,
1.09)

1.14 (0.94,
1.38)

1.03 (0.66,
1.61)

0.66
(0.57,
0.77)

0.76
(0.64,
0.90)

1.05
(0.89,
1.24)

0.56 (0.45,
0.69)

Sorafenib

0.63 (0.46,
0.88)

1.06
(0.82,
1.38)

0.98
(0.74,
1.29)

1.23 (0.92,
1.64)

1.11 (0.68,
1.82)

0.71
(0.54,
0.92)

0.82
(0.62,
1.08)

1.13
(0.86,
1.49)

0.60 (0.45,
0.82)

1.08
(0.86,
1.34)

Sorafenib +
Doxorubicin

0.52 (0.40,
0.69)

0.88
(0.72,
1.06)

0.81
(0.64,
1.01)

1.01 (0.80,
1.27)

0.91 (0.57,
1.45)

0.58
(0.48,
0.72)

0.67
(0.54,
0.84)

0.93
(0.75,
1.15)

0.50 (0.39,
0.64)

0.88
(0.77,
1.01)

0.82 (0.64,
1.06)

Sunitinib

0.54 (0.35,
0.83)

0.91
(0.62,
1.33)

0.84
(0.56,
1.24)

1.05 (0.70,
1.57)

0.95 (0.54,
1.67)

0.61
(0.41,
0.89)

0.70
(0.47,
1.04)

0.96
(0.65,
1.43)

0.51 (0.34,
0.78)

0.92
(0.64,
1.31)

0.85 (0.56,
1.30)

1.04
(0.71,
1.52)

Tigatuzumab
+ Sorafenib
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cells (33). The therapeutic efficacy of sorafenib was reported
previously; it was shown to increase the OS of Western HCC
patients from 10.7 months in 2008 to 15.1 months in 2013, and
in Asian HCC patients from 6.5 months to 11 months (34). It is
worth mentioning regorafenib, another TKI inhibitor, is the first
and only second-line treatment that can significantly improve
the OS of HCC patients. It has been reported that regorafenib can
prolong the OS and PFS of HCC patients who are resistant to
Frontiers in Oncology | www.frontiersin.org 8
sorafenib (35). In addition, a meta-analysis demonstrated that
regorafenib is an effective and safe treatment in HCC patients
who progress on sorafenib (36).

Lenvatinib is a type of TKI that can inhibit the activity of
VEGF, RET, FGFR-4, PDGFR, RET, and KIT, and weaken the
formation of tumor blood vessels and the proliferation of tumor
cells (37). Lenvatinib has been used for the treatment of solid
tumors such as thyroid cancer, kidney cancer, and HCC (38, 39).
FIGURE 3 | Forest plot for HR of PFS.
TABLE 4 | Network meta-analyses for any grade AEs.

Atezolizumab +
Bevacizumab
1.69 (0.11, 26.75) Brivanib
0.23 (0.01, 7.02) 0.14 (0.01,

3.37)
Donafenib

0.69 (0.05, 9.05) 0.41 (0.04,
4.23)

2.96 (0.14,
59.14)

Erlotinib +
Sorafenib

0.68 (0.05, 9.12) 0.40 (0.04,
4.15)

2.92 (0.14,
58.84)

0.99 (0.11,
8.51)

GEMOX +
Sorafenib

1.42 (0.08, 25.51) 0.83 (0.06,
12.03)

6.01 (0.22,
164.01)

2.04 (0.17,
24.01)

2.07 (0.17,
24.36)

Lenvatinib

0.17 (0.01, 3.50) 0.10 (0.01,
1.56)

0.75 (0.03,
21.89)

0.25 (0.02,
3.22)

0.25 (0.02,
3.28)

0.12 (0.01,
2.18)

Linifanib

2.45 (0.21, 26.97) 1.44 (0.16,
11.84)

10.38 (0.55,
183.07)

3.59 (0.48,
23.72)

3.64 (0.49,
23.92)

1.73 (0.16,
16.98)

14.02 (1.23,
151.60)

Placebo

0.34 (0.02, 6.17) 0.20 (0.01,
2.79)

1.43 (0.05,
40.65)

0.49 (0.04,
5.69)

0.50 (0.04,
5.87)

0.24 (0.01,
3.93)

1.94 (0.11,
34.50)

0.14 (0.01,
1.46)

Sintilimab +
Bevacizumab

0.70 (0.08, 5.86) 0.41 (0.07,
2.44)

2.99 (0.21,
41.96)

1.01 (0.22,
4.63)

1.02 (0.22,
4.71)

0.49 (0.07,
3.59)

4.02 (0.50,
32.40)

0.28 (0.09,
1.01)

2.06 (0.29, 14.88) Sorafenib
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Kudo et al. (12) found no statistically significant difference in OS
between the lenvatinib group and the sorafenib group, although
lenvatinib was superior to sorafenib regarding the objective
response rate (ORR). This is consistent with the results of the
current network meta-analysis.

The occurrence and progression of HCC are closely related to
the basic inflammatory state of the liver, such as viral hepatitis B and
C and alcoholic cirrhosis. In this inflammatory state, various
immune-related cells and cytokines in the liver form an
immunosuppressive microenvironment for HCC. There are three
mechanisms by which liver cancer cells achieve immune tolerance
and grow in this environment. First, effector T cells such as CD8+
T cells and natural killer cells cannot break through the
immunosuppressive microenvironment. Second, effector T cells
can break through the immunosuppressive microenvironment,
but they cannot recognize tumor cells. Third, after effector T cells
break through the immunosuppressive microenvironment and
recognize tumor cells, they are inactivated or transformed into
immunosuppressive cells (40, 41). Although the specific
mechanism remains to be elucidated, antitumor effects can
theoretically be induced by changing the functional state,
number, and surface molecules of immune cells in the
immunosuppressive microenvironment. In fact, immunotherapy
drugs that target the tumormicroenvironment or regulate immune
cell homeostasis have shown clinical benefits in several solid
tumors, such as lung cancer, kidney cancer, and melanoma (42–
44).Most of these immunotherapydrugs exert anti-tumor effects by
inhibiting the immune checkpoint programmed death factor 1
(PD-1)/programmed death factor ligand 1 (PD-L1) pathway. In
HCC,CD8+T cells express PD1 receptors, whereas tumor cells and
peritumoral cells express their ligandPD-L1,which inactivatesCD8
+ T cells and leads to the occurrence of immune tolerance (45).
Frontiers in Oncology | www.frontiersin.org 9
Therefore, the use of immunotherapy to reshape the tumor
microenvironment of HCC and reverse tumor immune tolerance
is a promising strategy for the treatment of unresectable HCC.

Among the experimental immunotherapies for unresectable
HCC, the first breakthrough was the immune checkpoint PD-1
inhibitor. Nivolumab is a human immunoglobulin G4monoclonal
antibody and also the first immune checkpoint inhibitor for HCC
approved by the FDA. In theCheckMate040 study (46), theORR of
nivolumab for unresectable HCC was 15–20% and the disease
control rate reached 58–64%. Furthermore, the curative effect was
long-lasting. However, in the clinical trial of nivolumab versus
sorafenib, there was no significant difference inOS and PFS (27). In
this network meta-analysis, nivolumab did not have a significant
therapeutic advantage over other therapies. In the IMbrave150
study (13), researchers used a PD-L1 monoclonal antibody
combined with anti-angiogenesis targeted drugs to treat 336
patients with metastatic or unresectable HCC. They found that
atezolizumab plus bevacizumab reduced the patient’s risk of death
by 42% and increased the 12-month survival rate to 67.2%, which
significantly prolonged the survival of patients. Thus, this
combination was approved as first-line treatment for patients
with unresectable HCC who did not receive systemic treatment.
In another clinical trial (47), the 6-month OS of unresectable
HCC patients in the camrelizumab plus apatinib treatment
group was 66%, whereas the 12 months OS was 77%. However,
this study was a single-arm uncontrolled trial, and it was thus
not included in the present analysis. The combination of
immunity and TKI anti-angiogenesis therapy has obvious effects,
highlighting the characteristics and advantages of immunotherapy,
and it has gradually changed the existing clinical standards and
treatment patterns of liver cancer. CTLA-4 is a transmembrane
receptor on T cells that plays an important role in the negative
FIGURE 4 | Forest plot for OR of any grade AEs.
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regulation of T cells. It is also considered a promising therapeutic
target for HCC. Although tremelimumab did not improve
the prognosis of HCC patients in studies, the combination
of nivolumab and ipilimumab showed greater survival benefits
and safety than nivolumab alone (48, 49). In addition,
lymphocyte activation gene 3 (LAG-3), T cell immunoglobulin
and ITIM domain (TIGIT), T cell immunoglobulin and mucin-
containing domain-3 (TIM-3), and B and T lymphocyte
attenuation factor (BTLA) are new immune checkpoints in HCC,
and further research is needed to improve the prognosis of liver
cancer patients (50).

The first-line systemic treatment strategies for unresectable
HCC range from traditional TKI-targeted drugs to immune
checkpoint inhibitor single drugs, and then to the exploration
of immune checkpoint inhibitor and anti-angiogenesis combined
therapy. These treatments have improved the survival outcomes
of patients with unresectable HCC. The latest clinical trial
demonstrated that sintilimab plus bevacizumab achieved
favorable treatment effects (14). Sintilimab is a selective anti-
PD-1 antibody that inhibits the interaction between PD-1 and its
ligand. It has been approved for the treatment of relapsed or
refractory classical Hodgkin’s lymphoma (51). The median PFS
of the sintilimab plus bevacizumab group was significantly better
than that of the sorafenib group (4.6 months vs. 2.8 months), and
Frontiers in Oncology | www.frontiersin.org 10
the risk of disease progression or death decreased by 44%. The
OS of patients treated with the combination of sintilimab and
bevacizumab was remarkably improved. Therefore, sintilimab
plus bevacizumab resulted in significantly better survival than
existing standard treatments, with significantly prolonged OS
and PFS. Additionally, it was the first phase III trial to show that
an anti-PD-1 antibody combined with an anti-VEGF antibody
significantly improves the prognosis of patients with
unresectable HCC. In the current network meta-analysis,
sintilimab plus bevacizumab was associated with best OS and
PFS and ranked first for both OS and PFS among those various
treatment options. What’s more, there were no significant
differences in any grade AEs and grade 3–5 AEs between
sintilimab plus bevacizumab and other therapies.

The present network meta-analysis showed that sintilimab plus
bevacizumab had better efficacy than atezolizumab plus
bevacizumab. There are several possible confounding factors for
this result. First, the survival outcome is affected by second-line
treatment modalities in different regions. Patients treated with
sintilimab plus bevacizumab were all from Asia, where local
regional treatments such as traditional transcatheter arterial
chemoembolization, hepatic artery infusion chemotherapy, or
radiotherapy are used and combined with second-line systemic
treatments in advanced HCC. The patients included in the
TABLE 5 | Network meta-analyses for grade 3-5 AEs.

Atezolizumab +
Bevacizumab
0.92 (0.64, 1.32) Brivanib
1.55 (1.02, 2.36) 1.69

(1.13,
2.52)

Donafenib

0.79 (0.48, 1.29) 0.86
(0.53,
1.39)

0.51
(0.30,
0.86)

Erlotinib +
Sorafenib

0.69 (0.24, 1.98) 0.75
(0.27,
2.15)

0.45
(0.15,
1.30)

0.88 (0.29,
2.65)

GEMOX +
Sorafenib

0.67 (0.45, 0.98) 0.73
(0.50,
1.06)

0.43
(0.28,
0.66)

0.85 (0.51,
1.40)

0.96 (0.34,
2.78)

Lenvatinib

0.52 (0.34, 0.79) 0.57
(0.38,
0.84)

0.33
(0.21,
0.52)

0.66 (0.39,
1.11)

0.75 (0.26,
2.18)

0.78
(0.51,
1.19)

Linifanib

3.35 (2.21, 5.07) 3.65
(2.45,
5.44)

2.16
(1.38,
3.38)

4.26 (2.52,
7.19)

4.84 (1.66,
14.09)

5.01
(3.28,
7.66)

6.44 (4.11,
10.08)

Nivolumab

1.11 (0.60, 2.06) 1.21
(0.66,
2.22)

0.71
(0.37,
1.35)

1.41 (0.70,
2.84)

1.60 (0.50,
5.09)

1.66
(0.89,
3.09)

2.13 (1.12,
4.04)

0.33
(0.17,
0.63)

Placebo

0.76 (0.49, 1.19) 0.83
(0.54,
1.27)

0.49
(0.31,
0.79)

0.97 (0.56,
1.68)

1.10 (0.38,
3.25)

1.14
(0.73,
1.80)

1.47 (0.92,
2.35)

0.23
(0.14,
0.37)

0.69
(0.36,
1.34)

Sintilimab +
Bevacizumab

1.01 (0.77, 1.32) 1.10
(0.86,
1.40)

0.65
(0.47,
0.89)

1.28 (0.84,
1.94)

1.45 (0.52,
4.03)

1.51
(1.14,
2.00)

1.94 (1.41,
2.66)

0.30
(0.22,
0.41)

0.91
(0.52,
1.59)

1.32 (0.93,
1.88)

Sorafenib

0.92 (0.70, 1.20) 1.00
(0.78,
1.28)

0.59
(0.43,
0.81)

1.17 (0.77,
1.77)

1.32 (0.48,
3.67)

1.37
(1.03,
1.82)

1.76 (1.28,
2.42)

0.27 (0.2,
0.38)

0.83
(0.47,
1.45)

1.2 (0.84, 1.71) 0.91
(0.89,
0.93)

Sunitinib
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IMbrave150 study were mainly from Western countries (59.9%),
where the preferable second-line treatments are systemic. In
addition, patients in the atezolizumab plus bevacizumab group
were older than those in the sintilimab plus bevacizumab group,
which would increase non-cancer specific death risks. Finally, the
proportion of HBV-positive patients in the sintilimab plus
bevacizumab group was higher than that in the atezolizumab
plus bevacizumab group. Different background liver diseases can
also affect prognosis. Additional studies are needed to evaluate the
difference in efficacy between atezolizumab plus bevacizumab and
sintilimab plus bevacizumab.

Although this study provided important information
regarding the efficacy and safety of the latest first-line systemic
treatment options for unresectable HCC, the study had several
limitations. First, because direct evidence was more important
than indirect evidence, the lack of direct evidence in first-line
trials limited the power of this analysis. Second, not all included
studies had a large sample size, which might undermine the
statistical power of the network meta-analysis. Additionally,
some of the qualified studies did not directly provide survival
data, and the corresponding HR and 95% CI were extracted from
the survival curve, which might lead to micro-statistical errors.

The current network meta-analysis demonstrated that
sintilimab plus bevacizumab ranked first and was associated
with better OS and PFS, so it might be the best choice in the
treatment of unresectable HCC. There was no significant
difference in AEs between sintilimab plus bevacizumab and
other drugs. Thus, sintilimab plus bevacizumab is an effective
treatment for unresectable HCC.
Frontiers in Oncology | www.frontiersin.org 11
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