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Abstract
Background: Atezolizumab + bevacizumab represent the
current standard of care for first-line treatment of advanced
hepatocellular carcinoma (HCC). However, direct compari-
son with other combination treatments including immune
checkpoint inhibitors (ICI) + tyrosine kinase inhibitors (TKIs)
are lacking. Objectives: This network meta-analysis (NMA)
aims to indirectly compare the efficacy and the safety of first-
line systemic therapies for unresectable advanced HCC.
Method: A literature search of MEDLINE, Embase, and
SCOPUS databases was conducted up to October 31, 2022.
Phase 3 randomized controlled trials (RCTs) testing TKIs,

including sorafenib and lenvatinib, or ICIs reporting overall
survival (OS) and progression-free survival (PFS) were in-
cluded. Individual survival data were extracted from OS and
PFS curves to calculate restricted mean survival time. A
Bayesian NMA was performed to compare treatments in
terms of efficacy (15- and 30-month OS, 6-month PFS) and
safety, represented by grade ≥3 (severe) adverse events
(SAEs). The incremental safety-effectiveness ratio as mea-
sure of net health benefit was calculated as the difference in
SAE probability divided by survival difference between the 2
most effective treatments. Results: Nine RCTs enrolling
6,600 patients were included. Atezolizumab plus bev-
acizumab showed the highest probability (88%) of achieving
the 30-month OS landmark. Lenvatinib showed a probability
of 86% of achieving best PFS outcomes. ICI monotherapies
ranked as most tolerable. Atezolizumab plus bevacizumab
showed the best net health benefit for OS, compared to
durvalumab plus tremelimumab. When evaluating the net
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health benefit for PFS, at a willingness-to-risk threshold of
10% of SAEs for life-month gained, atezolizumab plus
bevacizumab was favoured in 78% of cases, while at
threshold of 30% of SAEs for life-month gained, lenvatinib
was favoured in 76% of cases. Conclusions: Atezolizumab
plus bevacizumab is the best treatment in terms of net
benefit and therefore it should be recommended as stan-
dard of care. Compared to atezolizumab plus bevacizumab,
lenvatinib monotherapy had the best net benefit for PFS
when physicians and patients are available to accept a
higher risk of toxicity. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the fourth leading
cause of cancer death worldwide [1] and its prognosis is
highly heterogeneous, being related not only to tumour
burden but also to the severity of underlying chronic liver
disease [2]. Despite the application of surveillance pro-
grams to diagnose HCC in earlier stages, more than half
of patients are diagnosed at advanced stage and are
suitable only for systemic therapy.

The oral tyrosine kinase inhibitor (TKI) sorafenib was
the only approved drug for first-line treatment of ad-
vanced HCC [3] until 2018, when another TKI, lenva-
tinib, proved to be non-inferior in terms of overall sur-
vival (OS), providing significantly longer progression-free
survival (PFS) compared to sorafenib [4]. Since then, the
systemic treatment landscape has rapidly evolved with
the advent of immune checkpoint inhibitors (ICIs), in-
cluding programmed cell death-1 pathway inhibitors
(PD-1). Although monotherapy with anti-PD-1 agents
has shown promising clinical activity [5–7], leading to
objective radiological response in 15–20% of patients, it
failed to show superiority in OS in first-line [8], while
pembrolizumab monotherapy recently showed to be
significantly better than placebo in second-line [9].
Conversely, combination of ICIs and agents with dif-
ferent mechanisms of action provided to be effective in
phase 3 randomized controlled trials (RCTs). Particu-
larly, the combination of atezolizumab, an anti-PD-L1
agent, with bevacizumab, a vascular endothelial growth
factor (VEGF) inhibitor, showed to be superior compared
to sorafenib in terms of OS, PFS, and quality of life [10,
11], establishing itself as the current standard of care for
advanced HCC. Similar results were obtained with the
combination of sintilimab, an anti-PD-1 agent, plus
IBI305, a bevacizumab biosimilar, in a phase 3 RCT
enrolling mostly patients with HBV infection [12]. More

recently, the HIMALAYA RCT demonstrated the supe-
riority of the combination of two ICIs, including an anti-
PD-L1 agent, durvalumab, plus an anti-CTLA4 agent,
tremelimumab and the non-inferiority of durvalumab
monotherapy in improving OS compared to sorafenib
[13]. Finally, the combination of ICI plus TKI has been
explored in phase 3 RCTs showing different results on
PFS and OS: the combination of atezolizumab plus ca-
bozantinib has showed to significantly improve PFS
compared to sorafenib, but with no significant OS benefit
[14]; camrelizumab plus apatinib showed to be superior
compared to sorafenib in terms of both PFS and OS [15],
while lenvatinib plus pembrolizumab did not significantly
increase PFS and OS compared to lenvatinib
monotherapy [16].

According to the results of the above-mentioned phase
3 RCTs, ICI-based combinations currently represent the
most effective treatment options for first-line treatment.
However, it is not clear which is the best class of drugs to
associate with ICIs and whether it is more effective to
combine them with anti-VEGF, with another ICI or with
TKIs. The majority of combination treatments were
tested versus a common comparator, sorafenib, but no
direct randomized comparisons exist among them, and it
is unlikely that RCTs will be performed in the future to
test this hypothesis.

Therefore, the identification of the most effective first-
line systemic treatment for HCC still remains an unmet
medical need. Several network meta-analyses (NMAs)
[17–21] attempted to address this issue, demonstrating
atezolizumab plus bevacizumab as the most effective
treatment option in prolonging both OS [17–21] and PFS
[17–19]. However, all of them were performed including
only aggregate data, without considering the pro-
portionality of hazard between treatments [17–21]. This
last point is particularly relevant from a clinical point of
view, as ICI-based therapies are often associated with a
late survival benefit in a proportion of patients. This could
violate the assumption of proportional hazards (PHs),
making the hazard ratio (HR) unsuitable for the evalu-
ation of the clinical benefit when using this drug class
[22–24] and underlining the need for innovative mea-
sures for pooling data in NMA. Moreover, the first
published NMAs [17, 18] did not include both durva-
lumab plus tremelimumab and the recently evaluated
combination therapies of ICIs plus TKIs [17–19]. We
performed a NMA of individual participant survival data
by using an innovative pooling method, with the aim of
comparing the efficacy, safety, and the net benefit of first-
line systemic treatment agents for patients with
advanced HCC.
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Methods

This NMA was conducted in accordance with the Preferred
Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) statement [25].

Data Sources and Search Strategies
A systematic literature search of MEDLINE, Embase, and

SCOPUS databases was performed for full-text articles published up
through October 2022. To identify additional studies, the computer
search was supplemented with manual searches of the reference lists
of all review articles and primary studies retrieved. When the results
of a single study were reported in more than one publication, only
the most recent and complete data were included in the meta-
analysis. We also searched abstracts presented in the American
Society of Clinical Oncology (ASCO) meeting library and the
European Society for Medical Oncology (ESMO) conference plat-
form during the last 5 years. Abstracts published subsequently as
full-text studies already included in our analysis were excluded. The
search strategy included the terms “tyrosine kinase inhibitor” OR
“multikinase inhibitors” OR “sorafenib” OR “lenvatinib” OR “ca-
bozantinib” OR “regorafenib” AND “vascular endothelial growth
factor inhibitor” OR “bevacizumab” AND “immune checkpoint
inhibitor” OR “avelumab” OR “pembrolizumab” OR “durvalumab”
OR “nivolumab” OR “atezolizumab” OR “tremelimumab” OR
“tislelizumab” AND “hepatocellular carcinoma.”

Eligibility Criteria and Study Selection
Randomized phase 3 clinical trials were included if: (1) the

control arm was represented by an active treatment; (2) they were
performed in first-line setting; (3) they compared TKI mono-
therapy, including sorafenib and lenvatinib, with ICI monotherapy
or combination therapies of ICIs with another agent; (4) they
reported Kaplan-Meier curves of OS and PFS for all treatment
arms; (5) they were published in English language. Studies were
excluded if: (1) they evaluated systemic treatments in combination
with locoregional treatments; (2) they were performed in second-
or further lines setting. Three individual reviewers (Ci.C.,
G.E.M.R., and P.G.) identified and reviewed full-text articles and
abstracts that were deemed relevant by screening the list of titles.
Disagreements between the 3 reviewers were resolved with
consensus.

Trial-Level Data Extraction
OS and PFS median times and HRs with corresponding 95%

confidence intervals (95% CI) were extracted as measures of
treatment efficacy. The rate of grade ≥3 treatment-related adverse
events (TRAEs), defined as severe adverse events (SAEs), and the
rate of TRAEs leading to treatment discontinuation were assessed
as safety measures. We also obtained the following patient-level
covariates: age, sex, geographical region, aetiology of liver disease
(HBV, HCV, or non-viral), Child-Pugh class, albumin-bilirubin
(ALBI) grade, Barcelona Clinic Liver Cancer (BCLC) stage, alpha-
fetoprotein (AFP) levels, macrovascular invasion, extrahepatic
spread, and use of post-progression systemic treatments.

Individual Patient Survival Data Extraction
Individual patient data (IPD) from OS and PFS Kaplan-

Meier curves were extracted as previously described [26, 27], by
using Engauge Digitizer software version 12 and by using Guyot

algorithm [28] to reconstruct the data. This algorithm was
applied to assembled patients with predicted survival times and
a predicted event of interest (i.e., alive or dead; progression or
progression-free) with digitized data on survival probabilities,
time, and total numbers of patients and events. Each re-
constructed survival curve was inspected for accuracy and
compared with the originally published curves.

Risk of Bias
The Cochrane Collaboration’s tool for assessing the risk of bias

in the trial was used [29] which includes the following domains:
random sequence generation, allocation concealment, blinding,
incomplete outcome data, and selective outcome reporting. Two
reviewers independently assessed trial quality (G.E.M.R. and P.G.)
and disagreements were resolved by referring to a third re-
viewer (Ci.C.).

Statistical Analysis
We first checked if the PHs assumption between treatment

arms was valid for OS and PFS in each trial by using
Schoenfeld residual statistics. To take into account cases of
non-PH among the studies, we used the restricted mean
survival times (RMSTs) as effect measure which has the ad-
vantage of not assuming PHs, differently from the HR. RMST
reflects average survival from time 0 to a specified time-point t,
that was determined from Kaplan-Meier estimates of survival
functions. RMST can be interpreted readily as the area under
the survival curve within a specific time window. For each trial,
we reanalysed the reconstructed IPD and then calculated
RMSTs for OS and PFS at pre-specified time horizons. For
PFS, a single early time-point was defined at 6 months. For OS,
two time-points were defined at 15 and at 30 months. Because
RMST could be sensitive to the survival curve estimation
method used, as a comparison, we also estimated RMST by
separated Royston-Parmar models [30].

NMAwas performed according to a Bayesian approach. For OS
and PFS, the mean differences between RMSTs and 95% CI were
estimated. All treatments were compared with atezolizumab plus
bevacizumab. We calculated the relative ranking of the inter-
ventions for OS and PFS as their Surface Under the Cumulative
Ranking (SUCRA) [31]. SUCRA ranges between 0 (when a
treatment is certainly the worst) and 1 (when a treatment is
certainly the best). Univariate meta-regression analysis was used to
examine associations between patient-level covariates and mean
differences. A NMA of difference of proportions for SAEs and
TRAEs leading to treatment discontinuation was estimated and
95% CI were calculated.

Efficacy and safety were combined to calculate the incremental
safety-effectiveness ratio (ISER), an innovative measure of net
health benefit [26, 27]. It was defined as the difference in the rate of
SAEs between 2 treatments, divided by their difference in OS or in
PFS. This unit of measure expresses the incremental percentage of
SAEs for each month gained in OS or PFS. Two-way sensitivity
analysis for ISER was performed by varying both the numerator
(percentage difference in SAEs) and the denominator (life-month
gained) within their CIs. Analogous to the willingness-to-pay
threshold of a cost-effectiveness analysis, a willingness-to-risk
threshold value must be established for ISER. Different
willingness-to-risk thresholds for ISER, and their visual effect in
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terms of estimated areas, across the potential range of SAEs and
life-month gained, have been calculated. All the analyses were
performed using R (R core team, 2020).

Results

Literature Search and Study Characteristics
The flowchart of the study selection process is shown

in online supplementary Figure S1 (for all online suppl.
material, see https://doi.org/10.1159/000531744) . Our
primary search identified 1,746 titles and abstracts. After
review of the studies, 9 phase 3 RCTs (6 full-papers and 3
abstracts) [4, 8, 11–16, 32] enrolling 6,600 patients ful-
filled the inclusion criteria and were selected for the
NMA. All included RCTs had two treatment arms, except
for HIMALAYA [13] and COSMIC [14] RCTs that had 3
arms. For COSMIC [14], the monotherapy cabozantinib
arm was not included in the analysis since OS curve was
not available. Sorafenib represented the control arm in 8
RCTs and it was compared with TKI monotherapy
(lenvatinib) in one RCT [4], with ICI monotherapy in 3
RCTs (nivolumab, durvalumab, tislelizumab) [7, 13, 32],
with ICI combined with anti-VEGF in 2 RCTs (atezo-
lizumab plus bevacizumab, sintilimab plus IBI305) [11,
12], with ICI combined with TKI in 2 RCTs (atezoli-
zumab plus cabozantinib, camrelizumab plus apatinib)
[14, 15], and with ICI combined with another ICI in one
RCT (durvalumab plus tremelimumab) [13]. In only one
RCT, lenvatinib represented the control arm and it was
compared with ICI combined with TKI (pembrolizumab
plus lenvatinib) [16]. All RCTs were designed for testing
superiority except from REFLECT, HIMALAYA (for the
comparison between durvalumab monotherapy and
sorafenib), and RATIONALE-301 RCTs [4, 13, 32].

The characteristics of patients included in RCTs are
shown in online supplementary Table S1. The proportion
of Asian patients ranged from 28% [14] to 100% [12]. Viral
aetiology (HBV or HCV) was present in a proportion of
patients ranging from 55% [8] to 98% [12]. The prevalence
of macrovascular invasion ranged from 15% [32] to 43%
[11] and extrahepatic spread ranged from 52% [13] to 75%
[12]. Efficacy and safety outcomes of included RCTs are
shown in online supplementary Table S2. The proportion
of patients receiving post-progression systemic treatments
ranged from 20% [11, 14] to 44% [15] for experimental
arms and from 37% [14] to 60% [12] for control arms. The
risk of bias assessment showed an overall low risk of bias
(online suppl. Table S3). Non-proportionality of hazards
was present in 1 [4] and in 4 [4, 8, 16, 32] out of 9 RCTs for
OS and PFS, respectively (online suppl. Fig. S2, S3).

NMA of OS
Eleven treatments from 9 RCTs were evaluated for OS

(Fig. 1). When evaluating 15-month OS, atezolizumab plus
bevacizumab was significantly better than sorafenib, ti-
slelizumab, and durvalumab, while it was not significantly
better compared to other treatments (online suppl. Fig.
S4). Combinations of ICI plus anti-VEGF (sintilimab plus
IBI305 and atezolizumab plus bevacizumab) achieved the
highest probability score of being the most effective
(probabilities of 95% and 84%, respectively) (Table 1).

When evaluating 30-monthOS,ORIENT-32RCTwas not
included due to the shorter length of follow-up. Atezolizumab
plus bevacizumab was significantly better than sorafenib and
atezolizumab plus cabozantinib, while it was not significantly
superior to other treatments (Fig. 2). Atezolizumab plus
bevacizumab and camrelizumab plus apatinib achieved the
highest probability score of being the most effective (prob-
abilities of 88% and 86%, respectively) (Table 1).

Similar results were obtained when comparing treat-
ments by using Kaplan-Meier method (online supp. Fig.
S5, S6; Table S4). Univariate meta-regression analysis
showed that no patient- or study-level covariates were
significantly associated with PFS and OS.

NMA of PFS
Compared to atezolizumab plus bevacizumab, pembro-

lizumab plus lenvatinib and lenvatinib were significantly
better, while atezolizumab plus bevacizumab was signifi-
cantly better than tislelizumab, sorafenib, nivolumab, dur-
valumab, and durvalumab plus tremelimumab (Fig. 3).
According to SUCRAs, lenvatinib plus pembrolizumab

Fig. 1. NMA of comparisons between first-line systemic treat-
ments for advanced HCC.
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and lenvatinib had the highest probability of being
ranked the most effective intervention (93% and 86%,
respectively) (Table 1). Similar results were obtained by
using Kaplan-Meier method (online suppl. Fig. S6;
Table S4).

NMA of Safety
Compared to atezolizumab plus bevacizumab, camre-

lizumab plus apatinib and atezolizumab plus cabozantinib
were associated with a higher risk to develop SAEs, while
tislelizumab, nivolumab, and durvalumab were associated

Fig. 2. Forest plot of NMA for OS of first-line systemic treatments for advanced HCC compared to atezolizumab
plus bevacizumab. 30-month OS.

Table 1. Ranking of the first-line systemic treatments for advanced HCC according to their probability of being the best in OS
and PFS

Fifteen-month OS Thirty-month OS Six-month PFS

treatment SUCRA treatment SUCRA treatment SUCRA

Sintilimab + IBI305 0.946 Atezolizumab + bevacizumab 0.883 Pembrolizumab + lenvatinib 0.926
Atezolizumab + bevacizumab 0.843 Camrelizumab + apatinib 0.865 Lenvatinib 0.858
Camrelizumab + apatinib 0.804 Pembrolizumab + lenvatinib 0.722 Camrelizumab + apatinib 0.786
Pembrolizumab + lenvatinib 0.586 Durvalumab + tremelimumab 0.626 Sintilimab + IBI305 0.712
Lenvatinib 0.553 Nivolumab 0.506 Atezolizumab + cabozantinib 0.695
Atezolizumab + cabozantinib 0.467 Lenvatinib 0.466 Atezolizumab + bevacizumab 0.518
Durvalumab + tremelimumab 0.410 Tislelizumab 0.352 Sorafenib 0.347
Nivolumab 0.319 Durvalumab 0.342 Durvalumab + tremelimumab 0.324
Durvalumab 0.264 Atezolizumab + cabozantinib 0.120 Nivolumab 0.153
Tislelizumab 0.195 Sorafenib 0.114 Durvalumab 0.107
Sorafenib 0.111 – – Tislelizumab 0.070

SUCRA, Surface Under the Cumulative Ranking.
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with a significantly lower risk (Fig. 4a). According to
SUCRAs, tislelizumab and nivolumab had the highest
probability of being ranked the most tolerable intervention
(97% and 89%, respectively) (online suppl. Table S5).

When evaluating the risk of TRAEs leading to treatment
discontinuation, sintilimab plus IBI305, pembrolizumab plus
lenvatinib, camrelizumab plus apatinib, and atezolizumab
plus cabozantinib were associated with a significantly higher
risk comparedwith atezolizumab plus bevacizumab,while no
treatment was associated with a significantly lower risk
(Fig. 4b). According to SUCRAs, tislelizumab and durva-
lumab had the highest probability of being associated with
the lowest risk of TRAEs leading to treatment discontinu-
ation (93% and 91%, respectively) (online suppl. Table S5).

Net Health Benefit Analysis
We compared the ISER of atezolizumab plus bevacizumab

versus durvalumab plus tremelimumab for OS and atezoli-
zumab plus bevacizumab versus lenvatinib monotherapy for
PFS. Compared to atezolizumab plus bevacizumab, durva-
lumab plus tremelimumab was associated with a decrease of
6% of SAEs for life-month gained. A two-way sensitivity
analysis, varying SAEs and life-month gained, evaluated

which therapy would be preferred at different willingness-to-
risk thresholds. At a willingness-to-risk threshold of 10% of
SAEs for life-month gained, atezolizumab plus bevacizumab
was favoured in 76% of cases; at a threshold of 30% of SAEs
for life-month gained, atezolizumab plus bevacizumab was
favoured in 92% of cases (Fig. 5, top panel).

Compared to atezolizumab plus bevacizumab, lenvatinib
monotherapy was associated with an increase of 14% of SAEs
for progression-free month gained. At a willingness-to-risk
threshold of 10% of SAEs for progression-free month gained,
atezolizumab plus bevacizumabwas favoured in 78%of cases;
at a threshold of 30% of SAEs for progression-free month
gained, lenvatinibmonotherapy was favoured in 76% of cases
(Fig. 5, bottom panel). The comparison of ISER between
atezolizumab plus bevacizumab and pembrolizumab plus
lenvatinib is reported in online supplementary Figure S8.

Discussion

This updated NMA, indirectly comparing first-line
systemic treatments for advanced HCC, collecting indi-
vidual survival data of 6,600 patients enrolled in 9 phase 3

Fig. 3. Forest plot of NMA for 6-month PFS of first-line systemic treatments for advanced HCC compared to
atezolizumab plus bevacizumab.
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a

b

Fig. 4. Forest plot of NMA for adverse events (AEs) of first-line systemic treatments for advanced HCC compared
to atezolizumab plus bevacizumab. a grade ≥3 (severe) AEs (SAEs). b AEs leading to treatment discontinuation.
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(For legend see next page.)
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RCTs and using innovative measures of benefit, showed
that atezolizumab plus bevacizumab is the most effective
regimen in improving OS, while lenvatinib is most ef-
fective in improving PFS. ICI monotherapy (tislelizumab,
durvalumab, and nivolumab) provided the lowest
probability of developing severe toxicity. Although ICI
monotherapies resulted as the safest treatments, our
NMA clearly demonstrated that they are significantly less
effective than combination treatments including ICIs in
terms of both OS and PFS. Finally, compared to dur-
valumab plus tremelimumab, the net health benefit
favoured atezolizumab plus bevacizumab for OS while,
compared to atezolizumab plus bevacizumab, the net
health benefit favoured lenvatinib for PFS at the cost of an
increased risk of toxicity.

Atezolizumab plus bevacizumab is currently consid-
ered as the standard of care for first-line treatment of
advanced HCC, according to a significant improvement
in OS, PFS, and quality of life, compared to sorafenib
monotherapy [10, 11]. Moreover, preliminary data sug-
gest that atezolizumab plus bevacizumab could signifi-
cantly improve recurrence-free survival in early-stage
HCC treated with surgical resection or ablation [33].
In the setting of advanced HCC, atezolizumab plus
bevacizumab combination has never been directly
compared with other first-line treatments, combining
anti-PD-1/PD-L1 with TKIs or with anti-CTLA-4. This
innovative NMA confirm atezolizumab plus bev-
acizumab as the preferred choice for first-line treatment
with a probability of about 90% of being the best treat-
ment in prolonging OS. However, it should be considered
that OS difference between atezolizumab plus bev-
acizumab and durvalumab plus tremelimumab was small
and just over a month. This small difference could be
explained by clinical, methodological, or biological issues.

From a clinical point of view, baseline patient char-
acteristics among RCTs are heterogeneous, especially in
terms of ethnicity, aetiology of liver disease, and preva-
lence of macrovascular invasion and main portal vein
invasion. Particularly, the prevalence of macrovascular
invasion was higher in patients treated with atezolizumab
plus bevacizumab, compared to durvalumab plus trem-
elimumab, that also excluded the subgroup of patients
with main portal trunk invasion. However, it should be

considered that durvalumab plus tremelimumab could be
the preferred option when bevacizumab is contra-
indicated due to high risk of bleeding.

From a methodological point of view, although OS still
represents the most robust outcome to assess treatment
benefit [34], it could be biased by the use of post-progression
treatments. Notably, the proportion of patients receiving
systemic treatments after progression is about the double for
durvalumab plus tremelimumab compared to atezolizumab
plus bevacizumab. Finally, from a biological perspective, co-
inhibition of VEGF or CTLA-4 in conjunction with PD-1
pathway blockade affect a biologically diverse spectrum of
negative regulators of anti-cancer immunity, such as im-
paired vascular permeability, regulatory T-cell proliferation,
dendritic cell maturation [35].

Although our results are in line with those of two
recently published NMAs [20, 21], clearly demonstrating
that atezolizumab plus bevacizumab is the most effective
in prolonging OS, our study provided different results in
PFS, showing that, among approved regimens, lenvatinib
monotherapy was associated with the highest probability
of being the most effective. PFS represents a widely used
surrogate radiology-based endpoint in HCC trials and it
was evaluated as co-primary endpoint with OS in the
most recent phase 3 RCTs. However, benefit in PFS does
not always translate into OS benefit, being the surrogacy
of PFS with OS highly heterogeneous according to the
class of drugs and the evaluation time-point [34, 36].
Although our NMA showed that lenvatinib monotherapy
was most effective treatment in terms of 6-month PFS,
this did not translate into a similar result in terms of OS,
being lenvatinib ranked only as the fifth or the sixth most
effective treatment in 15- and 30-month OS analyses,
respectively. Similarly, the significant PFS benefit of
Atezolizumab plus cabozantinib compared to sorafenib
did not translate into a significant OS benefit in COS-
MIC-312 trial [14, 37] and, conversely, the significant OS
benefit of durvalumab plus tremelimumab compared to
sorafenib was not associated with significant differences
in PFS in the HIMALAYA trial [13]. The reasons for the
unsatisfactory surrogacy between PFS and OS could be
related to several confounding factors, including the
different mechanisms of action between ICIs and TKIs
[36], differences in treatment toxicity and the competing

Fig. 5. Two-way sensitivity analysis of ISER (ISER, i.e., delta SAEs
%/survival difference) to indicate which treatment is favoured ac-
cording to different “willingness-to-risk” thresholds. Two different
scenarios were reported with two different willingness-to-risk
thresholds: 10% and 30% of SAEs for month-life gained. Top
panel: comparison of ISER between atezolizumab plus bevacizumab

and durvalumab plus tremelimumab for OS. Grey area favoured
durvalumab plus tremelimumab, while white area favoured atezoli-
zumab plus bevacizumab. Bottompanel: comparison of ISER between
atezolizumab plus bevacizumab and lenvatinib monotherapy for PFS.
Grey area favoured lenvatinib monotherapy, while white area fav-
oured atezolizumab plus bevacizumab.
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risk of hepatic decompensation. It has been suggested that
PFS could be overestimated when treatment toxicity is
high because of informative censoring bias, that consists
in the censorship of patients who drop-out early from the
trial due to SAEs, before that radiological progression
could be documented [38]. In this line, it should be noted
that combination of ICI with TKI resulted from our
analysis as the treatments associated with the higher risk
of SAEs and treatment discontinuation for adverse
events. Unfortunately, the rate of hepatic decompensa-
tion, that represents a competing driver of death in pa-
tients with advanced HCC, is not usually reported in
phase 3 RCTs of systemic treatments and this hampered
its evaluation in our analysis [39, 40].

Our NMA of safety data showed that ICI mono-
therapies (durvalumab, tislelizumab, and nivolumab)
were associated with the lowest risk of developing SAEs
among monotherapies and durvalumab plus trem-
elimumab was the safest among combination regimens.
However, the best safety profile associated with ICI
monotherapies is counterbalanced by a significantly
lower efficacy, since ICI monotherapies never proved to
be superior compared to sorafenib, with durvalumab and
tislelizumab that achieved non-inferiority.

The American Society of Clinical Oncology (ASCO)
statements [41] clearly recommend net health benefit, that
is an innovative measure that combines efficacy and safety,
and that should be used to assess the difference between 2
different therapeutic strategies [42]. According to ASCO
and differently from all previously published NMAs
[17–21], we calculated an innovative measure combining
efficacy and safety, called ISER. Atezolizumab plus bev-
acizumab showed the best net health benefit for OS.
Conversely, lenvatinib monotherapy showed the best net
health benefit for PFS only in patients with higher
willingness-to-risk threshold. These results strongly support
the importance of collecting and reporting data on quality of
life and patient-reported outcomes, both in RCTs and in
real-world studies. For the first time in the setting of HCC to
the best of our knowledge, we used an innovativemeasure of
efficacy, i.e., RMST, to overcome the non-proportionality of
HR for PFS assessment, that was present in several RCTs.
Differently from all previousNMAs, that usedHR aggregate
data, the extraction of individual survival patient data al-
lowed us the calculation of RMST.

Our NMA presents some limitations. Firstly, unfor-
tunately, individual data regarding patient-level co-
variates were not available, hampering the identification
of baseline features able to explain heterogeneity. So, it is
not surprising that our meta-regression analysis based
only on aggregate data failed to identify neither patient-

nor study-level covariates able to explain the different
observed outcomes. In this line, no firm conclusions
about the role of patient ethnicity, aetiology of liver
disease, and tumour burden on outcomes of patients
treated with ICIs can be drawn by using aggregate data.
Moreover, our NMA was not able to compare treatments
in terms of risk for liver decompensation, which is a well-
demonstrated driver of death in patients with HCC [40,
43, 44]. Therefore, time to liver decompensation and
decompensation-free survival should be collected and
reported in future trials [40]. Second, looking at the
NMAs, number of studies per comparisons and the NMA
configuration may affect estimates of ranking probabil-
ities [45]. Finally, surrogate (PFS) and true (OS) out-
comes of treatments were analysed separately in this and
previously published NMAs. Further innovative ap-
proaches, including multivariate NMAs able to simul-
taneously compare RCTs with different treatment regi-
mens and different true and surrogate endpoints should
be explored in the setting of advanced HCC [46].

In conclusion, our NMA of first-line systemic treat-
ments for advanced HCC conducted with innovative
methods using individual patient survival data showed
that: (1) atezolizumab plus bevacizumab is the best
treatment in terms of net benefit, and therefore it should be
recommended as standard of care; (2) compared to ate-
zolizumab plus bevacizumab, lenvatinib monotherapy had
the best net benefit for PFS when physicians and patients
are available to accept a higher risk of toxicity. Waiting for
future RCTs designed to directly compare first-line
combination regimens, individual patient-data NMAs
could be useful to improve the personalization of first-line
systemic combination treatments for patients with HCC.
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