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Background: Several systemic agents have been approved for use in advanced hepatocel-
lular carcinoma (aHCC). However, it is unclear which treatment is superior in either the first-
or second-line settings due to the paucity of head-to-head comparative trials. Therefore, we
have conducted a systematic review and network meta-analysis for the indirect comparison
of the systemic agents in the first line and second line settings.

Methods: Randomized clinical trials evaluating systemic agents in first and second line
settings in aHCC from inception to April 2020 were identified by searching PubMed,
EMBASE, and Cochrane Databases and the annual ASCO and ESMO conferences from
2017 to 2020. Studies in English reporting clinical outcomes including overall survival (OS),
progression-free survival (PFS), and objective response rate (ORR) were included. The
primary outcomes of interest were pooled hazard ratios (HR) of OS and pooled odds ratios
(OR) of ORR in first line studies and pooled HR of PFS and OR of ORR for second line
studies. Additionally, OS for second line agents were reported in the qualitative analysis.
Results: Overall, first line studies comprised 8335 patients (13 studies) and second line
studies comprised 4612 patients (11 studies). In the first line setting, atezolizumab plus
bevacizumab was associated with the highest OS benefit over sorafenib (HR 0.58, 95% CI,
0.42-0.80; P-score 0.993). Additionally, lenvatinib was associated with the greatest ORR
benefit (OR 3.34, 95% CI, 2.17-5.14; P-score 0.080) in the first line setting. In the second
line setting, cabozantinib was associated with the highest PFS benefit over placebo (HR 0.44,
95% CI, 0.29-0.66; P-score 0.854) as well as the highest ORR benefit (OR 9.40, 95% CI,
1.25-70.83, P-score, 0.266).

Conclusion: Atezolizumab plus bevacizumab appears to have superior efficacy among first
line agents whereas cabozantinib appears to be superior in the second line setting. Further
studies are warranted to determine whether the type of prior therapy received affects the
efficacy of subsequent second line therapy.

Keywords: advanced hepatocellular carcinoma, targeted therapy, immunotherapy, systemic
therapy

Introduction

Hepatocellular carcinoma (HCC) is the fourth most common cause of cancer-related
mortality worldwide and accounts for >80% of primary liver cancers.'* Treatment
options for patients with very early, early, or intermediate stage (0-B) Barcelona Clinic
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Liver Cancer (BCLC) stage HCC include curative resection,
liver transplantation, radiofrequency ablation, and chemoem-
bolization. For patients with advanced (C) BCLC stage HCC
(aHCC), defined by either portal invasion or extrahepatic
disease spread and preserved liver function with an Eastern
Cooperative Oncology Group Performance Score (ECOG
PS) 1-2, systemic therapy remains the only option.>* Such
patients with aHCC suffer from a poor prognosis with an
estimated median overall survival (mOS) of 15 months.’
Systemic therapeutic agents currently approved for use or
are currently being tested in aHCC can be largely divided
into three classes. First, there are the tyrosine kinase inhibi-
tors (TKI) with broad affinity to various receptor tyrosine
kinases including the vascular endothelial growth factor
receptor (VEGFR). The agents in this multi-target TKI
class of drugs include sorafenib, lenvatinib, cabozantinib,
and regorafenib. Second, there are targeted agents that inhibit
the VEGF/VEGFR pathway which may be either TKIs that
target the kinase domain of VEGFR or monoclonal antibo-
dies against either VEGF or VEGFR. These include bevaci-
zumab (anti-VEGF-A), apatinib (VEGFR2 TKI), and
ramucirumab (anti-VEGFR2). Third, there are the immune
checkpoint inhibitors against either the B7/CTLA-4 or PD-1/
L1 axis which aim to reinvigorate anti-tumor immune
responses. These include the anti-PD-1 antibodies, nivolu-
mab, pembrolizumab, and camrelizumab, the anti-PD-L1
antibodies, durvalumab, atezolizumab, and avelumab, and
the anti-CTLA-4 antibodies, ipilimumab and tremelimumab.
Therapy options for aHCC had remained limited until
sorafenib’s approval in 2008, based on the SHARP trial.®
Since then, in the first line setting, lenvatinib was
approved after the demonstration of non-inferiority to sor-
afenib in 2018, and atezolizumab plus bevacizumab was
approved after demonstration of superiority to sorafenib in
2020. However, a head-to-head trial of lenvatinib to ate-
zolizumab plus bevacizumab has not been conducted.
Furthermore, several treatment options are currently
approved for use in the second line setting, including
nivolumab, nivolumab plus ipilimumab, pembrolizumab,
cabozantinib, regorafenib, and ramucirumab based on pla-
cebo-controlled trials.” No head-to-head trials have been
conducted comparing second line treatments with each
other, which makes the initial second line treatment choice
difficult. Therefore, herein we have conducted a network
meta-analysis of first- and second line systemic treatments
in aHCC for indirect comparison of treatments that have

been evaluated in randomized clinical trials.

Methods

Protocol and Registration
The following systematic review and network-meta-analy-
sis are registered in PROSPERO (CRD42020179700).

Database Search

The search was conducted in PubMed, EMBASE, and the
Cochrane Database published from conception to search date
(June 8th, 2020). Also, abstracts and posters from the ASCO
(Annual SITC  Clinical
Symposium, and Gastrointestinal Cancers Symposium) and

Meeting, Immuno-oncology
ESMO (main annual) conferences from the last 3 years from
the search date (ie, 2018, 2019, 2020) were included. The
initial search was supplemented with a follow-up search for
studies newly published during this interval period. Attempts
were made to contact authors via e-mail whenever additional
data from included studies needed to be obtained. The follow-
ing is an example of the search strategy for a selected database
(ie, PubMed). The search was conducted using the keywords
“hepatocellular carcinoma” AND (“systemic therapy” OR
“clinical trials” OR “targeted agents” OR “immune therapy”).
The search was limited to publications fulfilling the following
criteria — studies conducted in human subjects, ages 19+, and
published in English. Search results were combined into
Endnote Online then duplicate studies were removed using
the “remove duplicates” function.

Study Selection

The criteria for inclusion and exclusion of studies were
established before study selection. The following inclusion
criteria were applied: (1) randomized-controlled studies
with head-to-head comparisons of at least two treatment
arms; (2) systemic therapy in the first line or second line or
later setting for advanced or metastatic HCC; and (3) at
least one of the following clinical outcomes reported —
odds ratios (OR) and 95% confidence intervals (95% CI)
for objective response rate (ORR) based on response eva-
luation criteria in solid tumors (RECIST), modified
RECIST (mRECIST), or immune-related RECIST
(iRECIST/irRECIST); and hazard ratios (HR) and 95%
CI for OS and PFS. If only raw data were available for
ORR, OR and 95% CI were calculated using a univariate
model and included in the analysis (0.5 was added to zero
cells for computation). Furthermore, where PFS was not
reported, time to progression (TTP) was used in place
(n=1, EVOLVE-1). The following exclusion criteria were
applied: review articles, systematic reviews and meta-
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analyses, case reports, case series, and retrospective ana-
lyses. The initial screening based on the title and abstract
was followed by a full review of the manuscripts and was
conducted in tandem by RP and LL. Any discrepancy in
the list of selected studies was resolved with mediation by
VB. When data overlapped, the study with the most recent
or comprehensive data was selected for inclusion.

Data Extraction and Quality Assessment

The authors created a data extraction form with pre-specified
items for study characteristics and clinical outcomes. Items
related to study characteristics included the following: (1)
first author; (2) year of publication; (3) trial name or national
clinical trial (NCT) identification number; (4) trial phase; (5)
version of RECIST, mRECIST, iRECIST, or irRECIST and
CTCAE used; and (6) majority ethnicity of trial subjects; (7)
country. Items related to clinical outcomes included the fol-
lowing: median OS, HR (95% CI) for OS and PFS, and ORR.

The risk of bias for individual studies was assessed at the
study level based on the Revised Cochrane risk-of-bias tool
for randomized trials (RoB 2.0, version 22 August 2019).

Statistical Analysis

The network meta-analysis was conducted under the fre-
quentist model using the software “R” with the package
“netmeta”. The meta-analysis was conducted using the ran-
dom-effects model under the assumption of significant het-
erogeneity. Based on the 12 measure, heterogeneity was
defined as low (<25%), moderate (25-50%), or high
(>75%). Network inconsistency was evaluated using the
net-splitting method, and Net Rank Plot was used to provide
an additional measure of comparison. For HR of OS and
PFS, a higher P-score represented a greater probability of
prolonged OS and PFS, whereas a lower P-score repre-
sented a greater probability of objective response. The risk
of bias across studies was assessed graphically and

Records identified through
database searching

Additional records identified

through other sources

(n=3985) n=2)
Records after duplicates removed
(n=3508)
Records screened N Records excluded
(n=3508) (n=3482)
Full-text articles assessed Full-text articles excluded,
for eligibility —P> with reasons
(n=26) n=2)

l

(IL=13) (2L =11)

Studies included in qualitative synthesis

l

Studies included in
quantitative synthesis
(meta-analysis)

(IL=13) 2L =11)

Figure | PRISMA flow diagram for database search.
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numerically using the funnel plot and Egger’s regression
test. A quantitative meta-analysis was conducted for HR of
OS and OR of ORR for first line trials. For second line trials,
HR of PFS and OR of ORR were subjects of quantitative
analysis. Of note, a quantitative meta-analysis was not
conducted for HR of OS for second line trials given the
presence of non-mature follow-up data in studies that may
introduce bias and result in erroneous conclusions and a
qualitative meta-analysis was conducted instead.

Results

Characteristics of Included Studies

In total, 3508 studies were screened, 26 full-text articles
were assessed for eligibility, and 13 first line and 11
second line trials were included in the final quantitative
and qualitative synthesis (Figure 1). The treatment net-
work consisted of 13 double-arm studies for the first line
trials, with most studies featuring sorafenib as the com-
parative arm (Figure 2A). For second line trials, the treat-
ment network consisted of 11 placebo-controlled studies
(Figure 2B). Median follow-up ranged 8.9 to 27.7 months
and 5.5 to 24.6 months for the first line and second line
trials, respectively. Almost all studies were conducted in
multinational settings (first line, n=12 studies; second line,
n=10 studies) and were Phase III trials (first line, n= 11
studies; second line, n=9 studies). Six trials featured a
majority Caucasian population, while the rest of the trials
consisted of majority Asian populations. Of note, two
trials were conducted in a biomarker-selected patient

A

Nivolumab
Atezolizumab + Bevacizumab

Sorafenib

Sorafenib + Doxorubicin

Placebo

Lenvatinib

Brivanib

Donafenib

U
Linifanib

Sunitinib
Erlotinib + Sorafenib

Figure 2 Net graph diagram. (A) First line trials. (B) Second line trials.

Resminostat + Sorafenib

Tigatuzumab + Sorafenib

population (REACH-II, AFP; NCT01755767, MET)
(Supplemental Tables 1 and 2).

Qualitative Systematic Review

Among the identified first line randomized trials, four trials
had tested agents that are currently approved for use or
recommended by major guidelines in aHCC. First, the
SHARP trial was the first study to demonstrate the efficacy
of a systemic agent over placebo. This trial randomized 602
treatment-naive aHCC patients to either placebo or sorafenib.
Data showed that mOS was significantly improved over
placebo. Second, the REFLECT trial compared lenvatinib
against sorafenib as the standard of care. This study met its
primary endpoint of demonstrating the non-inferiority of
Lenvatinib to sorafenib and led to the approval of lenvatinib
for first line therapy. Third, the CheckMate-459 trial com-
pared nivolumab to sorafenib in 743 treatment-naive
patients. Although nivolumab did not meet statistical signifi-
cance for its primary endpoint of OS, it did demonstrate
tendency towards improved OS and ORR. Fourth, the most
recent IMBravel50 trial compared atezolizumab plus beva-
cizumab to sorafenib in 485 patients. This study, for the first
time, demonstrated the superiority of a novel systemic ther-
apy regimen over sorafenib in prolonging OS.

Of the second line randomized trials, four trials have led
to the approval of systemic agents for use in aHCC. First, the
RESORCE trial compared regorafenib to placebo among 573
previously treated patients and demonstrated the superior OS
and PFS of regorafenib. Second, the CELESTIAL trial com-
pared cabozantinib to placebo among 707 previously treated

B

Regorafenib, Pembrolizumab

Cabozantinib Placebo

Ramucirumab

Axitinib

Apatinib N Everolimus

Brivanib Tivantinib
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patients and also demonstrated the superior OS and PFS of
this agent. Third, the KEYNOTE-240 trial demonstrated the
superior OS and PFS of pembrolizumab to placebo in pre-
viously treated patients. Fourth, the REACH and REACH-2
trials led to the approval of ramucirumab. Whilst ramuciru-
mab failed to show superiority to placebo in the REACH
trial, an exploratory subgroup analysis showed that in
patients with high AFP (AFP > 400), ramucirumab showed
superior efficacy over placebo. This led to the REACH-II
trial which subsequently showed that ramucirumab pro-
longed PFS and OS over placebo in previously treated
aHCC patients.

A

Treatment vs. Placebo

Network Meta-Analysis of First Line

Trials
Atezolizumab plus bevacizumab was associated with the
greatest OS benefit (HR, 0.58, 95% CI 0.42—0.80) and the
highest P-score (0.993) (Figure 3A, Supplemental
Figure 4A). No agents other than atezolizumab plus bev-
acizumab and donafenib were superior to sorafenib. Also,
atezolizumab plus bevacizumab was superior to all other
agents including lenvatinib and nivolumab except donafe-
nib (Figure 3C).

Lenvatinib was associated with the greatest ORR benefit
(OR, 3.34, 95% CI 2.17-5.14) with the highest P-score

Treatment vs. Placebo

Treatment (Overall Survival) HR 95%-Cl Treatment (Objective Response Rate)) OR 95%-Cl
Atezolizumab + Bevacizumab ——&—— 0.58 [0.42; 0.80] Lenvatinib — 3.34 [2.17;5.14]
Donafenib —— 0.83 [0.70; 0.99] Atezolizumab + Bevacizumab —— 2.77 [1.62;4.74]
Nivolumab —i 0.85 [0.71; 1.01] Nivolumab —— 2.42 [1.48; 3.95]
Lenvatinib :l—_ 0.92 [0.79; 1.07] Linifanib — 2.02 [1.32;3.09]
Erlotinib + Sorafenib 0.93 [0.78; 1.10] Sorafenib + Doxorubicin -T—— 1.91 [0.79; 4.62]
Resminostat + Sorafenib B . 0.98 [0.69; 1.41] Erlotinib + Sorafenib T 1.74 [0.89; 3.42]
Sorafenib 1.00 Donafenib -1 1.71 [0.74; 3.97]
Tigatuzumab + Sorafenib R 1.02 [0.73; 1.43] Brivanib L 1.40 [0.96; 2.05]
Linifanib 1.05 [0.90; 1.22] Sunitinib —— 1.09 [0.67; 1.78]
Sorafenib + Doxorubicin 1.05 [0.84; 1.32] Sorafenib 1.00
Brivanib 1.06 [0.93; 1.21] Placebo R ——— 0.43 [0.09; 2.15]
Sunitinib —— 1.30 [1.13; 1.50] T T T !
Placebo —_— 1.55 [1.29; 1.86] 0.1 05 1 2 10
1

0.5 1 2
|Atezolizumab + 0.58 (0.42; 0.80)
Bevacizumab
0.55 (0.39; 0.77) |Brivanib 1.06 (0.93;1.21)
0.70 (0.49; 1.00) [1.28(1.02;1.59) |Donafenib 0.83 (0.70; 0.99)

0.62 (0.44; 0.89) [1.14(0.92; 1.42) |0.89 (0.70; 1.14) |Erlotinib +

Sorafenib

0.93 (0.78; 1.10)

0.63 (0.44; 0.89) [1.15(0.94;1.41)  (0.90 (0.72;1.13) [1.01(0.81;1.27)  |Lenvatinib

0.92 (0.79; 1.07)

0.55 (0.39; 0.79) [1.01(0.83;1.24) [0.79 (0.63; 1.00) [0.89 (0.71;1.12)  [0.88 (0.71; 1.09) |Linifanib

1.05 (0.90; 1.22)

0.68 (0.48; 0.98) [1.25 (1.00; 1.56) |0.98 (0.76; 1.25) [1.09 (0.86; 1.40)

1.08 (0.86; 1.36) [1.23 (0.98; 1.55) |Nivolumab

0.85 (0.71; 1.01)

0.37 (0.26; 0.54) [0.68 (0.54; 0.86) |0.54 (0.42; 0.69) [0.60 (0.47; 0.77)

0.59 (0.47; 0.75) 0.68 (0.53; 0.86) [0.55 (0.43; 0.71) |Placebo

1.55 (1.29; 1.86)

0.59 (0.36; 0.95) [1.08 (0.73; 1.59) |0.84 (0.57; 1.26) [0.94 (0.63; 1.41)

0.93 (0.63; 1.38) [1.06 (0.72; 1.58) [0.86 (0.58; 1.29) |1.57 (1.05; 2.36) |Resminostat +

0.98 (0.69; 1.41)
Sorafenib

0.58 (0.42; 0.80) [1.06 (0.93; 1.21) [0.83 (0.70; 0.99) [0.93 (0.78; 1.10)

0.92(0.79; 1.07) [1.05 (0.90; 1.22) [0.85 (0.71; 1.01) [1.55 (1.29; 1.86) [0.98 (0.69; 1.41)

Sorafenib 0.95 (0.76; 1.20) 0.7 (0.67; 0.89)[0.98 (0.70; 1.37)

0.55 (0.37; 0.82) [1.01(0.77;1.32) [0.79 (0.59; 1.05) [0.88 (0.67; 1.18)

0.88 (0.67; 1.15) [1.00 (0.76; 1.31) [0.81 (0.61; 1.08) [1.47 (1.10; 1.98) [0.94 (0.61; 1.44)

0.95 (0.76; 1.20) ib +
Doxorubicin

0.45 (0.32; 0.63) [0.82 (0.67; 0.99) [0.64 (0.51; 0.80) [0.71 (0.57; 0.89)

0.71 (0.58; 0.87) [0.80 (0.65; 0.99) [0.65 (0.52; 0.82) |[1.19 (0.94; 1.50) [0.76 (0.51; 1.12)

0.77 (0.67; 0.89) |0.81(0.62; 1.06) |Sunitinib

0.57 (0.36; 0.90) [1.04 (0.72; 1.49) |0.81 (0.56; 1.19) [0.91 (0.62; 1.33)

0.90 (0.62; 1.30) [1.02 (0.71; 1.48) [0.83 (0.57; 1.22) [1.52 (1.03; 2.23) [0.96 (0.59; 1.58)

0.98 (0.70; 1.37) [1.03 (0.68; 1.54) |1.27 (0.88; 1.83) Tigatuzumab +

Sorafenib

Figure 3 Continued.
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Atezolizumab + 2.77 (1.62; 4.74)
Bevacizumab
1.98 (1.02; 3.82) Brivanib 1.40 (0.96; 2.05)
1.62 (0.60; 4.39) 0.82(0.33; 2.06) |Donafenib 1.71 (0.74; 3.97)
1.59 (0.67; 3.77) 0.80 (0.37; 1.75) 0.98 (0.33; 2.89) Erlotinib + 1.74 (0.89; 3.42)
Sorafenib
0.83 (0.42; 1.65) 0.42 (0.24; 0.75) [0.51(0.20; 1.32) |0.52(0.23; 1.16) |Lenvatinib 3.34 (2.17; 5.14)
1.37 (0.69; 2.72) 0.69 (0.39; 1.23) 0.85 (0.33; 2.17) 0.86 (0.39; 1.91) 1.65 (0.90; 3.03) |Linifanib 2.02 (1.32; 3.09)
1.14 (0.55; 2.37) 0.58 (0.31; 1.08) |0.71(0.27; 1.87) |0.72(0.31; 1.65) |1.38 (0.72; 2.65) |0.83 (0.44; 1.60) |Nivolumab 2.42 (1.48; 3.95)
6.44 (1.18; 35.14) 3.25(0.62; 17.02) [3.97 (0.65; 24.44) |4.04 (0.71;23.17) |7.76 (1.47; 41.10) |4.70 (0.89; 24.82) [5.62 (1.05; 30.26) |Placebo 0.43 (0.09; 2.15)
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Figure 3 Network meta-analysis of first line trials. (A) Forest plot for HR of OS. (B) Forest plot for OR of ORR. (C) Net league graph for indirect comparisons for HR of

OS. (D) Net league graph for indirect comparisons for OR of ORR.

(0.080) (Figure 3B, Supplemental Figure 4B). Atezolizumab
plus bevacizumab, lenvatinib, and nivolumab were all asso-

ciated with greater ORR compared to sorafenib. Of note,
donafenib was non-superior to sorafenib in terms of ORR
(OR, 1.71, 95% CI1 0.74-3.97). No significant differences for
ORR were seen among atezolizumab plus bevacizumab,
donafenib, lenvatinib, and nivolumab (Figure 3D).

Network Meta-Analysis of Second Line
Trials

Cabozantinib demonstrated the greatest PFS benefit (HR,
0.44, 95% CI 0.29-0.66) and the highest P-score (0.854)
(Figure 4A, Supplemental Figure 5A). Also, all nine of the

studied agents showed a PFS benefit over placebo. Of
note, cabozantinib and apatinib showed a favorable PFS
benefit over pembrolizumab in indirect comparison (cabo
vs pemb, HR 0.56, 95% CI 0.36-0.89; apat vs pemb, HR
0.60, 95% CI 0.39-0.93) (Figure 4C).

Cabozantinib was also associated with the greatest ORR
benefit in terms of HR (9.40, 95% CI 1.25-70.83)
(Figure 4B, Supplementary Figure 5B). Also, six agents

demonstrated an ORR benefit over placebo (cabozantinib,
pembrolizumab, ramucirumab, apatinib, brivanib, and regor-
afenib) (Figure 4D). No significant benefit was demonstrated
by cabozantinib over any of the other agents in indirect
comparison. Net splitting plots were limited by the paucity
of studies evaluating direct comparisons between agents as
all included studies were placebo-controlled trials. Third, five
systemic agents demonstrated an OS benefit over placebo
(regorafenib, ramucirumab, cabozantinib, apatinib, and pem-
brolizumab) (Supplemental Table 2).

Assessment of Bias
Included studies were found to have a low risk of bias
across all 5 domains (Supplemental Figure 1A and B). The

funnel plot and Egger’s test revealed no significant bias
across studies in the first line (p = 0.505) and the second
line settings (p = 0.574) (Supplemental Figures 2 and 3).

Discussion
Herein we demonstrate that atezolizumab plus bevacizu-
mab is associated with the most significant OS benefit in
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the first line setting and that cabozantinib is associated
with the most significant PFS benefit in the second line
setting. Also, lenvatinib was associated with the greatest
ORR benefit in the first line setting.

It should be noted that while atezolizumab plus bevaci-
zumab had the highest-ranking per P-score for OS benefit in
the first line setting, an overlap of 95% confidence interval
was present with several other agents, including donafenib,
nivolumab, and lenvatinib. Nonetheless, the greater magni-
tude of HR for OS does suggest atezolizumab plus bevaci-
zumab may be superior to the other treatments. The success
of this anti-VEGF and ICI combination is in keeping with the

A

Treatment

Treatment vs. Placebo

(Progression Free Survival) HR 95%-Cl

move towards combination therapy evaluations in clinical
trials where this specific combination is currently the most
frequently evaluated regimen.® For instance, the COSMIC-
021 trials have demonstrated promising efficacy data for
atezolizumab and cabozantinib in prostate cancer, non-
small cell lung cancer, renal cell carcinoma, and urothelial
carcinoma,’ '? and the CAMILLA study has demonstrated
the potential efficacy of durvalumab with cabozantinib in
advanced GI cancers.'® Furthermore, a recent, multi-center,
Phase I1 trial tested the safety and efficacy of a camrelizumab
(anti-PD-1 antibody) plus apatinib (anti-VEGFR-2) in aHCC
patients who were either treatment-naive or refractory to first

B

Treatment vs. Placebo

Treatment (Objective Response Rate) HR 95%-Cl

Cabozantinib ———— 0.44 [0.29; 0.66] Cabozantinib —=——— 940 [1.25; 70.83]
Regorafenib —_— 0.46 [0.31; 0.68] Ramucirumab —— 8.01 [2.42; 26.50]
Apatinib —_— 0.47 [0.32; 0.69] Apatinib —&—— 7.81 [1.83;33.32]
Brivanib —_— 0.56 [0.40; 0.79] Brivanib —&—— 7.13 [1.67; 30.52]
Pembrolizumab — 0.56 [0.42; 0.75] Pembrolizumab —— 4.83 [2.02; 11.55]
Ramucirumab —— 0.59 [0.48; 0.72] Axitinib — 3.55 [0.78; 16.19]
Axitinib —_— 0.62 [0.45; 0.86] Regorafenib —- 2.74 [1.26; 5.98]
Tivantinib 0.85 [0.70; 1.04] Tivantinib 1.55 [0.06; 39.09]
Everolimus 0.93 [0.88; 0.98] Everolimus 1.36 [0.36; 5.20]
Placebo 1.00 Placebo 1.00

0.5 1 2 0.1 051 2 10
Apatinib 0.47 (0.32; 0.69)
0.76 (0.46; 1.25) Axitinib 0.62 (0.45; 0.86)
0.84 (0.51; 1.40) 1.10 (0.69; 1.77) Brivanib 0.56 (0.40; 0.79)
1.07 (0.61; 1.87) 1.40 (0.83; 2.37) 1.27 (0.75; 2.17) Cabozantinib 0.44 (0.29; 0.66)
0.51 (0.35; 0.74) 0.66 (0.48; 0.93) 0.60 (0.42; 0.85) 0.47 (0.31; 0.72) Everolimus 0.93 (0.88; 0.98)
0.84 (0.52; 1.36) 1.10 (0.71; 1.72) 1.00 (0.63; 1.57) 0.79 (0.47; 1.30) 1.66 (1.23; 2.25) Pembrolizumab 0.56 (0.42; 0.75)
0.47 (0.32; 0.69) 0.62 (0.45; 0.86) 0.56 (0.40; 0.79) 0.44 (0.29; 0.66) 0.93 (0.88; 0.98) 0.56 (0.42; 0.75) Placebo 1.71 (1.39; 2.09) 2.17 (1.47; 3.20) 1.17 (0.96; 1.43)
0.80 (0.52; 1.23) 1.06 (0.72; 1.55) 0.96 (0.64; 1.43) 0.75 (0.48; 1.19) 1.59 (1.29; 1.96) 0.96 (0.67; 1.37) 1.71 (1.39; 2.09) Ramucirumab
1.02 (0.60; 1.76) 1.34 (0.81; 2.23) 1.22 (0.72; 2.04) 0.96 (0.54; 1.68) 2.02 (1.37; 2.99) 1.22 (0.75; 1.98) 2.17 (1.47; 3.20) 1.27 (0.82; 1.97) Regorafenib
0.55 (0.36; 0.85) 0.73 (0.49; 1.06) 0.66 (0.44; 0.98) 0.52 (0.33; 0.82) 1.09 (0.89; 1.34) 0.66 (0.46; 0.94) 1.17 (0.96; 1.43) 0.69 (0.52; 0.91) 0.54 (0.35; 0.84) Tivantinib

Figure 4 Continued.
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7.81(1.83; 33.32)

2.20 (0.27; 17.99) Axitinib

3.55 (0.78; 16.19)

1.10 (0.14; 8.54) 0.50 (0.06; 4.07) |Brivanib 7.13 (1.67; 30.52)
0.83 (0.07; 9.99) 0.38(0.03; 4.72)  [0.76 (0.06; 9.14) Cabozantinib 9.40 (1.25; 70.83)
5.73 (0.80; 41.24) 2.60 (0.34; 19.69) 5.23 (0.72; 37.75) 6.89 (0.61; 77.77) Everolimus 1.36 (0.36; 5.20)

1.62 (0.30; 8.79) 0.73(0.13; 4.23)  [1.48(0.27; 8.05) 1.95 (0.22; 17.56)  |0.28 (0.06; 1.40)

Pembrolizumab 4.83 (2.02; 11.55)

7.81(1.83; 33.32) 3.55 (0.78; 16.19) 7.13 (1.67; 30.52) 9.40 (1.25; 70.83) 1.36 (0.36; 5.20)

4.83 (2.02; 11.55) Placebo 0.12 (0.04; 0.41) 0.36 (0.17; 0.80) 1.01 (0.08; 12.22)

0.98 (0.15; 6.40) 0.44 (0.06; 3.06) 0.89 (0.14; 5.86) 1.17 (0.11; 12.28) 0.17 (0.03; 1.03)

0.60 (0.14; 2.65) 0.12(0.04; 0.41) Ramucirumab

2.85 (0.55; 14.78) 1.29 (0.23; 7.13) 2.60 (0.50; 13.53) 3.43 (0.39; 29.86) 0.50 (0.11; 2.34)

1.76 (0.55; 5.67)  |0.36 (0.17; 0.80)  |2.92(0.70; 12.18) Regorafenib

7.90 (0.44; 141.18) 3.58 (0.19; 66.36) 7.21(0.40; 129.11) 9.50 (0.38; 234.95) 1.38 (0.08; 23.34)

4.88 (0.35; 68.45) 1.01 (0.08; 12.22) 8.09 (0.51; 128.50) 2.77 (0.20; 37.77) Tivantinib

Figure 4 Network meta-analysis of second line trials. (A) Forest plot for HR of OS. (B) Forest plot for OR of ORR. (C) Net league graph for indirect comparisons for HR

of OS. (D) Net league graph for indirect comparisons for OR of ORR.

line therapy. The data showed promising efficacy including
an ORR of 34.3% in the first line and 22.5% in the second
line settings; furthermore, the mPFS were 5.7 and 5.5 months
in the first- and second line settings, respectively. The toxi-
city was high as expected with an ICI plus anti-VEGF
combination, with grade 3 or higher adverse events occurring
in 77.4% of patients.'* Thus, targeted agents against the
VEGF/VEGFR pathway are powerful partners to ICls in
combination regimens and more such combination therapies
will likely demonstrate efficacy in aHCC.

The results of two second line studies were notably
excluded in this analysis due to their absence of compara-
tive arms. In the CheckMate-040 trial, which evaluated
nivolumab with or without ipilimumab, nivolumab mono-
therapy demonstrated an ORR of 14% and an mOS of 15.1
months in aHCC patients who progressed or were intoler-
ant of sorafenib.'> Also, nivolumab plus ipilimumab
demonstrated an ORR of 31-32%, an mDOR of 16.6—
22.2 months, and an mOS of 12.5-22.8 months.'® In a
recent trial presented at GI-ASCO 2020 (NCT02519348),
tremelimumab plus durvalumab demonstrated an ORR of
9.5-22.7%, mDOR of 13.2 months to not reached, and
mOS of 11.3-18.7 months after 11.7 months of median

follow up.'” In comparison, nivolumab monotherapy
appears comparable while nivolumab with ipilimumab
and tremelimumab with durvalumab appear superior to
pembrolizumab monotherapy, although the indirect com-
parison was not conducted.

Another interesting question that arises in the sequen-
cing of second line therapies is whether the sequence of
TKI to ICI or ICI to TKI makes a difference in the
treatment effect. A recent, non-randomized, phase II trial
testing avelumab (anti-PD-L1 antibody) in aHCC patients
who were previously treated with sorafenib suggested that
there may be an association between prior sorafenib
response and subsequent ICI response. The data showed
that patients who received a longer duration of sorafenib
compared to those who received a shorter duration had a
higher disease control rate, PFS, and OS.'® Although this
study was limited by the small number of patients (N=30),
the results suggest further investigation into the effects of
treatment sequencing and prior treatment response on the
subsequent treatment effect.

Our findings suggest that atezolizumab plus bevacizu-
mab should be the initial choice for first line therapy in

aHCC in patients who are candidates for receiving immune
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checkpoint inhibitor therapy. On the other hand, patients
who are ineligible for immune checkpoint inhibitor therapy
due to underlying conditions, such as active autoimmune
disorders, should be considered for either sorafenib or len-
vatinib. Although donafenib appears to be another favor-
able option in this setting, the agent is currently not FDA
approved. In the second line setting, cabozantinib, regora-
fenib, pembrolizumab appear to be favorable options. Also,
while apatinib appears comparable to these options, it is
currently an FDA approved agent.

This study has several limitations. First, given that direct
evidence holds greater weight than indirect evidence, the pau-
city of direct evidence among both the first line and second line
trials due to most comparison arms featuring sorafenib in the
former and placebo in the latter limited the power of this
analysis. Second, a quantitative meta-analysis for OS for sec-
ond line studies was not conducted, and a follow-up study is
warranted to evaluate this outcome. Third, the dependence of
efficacy of second line treatments on the type of the first line
agent received is a topic of great interest, especially with the
increasing use of ICI-based treatments in the first line setting.
However, due to the limited published data in this regard, a
subgroup analysis was not conducted. Therefore, future studies
are warranted to address this question.

Conclusions

The combination atezolizumab plus bevacizumab appears
to be the most favorable choice for first line treatment. In
the second line setting, cabozantinib, regorafenib, and
pembrolizumab appear to be comparably favorable treat-
ment options.
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