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Abstract

Background: Most phase 3 clinical trials of systemic therapy
for first-line unresectable hepatocellular carcinoma (HCC)
have failed, with the exception of SHARP, REFLECT, and IM-
brave150. We conducted indirect comparisons of therapies
evaluated for first-line HCC treatment. Summary: We con-
ducted a systematic review and meta-analysis of treatments
for adults with locally advanced or metastatic unresectable
HCC and no prior systemic treatment, including atezolizu-
mab plus bevacizumab, sorafenib, lenvatinib, nivolumab, se-
lective internal radiotherapy (SIRT), transarterial chemoem-
bolization, and placebo or best supportive care.Randomized
controlled trials published from January 1,2007, to March 12,
2020, were retrieved from MEDLINE and Embase. Qualitative
assessment of heterogeneity evaluated study designs, pop-

ulations, and outcomes. Indirect comparisons used general-
ized linear models with random effects within a Bayesian
framework and informative priors. We calculated relative ef-
ficacy estimates with 95% credible intervals (Crls) and Bayes-
ian posterior probability estimates of atezolizumab-bevaci-
zumab being superior to other treatments. Nine clinical
studies with a total of 3,897 participants were identified from
8,783 records and used to build the all-trials evidence net-
work. Indirect comparisons suggested an improved overall
survival (OS) with atezolizumab-bevacizumab versus lenva-
tinib (odds ratio, 0.63 [95% Crl 0.39-1.04]; with 97% Bayesian
posterior probability of being superior), nivolumab (0.68
[95% Crl 0.41-1.14]; 94%), sorafenib (0.59 [95% Crl 0.39-
0.871; 99%), SIRT (0.51 [95% Crl 0.32-0.82]; 100%), or place-
bo/best supportive care (0.40 [95% Crl 0.25-0.64]; 100%).
Key Messages: Within the context of indirect comparisons,
analyses of OS favored atezolizumab-bevacizumab versus
other treatment options for patients with locally advanced

or metastatic unresectable HCC. ©2021 The Author(s)
Published by S. Karger AG, Basel

© 2021 The Author(s)
Published by S. Karger AG, Basel

This is an Open Access article licensed under the Creative Commons
Attribution-NonCommercial-4.0 International License (CC BY-NC)
(http://www.karger.com/Services/OpenAccessLicense), applicable to
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.

karger@karger.com
www.karger.com/lic

el
Karger~

B OPEN ACCESS

Correspondence to:
Arndt Vogel, vogel.arndt @ mh-hannover.de



Introduction

Hepatocellular carcinoma (HCC) accounts for nearly
all primary liver cancers and is the fourth most common
cause of cancer-related death worldwide [1]. For 10 years,
the multikinase inhibitor sorafenib was the only targeted
treatment for patients with unresectable HCC [2, 3]. Sev-
eral treatment approaches failed to show comparable or
improved survival or safety versus sorafenib for first-line
treatment. Lenvatinib demonstrated noninferior overall
survival (OS) and became a prominent treatment option
[4]. In one of the first phase 3 cancer immunotherapy tri-
als for first-line HCC treatment, the single-agent anti-pro-
grammed death-1 checkpoint inhibitor nivolumab failed
to show an OS benefit versus sorafenib [5]. Single-agent
treatment with the vascular endothelial growth factor
(VEGF) inhibitor bevacizumab showed clinical and bio-
logical activity in a phase 2 trial of unresectable HCC [6].

The IMbravel50 trial investigating the anti-pro-
grammed death ligand-1 (PD-L1) inhibitor atezolizumab
in combination with bevacizumab demonstrated statisti-
cally significant and clinically meaningful OS and pro-
gression-free survival (PES) benefits versus sorafenib for
first-line treatment of unresectable or metastatic HCC in
patients with no prior systemic treatment [7]. Atezolizu-
mab plus bevacizumab reduced the risk of death by 42%
and therisk of progression or death by 41% versus sorafenib.

As multiple therapies have become available for HCC,
there is a need to understand their comparative benefits
and risks. In the absence of head-to-head clinical trials, we
performed a network meta-analysis (NMA) to indirectly
compare therapies that have been approved for unresect-
able HCC or have reported first-line treatment data.

Materials and Methods

Search Strategy and Selection Criteria

We conducted a systematic literature review of randomized con-
trolled trials studying first-line treatment with any single-agent or
combination systemic or locoregional treatment in adults with lo-
cally advanced or metastatic unresectable HCC and no prior sys-
temic treatment history. Interventions of interest included combina-
tion atezolizumab-bevacizumab, sorafenib, lenvatinib, nivolumab,
selective internal radiotherapy (SIRT), transarterial chemoemboliza-
tion (TACE), and placebo or best supportive care. At the time of this
analysis, no other cancer immunotherapy combinations had report-
ed phase 3 results. Nivolumab was included, despite the negative
CheckMate 459 trial to help assess single-agent cancer immunother-
apy versus the anti-PD-L1/VEGF combination. Locoregional thera-
pies were included as they are recommended first-line options for
liver-confined unresectable HCC and remain a treatment in selected
regions and patients with advanced HCC.

Cancer Immunotherapy Network Meta-
Analysis for Hepatocellular Carcinoma

We included randomized controlled trials published from the
time of sorafenib’s US approval for unresectable HCC (2007) to
March 12, 2020, in English that met the inclusion criteria described
below. Study records were retrieved from MEDLINE (www.nlm.
nih.gov/bsd/medline) and Embase (www.embase.com) and were
supplemented by a hand search of reference lists from included pub-
lications and secondary sources (online suppl. Table 2). Search
terms are provided in online suppl. Table 1; for all online suppl. ma-
terial, see www.karger.com/doi/10.1159/000515302. Records were
screened by title and abstract, then full-text was reviewed by 2 inde-
pendent reviewers with discrepancies adjudicated by a third advisor.

Source Data Analysis

Summary data were extracted by 1 analyst and 100% quality-
checked by a second analyst. Two independent reviewers assessed the
risk of bias (with discrepancies adjudicated by a third advisor) based
on guidance from the Center for Reviews and Dissemination [8].

Eligible studies included at least one outcome of interest: OS,
PES, objective response rate (ORR), duration of response, or ad-
verse events (AEs). ORR was only reported as “confirmed” in 2
publications (CheckMate 459 and IMbravel50) [5, 7]. If a publica-
tion did not specify whether objective response by Response Eval-
uation Criteria in Solid Tumors (RECIST) version 1.1 was mea-
sured by independent review facility or investigator assessment,
independent assessment was assumed. Safety outcomes included
patients reporting any AEs, serious, severe, or treatment-related
AEs leading to dose interruption, and AEs leading to treatment
discontinuation. For combination regimens, AEs leading to dis-
continuation were attributed to either treatment component.

Feasibility assessment of the indirect comparisons evaluated
the nature and timing of outcome measures across trials. Assess-
ment of heterogeneity in the evidence network included qualita-
tive assessment of study designs, outcome measures, and patient
populations. We conducted subgroup analyses to investigate pa-
tient characteristics possibly affecting the treatment outcomes
when imbalances were observed in the distribution of factors.

Descriptive statistics analyzed patient characteristics and safety
outcomes. Indirect comparisons of treatment effects for clinical
outcomes were analyzed using a generalized linear model with
random effects within a Bayesian framework. For time event end-
points (OS and PES), the model required the assumption of pro-
portional hazards (constant hazard ratio) to be upheld, verified by
graphical inspection of the log-log plots. The traditional random
effects approach imprecisely estimates between-study heterogene-
ity when few studies are available for meta-analysis [9]. We used
informative priors for the heterogeneity of treatment effects across
trials, given the limited number of studies available to inform each
pairwise comparison in our Bayesian random effects approach
[10]. Hazard ratios and odds ratios with 95% credible intervals
(Crls) and Bayesian posterior probability estimates of atezolizum-
ab-bevacizumab being superior to the other treatments were cal-
culated for each indirect comparison [11]. Crls are also affected by
prior belief on the between-trial heterogeneity, instead of relying
solely on the trials in the network to calculate the heterogeneity.
This can impact the width of the intervals when comparing Bayes-
ian and frequentist frameworks. We analyzed 3 levels of network:
i.) all trials, ii.) excluding locoregional therapies, and iii.) including
active systemic treatments only. All analyses were conducted using
Rversion3.4.2andJAGS version4.3.0, using R2jags (cran.r-project.
org).
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8,783 potentially eligible studies identified by database search
4,220 from Embase
1,829 from MEDLINE
2,734 from the Cochrane Database

8,682 excluded

2,459 duplicate publications
1,956 review article
1,894 not relevant study design
1,069 not relevant condition

611 patient population

386 not relevant intervention

247 animal/in vitro study

60 conference presentation date

\/

101 identified for screening

26 excluded after full-text screening
10 not relevant study design

lists

5 additional records identified
through hand search
3 from publication reference

2 conference presentations

9 non-English full publication
4 patient population
3 not relevant outcome

Y

Fig. 1. Study selection. Flowchart of study
selection. 1L, first line.

\/

80 reviewed in-depth (55 studies)

46 studies excluded
25 wrong treatment comparator
7 preceded 2007 date cutoff
6 no 1L data reported
5 incompatible with evidence
network
3 wrong treatment comparison

\

\

11 search result updates (March 2020)
10 from publication databases
1 conference presentation

v

9 studies included in meta-analysis
IMbrave 150
CheckMate 459
REFLECT
Asia-Pacific
SHARP
SIRveNIB
SARAH
SIRTACE
Pitton et al., 2015

Results

The database search identified 8,783 records, of which
101 underwent full-text review (Fig. 1). Nine studies (IM-
bravel50 [7], CheckMate 459 [5], REFLECT [4], Asia-
Pacific [12], SHARP [2], SIRveNIB [13], SARAH [14],
SIRTACE [15], and Pitton et al. [16]), with 3,897 partici-
pants constituted the all-trials evidence network (online
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suppl. Fig. 1). Study and patient characteristics are pro-
vided in online suppl. Table 3.

Some differences in study designs, populations, inter-
ventions, and outcomes were observed. Median follow-up
time was shorter in the IMbravel50 treatment arms (8.9
and 8.1 months) than in REFLECT (27.7 months), Check-
Mate 459 (15.2 and 13.4 months), SIRTACE (10.7 months),
or SARAH (27.9 and 28.1 months; online suppl. Table 3).

Vogel et al.



Table 1. Indirect treatment comparisons of clinical efficacy in the all-trials evidence network

HR or OR (95% Crl), probability of HR'

OR¥

A + B bei .
+ B being superior oS

*
RES ORR

A + B versus lenvatinib
A + B versus nivolumab
A + B versus sorafenib
A + B versus SIRT

A + B versus TACE® na
A + B versus placebo or best supportive care

0.63 (0.39-1.04), 97%
0.68 (0.41-1.14), 94%
0.58 (0.39-0.87), 99%
0.51 (0.32-0.82), 100%

0.91 (0.42-1.99), 64%
0.63 (0.29-1.41), 92%
0.59 (0.34-1.04), 97% 2.76 (0.62-12.65), 94%
0.61 (0.31-1.22), 95% 0.89 (0.10-4.54), 44%
na na

0.83 (0.10-6.94), 39%
1.17 (0.14-9.37), 59%

0.40 (0.25-0.64), 100% na na

A + B, atezolizumab plus bevacizumab; Crl, credible interval; HR, hazard ratio; na, endpoint not available or reported; OR, odds
ratio; OS, overall survival; PES, progression-free survival; ORR, objective response rate; SIRT, selective internal radiotherapy; TACE,
transarterial chemoembolization. * For reporting of objective response, the confirmed responses were used for comparison where avail-
able. " Note: HR <1.0 favors A + B versus the indirect comparator. * OR >1.0 favors A + B versus the indirect comparator. ® Indirect
comparisons with TACE were not feasible because the SIRTACE study (TACE vs. SIRT) did not report ORR according to RECIST 1.1
(mRECIST in Pitton et al. [16]) and did not report either HR for OS or PFES; therefore, the TACE comparison with SIRT could not pro-
vide an indirect comparison with the rest of the evidence network through the sorafenib common comparator (via SIRT and sorafenib

direct comparison).

Patients in IMbravel50 treatment arms were slightly older
(64 and 66 years) than those in REFLECT (62 and 63 years),
SIRveNIB (58 and 60 years), or Asia-Pacific (51 and 52
years). Inclusion of patients from the Asia-Pacific region
varied across studies. In particular, the REFLECT study in-
cluded more patients from this region (67%) than either
IMbravel50 (40 and 41%) or CheckMate 459 (40%). SIR-
veNIB and Asia-Pacific included patients only from the
Asia-Pacific region, while SARAH, SHARP, and SIRTACE
included none. Patients with nonviral etiology were more
prevalent in CheckMate 459 (45%), SHARP (52 and 55%),
and SARAH (61 and 62%) than in IMbravel50 (30 and
32%) or REFLECT (26 and 28%). A smaller proportion of
patients had macrovascular invasion (MVI), extrahepatic
spread (EHS), or both in SIRveNIB (30 and 31%); patients
with EHS were excluded from SIRTACE. In CheckMate
459, 18-19% of patients had PD-L1-positive tumors as-
sessed by the PD-L1 IHC 28-8 pharmDx assay (Agilent
Dako; Santa Clara, CA, USA). In IMbravel50, 57-64% of
evaluable patients had PD-L1-positive tumors assessed us-
ing the PD-L1 IHC SP263 assay (Ventana Medical Systems;
Tucson, AZ, USA). Biopsies were not mandatory in IM-
bravel50, and evaluable samples were available in 36.5% of
patients. Region, etiology, MVI, and EHS were heteroge-
neously distributed and known prognostic factors that may
have been effect modifiers.

Some study outcomes were not comparable in the all-
trials evidence network (online suppl. Fig. 1). The
SIRTACE trial and Pitton 2015 (TACE vs. SIRT) did not
report OS or PES, preventing indirect comparisons of

Cancer Immunotherapy Network Meta-
Analysis for Hepatocellular Carcinoma

survival with TACE. Tumor response was assessed by
modified RECIST in Pitton 2015, by RECIST 1.0 in
SIRTACE, and by RECIST 1.1 in all other trials, prevent-
ing indirect comparisons of ORR with TACE; therefore,
no estimate of comparative efficacy against TACE could
be provided. ORR was measured as confirmed complete
or partial response in IMbravel50 and CheckMate 459,
and as unconfirmed in other trials reporting ORR, except
for in REFLECT (could not be determined).

The risk of bias was generally low across trials. Seven
studies had low risk of bias for at least 4 of 7 domains, and
risk of bias could not be assessed for CheckMate 459 (in-
adequate information in the published abstract). Lack of
study blinding was the greatest concern for included
studies; however, all but 2 trials (Asia-Pacificand SHARP)
were open label.

OS is the most objective endpoint when comparing
results from different trials and was the primary or co-
primary endpoint for most studies. In the all-trials net-
work, indirect treatment comparisons suggested im-
proved OS benefit with atezolizumab-bevacizumab ver-
sus lenvatinib (0.63 [95% CrI 0.39-1.04]; with 97%
Bayesian posterior probability of being superior),
nivolumab (0.68 [95% Crl 0.41-1.14]; 94%), sorafenib
(0.58 [95% CrI 0.39-0.87]; 99%), SIRT (0.51 [95% CrI
0.32-0.82]; 100%), or placebo/best supportive care (0.40
[95% CrlI 0.25-0.64]; 100%; Table 1).

Subgroup analyses were conducted to examine popu-
lation differences in region, etiology, MVI, and EHS that
may have affected outcomes. Results by geographic re-
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Table 2. Descriptive assessment of AEs

Study Treatment Patients Any Serious  Severe = AEleadingto  TEAE leading
AE AE AE treatment dis-  to dose inter-
continuation ruption
Finn et al. [7] Atezolizumab plus bevacizumab 329 98.2% 38.0% 61.1% 15.5%* 35.0%
IMbravel50 Sorafenib 156 98.7%  30.8%  60.9%  10.3% 32.7%
Kudo et al. [4] Lenvatinib 476 98.7% 43.1% 75.0% 13.2% 39.9%
REFLECT Sorafenib 475 99.4% 30.3% 66.5% 9.1% 32.2%
Yau et al. [5] Nivolumab 367 na na na na na
CheckMate 459 Sorafenib 363 na na na na na
Cheng et al. [12] Sorafenib 149 98.0% 47.7% na 19.5% na
Asia-Pacific Placebo or best supportive care 75 94.7% 45.3% na 13.3% na
Llovet et al. [2] Sorafenib 297 98.0% 51.5% na 29.0% 44.1%
SHARP Placebo or best supportive care 302 96.0% 54.3% na 29.8% 30.1%
Chow et al. [13] SIRT 130 60.0% 20.8% 27.7% 2.3% 39.9%
SIRveNIB Sorafenib 162 84.6%  352%  50.6%  9.9% 32.2%
Vilgrain et al. [14] SIRT 226 na 77.0% na na na
SARAH Sorafenib 216 na 81.5% na na na
Kolligs et al. [15]  SIRT 13 92.3% 53.8% na na na
SIRTACE TACE 15 66.7% 33.3% na na na
Pitton et al. [16] SIRT 12 na na na na na
TACE 12 na na na na na

AE, adverse event; na, endpoint not available/reported; SIRT, selective internal radiotherapy; TACE, transarterial chemoemboliza-
tion; TEAE, treatment-emergent AE. * AEs leading to withdrawal from any treatment component; 23 patients (7%) experienced AEs

leading to withdrawal from both treatment components.

gion and presence or absence of MVI or EHS were con-
sistent with the overall findings; results were more robust
in patients with viral (vs. nonviral) etiology (online suppl.
Table 4). The differences by etiology were consistent with
those obtained by Casadei Gardini et al. [17] when they
compared lenvatinib and sorafenib phase 3 trials.

Findings from 2 sensitivity analyses using restricted
evidence networks (i) excluding locoregional therapies
(online suppl. Fig. 2) and (ii) focused on active systemic
treatments only (online suppl. Fig. 3) showed identical
point estimates with increased uncertainty due to the re-
duced number of data in the evidence network (online
suppl. Table 7). Bayesian posterior probabilities of ate-
zolizumab-bevacizumab being superior to lenvatinib,
nivolumab, sorafenib, placebo, or best supportive care for
OS were all >90% in both sensitivity analyses.
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Indirect comparisons of PFS suggested improved ben-
efit with atezolizumab-bevacizumab versus nivolumab
(0.63 [95% CrI 0.29-1.41]; 92%), sorafenib (0.59 [95% CrI
0.34-1.04]; 97%), or SIRT (0.61 [95% CrI 0.31-1.22]; 95%;
Table 1), and moderately improved benefit versus lenva-
tinib (0.91 [95% CrI 0.42-1.99]; 64%). PES subgroup anal-
yses were not reported for lenvatinib or nivolumab. Rela-
tive efficacy results were similar across subgroups for the
comparisons with sorafenib and SIRT (online suppl. Table
5). The PFS benefit was more robust with atezolizumab-
bevacizumab than sorafenib in the HCV and HBV sub-
group analyses. Findings from 2 sensitivity analyses using
restricted evidence networks showed identical point esti-
mates with increased uncertainty (online suppl. Table 7).

Indirect comparisons in the all-trials evidence net-
work suggested numerically improved ORR with atezoli-

Vogel et al.



zumab-bevacizumab versus sorafenib and inconclusive
evidence against nivolumab, lenvatinib, or SIRT (Ta-
ble 1). Relative efficacy results in the subgroups were gen-
erally consistent with the primary findings, though lim-
ited by the availability of reported subgroup data (online
suppl. Table 6). Similar to the PFS findings, 2 sensitivity
analyses of ORR using restricted evidence networks
showed the same point estimates with greater uncertain-
ty (online suppl. Table 7). Duration of response was not
reported in comparators’ trials and could not be evalu-
ated.

The comparative assessment of AEs was performed
qualitatively. The available safety information from
CheckMate 459 was not adequate for comparison (only
grade 3-4 treatment-related AEs and AEs leading to
treatment discontinuation were reported in the abstract).
Occurrence of any AEs was similar with atezolizumab-
bevacizumab, lenvatinib, and sorafenib (Table 2). In IM-
bravel50 and REFLECT, patients receiving atezolizum-
ab-bevacizumab or lenvatinib experienced more any-
grade serious AEs than patients receiving sorafenib. More
AEsleading to treatment changes were also reported with
atezolizumab-bevacizumab and lenvatinib  versus
sorafenib. Fewer AEs were reported with some SIRT or
TACE treatment arms than with the systemic therapies.
Differences in all-grade serious AEs in studies of SIRT
versus sorafenib were not consistent. SIRTACE reported
fewer serious AEs in patients randomized to TACE than
SIRT. In SIRveNIB, patients randomized to SIRT had
fewer AEs, leading to treatment discontinuations than
those randomized to sorafenib. Safety results were not re-
ported by subgroup.

Discussion

This NMA comparing therapies investigated in first-
line treatment of patients with locally advanced or meta-
static unresectable HCC and no prior systemic treatment
history suggested improved OS and PFS with atezolizu-
mab-bevacizumab. Only randomized controlled trials
were included as identified in a systematic literature re-
view. NMA was deemed feasible and appropriate to per-
form indirect comparisons among potential first-line
treatment options. Despite the lack of study blinding due
to the open-label nature of most studies, 7 of the 9 trials
included in the all-trials evidence network used central-
ized, blinded radiology review. The open-label nature of
the trials was not a concern for the survival endpoints but
may have influenced other endpoints, such as ORR and

Cancer Immunotherapy Network Meta-
Analysis for Hepatocellular Carcinoma

AEs. Sensitivity analyses assessed the robustness of the
results and were generally consistent with the primary
findings.

OS provides the most objective assessment of clinical
efficacy for indirect comparisons, attributable in part to
the uncertainty in ORR assessments across studies due to
differences in endpoint definitions (i.e., confirmed vs.
unconfirmed). In our analysis, clinical efficacy results re-
mained generally consistent with primary findings when
analyzed by subgroups of patients based on the geograph-
ic region and presence or absence of MVI, EHS, or both.
OS results with atezolizumab-bevacizumab versus
sorafenib, lenvatinib, and nivolumab were more robust in
patients with viral etiology. Excluding studies investigat-
inglocoregional therapies and placebo arms did not affect
the main conclusions for systemic treatments; however,
greater uncertainty was observed as less information was
available to characterize between-trial variability [10].
NMA estimates for indirect comparisons have Crls
broader than the confidence intervals reported in head-
to-head studies. For the comparison against sorafenib,
the estimate from the direct comparison was 0.58 (95%
confidence interval: 0.42-0.79) [7]. This is because NMAs
account for the additional source of uncertainty attribut-
able to variation between studies.

ORRs have wide credibility intervals due to the under-
lying uncertainty in the reporting of ORR using different
RECIST methodologies, making inference around the
point estimates difficult and limiting their interpretation.
Patients deemed to be candidates for locoregional thera-
pies can differ from candidates for systemic therapies; in-
cluded in indirect comparisons, it is particularly impor-
tant to ascertain whether their differences may impact
treatment performance. Subgroup analyses provided re-
assurance that regional differences likely did not affect
treatment efficacy (online suppl. Table 6). MVI and EHS
may have played a role (relative efficacy estimates in the
MVI and EHS populations were weaker than the analysis
that did not take those differences into consideration).
Yet results of relative efficacy in the subgroup with MVI,
EHS, or both provided some indication that atezolizu-
mab-bevacizumab may perform better than locoregional
therapies in these potential locoregional treatment candi-
dates. Meta-analytic comparisons of safety outcomes can
be challenging due to differences in the follow-up time
and duration of treatment across trials and treatment
arms (e.g., due to deaths and treatment discontinuations).
For example, some AEs occurring late (i.e., radiation-in-
duced liver damage) may be difficult to identify and go
unreported. Detailed comparisons of toxicity profiles
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were not feasible in this NMA simply comparing reported
occurrences of AEs. For this reason, the absolute safety
numbers should be interpreted in the context of the dif-
ferential impact of AEs on patients’ lives and the differ-
ences in the follow-up time and treatment durations
across trials and treatment arms. Issues with toxicity of
sorafenib and lenvatinib have been well documented [18-
20]. In this regard, atezolizumab-bevacizumab provides a
different AE profile, reflected in the delayed time to dete-
rioration of quality of life versus sorafenib [7].

This NMA included a robust evidence network of tri-
als. Indirect comparisons suggested more favorable OS
and PFS results with the anti-PD-L1 and anti-VEGF com-
bination atezolizumab-bevacizumab than single-agent
targeted systemic treatments, locoregional therapies, and
placebo or best supportive care. Although more frequent
reporting of all-grade serious AEs and AEs leading to
treatment discontinuation was observed in trials of at-
ezolizumab-bevacizumab and lenvatinib than sorafenib,
which appeared to result in more frequent reporting of
AEs and serious AEs than locoregional therapies, the im-
pact of each therapy on patients’ lives is not captured in a
qualitative comparison of the occurrence of AEs. In con-
trast to the recent publication by Sonbol and colleagues
[21], this NMA focused exclusively on first-line treatment
options and included analyses of ORR, safety, and addi-
tional patient subgroups. Results for OS and PFS were
similar between these 2 NMAs, reinforcing the fact that
the atezolizumab-bevacizumab combination appeared to
offer the strongest survival benefit.

Our findings should be interpreted with consider-
ation of certain limitations. Full study reports and access
to patient-level data would have made the indirect com-
parisons more robust, particularly for the subgroup
analyses that were not reported consistently across tri-
als. Availability of outcome data and consistent outcome
definitions would have facilitated additional indirect
comparisons (i.e., survival outcomes with TACE).
NMAs assume that effect modifiers are similarly distrib-
uted in the evidence network; failure to identify such
factors and account for imbalances may lead to biased
estimation of relative effects. Median follow-up time
varied among the studies reporting ORR and AEs: only
8.9 months for patients receiving atezolizumab-bevaci-
zumab in IMbravel50,27.7 months overall in REFLECT,
and 15.2 months for patients receiving nivolumab in
CheckMate 459. Due to the current dynamic in the de-
velopment of new systemic HCC therapies, the use of
follow-up treatments differs between studies and may
impact OS results — prospective studies are needed to

246 Liver Cancer 2021;10:240-248

DOI: 10.1159/000515302

better assess the optimal treatment sequencing. Binary
outcomes such as objective response are influenced by
follow-up time, where more patients may achieve re-
sponse when a longer time horizon is used. Similarly,
more patients may report AEs over longer treatment ex-
posure and study duration. As locoregional therapies
are normally given once, evaluating the impact on dis-
continuation is difficult. Descriptive assessments of
safety were limited by availability and classification
across trials, and by differences in treatment exposure
and follow-up time. Due to the limited or inconsistent
reporting of AEs, safety assessments did not account for
the types of AEs nor the impact of AEs on the patient
experience. Even descriptive indirect comparisons of
AEs can be very sensitive to small differences in report-
ed outcomes; moreover, the frequency of AEs alone is
not likely to reflect their impact on patients’ well-being.
There is considerable variability in the effects of differ-
ent AEs and their management on patients’ clinical sta-
tus, daily functioning, and quality of life, which was not
captured in this descriptive assessment of events due to
limited availability. An additional limitation is the evo-
lution of the second-line HCC therapies over time. Both
the development of newer tyrosine kinase inhibitors and
the emergence of cancer immunotherapies could have
impacted the OS in the most recent studies.

Conclusion

The evidence provided by this NMA supports superior
OS and PFS with a manageable occurrence of AEs for
atezolizumab-bevacizumab when compared with current
TKI, immunotherapy, and locoregional treatment op-
tions available for unresectable HCC patients. This study
suggests generally consistent efficacy benefit across the
subgroups analyzed (geography, etiology, and presence of
MVI and/or EHS) when compared to systemic or locore-
gional treatments. As such, the results of this NMA are in
line with recently updated guidelines [22, 23] and publi-
cations [7, 21] that consider atezolizumab-bevacizumab
the standard of care for first-line unresectable HCC pa-
tients.
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