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Background & Aims: Direct comparisons across first-line regimens for advanced hepatocellular carcinoma are not available.
We performed a network metanalysis of phase III of trials to compare first-line systemic treatments for hepatocellular car-
cinoma in terms of overall survival (OS), progression-free survival (PFS), objective response rate, disease control rate, and
incidence of adverse events (AEs).
Methods: After performing a literature review from January 2008 to September 2022, we screened 6,329 studies and
reviewed 3,009 studies, leading to identification of 15 phase III trials for analysis. We extracted odds ratios for objective
response rate and disease control rate, relative risks for AEs, and hazard ratios (HRs) with 95% CIs for OS and PFS, and used a
frequentist network metanalysis, with fixed-effect multivariable meta-regression models to estimate the indirect pooled HRs,
odds ratios, relative risks, and corresponding 95% CIs, considering sorafenib as reference.
Results: Of 10,820 included patients, 10,444 received active treatment and 376 placebo. Sintilimab + IBI350, camrelizumab +
rivoceranib, and atezolizumab + bevacizumab provided the greatest reduction in the risk of death compared with sorafenib,
with HRs of 0.57 (95% CI 0.43–0.75), 0.62 (95% CI 0.49–0.79), and 0.66 (95% CI 0.52–0.84), respectively. Considering PFS,
camrelizumab + rivoceranib and pembrolizumab + lenvatinib were associated with the greatest reduction in the risk of PFS
events compared with sorafenib, with HRs of 0.52 (95% CI 0.41–0.65) and 0.52 (95% CI 0.35–0.77), respectively. Immune
checkpoint inhibitor (ICI) monotherapies carried the lowest risk for all-grade and grade >−3 AEs.
Conclusions: The combinations of ICI + anti-vascular endothelial growth factor, and double ICIs lead to the greatest OS benefit
compared with sorafenib, whereas ICI + kinase inhibitor regimens are associated with greater PFS benefit at the cost of higher
toxicity rates.
Impact and Implications: In the last few years, many different therapies have been studied for patients with primary liver
cancer that cannot be treated with surgery. In these cases, anticancer drugs (alone or in combination) are given with the
intent to keep the cancer at bay and, ultimately, to prolong survival. Among all the therapies that have been investigated, the
combination of immunotherapy (drugs that boost the immune system against the cancer) and anti-angiogenic agents (drugs
that act on tumoural vessels) has appeared the best to improve survival. Similarly, the combination of two types of immu-
notherapies that activate the immune system at different levels has also shown positive results.
Systematic Review Registration: PROSPERO CRD42022366330.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction
Hepatocellular carcinoma (HCC) is the most common primary
liver cancer and the third leading cause of cancer-related death
worldwide.1 After a decade of failures in phase III trials, the
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systemic treatment armamentarium for patients with unresect-
able/advanced HCC has significantly widened. Three multi-
targeted tyrosine kinase inhibitors (TKIs) – namely lenvatinib in
the first line,2 regorafenib,3 and cabozantinib4 in sorafenib-
pretreated patients – as well as the anti-vascular endothelial
growth factor (VEGF) receptor-2 (VEGFR2) antibody ramucir-
umab in sorafenib-experienced patients with high alpha-foeto-
protein5 have enabled an incremental survival benefit.

Atezolizumab + bevacizumab6,7 ushered in the era of combi-
nation immune checkpoint inhibitor (ICI) therapy, leading to the
establishment of a novel first-line standard of care.8

https://doi.org/10.1016/j.jhepr.2023.100702
http://creativecommons.org/licenses/by/4.0/
mailto:david.pinato@imperial.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhepr.2023.100702&domain=pdf


Research article
Following the IMbrave150 trial,6 three main ICI combination
regimens have been explored as first-line treatment. Anti-
programmed cell death 1 (PD-1) + anti-VEGF combinations
have been validated as an effective treatment option in the
ORIENT-32 study.9 A dual ICI combination targeting programmed
death ligand 1 (PD-L1) and the cytotoxic T-cell lymphocyte an-
tigen 4 (CTLA-4) was proven to prolong overall survival (OS) in
the HIMALAYA trial, which evaluated tremelimumab with dur-
valumab.10 Lastly, recent studies evaluating PD-1/PD-L1 + TKI
combinations have shown variable results. The combination of
the anti-PD-1 camrelizumab and rivoceranib (an anti-VEGFR2
TKI) met its primary efficacy endpoint.11 Surprisingly, the com-
binations of atezolizumab + cabozantinib (the COSMIC-312
trial)12 and pembrolizumab + lenvatinib (the LEAP-002 trial)13

did not meet their OS endpoints. Although atezolizumab +
cabozantinib prolonged progression-free survival (PFS), making
it technically a positive study,12 and pembrolizumab + lenvatinib
showed some activity,13 both treatments did not improve OS vs.
sorafenib and lenvatinib, respectively. Some reasons for failure of
these therapies have been discussed14 but ultimately remain
unclear and confirm that anti-VEGF antibodies are currently the
optimal combination partner for ICI.15

Given the large number of potential therapeutic options and
the lack of head-to-head comparisons, selecting the optimal
first-line treatment is not trivial.8 Furthermore, ICI + TKI studies
have brought more controversy than answers, owing to the lack
of a synergistic effect for some of the combinations and the
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Fig. 1. PRISMA chart reporting the results of the research strategy.
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mismatch between efficacy data reported in phase Ib/II trials and
survival extension in phase III studies.16

To support clinical decision-making in an increasingly com-
plex setting, we directly compared efficacy and safety data of
randomised controlled first-line trials for HCC using a network
meta-analysis (NMA).
Materials and methods
Search strategy and selection criteria
We performed an NMA to summarise and compare available
evidence on first-line systemic therapies for advanced HCC. Trials
were included into the analysis if they fulfilled the following
inclusion criteria: (i) phase III randomised controlled first-line
trials in the palliative treatment setting, (ii) evaluate ICIs and/
or TKIs and/or monoclonal antibodies alone or in combination
with other systemic treatment agents, and (iii) evaluate survival
(OS and/or PFS) as (co)primary endpoints. Therefore, studies
evaluating loco-regional therapies as monotherapy or as com-
bination regimen with systemic treatments as well as trials
evaluating systemic treatments in a (neo)adjuvant setting were
excluded. Literature research was restricted to studies published
in English and conducted in MEDLINE (https://pubmed.ncbi.nlm.
nih.gov), the Cochrane library (https://www.cochranelibrary.
com), and Embase (www.embase.com) between 1 January
2007 and 24 September 2022. Conference abstracts published
until 24 September 2022 were also retrieved from the following
Identification of studies via hand-searching conference abstracts
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major scientific societies: the American Society of Clinical
Oncology (ASCO), the European Society of Medical Oncology
(ESMO), European Association for the Study of the Liver (EASL,
and American Association for the Study of Liver Diseases
(AASLD). The complete search strategy is reported in the Sup-
plementary information. Two authors (CAMF and C-VS) per-
formed the literature research and evaluated the eligibility of
studies using the PICO (patients, interventions, comparison, and
outcome) framework following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses criteria.7 Discrepancies
concerning the inclusion or exclusion of studies were discussed
and resolved with a third independent author (DJP). The study
protocol was registered in PROSPERO, an international prospec-
tive register of systematic reviews (registration code
CRD42022366330; https://www.crd.york.ac.uk/prospero/
#searchadvanced).

Data analysis
All analyses were performed in R 4.1.2. using the meta and
netmeta packages (R Foundation for Statistical Computing,
Vienna, Austria). Primary data from included studies were
extracted and entered into dedicated data collection forms. The
Cochrane risk of bias assessment tool was used to evaluate seven
different aspects of potential bias related to study design,
Table 1. Baseline characteristics of the population included in the trials of in

Name Arm Median
age (years)

Western
region (%)

P
o

Cheng 201320 Sunitinib 59 24.1%
Sorafenib 59 24.6%

Johnson 201321 Brivanib 61 40%
Sorafenib 60 35%

Cainap 201522 Linifanib 59 34%
Sorafenib 60 32.8%

REFLECT2 Lenvatinib 63 33%
Sorafenib 62 33%

IMbrave1507 Atezolizumab +
bevacizumab

64 60%

Sorafenib 66 59%
COSMIC-31212 Atezolizumab +

cabozabtinib
64 72%

Sorafenib 64 71%
HIMALAYA10 Durvalumab +

tremelimumab
65 60%

Durvalumab 64 57%
Sorafenib 64 60%

CheckMate- 45923 Nivolumab 65 54%
Sorafenib 65 53%

SHARP18 Sorafenib 65 100%
Placebo 66 100%

ASIA-PACIFIC19 Sorafenib 51 n.a.
Placebo 52

ORIENT-329 Sintilimab +
IBI305

53 n.a.

Sorafenib 54
Qin 202124 Donafenib 53 n.a.

Sorafenib 53
LEAP- 00213 Pembrolizumab +

lenvatinib
66 69.4%

Lenvatinib +
placebo

66 69.2%

Qin 202211 Camrelizumab +
rivoceranib

58 17.3%

Sorafenib 56 17.3%
RATIONALE-30125 Tisilelizumab 62 89%

Sorafenib 60 83%

BCLC-C, Barcelona Clinic Liver Cancer – stage C; ECOG, Eastern Cooperative Oncology G
* presence of EHS and MVI.
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conduction, and reporting of randomised controlled trials
assigning a ‘low’ or ‘high’ risk of bias.17 More detailed informa-
tion on the search strategy, data extraction, and data analysis is
available in the Supplementary information.

We conducted subgroup analyses for OS according to HCC
aetiology (HBV, HCV, and non-viral), and the presence of extra-
hepatic spread (EHS) and/or macrovascular invasion (MVI).
Results
Baseline characteristics
After performing a literature search in MEDLINE (https://
pubmed.ncbi.nlm.nih.gov), the Cochrane library (https://www.
cochranelibrary.com), and Embase (www.embase.com), accord-
ing to the research strategy reported in the Supplementary in-
formation, we identified 6,329 records from January 2007 to 24
September 2022. After duplicate studies were removed, 3,009
were left for screening. Following the screening process, 2,993
reports were excluded for the reasons detailed in Fig. 1. Overall,
16 studies met the eligibility criteria, and after 1 report was
excluded owing to non-relevant population of interest (patients
not affected by advanced HCC), the following 15 phase III trials
were selected for the analysis: SHARP,18 Asia Pacific,19 Cheng
2013,20 Johnson 2013,21 Cainap 2015,22 REFLECT,2 CheckMate
terest.

resence
f MVI (%)

EHS (%) Viral (%) Child–Pugh
(A) (%)

ECOG
0 (%)

BCLC-C
(%)

78.9% 60% 76.0% 99.8% 46.8% 87.2%
76.3% 58.5% 74.8% 99.4% 46.7% 83.5%
27% 63% 64% 92% 64% 77%
27% 62% 66% 92% 61% 78%

46.3% 59.7% 78.8% 93.2% 62.8% 84.2%
40.5% 56.8% 77.8% 95.0% 66.2% 80.4%
23% 61% 72% 99% 64% 78%
21% 62% 74% 99% 63% 81%
38% 63% 70% 100% 62% 82%

43% 56% 68% 100% 62% 81%
31% 54% 60% 100% 64% 68%

28% 56% 61% 100% 66% 67%
26% 53% 59% 100% 62% 80%

24% 55% 58% 100% 61% 80%
26% 52% 57% 100% 62% 83%
33% 60% 54% 98% 73% 82%
32% 56% 54% 96% 70% 78%
36% 53% 48% 95% 54% 82%
41% 50% 45% 98% 54% 83%
36% 69% 81% 97% 25% 95%
34% 68% 81% 97% 28% 96%
28% 73% 96% 96% 48% 85%

26% 75% 98% 95% 48% 86%
73%* 73%* 91% 99% 39% 87%
73%* 73%* 93% 96% 33% 88%
18% 63% 62.5% 99.5% 67.7% 78.5%

15% 60.9% 59.4% 99.5% 68.4% 75.7%

14.7% 64.3% 84.6% 100% 44.1% 86.0%

19.2% 66.4% 83.4% 100% 42.8% 85.2%
14.9% 64% 76% 100% 53.5% 79.5%
14.8% 59.6% 75.9% 100% 54.5% 75.9%

roup; EHS, extrahepatic spread; MVI, macrovascular invasion; n.a., not applicable.
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Fig. 2. Network plot reporting the treatment arms included in the analysis.
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459,23 IMbrave150,7 ORIENT-32,9 HIMALAYA,10 COSMIC-312,12

Qin 2021,24 Qin 2022,11 LEAP-002,13 and RATIONALE-301.25

These tested the following, respectively: sorafenib vs. placebo
(SHARP and Asia Pacific), sunitinib vs. sorafenib, brivanib vs.
sorafenib, linifanib vs. sorafenib, lenvatinib vs. sorafenib, nivo-
lumab vs. sorafenib, atezolizumab + bevacizumab vs. sorafenib,
sintilimab + IBI305 vs. sorafenib, durvalumab + tremelimumab
vs. sorafenib, atezolizumab + cabozantinib vs. sorafenib, dona-
fenib vs. sorafenib, camrelizumab + rivoceranib vs. sorafenib,
pembrolizumab + lenvatinib vs. lenvatinib, and tislelizumab vs.
sorafenib as first-line treatments for advanced HCC.

Overall,10,820patientswere includedintheanalysis, andamong
them, 10,444 received active treatment and 376 placebo. Sorafenib
was the control armof all the studies, except for the SHARPandAsia
Pacific trials, which tested sorafenib against placebo, and the LEAP-
002 trial, which adopted lenvatinib as the control arm.

Donafenib, lenvatinib, brivanib, and tislelizumab were tested
for noninferiority against sorafenib, and linifanib was tested for
both superiority and noninferiority; however, all the other
1 2

 other vs. 'Sorafenib'
 effects model) HR

0.57
0.62
0.66
0.77
0.78
0.85
0.85
0.90
0.91
0.92
1.05
1.06
1.30
1.46

95% CI

[0.43; 0.75]
[0.49; 0.79]
[0.52; 0.84]
[0.62; 0.97]
[0.66; 0.93]
[0.71; 1.02]
[0.71; 1.01]
[0.69; 1.18]
[0.76; 1.08]
[0.79; 1.07]
[0.90; 1.22]
[0.93; 1.21]
[1.13; 1.50]
[1.21; 1.75]

 other vs. 'Sorafenib'
 effects model) HR

0.52
0.52
0.56
0.63
0.63
0.65
0.76
0.90
0.93
1.01
1.02
1.10
1.13
1.74

95% CI

[0.41; 0.65]
[0.35; 0.77]
[0.45; 0.69]
[0.44; 0.91]
[0.44; 0.90]
[0.53; 0.80]
[0.64; 0.90]
[0.57; 1.43]
[0.79; 1.10]
[0.88; 1.16]
[0.88; 1.19]
[0.91; 1.32]
[0.99; 1.29]
[1.43; 2.11]

1 2

between sorafenib and mortality considering sorafenib as reference. (B) Forest
ression considering sorafenib as reference. HR, hazard ratio.
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Table 2. Descriptive report of efficacy outcomes.

Study Arm mOS
(months)
(95% CI)

HR (95%
CI) p value

mPFS
(months)
(95% CI)

HR (95%
CI) p value

ORR (%)
(95% CI)

DCR(%)
(95% CI)

Cheng 201320 Sunitinib 7.9 (7.4–9.2) 1.30 (1.1–1.5)
0.99

3.6 (2.8–4.1) 1.13 (0.9–1.3)
0.88

6.2 50.0

Sorafenib 10.2 (8.9–11.4) 3.0 (2.8–4.0) 5.9 51.3
Johnson 201321 Brivanib 9.9 (8.5–11.5) 1.07 (0.9–1.2)

0.31
4.1 (3.1–4.2) 1.01 (0.9–1.2)

0.85
12 (9–15) 65 (61–69)

Sorafenib 9.5 (8.3–10.6) 4.2 (4.1–4.3) 9 (7–11) 66 (61–69)
Cainap 201522 Linifanib 9.1 (8.1–10.2) 1.05 (0.9–1.2) 5.4 (4.2–5.6) 0.76 (0.6–0.9)

0.001
10.1 N/A

Sorafenib 9.8 (8.3–11) 4.0 (2.8–4.2) 6.1 N/A
REFLECT2 Lenvatinib 13.6 (12.1–14.9) 0.92 (0.8–1.1) 7.3 (5.6–7.5) 0.65 (0.6–0.8)

<0.0001
18.8 (15.3–22.3) 72.8 (68.8–76.8)

Sorafenib 12.3 (10.4–13.9) 3.6 (3.6–3.9) 6.5 (4.3–5.14) 59 (54.6–63.5)
IMbrave1507 Atezolizumab

+ bevacizumab
19.2 (17–23.7) 0.66 (0.5–0.9)

<0.001
6.9 (4.7–8.6) 0.65 (0.53–0.81)

<0.001
30.0 (25.0–35.0) 74

Sorafenib 13.4 (11.4–16.9) 4.3 (4.0–5.6) 11.0 (7.0–17.0) 55
COSMIC-31212 Atezolizumab

+ cabozabtinib
15.4 (13.7–17.7) 0.90 (0.7–1.2)

0.438
6.8 (5.6–8.3) 0.63 (0.4–0.9)

0.0012
11.2 (8.1–14) 78

Sorafenib 15.5 (12.1–NR) 4.2 (2.8–7.0) 3.7 (1.6–7.1) 65
HIMALAYA10 Durvalumab

+ tremelimumab
16.4 (14.2–19.6) 0.78 (0.7–0.9)

0.0035
3.8 (3.7–5.3) 0.90 (0.8–1.1) 20.1 60.1

Sorafenib 13.8 (12.3–16.1) 4.2 (3.8–5.5) 5.1 60.7
CheckMate- 45923 Nivolumab 16.4 (13.9–18.4) 0.85 (0.7–1.0)

0.075
3.7 (3.1–3.9) 0.93 (0.8–1.1) 15 (12–19) 55

Sorafenib 14.7 (11.9–17.2) 3.8 (3.7–4.5) 7 (5–10) 58
SHARP18 Sorafenib 10.7 (9.4–13.3) 0.69 (0.6–0.9)

<0.001
4.1 (3.5–4.8) 1.1 (0.9–1.3)

0.77
2 43

Placebo 7.9 (6.8–9.1) 4.9 (4.2–6.3) 1 32
Asia Pacific19 Sorafenib 6.5 (5.6–7.6) 0.68 (0.5–0.9)

0.014
2.8 (2.6–3.6) 0.57 (0.4–0.8)

0.0005
3.3 35.3 (27.7–43.6)

Placebo 4.2 (3.8–5.5) 1.4 (1.3–1.6) 1.3 15.8 (8.4–26)
ORIENT-329 Sintilimab + IBI305 NR 0.57 (0.4–0.8)

<0.0001
4.6 (4.1–5.7) 0.56 (0.5–0.7)

<0.0001
21 (17–25) 72 (67–77)

Sorafenib 10.4 (8.5–NR) 2.8 (2.7–3.2) 4 (2–8) 64 (56–71)
Qin 202124 Donafenib 12.0 (10.3–13.1) 0.84 (0.7–0.9)

0.031
3.7 (3.0–3.7) 0.91 (0.8–1.1)

0.057
4.6 30.8

Sorafenib 10.1 (9.2–11.9) 3.6 (2.4–3.7) 2.7 28.7
LEAP-00213 Lenvatinib

+ pembrolizumab
21.2 (19.0–23.6) 0.84 (0.7–0.9)

0.0227
8.2 (6.4–8.4) 0.87 (0.7–1.0)

0.0466
26.1 (21.8–30.7) 81.3

Lenvatinib + placebo 19.0 (17.2–21.7) 8.0 (6.3–8.2) 17.5 (13.9–21.6) 78.4
Qin 202211 Camrelizumab

+ rivoceranib
22.1 (19.1–27.2) 0.62 (0.5–0.8)

<0.0001
5.6 (5.5–6.3) 0.52 (0.4–0.7)

<0.0001
25.4 (20.3–31) 78.3 (72.9–83.1)

Sorafenib 15.2 (13.0–18.5) 3.7 (2.8–3.7) 5.9 (3.4–9.4) 53.9 (47.7–59.9)
RATIONALE-30125 Tislelizumab 15.9 0.85 (0.7–1.0)

0.0398
2.2 1.1 (0.9–1.3) 14.3 (10.8–18.5) 41.8

Sorafenib 14.1 3.6 5.4 (3.2–8.4) 47.3

DCR, disease control rate; HR, hazard ratio; mOS, median overall survival; mPFS, median progression-free survival; N/A, not available; NR, not reached; ORR, objective response
rate.
studies were powered to detect superiority of the experimental
arm against the control. The inclusion criteria appeared to be
consistent between trials, patients with portal vein tumoural
invasion at Vp4 were excluded by the Johnson 2013, REFLECT,
ORIENT-32, HIMALAYA, LEAP-002, and RATIONALE-301 trials.
Details about inclusion criteria and stratification factors are
described in Table S1. All patients were required to have a pre-
served liver function according to Child–Pugh classification. The
main differences in baseline characteristics were found to be
median age, aetiology, and percentage of patients with MVI
(Table 1). Median age was lower for the Asia Pacific, ORIENT-32,
Qin 2021, and Qin 2022 trials. Viral aetiology was the highest in
the ORIENT-32, Qin 2021, and Qin 2022 trials, reflecting the
higher incidence of HBV infection in Asia. As expected, the
incidence of MVI was lower in those trials excluding patients
with main portal vein tumoural invasion.
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The risk of bias according to the Cochrane risk of bias assess-
ment tool showed that all the trials reported ‘low risk’ of bias in at
least five out of the seven domains of interest.17 The absence of
blinding of participants and personnel to the treatment arm was
the reason for high risk of bias in the Cheng 2013, Cainap 2015,
REFLECT, IMbrave150, COSMIC-312, HIMALAYA, CheckMate 459,
ORIENT-32, and Qin 2021 trials. The absence of blinding of
outcome assessment was identified as another risk of bias in the
Cheng 2013, Cainap 2015, and HIMALAYA trials (Table S2).
OS and PFS
All the trials were evaluable for OS and PFS. All the trials except
for the LEAP-002 trial included sorafenib as the treatment arm;
the REFLECT trial compared lenvatinib with sorafenib, allowing
the of use sorafenib as reference to perform the NMA (Fig. 2).
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Radiological progression was based on RECIST 1.1 in all the
trials, except for the SHARP, Asia Pacific, and Cheng 2015 trials
(RECIST) and the Johnson 2013 trial (modified RECIST
[mRECIST]).

When considering sorafenib as reference, treatment with ICI
+ anti-VEGF agents was confirmed to provide the highest
reduction in the risk of death (Fig. 3A): the association of sinti-
limab + IBI305 and camrelizumab + rivoceranib reduced the risk
of death by 43% (hazard ratio [HR] 0.57; 95% CI 0.43–0.75) and
38% (HR 0.62; 95% CI 0.49–0.79), respectively, followed by
treatment with atezolizumab + bevacizumab (HR 0.66; 95% CI
0.52–0.84). Pembrolizumab + lenvatinib and durvalumab +
tremelimumab were shown to similarly reduce the risk of death
compared with sorafenib, with HRs of 0.77 (95% CI 0.62–0.97)
and 0.78 (95% CI 0.66–0.93), respectively. ICI monotherapies,
namely nivolumab and tislelizumab, were confirmed to similarly
reduce the risk of death compared with sorafenib, even if the
statistically significance for superiority was not met, with HRs of
0.85 (95% CI 0.71–1.01) and 0.85 (95% CI 0.71–1.02), respectively.
According to p scores, sintilimab + IBI305 and camrelizumab +
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Fig. 4. Forest plots. (A) Forest plot, ORs and corresponding 95% CIs for the associ
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JHEP Reports 2023
rivoceranib reported a probability of 95.3% and 90.9%, respec-
tively, to be the most effective in reducing the risk of death;
atezolizumab + bevacizumab had a probability of 86.3% of
reducing the risk of death (Table S3).

As reported in Fig. 3B, camrelizumab + rivoceranib and
pembrolizumab + lenvatinib performed the best in reducing the
risk of PFS events compared with sorafenib, with HRs of 0.52
(95% CI 0.41–0.65) and 0.52 (95% CI 0.35–0.77), respectively.
Lenvatinib and the combination of atezolizumab + cabozantinib
reported the same risk reduction, with HRs of 0.63 (95% CI
0.44–0.90) and 0.63 (95% CI 0.44–0.91), respectively. ICI mono-
therapy and the combination of anti PD-L1 + anti-CTLA-4 were
not associated with a significant reduction in the risk of pro-
gression or death compared with sorafenib. The p scores analysis
showed that camrelizumab + rivoceranib has the highest prob-
ability in being the most effective in reducing the risk of pro-
gression (90.8%), followed by pembrolizumab + lenvatinib
(90.0%) and sintilimab + IBI305 (85.1%) (Table S4).

As previously reported,26,27 we ran a secondary analysis to
assess the reduction in the risk of death or progression
2 10
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associated with atezolizumab + bevacizumab vs. other treat-
ment. The efficacy of atezolizumab + bevacizumab was
confirmed to overlap with that of camrelizumab + rivoceranib
(HR 1.06; 95% CI 0.75–1.51) and to be similar to that of sintilimab
+ IBI305 (HR 1.16; 95% CI 0.80–1.68); atezolizumab + bev-
acizumab was shown to be statistically superior in reducing the
risk of death compared with all the TKI monotherapies; when
compared with ICI monotherapies and the other combinations,
the reduction in the risk of death did not reach the statistical
significance (Fig. S1). In terms of PFS, atezolizumab + bev-
acizumab was associated with a significant reduction in the risk
of PFS events compared with placebo, sunitinib, tislelizumab,
donafenib, brivanib, sorafenib, and nivolumab (Fig. S2).

Objective response rate
As previously reported, radiological response was assessed ac-
cording to RECIST 1.1 in all the trials, except for the SHARP, Asia
Pacific, and Cheng 2015 trials (RECIST) and the Johnson 2013 trial
(mRECIST). Table 2 descriptively reports the objective response
rate (ORR) and disease control rate (DCR) for each treatment
arm. As reported in Fig. 4A, all the combination therapies were
associated with a significant increase in the probability of
achieving ORR (partial response or complete response),
compared with sorafenib. Sintilimab + IBI305, camrelizumab +
rivoceranib, and pembrolizumab + lenvatinib reported the
highest probability of radiological response. When assessing the
probability of all treatments in achieving DCR (partial response
or complete response or stable disease), camrelizumab + rivo-
ceranib, atezolizumab + bevacizumab, and pembrolizumab +
lenvatinib were reported to increase the most the probability of
Table 3. Descriptive incidence of AEs according to NCTCA.

Study Arm Any grade

Cheng 201320 Sunitinib
Sorafenib

Johnson 201321 Brivanib
Sorafenib

Cainap 201522 Linifanib 50
Sorafenib 5

REFLECT2 Lenvatinib
Sorafenib

IMbrave1507 Atezolizumab + bevacizumab 32
Sorafenib 15

COSMIC-31212 Atezolizumab + cabozabtinib
Sorafenib

HIMALAYA10 Durvalumab + tremelimumab 3
Sorafenib 3
Durvalumab 34

CheckMate-45923 Nivolumab
Sorafenib 3

SHARP18 Sorafenib
Placebo

Asia Pacific19 Sorafenib
Placebo

ORIENT-329 Sintilimab + IBI305
Sorafenib

Qin 202124 Donafenib 3
Sorafenib

LEAP-00213 Lenvatinib + pembrolizumab 38
Lenvatinib + placebo 37

Qin 202211 Camrelizumab + rivoceranib 2
Sorafenib 24

RATIONALE-30125 Tislelizumab 32
Sorafenib 3

AE, adverse event.
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achieving DCR compared with sorafenib. Among the mono-
therapies, only lenvatinib was associated with a significant
improvement in the probability of DCR (Fig. 4B).

Safety
Data about AEs was extracted by each arm of the trials of in-
terest. AEs were reported according to NCI Common Terminology
Criteria for Adverse Events (CTCAE) versions 3 (Asia Pacific,
SHARP, Johnson 2013, and Cheng 2013), 4 (Cainap 2015,
IMbrave150, REFLECT, CheckMate 459, and Qin 2021) and 5
(ORIENT-32, COSMIC-312, HIMALAYA, LEAP-002, Qin 2022, and
RATIONALE-301). For the Asia Pacific and SHARP studies, the
incidence of grade >−3 AEs was not available. We therefore
extracted relative risk (RR) for the incidence of serious AEs,
defined as any AEs that were life-threatening, resulted in death,
required patient hospitalisation or prolongation of hospital-
isation, or resulted in a persistent or significant disability or in-
capacity. The overall incidence of all grade AEs of any cause was
not available for the Cheng 2013 trial; therefore, it was not
included in the analysis. Table 3 summarises the incidence of AEs
for each treatment arm.

Compared with sorafenib, ICI monotherapies, namely nivo-
lumab and tislelizumab, were associated with a significant
reduction in the risk of grade >−3 AEs, with RR of 0.45 (95% CI
0.36–0.46) and RR of 0.74 (95% CI 0.65–0.84) respectively (Fig.
5A); among the combination strategies, durvalumab + trem-
elimumab and atezolizumab + bevacizumab had the lowest risk
of grade >−3 AEs, whereas camrelizumab + rivoceranib was
associated with the highest risk, which appeared to be similar to
that of sorafenib. Pembrolizumab + lenvatinib, atezolizumab +
AE, n (%) Grade >−3 AEs, n (%) AEs requiring treatment
discontinuation, n (%)

N/A 449 (85.4%) 184 (35%)
N/A 404 (74.5%) 163 (30%)

564 (98%) 384 (68%) 243 (43%)
569 (99%) 371 (65.2%) 188 (33%)
8 (99.6%) 435 (85.3%) 185 (36.3%)
11 (98.5%) 389 (75%) 132 (25.4%)
470 (99%) 357 (75%) 42 (9%)
472 (99%) 316 (67%) 34 (7%)
2 (98.0%) 230 (69.9%) 72 (22.0%)
4 (99.0%) 98 (62.8%) 18 (12.0%)

93% 63.5% 6.1%
90% 41% 7.7 %

78 (97.4%) 196 (50.5%) 32 (8.2%)
57 (95.5%) 196 (52.4%) 41 (11%)
5 (88.9%) 144 (37.1%) 16 (4.1%)
257 (70%) 82 (22.3%) 27 (7.4%)
38 (93.1%) 180 (49.5%) 42 (11.6%)

98% 45% 34 (11%)
96% 32% 15 (5%)

146 (98%) 71 (serious) (47.7%) 29 (19.5%)
71 (94.7%) 34 (serious) (45.3%) 10 (13.3%)
376 (99%) 207 (54%) 52 (14%)
181 (98%) 87 (47%) 11 (6%)
32 (100%) 191 (57%) 34 (10%)
329 (99%) 224 (67%) 42 (13%)
1 (96.5%) 247 (62.5%) 22 (5.6%)
8 (95.7%) 227 (57.5%) 18 (4.6%)
65 (97.4%) 220 (80.9%) 10 (3.7%)
9 (92.6%) 142 (52.8%) 12 (4.5%)
5 (96.2%) 163 (48.2%) 37 (10.9%)
24 (100%) 212 (65.4%) 60 (18.5%)
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cabozantinib, and camrelizumab + rivoceranib were reported to
significantly increase the risk of grade >−3 AEs compared with
sorafenib. When considering the all-grade AEs, again nivolumab
and tislelizumab reported a significant reduction in the risk of
AEs, with RRs of 0.76 (95% CI 0.71–0.81) and 0.96 (95% CI
0.94–0.98) respectively (Fig. 5B).

Subgroup analyses
We performed a subgroup analysis according to the aetiology of
HCC (HBV, HCV, and non-viral). As reported in Table 1, aetiology
was heterogeneous among trials, reflecting the differences both
in the region of origin and in the stratification factors: among the
trials of interest, the Cainap 2015, HIMALAYA, COSMIC-312, and
RATIONALE-301 trials were stratified according to HCC aetiology
(Table S1).

Data for patients with HBV were available for all the trials.
Data for HCV were available for the following trials that were
therefore included in the analysis: IMbrave150, Qin 2022,
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COSMIC-312, RATIONALE-301, CheckMate 459, LEAP-002,
HIMALAYA, Cainap 2015, and Johnson 2013. Subgroup analysis
was run, including published subgroup data of the following
studies: Qin 2022, HIMALAYA, RATIONALE-301, LEAP-002,
IMbrave150, COSMIC-312, CheckMate 459, and REFLECT.

Overall, the subgroup analysis of patients with HBV was based
on pooled data of 5,149 HBV-positive patients: 5,035 received
active treatment and 114 placebo. All the combination treat-
ments were reported to significantly reduce the risk of death
compared with sorafenib in this subgroup (Fig. S3), with atezo-
lizumab + cabozantinib being associated with the greatest
reduction in the risk of death (HR 0.46; 95% CI 0.29–0.73).

In total, 1,699 patients with HCV were treated among the 10
trials reporting the specific subgroup analysis. The combination
of atezolizumab + bevacizumab was the only one reporting a
significant reduction in the risk of death in patients with HCV
(HR 0.43; 95% CI 0.22–0.86) (Fig. S4). The non-viral subgroup
included 1,594 HBV- and HCV-negative patients receiving active
1 2
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treatment. The non-viral subgroup analysis in the REFLECT study
included only patients with alcohol-related disease. Durvalumab
+ tremelimumab was the only combination that was shown to
provide a significant reduction in the risk of death compared
with sorafenib in non-viral patients (HR 0.74; 95% CI 0.57–0.96)
(Fig. S5). In patients with EHS and/or MVI, the efficacy data were
similar for those reported in the whole population (Fig. S6).
Discussion
Clinicians treating HCC today face the difficult challenge of
formulating treatment decisions without having credible and
direct head-to-head comparisons across all the therapeutic reg-
imens known to be effective in advanced disease. With the aim
of providing practice-informing comparisons across therapies,
we have performed the largest NMA exploring the various sys-
temic therapy options studied in the first-line treatment of
advanced HCC to date, including 10,820 patients receiving sys-
temic therapy for metastatic or unresectable HCC accrued across
15 landmark phase III trials.

Our study shows that all the immunotherapy combination
regimens tested in first-line phase III trials provide a significant
OS advantage compared with sorafenib, with the only exception
of atezolizumab + cabozantinib. Within the limitations of our
NMA and accounting for unavoidable heterogeneity in eligibility
criteria for each study, systematic ranking of therapeutic regi-
mens showed a clear gradient in OS estimates that favoured
VEGF-containing immunotherapy combinations over TKI mono-
therapy. Interestingly, our NMA demonstrates overlapping esti-
mates of OS advantage vs. sorafenib between PD-1/VEGF
containing regimens and the PD-L1/CTLA-4 combination of
durvalumab + tremelimumab. In a disease where immune
evasion is a key oncogenic driver, ICI-based combinations
outperform monotherapy by exerting a synergistic action on
hypoxia, aberrant neoangiogenesis, and immune exhaustion.28

However, accounting for the differences in the mechanism of
action (MoA) explored in phase III trials, no ideal companion
agent to PD-1 pathway blockade has emerged from our study,
with CTLA-4 inhibition, TKIs, and VEGF inhibitors leading to
largely overlapping survival estimates in comparison with
sorafenib.

Whether there are intrinsic immunologic differences between
selective VEGF deprivation and modulation of VEGF receptors
using TKIs remains the subject of debate. It is important to
emphasise that all studies testing a combination of an ICI and a
pure VEGF inhibitor met their primary endpoints,7,9,11 whereas
TKI-based treatment strategies failed to be proven superior to
the standard of care, with the exception of rivoceranib + cam-
relizumab.12,13 Our NMA provides an original contribution to this
debate by highlighting that the failure of PD-1 + TKI combination
does not exclusively depend on differences in MoA but is to be
attributed at least in part to the choice of the control arm. To this
end, we show for the first time that, despite failing to show
improvement against lenvatinib monotherapy, the combination
of pembrolizumab + lenvatinib is superior to sorafenib, casting
doubt around the therapeutic equivalence of first-line TKIs.

This aspect is of utmost importance in contemporary clinical
trial design. On the one hand, the use of sorafenib as a control
arm in future studies is likely to become an outdated comparator.
On the other hand, the use of ‘investigator choice’ TKI, explored
in certain second-line studies such as IMbrave251
(NCT04770896), might introduce unwanted heterogeneity by
JHEP Reports 2023
comparing therapies with different efficacy and immunomodu-
latory properties.

The only treatment strategy not involving the use of anti-
angiogenic agents and achieving an OS improvement compared
with sorafenib is the double immune checkpoint blockade of
durvalumab + the single priming dose of tremelimumab. The
combination has very recently been approved by the FDA and is
currently considered a potential alternative to atezolizumab +
bevacizumab in the first line,8 and their different spectrum of
toxicity will be key to inform the treatment choice in clinical
practice.

Our study provides further insight regarding the non-linear
association between PFS and OS. Intriguingly, all ICI combina-
tions included in our NMA achieved a statistically significant PFS
advantage over sorafenib, with the only notable exception of
durvalumab + tremelimumab. PFS has an established role as a
surrogate endpoint for patients’ survival in other oncological
indications where multiple lines of therapy exist, facilitating
regulatory approval of new drugs.29 Although measuring the
efficacy of the single line of treatment in question, PFS is a
composite endpoint that includes death and/or progression.
Although a PFS threshold of 0.6 has been proposed as an optimal
HR cut-off to predict for OS advantage,30 PFS remains vulnerable
to the competing effect of hepatic decompensation, radiologic
criteria chosen to assess progression and continuation of treat-
ment beyond initial progression. These emerging uncertainties
call for caution in the choice of endpoints in contemporary
clinical trials. For novel treatment strategies including immu-
notherapy where a restricted group of patients may achieve
long-term survival, formal testing of differences in median sur-
vival times can fall short of significance, and different endpoints
have been proposed to capture the clinical benefit of ICI com-
binations (i.e. time to treatment failure and restricted mean
survival time).31

With no clear difference emerging in terms of OS advantage
across combination regimens, an aspect of increasing importance
is treatment-related toxicity. Perhaps unsurprisingly, combina-
tions of ICI + TKIs were associated with a higher risk of clinically
significant toxicity compared with ICI + an anti-VEGF mono-
clonal antibody, with atezolizumab + cabozantinib, camrelizu-
mab + rivoceranib, and pembrolizumab + lenvatinib being the
regimens associated with the highest rates of grade >−3 AEs. The
additive toxicity profile of TKIs when combined with ICI, which
often translates to symptomatic AEs, needs to be taken into
consideration in evaluating the merit of each systemic therapy
options in the first line. Higher rates of severe AEs could influ-
ence the likelihood of receiving a second-line treatment owing to
the risk of clinical decompensation, thus playing a potential role
in the apparent mismatch between PFS and OS.14

Among various combination regimens, the good tolerability of
selective inhibition of the PD-1/PD-L1 checkpoint has re-ignited
interest in anti-PD-1 monotherapies in view of their clinical
value as noninferior therapies to sorafenib. Our NMA shows the
overlap in terms of OS and PFS of both tislelizumab and nivo-
lumab when compared against sorafenib, with both agents
standing out for their association with the lowest risk of devel-
opment of high-grade AEs.

Considering the favourable tolerability profile of anti-PD-1
monoclonal antibodies, these agents could find a potential role
in frailer patient populations, including those with impaired liver
function, who do not have contraindications to ICI but for whom
clinicians would feel more comfortable in using a single agent
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rather than a combination strategy. Nivolumab is the only ICI
prospectively tested in patients with Child–Pugh B liver
dysfunction,32 with a more positive impact on quality of life
compared with sorafenib.23 Evidence of its use in the first line in
this special population is limited to observational studies.33

A point of intense scientific debate is the identification of
differences in response to immunotherapy across various aeti-
ologies of chronic liver disease. Preclinical evidence suggests that
HCC arising on the background of non-alcoholic steatohepatitis
(NASH) might be enriched with exhausted CD8+PD1+ T cells,
leading to an impairment of response to ICI in murine models.34

As already suggested by the subgroup analyses conducted as
part of each trial, our NMA shows that, for patients with non-viral
aetiology of chronic liver disease, the only regimen confirmed to
significantly improve OS, compared with sorafenib, is durvalumab
+ tremelimumab. However, the heterogeneity of the non-viral
subgroup across trials is a significant source of bias that cannot
be corrected when performing an NMA, and it prompts caution
when interpreting the results of the subgroup analysis.

Although informative for future drug development strate-
gies, our results should not be intended as practice changing. In
fact, fewer than half of the studies reported outcomes in non-
viral patients, therefore limiting the number of patients
included in our subanalysis. In addition, the conclusions that
can be drawn are limited by the heterogeneity of non-viral
aetiologies, encompassing a wide range of clinical scenarios,
including but not limited to NASH. Whether patients with
NASH-associated HCC might display aetiology-specific thera-
peutic vulnerabilities,35 to date no study of ICI has ever been
conducted in patients of a single disease aetiology, limiting the
validity of claims that ICI may be less effective in this popula-
tion. The paucity of prospective, adequately stratified studies
calls for the incorporation of reproducible diagnostic criteria for
non-alcoholic fatty liver disease, NASH, and alcohol excess in
future trial design.

An underlying HBV infection was associated with prolonged
survival for combination treatments, including atezolizumab +
cabozantinib, which significantly prolonged OS against sorafenib
in this subset but not in the general population. Conversely, HCV-
related HCC was associated with a lower OS benefit from ICI
combinations in general, with only atezolizumab + bevacizumab
achieving a significant survival improvement compared with
sorafenib. Increasing evidence in the literature, including this
NMA, show HBV and HCV-related HCC to cluster as two distinct
subgroups, with clinical, geographical, and molecular peculiar-
ities that could partly explain the different responsiveness to ICI.
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For instance, CTNNB1-mutated HCC seems to gain less benefit
from ICI,36 and the mutation is found more commonly in HCV.37

However, post hoc analyses of phase III clinical trials suggested
that the clinical efficacy of sorafenib is enhanced in patients with
HCV-related cirrhosis.38 The incomplete understanding of
aetiology-specific pathobiology may be a key factor influencing
the different effects of ICI and their combinations on OS across
trials.

This NMA acknowledges a number of limitations, mainly as a
result of its own nature of cross-trial comparison. First, this study
is not meant to substitute level 1 prospective evidence, and it has
been conceived pragmatically with the aim of providing addi-
tional data to aid clinical decision-making and inform future
drug development strategies. The heterogeneity of the studies,
including the different stratification factors, the different MoA of
the interventions of interest, and the different geographic origins
of the populations enrolled, could jeopardise the general clinical
applicability of the results of the single studies. In particular,
aside from aetiological and genetic factors, the different thera-
peutic approaches across continents further hamper the reli-
ability of cross-trial comparisons. Furthermore, we acknowledge
the wide time range of the trials of interest as another limita-
tions. In fact, the prognosis of patients affected by HCC has
significantly increased over time, owing to both the availability
of treatment beyond the first line and the better management of
AEs and concomitant risk factors. In particular, the outcomes of
patients receiving sorafenib and lenvatinib have substantially
improved over time, and this represents another source of bias
that cannot be corrected when performing an NMA. Therefore,
while attempting to disentangle the complexity of the studies
with additional subgroup analyses, we recognise that these
should be regarded as purely hypothesis generating given that
not all the studies provided adequate and homogeneous data on
patients’ aetiology.

Taken together, and despite the acknowledged limitations,
our study strongly consolidates the role of immunotherapy
combinations as a mainstay of treatment for advanced HCC. In a
cancer diagnosis characterised by a dismal natural history, we
showed how combination strategies have successfully achieved
unprecedented survival results, of up to 22 months.

By providing a comprehensive analysis of the largest pool of
trial participants presented to date, our NMA offers an original
and up-to-date perspective on the role of first-line treatment
options in advanced HCC, lending itself as a useful, evidence-
based source of guidance to aid therapeutic decision-making in
advanced HCC.
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Supplementary Methods 1. 
Search terms applied to publication databases and secondary sources.             
               
1. exp Carcinoma, Hepatocellular/ or exp Liver Neoplasms/  
2. HCC  
3. (hepat* or liver) adj3 (neoplasm* or cancer* or tumo?r* or malignan* or carcinoma*)  
4. 1 or 2 or 3  
5. exp Sorafenib/  
6. (sorafenib or nexavar*)  
7. Exp Atezolizumab/  
8. (atezolizumab or tecentriq* or mpdl 3280* or mpdl3280* or rg 7446 or rg7446)  
9. exp Nivolumab/  
10. (nivolumab or opdivo* or bms-936558 or mdx-1106 or ono-4538 or bms936558 or 'mdx1106' or 
'ono4538')  
11. exp Bevacizumab/  
12. (bevacizumab or avastin*)  
13. (lenvatinib or lenvima* or kisplyx* or 'e 7080' or 'e7080')  
14. exp Durvalumab/  
15. (durvalumab or imfinzi* or medi4736 or medi-4736)  
16. exp Tremelimumab/  
17. (tremelimumab or cp-675206*)  
18. exp Sintilimab/  
19. (sintilimab or tyvyt* or ibi308*)  
20. exp IBI305/  
21. exp Donafenib/  
22. (donafenib or cm 4307 or donafenib tosilate or donafenib tosylate or zeprosen* or zeprosyn*) 
23. exp Pembrolizumab/ 
24. pembrolizumab 
25. exp Tislelizumab/ 
26. (tislelizumab or BGB-A317) 
27. exp Camrelizumab/ 
28. (camrelizumab or AiRuiKa) 
29. exp Rivoceranib/ 
30. (rivoceranib or apatinib) 
31. exp Sunitinib/ 
32. (sunitinib or Sutent or SU11248) 
33. exp Brivanib/ 
34. (Brivanib or Brivanib alaninate or BMS582664) 
35. exp Linifanib/ 
36. (linifanib or ABT869) 
37. 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 
or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 
38. randomized controlled trial.pt.  
39. controlled clinical trial.pt.  
40. randomi#ed.ab.  
41. placebo.ab.  
42. randomly.ab.  
43. clinical trials as topic.sh.  
44. trial.ti.  
45. 38 or 39 or 40 or 41 or 42 or 43 or 44 
46. 4 and 37 and 45 
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Supplementary Methods 2.  
Searches examined in hand search. 
 
1. Scientific conference presentations (2007–2022): 
• European Society for Medical Oncology 
• American Society of Clinical Oncology (including the Gastrointestinal Cancers 
Symposium) 
• European Association for the Study of the Liver 
• American Association for the Study of Liver Diseases 
 
Supplementary Methods 3.  
Data collection strategy and data analysis. 
 
The following data were considered: study name and/or lead author name, publication year, characteristics of 
experimental and control arms, age of participants at study enrolment, proportion of subjects: i) living in 
western regions, ii) with microvascular invasion (MVI), iii) with extra-hepatic spread (EHS), iv) with viral 
aetiology, v) with Child Pugh A liver class vi) with ECOG status equal to 0 and vii) HCC staging according to 
BCLC system. Data on best overall radiologic response to treatment and overall response rates (ORR) were 
collected in parallel. Moreover, the number and percentage of subjects who experienced AEs of any grade or 
AEs of grade 3 or higher was retrieved for each treatment arm. In our comparative analysis of safety outcomes, 
we intended to account for adverse events potentially related to the underlying liver disease and underlying 
progressive malignancy, which contributes to influence prognosis and quality of life in HCC patients. We 
therefore considered AEs of all type rather than focusing only on treatment-related AEs. Lastly, we collected 
hazard ratios (HRs) and corresponding 95% confidence intervals (95%CI) for the association between 
treatments and OS and PFS. 
 
A frequentist network meta-analysis using (i) sorafenib and (ii) atezolizumab plus bevacizumab as the 
comparator was performed to compare (a) the efficacy (OS, PFS, ORR and DCR) as well as (b) the safety (all 
grade AE, and grade ≥3 AEs) of different treatment options. Data on ORR, DCR and AEs extracted from the 
studies were considered to calculate odds ratios (ORs) and relative risks (RRs) as well as corresponding 95% 
confidence intervals (CIs) for the association between treatment regimens and radiological response or the 
occurrence of AEs, respectively. Fixed effect multivariable meta-regression models were performed to 
estimate the indirect hazard HRs, ORs or RRs and respective 95% CIs. Two analyses were performed to 
evaluate efficacy: the first compared the efficacy of sorafenib with all other treatment options as sorafenib was 
the gold-standard comparator for most of the included trials; the second analysis evaluated the efficacy of 
atezolizumab plus bevacizumab, the current standard of care, against all other treatment options. For safety, 
the incidence of AEs (all grade AE, and grade ≥3 AEs) was compared to sorafenib. Forest plots were generated 
to graphically demonstrate the comparisons of interest ranking treatments according to their HRs. P-scores 
for efficacy (OS and PFS) were reported. P-scores are a measure reflecting the extent of certainty that a 
treatment is better than another one, averaged over all competing therapies. 
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Fig. S1. Forest plot, HR and corresponding confidence intervals for the association between atezolizumab 
plus bevacizumab and mortality considering each other treatment as reference. 

 
 

 
 
 
 

Fig. S2. Forest plot, HR and corresponding confidence intervals for the association between atezolizumab 
plus bevacizumab and progression considering each other treatment as reference. 
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Fig. S3. Forest plot, HR and corresponding confidence intervals for the association between Sorafenib and 
mortality considering Sorafenib as reference in  HBV patients. 

 
 
 

 
 
 

Fig. S4. Forest plot, HR and corresponding confidence intervals for the association between Sorafenib and 
mortality considering Sorafenib as reference in  HCV patients. 
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Fig. S5. Forest plot, HR and corresponding confidence intervals for the association between Sorafenib and 
mortality considering Sorafenib as reference in  non-viral patients. 

 

 

Fig. S6. Forest plot, HR and corresponding confidence intervals for the association  
between Sorafenib and mortality considering Sorafenib as reference in  patients with EHS and/or MVI 
 

  

 

*For Sunitinib, the HR was available only for patients with macro-vascular invasion 
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Table S1. 
Description of the trials included in the analysis. 
 

Name Inclusion Criteria Experimental 
arm 

Control 
arm 

Primary 
Endpoint 

(s) 

Secondary 
Endpoint (s) 

Sample size 

Johnson P. et 
al., 2013 

Advanced HCC, first-line, 
Child A, ECOG PS 0 or 1, , 

w/out MVI at vp4  
 

 
Stratifications: 
-ECOG PS 0 or 1 

-EHS +/- MVI 
-Region 

Brivanib Sorafenib OS 
(non-

inferiority) 

TTP; ORR; DCR; 
safety 

577 (Bri), 578 
(Sor) [ITT] 

Cheng A. et 
al., 2013 

Advanced or metastatic 
HCC, Child A, ECOG PS 0-

1 
 

Stratifications: 
-Region 

-Prior TACE 
-MVI, EHS 

Sunitinib Sorafenib OS PFS; TTP, safety 530 (Sun), 544 
(Sor) 

Cainap C. et 
al., 2015 

 

Advanced HCC, first-line, 
Child A, ECOG 0 or 1 

 
Stratifications: 

-Region (Outside Asia, 
Japan and rest of Asia) 

-ECOG PS 0 or 1 
-MVI, EHS 

-HBV (yes or no) 

Linifanib Sorafenib OS 
(both 

superiority 
and non-

inferiority) 

TTP; ORR 514 (Lin), 521 
(Sor) [ITT] 

REFLECT 
 

Advanced HCC, first line, 
Child A, ECOG 0-1, w/out 
MVI at vp4 or bile duct 

invasion 
 

Stratification: 
-MVI and EHS or both 

-Region 
-ECOG 

-Body weight (<60/>60). 
 

Lenvatinib 
 

Sorafenib OS 
(Non-

inferiority) 

-PFS 
(superiority) 

 
-ORR (per RECIST 
and mRECIST by 
central review) 

 

478 
(lenvatinib) 

476 
(sorafenib) 

IMbrave150 
 

Advanced HCC, first line, 
Child A, ECOG 0-1, 

treated varices 
 

Stratification: 
-MVI and EHS 

-Region 
-Afp 

-ECOG 
 

Atezolizumab 
+Bevacizumab 

 

Sorafenib OS and PFS 
(coprimary) 

-ORR (per RECIST 
and mRECIST by 
central review) 

 
-DOR 

 
-QoL 

336 (A+B) 
165 (Sor) 

COSMIC-312 
 
 

Advanced HCC, first line, 
Child A, ECOG 0-1 

 
Stratification: 

Atezolizumab 
+Cabozantinib 

 
Cabozantinib 

Sorafenib PFS per 
RECIST 

version 1.1 
by BIRC 

- PFS per RECIST 
version 1.1 by 

BIRC for single-
agent 

370 (A+C) 
185 

(sorafenib) 
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-Region 
-MVI and EHS 

-Etiology (HBV-HCV-
other) 

 
 

and OS 
(coprimary) 

 
for a+c vs 
sorafenib 

 

cabozantinib 
versus sorafenib. 

185 
(cabozantinib) 

HIMALAYA 
 

Advanced HCC, first line, 
Child A, ECOG 0-1, w/out 

MVI at vp4 
 

Stratification: 
-MVI 

-Etiology (HBV-HCV-
other) 

-ECOG PS 
 

Durvalumab 
+tremelimumab 

 
Durvalumab 

 

Sorafenib OS of D+T 
versus 

sorafenib 
 
 

-OS for 
durvalumab 

versus sorafenib 
(Non inferiority), 

-ORR  for D+T and 
D alone 

 
-PFS 
-DOR 
-DCR 

 
Per RECIST, 
investigator 

review 

1324 (total) 
393 (D+T),  

389 (D),  389 
(S) 

 

Check-Mate 
459 

 

Advanced HCC, first line, 
Child A, ECOG 0-1 

Stratification: 
-MVI or extrahepatic 

metastasis 
-baseline α-fetoprotein 

level (<400 ng/mL vs 
≥400 ng/mL) 

-ECOG performance 
status (0 vs 1) 

 

Nivolumab 
 

Sorafenib OS -PFS 
-ORR 

-per RECIST by 
central review) 

 

317 (nivo) 
372 

(sorafenib) 

SHARP Advanced HCC, first line, 
Child A, ECOG 0-1-2 

 
Stratification: 

-Region 
-MVI or EHS(yes or no) 

-ECOG (0 vs 1-2) 
 

Sorafenib Placebo OS and 
time to 

symptomati
c 

progression 

-time to 
radiological 
progression 

-DCR 
-Safety 

299 
(sorafenib) 

300 (placebo) 

ASIA-PACIFIC Advanced HCC, first line, 
Child A, ECOG 0-1-2, in 

Asia 
 

Stratification: 
-Region 

-MVI or EHS(yes or no) 
-ECOG (0 vs 1-2) 

 

Sorafenib Placebo OS -time to to 
progression 

-time to 
symptomatic 
progression 

 

150 
(sorafenib) 

76 (placebo) 

ORIENT-32 Advanced HCC, first line, 
Child A, ECOG 0-1, w/out 

MVI at vp4 
 

Stratification: 
-MVI or extrahepatic 

metastasis 
-baseline α-fetoprotein 

level (<400 ng/mL vs 
≥400 ng/mL) 

Sintilimab + 
IBI305 

Sorafenib OS and PFS 
(coprimary) 

 380 
(sintilimab) 

191 
(sorafenib) 
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-ECOG performance 
status (0 vs 1) 

 
Qin S. et al., 

2021 
Advanced HCC, first line, 
Child A-B (7), ECOG 0-1-

2, in Asia 
 

Stratification: 
-Baseline α-fetoprotein 

level (<400 ng/mL vs 
≥400 ng/mL) 

 
-MVI or extrahepatic 
metastasis (yes vs no) 

 
-BCLC stage (B vs C) 

 
-Previous LRT (yes vs no) 

 

Donafenib Sorafenib OS PFS; TTP; ORR; 
TTF 

334 (don) 
334 (sor) 

LEAP-002 Advanced HCC, first-line, 
Child A, ECOG 0-1, w/out 
MVI at vp4 or bile duct 

invasion 
 
 

Stratification: 
-Baseline α-fetoprotein 

level (<400 ng/mL vs 
≥400 ng/mL) 

 
-MVI or extrahepatic 
metastasis (yes vs no) 

-ECOG PS (0 vs 1) 
-Region 

Lenvatinib 
+ 

Pembrolizumab 

Lenvatinib 
+ 

placebo 

OS and PFS 
(coprimary) 

ORR and DOR per 
RECIST v1.1 and 
mRECIST by BICR 

Safety/tolerability 

395 
(Len/Pembro) 

399 
(Len/placebo) 

Qin S. et al., 
2022 

Advanced HCC, first-line, 
Child A, ECOG 0 or 1 

 
Stratifications: 

-MVI and/or EHS (yes or 
no) 

-Region 
- Baseline α-fetoprotein 

level (<400 ng/mL vs 
≥400 ng/mL) 

 

Camrelizumab + 
rivoceranib 

Sorafenib OS and PFS 
(coprimary) 

ORR by RECIST 
1.1 

272 
(Cam/Rivo) 

271 
(Sorafenib) 

RATIONALE 
301 

Advanced HCC, first-line, 
Child A, ECOG 0 or 1, 

w/out thrombus MVI at 
Vp4 or IVC 

 
Stratifications: 

-MVI, EHS 
-ECOG PS 

-Aetiology (HCV vs other 
(inc HBV) 

-Region (Asia vs Japan + 
Rest of the world) 

Tislelizumab Sorafenib OS (non-
inferiority) 

ORR; PFS; DOR, 
safety 

342 (Tis), 332 
(Sor) 
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Table S2. Risk of bias assessment according to the Cochrane risk of bias assessment tool 

 

 

 

  

 Random 
sequence 
generation 

Allocation 
concealment 
 

Blinding of 
participants 
and 
personnel 
 

Blinding of 
outcome 
assessment 
 

Incomplete 
outcome 
data 
 

Selective 
reporting 
 

Other 
bias 

Cheng A. et 
al., 2013 

Low risk Low risk High risk High risk Low risk Low risk Low risk 

Johnson P. 
et al., 2013 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Cainap C. et 
al., 2015 

Low risk Low risk High risk High risk Low risk Low risk Low risk 

REFLECT Low risk Low risk High risk Low risk Low risk Low risk Low risk 
IMbrave150 Low risk Low risk High risk Low risk Low risk Low risk Low risk 
COSMIC-
312 

Low risk Low risk High risk Low risk Low risk Low risk Low risk 

HIMALAYA Low risk Low risk High risk High risk Low risk Low risk Low risk 
CheckMate- 
459 

Low risk Low risk High risk Low risk Low risk Low risk Low risk 

SHARP Low risk Low risk Low risk Low risk Low risk Low risk Low risk 
Asia 
PACIFIC 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

ORIENT-32 Low risk Low risk High risk Low risk Low risk Low risk Low risk 
Qin et al. 
2021 

Low risk Low risk High risk Low risk Low risk Low risk Low risk 

LEAP-002 Low risk Low risk Low risk Low risk Low risk Low risk Low risk 
Qin S. et al., 
2022 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

RATIONALE 
301 

Low risk Low risk Low risk Low risk Low risk Low risk Low risk 
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Table S3. P-scores reporting the probability for each treatment of being the best in reducing the risk of death. 

 

 

Treatment  p-score 
Sintilimab+IBI305          0.9530 
Camrelizumab+rivoceranib    0.9091 
Atezolizumab+bevacizumab    0.8632 
Pembrolizumab+lenvatinib    0.7100 
Durvalumab+tremelimumab     0.7016 
Nivolumab    0.5772 
Tislelizumab 0.5765 
Atezolizumab+cabozantinib   0.4815 
Donafenib 0.4660 
Lenvatinib                  0.4428 
Sorafenib                   0.2946 
Linifanib                   0.2329 
Brivanib                    0.2158 
Sunitinb                    0.0632 
Placebo                     0.0127 

 
 

Table S4. P-scores reporting the probability for each treatment of being the best in reducing the risk of PFS 
events. 

 

Treatment  p-score 
Camrelizumab+rivoceranib   0.9075 
Pembrolizumab+lenvatinib    0.8993 
Sintilimab+IBI305           0.8508 
Atezolizumab+cabozantinib   0.7452 
Lenvatinib      0.7287 
Atezolizumab+bevacizumab             0.7184 
Linifanib                   0.5882    
Durvalumab+tremelimumab     0.4201 
Nivolumab                   0.4142 
Sorafenib                   0.3214 
Brivanib                    0.2993 
Donafenib                   0.2837 
Tislelizumab                0.1831 
Sunitinb                    0.1398 
Placebo                    0.0004 
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